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Good afternoon everyone, its great to be here, will be my first time giving a conference at a convention and even if its after lunch and most will be sleepy, I’m very happy to be here and thank the ACP for inviting me. I will be discussing the evaluation and management of electrolyte disbalances in the outpatient setting.
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TO BE DISCUSSED

Homeostasis

• Potassium
• Water

Evaluation and Management of Electrolyte 
Disbalances
• Hyperkalemia
• Hypokalemia
• Hypernatremia
• Hyponatremia

Summary
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I’ll be discussing the homeostasis of potassium, water, calcium and magnesium as well as the Hypos and Hypers and then the summary or key points



DISORDERS OF POTASSIUM 
BALANCE: HYPERKALEMIA 

AND HYPOKALEMIA



POTASSIUM HOMEOSTASIS

Increase 
Renal K+

Excretion

• Aldosterone
• High Na+ delivery to distal tubule 

(diuretics)
• High urine flow (osmotic diuresis)
• High serum K+ level
• Delivery bicarbonate to distal 

tubule 

Decrease 
Renal K+ 
Excretion

• Absence, or very low aldosterone
• Low Na+ delivery to the distal 

tubule
• Low urine flow
• Low serum K+ level
• Kidney Injury
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So, lets talk about potassium first. This is mostly an intracellular cation and moves in and out of cells depending on different stimuli. For example, insulin and B agonists will move K+ into cells and Hyperosmolarity and cell lysis will move K+ out of the cells. Normally the amount of potassium intake a day is excreted daily, mostly in the urine.. So some things will increase renal potassium excretion and some will decrease it.The ones that will increase renal potassium excretion, thus the ones that prevent hyperkalemia, are aldosterone, sodium delivery to distal tubule, high urine flow, high serum K+ levels and bicarbonate in distal tubuleThe ones that decrease renal potassium excretion and thus prevent hypokalemia, are low aldosterone, low sodium delivery, low urine flow, low serum potassium levels and kidney injurySo when any of these are altered or when more than one is altered, there will be consequences.1)Narrative Review: Evolving Concepts in Potassium Homeostasis and Hypokalemia`	



MORTALITY IN 
DYSKALEMIA

Collins et al Am J Nephrol 2017;46:213-
221
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And the consequences can be grave. I love this graph. It shows All cause mortality in patients with and without Heart Failure, CKD and/or diabetes. In black you have the people who have all 3, Deep red CKD, blue heart failure, pink diabetes and control is grey. Now, normal potassium levels are between 3.5 and 5.0 right? What happens to patients who have  potassium below 3.5 or those 5.5? Its more likely for these patients to die, so we want to try and keep them “normokalemic”https://www.karger.com/Article/FullText/479802Association of Serum Potassium with All-Cause Mortality in Patients with and without Heart Failure, Chronic Kidney Disease, and/or DiabetesCollins A.J.a · Pitt B.b · Reaven N.c · Funk S.c · McGaughey K.d · Wilson D.e · Bushinsky D.A.f �Author affiliations Corresponding Author Keywords: HyperkalemiaHypokalemiaChronic kidney diseaseHeart failureDiabetesMortalityAm J Nephrol 2017;46:213-221 



HYPERKALEMIA

Presenter
Presentation Notes
Hyperkalemia is defined by a serum potassium level >5.0 mEq/L (5.0 mmol/L). Levels >6.0 mEq/L (6.0 mmol/L) can cause fatal arrhythmias. Slow increases in potassium are better tolerated than abrupt increases. Signs and symptoms of hyperkalemia are manifested in electrically active tissue and include muscle weakness and ECG abnormalities.



MY PATIENT HAS 
HYPERKALEMIA, 
WHAT SHOULD I 

DO?

•Changes? Treat

EKG and BMP

•Symptoms? Treat

H&P and 
medication 

review •Send home

Pseudohyperkale
mia

•Metabolic acidosis
•Obstruction
•Hyperosmolarity
•K+ increasing meds
•CKD

Check other 
causes
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So, my patient has hyperkalemia, what should I do?First, if available, an EKG should be performed and if changes are present, he should be treated immediately. The ekg changes that may be seen in hyperkalemia, but are not specific nor sensitive, are peaked T waves, flat P wave, prolonged PR interval, depressed ST segment, prolonged QRS and then sine wave. If symptoms are present, he should be treated immediately as well. We will focus more on outpatient treatment. So lets think that there are no symptoms and no ekg changes. We need to repeat that BMP, always ask the patient If he has “difficult veins” and had a very tight tourniquet or repeated fist clenching. If repeat lab is without hyperkalemia, it may have been pseudohyperkalemia due to poor venipuncture technique. If a tourniquet is required, the tourniquet should be released after the needle has entered the vein, followed by waiting for one to two minutes before drawing the blood sample. If pseudohyperkalemia, the patient can be sent home. If he does have hyperkalemia on repeat, then we should check other causes. A good History, physical and medication review will reveal the cause in most cases, but should check bicarbonate levels, glucose and creatinine. In these settings, venipuncture without a tourniquet, repeated fist clenching, or trauma will demonstrate the true serum potassium concentration [18]. If a tourniquet is required, the tourniquet should be released after the needle has entered the vein, followed by waiting for one to two minutes before drawing the blood sample.



CAUSES OF HYPERKALEMIA

Increased potassium release from 
cells

• Pseudohyperkalemia
• Fist clenching
• Tourniquet use

• Metabolic acidosis
• Insulin deficiency, hyperglycemia, 

and hyperosmolality
• Increased tissue catabolism
• Drugs
• Hyperkalemic Periodic Palasysis

Reduced urinary potassium excretion

• Acute and chronic kidney disease
• Reduced aldosterone secretion or 

response to aldosterone
• Reduced distal sodium and water 

delivery
• Drugs
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Hyperkalemia will mostly occur due to either increase release from cells or decrease potassium excretion. These are some of the most common causes and as mentioned, good history, physical and medication review and basic labs will reveal one of these causes most times. We already spoke about pseudohyperkalemia, which does occur a lot. Hyperglycemia, metabolic acidosis and drugs are other important causes. Kidney disease is one of the most common causes you will be seeing as well as due to medications.In these settings, venipuncture without a tourniquet, repeated fist clenching, or trauma will demonstrate the true serum potassium concentration [18]. If a tourniquet is required, the tourniquet should be released after the needle has entered the vein, followed by waiting for one to two minutes before drawing the blood sample.You have accessHyperkalemia across the Continuum of Kidney FunctionBiff F. Palmer and Deborah J. CleggCJASN January 2018, 13 (1) 155-157; DOI: https://doi.org/10.2215/CJN.09340817 Potassium Disorders: Hypokalemia and HyperkalemiaPDF PRINTCOMMENTS SHAREANTHONY J. VIERA, MD, MPH, and NOAH WOUK, MD, University of North Carolina at Chapel Hill School of Medicine, Chapel Hill, North CarolinaAm Fam Physician. 2015 Sep 15;92(6):487-495.



Medications That Cause HK

Biff Palmer A Physiologic-Based 
Approach to the Evaluation of a 
Patient with Hyperkalemia 2010 
AJKD
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Now, here we have a list of medications that cause hiperkalemia by decreasing K+ excretion in the kidneys and some other causes as well. But I’d like for you to pay attention to these I’ve marked. These are all medications that have been shown to be of Benefit in conditions like CHF, CKD, cirrhosis, diabetes and many times the hiperkalemia is a limiting factor for their use. This can be harmful in the long run for the patients and studies suggest that diabetic patients on RAAs inhibitors decrease healthcare costs by decreasing its complications. So decreasing or removing these medications is sometimes not the best option. . En el estudio RENAAL que se desarrollo para simular los ahorros a los 10años en pacientes con DM y fallo renal cronico tratados con losartan vs no tratamiento y se estimo que anualmente los ahorros serian de $5,659 a $10,990 por paciente luego de 10 años de tratamiento con losartan.



MANAGEMENT OF ACUTE HYPERKALEMIA

Medication Onset Duration MoA Comments

Calcium 
Gluconate 
1g/3min

1-2 min 30-60 min Protect 
cardiomyocytes

Does not decrease 
K+

May have to 
repeat

RegInsulin 10u IV + 
Dextrose 50% 50ml 
(if CBG <250mg/dl)

10-30 min 4-6 hrs Shifts K+ into cells Check CBG 
q30min for 4 hrs, 
especially if CKD

Inhaled Albuterol, 
10-20mg

30 min 2-4 hrs Shifts K+ into cells Usual albuterol 
dose is 1.25mg or 
2.5mg

Furosemide >30 min 2-6 hrs Kaliuresis 2x Cr rule, use with 
0.9%NSS

Hemodialysis Minutes Permanent Removal May be delayed

Exchangers? 1 hour to days Permanent? Remove via GI 
tract

None approved for 
acute 
management
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This is a table of managing acute hyperkalemia if it were an emergency, but lets move on to the outpatient care. 



MANAGEMENT OF HYPERKALEMIA IN THE OUTPATIENT SETTING

Diuretics
• Loops (Furosemide, 

bumetadine, torsemide)
•For patients with CKD, CHF

• Thiazides (Chlorthalidone 
(preferred), indapamide, 
hydrochlorothiazide)

Ion-exchange polymers

Sodium Polystyrene Sulfonate 
(Kayexalate®)?

Patiromer (Veltassa®) 
Sodium Zirconium Cyclosilicate 

(Lokelma®)

Others
Bicarbonate 

Fludrocortisone
Limiting potassium intake?
Discontinue medications?
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Lets say you have a diabetic patient you want to keep on ACEinh or ARB and the patient’s lab continuously present with hyperkalemia, 5.5, 5.6 and you’re scared that patient will go out on a chinchorreo bus and have lots of mofongo and coconut water and have an arrhythmia, so you want to get that potassium down. Well, I would first look at the patient’s comorbidities. Usually these patients are hypertensives, are their BPs under control? Can I change one of the meds to a diuretic? If I can, I will. Thiazides are great at promoting K+ losses and great antihypertensives in our high sodium intake diets. I prefer chlorthalidone due to longer action and more efficient in patients with normal renal function. Can be increased to see how patient tolerates. Try to avoid in elders who may not have access to water. If the patient has CKD or CHF consider a loop diuretic like furosemide or one of the others. I like to start at 20x creatinine, so if 2 of creatinine I’ll start at 40mg and then move on depending on response. If the patient has CKD, bicarbonate can be considered if his HCO3 is <22, it will help with his CKD and decrease K+ levels. It does have sodium so may increase BPs and fluid retention.Fludrocortisone does help but its use is limited because it  will increase blood pressures and will cause fluid retention, requires close monitoring.Limiting potassium intake is something we’ve always said, but K+ high in many vegetables, fish and it is now being questioned whether this is right or not, as patients eating high K+ diets have better outcomes in some studies. So I tell my patients to try to limit their K+ intake, I’ll give them a list of high and low potassium and show them a balance, will definitely send them to a nutritionist and remember that salt substitutes usually contain potassiumDiscontinuing important medications should be the last option, so now I’ll talk about some new players on the field, the ion exchange polymers



Veltassa Lokelma

FDA 
Approval

1958 2015 2018

MoA: 
Exchange

Na+ for K+ Ca2+ for K+ Na+/H+ for K+

Na+ Content 1,500mg per 15g N/A 800mg per 10g
Onset Hours to days 7 hours 1 – 2.2 hours
Dosing 15-60g 1-4x QD 8.4g QD (max TID) 10g TID (for 48 hrs) then 10g QD
Side Effects GI (nausea, vomiting, 

constipation)
Severe: GI necrosis, obstruction, 

perforation

GI (constipation)
Hypomagnesemia
Hypercalcemia?

GI (diarrhea)
Edema

Administratio
n

Liquid or Powder
Separate other meds by 3 hours

Mix powder with 90ml of water
Separate other meds by 3 – 6 

hours

Mix powder with 45ml of water
Separate other meds by 2 hours

Cost $ $$$ $$$
Storage Room temperature Refrigerator (2-8 oC) Room Temperature
Advantages Cost and availability No sodium Less GI issues, Onset
Disadvantag
es or 
concerns

Lack of randomized trials
Severe GI AEs

High sodium content

Hypomagnesemia
Potential for DDIs

Must be refrigerated

Availability
High sodium content

FDA No No No

Presenter
Presentation Notes
We all know our good friend kayexalate or sodium polystyrene sulfonate. We’ve been using it since forever because it has been approved since forever! First approved in 1958, before FDA required trials of efficacy and safety, not much data is available with randomized controlled trials regarding how it works. What we do know is that it exchanges sodium for potassium in the gut. Every 15g of Kayexalate you give, its around 1,500mg of sodium being given (usual doses around 30-60g), although about only 1/3rd is absorbed, most of them have sorbitol, the onset when it starts to work is unknown. Some studies suggest hours, others suggest days, really poor data. Here’s the dosis recommended. Please note the side effects, GI mostly but intestinal necrosis and perforation is the most important and it does happen, need to be aware not to provide to patients with obstruction or recent surgery. It needs to be separated from other meds by 3hrs as it may affect absorption. Good price and stored at room temperature. Advantages will be cost and availability. Disadvantages or concerns are lack of randomized trials, sever GI adverse effects and high sodium content. I personally do not use it, I think there are better evidence based ways of treating hyperkalemia including diuretics and now our newer exchangers.In 2015 Patiromer or Veltassa was approved by the FDA. It exchanges ca+ for K+ more specifically than kayexalate, so does not contain any sodium. Side effects include constipation, hypomagnesemia and possible hypercalcemia although has not been reported yet. FDA recommends this medication be separated from other meds by 6 hours due to binding other meds, it is very costly, most be kept in the refrigerator, although it can last up to a month outside the fridge. The advantages are no sodium and disadvantages are the price, hypomagnesemia, binding of medications and that it must be refrigerated. And 2 years ago, Sodium zirconium cyclosilicate or Lokelma, was approved. It exchanges Sodium for Potassium at a rate of about 100mg/10g. There are trials showing a decrease in potassium already by about 1 hour of starting it. Side effects include diarrhea and volume overload. This is the one that has the least binding of these and FDA recommends 2 hours between other meds. Advantages include less Gi issues and onset of action. Disadvantages are Cost and high sodium content. None of these are approved for emergency treatment although we use them. I have personally used Sodium zirconium without difficulties.



HYPOKALEMIA
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Hypokalemia is defined as a serum potassium level <3.5 mEq/L (3.5 mmol/L). It can be divided into disorders of internal balance (movement of potassium between the intracellular and extracellular compartments) and disorders of external balance (potassium intake and output) (Figure 7). Serum potassium >3.0 mEq/L (3.0 mmol/L) is usually asymptomatic. Because the ratio of intracellular to extracellular potassium is the major determinant of the membrane potential of electrically active tissue, symptoms of hypokalemia include weakness or paralysis, decreased gastrointestinal motility or ileus with nausea, and cardiac arrhythmias. Electrocardiographic (ECG) manifestations include ST-segment depression, decreased T-wave amplitude, and increased U-wave amplitude. Severe hypokalemia can cause rhabdomyolysis.



MY PATIENT 
HAS 

HYPOKALEMIA, 
WHAT SHOULD 

I DO?

History and 
Physical, 
medication 
review
• GI/skin loss, meds, 

workplace

CBC, BMP
• Leukocytosis, 

acid-base, 
magnesium

Urinary K+

• >20mmol/24h –
meds, RTA, others

• <20mmol/24h –
Poor intake, GI 
loss

Blood Pressures
• Elevated –

plasma 
aldosterone, renin 
activity and 
cortisol

• Low – Bartter, 
Gitelman, 
diuretics
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So, patient has low potassium levels, what do I do now? Ok, so first, as with all patients, you need a good, thorough history and physical exam, with medication review and basic labs. History should include asking pt for GI/skin losses, exposures and basic labs include CBC, BMP, urinalysis. Its not everyday you have a patient with possible 100,000 WBC count, but if you do and the patient has hypokalemia, it may be pseudohypokalemia and should have the lab performed again but after separation of plasma. If they are normal we need to look for either causes of potassium just moving inside the cells or body losses. Did the patient use insulin recently, use of B agonists? History of paralysis? If not then we’re probably dealing with body losses. These could be renal or non renal. Always ask if the patient has diarrhea, excessive sweating. If these are present, one of these may be the cause. If the patient says no or if you are unsure to trust the patient, you can order 24hr potassium in urine, if <20 it means that it is not renal loss, probably poor K+ intake, GI or skin loss. If it is above 20, we are talking about renal losses and it could be medications vs other conditions. Most of these will be available in history and physical exam. Elevated blood pressures would suggest that aldosterone is in play and should further be evaluated with aldosterone, renin activity and cortisol levels to evaluate for Hyperaldosteronism, liddle syndrome and others. If blood pressures are normal to low, Bartter, Gitelman or diuretic abuse should be considered. 



MANAGEMENT 
OF 

HYPOKALEMIA

•Weakness or 
paralysis, 
decreased GI 
motility 

If symptoms or EKG 
changes, send to 

ER

•Treat

Hypomagnesemia
•Discontinue 

offending 
meds

•Replenish

If >2.5mEq/L

>2.5mEq/L

Oral route 
preferred

KCL 40mEq 
Liquid

Tablet – risk 
of pill 

esophagitis

Potassium 
citrate if 

metabolic 
acidosis

Meds that 
increase 
serum K+
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So, once we’ve figured out the cause of the hypokalemia, how should we treat it? Well first we’ll check if the patient has symptoms to decide if IV therapy or referral to an ER is required. If symptoms of weakness, paralysis, ileus or EKG changes of prolonged PR, ST depression and U wave, patient will need emergent treatment. Also, if levels are <2.5 it is recommended to receive IV therapy. If above 2.5, it will depend on the cause. First, if hypomagnesemia is present, it should be treated first, otherwise K+ will not improve as hypomagnesemia will continue to worsen. Also if the hypokalemia is due to intracellular shifts, as in insulin therapy, periodic paralysis, rebound hyperkalemia may occur after therapy. When treating with K+ outpatient, first remove any offending agent that is not vital and if K+ dosing is required, parenteral route is preferred of course, in general, for every 10mEq of KCL receive, serum K will increase by 0.1mEq/L. There are liquid and pill formations for potassium chloride, please note that the pill is associated with pill esophagitis and some patients do not tolerate the taste of the liquid. Potassium citrate Is used in cases of concurrent metabolic acidosis like in the renal tubular acidosis. Each case will be different and dosing will vary. Sometimes we’ll even use meds like spironolactone, amiloride, ACEinhibitors or others to increase serum potassium.



DISORDERS OF WATER 
BALANCE: HYPERNATREMIA 

AND HYPONATREMIA

Low salt 
concentration

High salt 
concentration
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So when we’re talking about hypernatremia and hyponatremia, we’re actually talking about water balance and not so much sodium balance. This is because it is water’s homeostasis, mostly through the urine’s capacity to dilute and concentrate, that normal sodium levels will be kept



WATER HOMEOSTASIS

Vasopressin (ADH) controls water 
excretion in collecting system

Osmoreceptors in hypothalamus 
control vasopressin secretion in 
response to changes in tonicity
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The most important hormone for controlling water homeostasis is vasopressin or ADH, a hormone released from the hypothalamus once osmoreceptors note changes in tonicity. Changes in osmolality will also stimulate or suppress thirst.  As you can see in this graph, as serum osmolality increases, so does vasopressin, urine osmolality and later on, thirst. If there is access to water, appropriate thirst, normal control of ADH and a functioning nephron, serum osmolality should be maintained in the normal range. Basically as plasma osmolality decreases, there will be suppression of thirst and suppression of ADH, causing dilute urine, if you cannot dilute urine and thirst is not suppressed, you will develop hyponatremia. Also, as osmolality increases, you should become thirsty and ADH should increase causing concentrated urine, if these are not well, you develop hypernatremia. 



MORTALITY IN DYSNATREMIAS
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Here we have two studies, the first graph shows mortality across patients with CKD and with and without CHF with their admission sodiums and as you can see anything above or below normal increased mortality and this has been shown across most populations as well. https://www.ahajournals.org/doi/10.1161/CIRCULATIONAHA.111.065391https://www.hyponatremiaupdates.com/hyponatremia-symptoms-risks/mortality-risks    CHF PATIENTS



HYPERNATREMIA

High salt 
concentration
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Hypernatremia is defined as a serum sodium concentration >145 mEq/L (145 mmol/L). Although less common than hyponatremia, hypernatremia is often seen in hospitalized patients and is associated with increased mortality in the critically ill.Hypernatremia can be divided into three broad categories: inappropriate intake/administration of hypertonic solutions; loss of hypotonic fluids; and excessive water loss due to defects in ADH release or action. A detailed history and physical examination combined with measurement of urine electrolytes and osmolality help distinguish the pathogenesis of hypernatremia.



MY PATIENT HAS 
HYPERNATREMIA

, NOW WHAT?

History and physical examination, medication review

Volume Status
Vitals

Spot urine electrolytes and osmolality

Water deprivation test
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So, as with all cases, the most important data will be achieved from the history, physical exam and medication review. Physical exam will be important to detail patient’s volume status, which will help not only with the diagnosis, but also the initial treatment. So vital signs are important, must check for orthostatic vital signs. You can also order pot urine electrolytes and osmolality. The urine sodium will help determine if these are renal losses or extra renal. This is a nice algorithm. If you have hypernatremia, assess volume status. If hypovolemic, which means total body water is severely decreased with a decreased in total body sodium as well and an increased urinary sodium then this is due to renal losses like loop diuretics, postobstruction diuresis but if urine sodium is low, it is suggestive of extrarenal losses like diarrhea or burns. Euvolemic patients have decreased body water but normal total body sodium and these may suggest diabetes insipidus and usually present with polydipsia and polyuria with a urine osmolality below 300. A water deprivation test can be performed for further evaluation. And if patient has hypervolemia, which is an increase in water and sodium, usually with increased urine sodium, then possibly we’re dealing with hypertonic infusions of saline, sodium bicarb or salt ingestions. Acute increases in sodium cause water to move out of cells, causing shrinkage and neurologic findings from lethargy to seizures to coma. 



HYPERNATREMIA

1qt ~ 946ml
15ml Soy Sauce ~ 950mg Na+
He drank 59,850mg of sodium!
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Acute ingestions do occur, this one case reported in 2013 is of a 19 year old man who presented In a comatose state with seizure like activity 2 hours after ingesting a quart of soy sauce. ! A quart of soy sauce is about 946ml and 15ml of soy sauce contains around 950mg of sodium. So he drank around 59 to 60 grams of sodium. His peak sodium levels were 196mEq/L. Luckily, he received 6L of free water over 30 min and survived without neurological sequelae. 



DIABETES INSIPIDUS

Nephrogenic 
DI: 
•CKD
•Hypokalemia
•Hypercalcemia
•Meds
•Pregnancy
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Just as a reminder, in Diabetes Insipidus there is either poor secretion of ADH or resistance to ADH causing decreased free water reabsorption and increased solute free water diuresis leading to hypernatremia. Since total body sodium is retained, the patients are euvolemic. There is central and nephrogenic. Central is due to no or little production of ADH and can be due to tumors, infections and other CNS causes. And Nephrogenic DI is resistance to ADH which can be due to lithium, chronic kidney disease and other causes. A water deprivation test can be performed to see where the defect is. First the patient will be deprived from fluids for 8 hours where baseline labs will be taken and weight and every 2 hours urine osmolality measured. After 8 hours, desmopressin is provided. Normal patients will begin increasing urine osmolality by 2 hours and markedly by 4 as seen in red. Central DI will not have an increase in urine osmolality until the desmopressin phase since they do not produce ADH but will not have resistance to it once given and nephrogenic DI will have no response even in the desmopressin phase as patients have a resistance to all ADH.PrimerPublished: 08 August 2019Diabetes insipidusMirjam Christ-Crain, Daniel G. Bichet, Wiebke K. Fenske, Morris B. Goldman, Soren Rittig, Joseph G. Verbalis & Alan S. Verkman Nature Reviews Disease Primers volume 5, Article number: 54 (2019)Diagnostic Testing for Diabetes InsipidusSriram Gubbi, Fady Hannah-Shmouni, Christian A Koch, and Joseph G Verbalis.Author InformationLast Update: February 10, 2019.



MANAGEMENT OF HYPERNATREMIA
***Free Water Deficit
Change in serum sodium per L of infusate: 
(Infusate Sodium) – (Serum Sodium) / (TBW + 
1)
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The treatment will depend on the cause. And really, most cases of hypernatremia will be seen in the hospital setting. Some less severe will just require removing the offending agent or decreasing dose, as in loop diuretic related hypernatremia. If the patient is hypovolemic, he should be treated initially with isotonic fluids until vital signs have improved. Then, as with euvolemic patients, water deficit should be calculated and replaced. Preferably with oral free water but can use 5% dextrose or 0.45% saline. If there is hypervolemia, mostly due to acute gains, patient will likely need 5% dextrose with IV loop diuretics, so patient should be sent to the ER.Diabetes insipidus is treated depending on the cause and should be followed by an endocrinologist and/or a nephrologist. If central Di, the patients are treated with vasopressin and if nephrogenic, low sodium diet and can attempt thiazides or amiloride, but  again these should be referred to endocrinologist and/or nephrologist. 
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We’ve all been taught that correction of hypernatremia >0.5meq/L can cause cerebral edema but in 2019 this study compared cases of patients with corrections above 0.5 or below 0.5 meq/l/hr and there was no higher risk for mortality, seizures or cerebral edema, as there were no cases at all. It was not much faster than 0.5meq/l. All cases of cerebral edema due to rapid correction of hypernatremia have been reported only in pediatric patients. This does not mean that we should correct 30meq/l in one day, just that it suggests that these patients that we do go a bit overboard are not at increased risk as previously reported.



HYPONATREMIA

Low salt 
concentration
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Hyponatremia is defined as a serum sodium concentration <135 mEq/L (135 mmol/L). Evaluation begins with measurement of serum osmolality. Hyponatremia is then identified as hypertonic (osmolality >295 mOsm/kg H2O), isotonic (osmolality 275-295 mOsm/kg H2O), or hypotonic (osmolality <275 mOsm/kg H2O)



MY PATIENT HAS 
HYPONATREMIA, WHAT SHOULD I 

DO?

History and Physical 
Exam and 

Medication Review

Serum Osmolality

Hypertonic, usually 
hyperglycemia

100mg/dl Glu ↑Na+

by 1.6-2.2

Isotonic –
PseudohypoNa+

Severe 
hypertriglyceridemia 

or MM

Hypotonic

Volume status

History

Urinalysis

Urine sodium

Osm = 2 [Na+] + Glucose + BUN + Other 
osmoles
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When evaluating hyponatremia, first make sure that the patient does not have symptoms, usually headaches, mental status changes, seizures or death. This usually happens in more acute episodes of hyponatremia. Ok, first thing is to do a thorough History and physical exam with medication review, this will help with any obvious causes. Then you have to further evaluate. True hyponatremia will have a low serum osmolality, so if the patient has hypertonic or elevated osmolality, this is most commonly due to hyperglycemia. For ever 100mg/dl of glucose above normal limits, sodium decreases by 1.6-2.2meq/L.Isotonic hyponatremia is pseudohyponatremia, most commonly due to severe hypertriglyceridemia or multiple myeloma, so if you have normal serum osmolality with low sodium, check triglycerides and serum proteinsMost cases will be hypotonic or low osmolality and the most important things to evaluate these patients will be volume status, history, urinalysis and urine sodium. If the patient is hypervolemic, the patient has increased total body water and increased total body sodium, this is caused by CHF, cirrhosis, nephrotic syndrome or AKI/CKD, you can difference AKI and CKD from the others with high urinary sodium usuallyFor the hypovolemic patient, with decreased total body water and body sodium, measure urinary sodium, if over 20mmol/L, suggests renal losses which includes thiazides, salt wasting syndromes most commonly. And if below 20mmol/L then these are extrarenal losses and could be due to vomiting, diarrhea, burns or pancreatitis.If the patient is euvolemic, so there is an increase in body water but no change in total body sodium the most important causes would be cortisol deficiency, hypothyroidism, psychogenic polydipsia and SIADH. If we measure urine osmolality it’ll help distinguish between psychogenic polydipsia, usually below 100mOsm/kg and SIADh, usually above 100mOsm/kg



Drugs
•SSRIs
•Carbamazepine
•Ecstasy
•Ifosfamide
•Cyclophosphamide

Basically any 
pulmonary 
disease
•Pneumonia
•Cancer
•TB
•Asthma

Basically any 
CNS disease
•Encephalithis
•Trauma
•GBS
•CVA

Prolonged 
Exercise

Causes of SIADH
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And what can cause SIADH? Well there are many drugs, including SSRIs, Carbamazepine and Ectasy. Basically any pulmonary disease can cause SIADH, the most commonly associated is small cell cancer of the lung, but can also be due to pneumonia, TB, asthma and basically any CNS disease like trauma, CVAs, encephalitis and prolonged exercise as well. Usually in history and physical we’ll find one of these present.



HYPONATREMIA 
TREATMENT

•Acute (<48 h)
•Hypertonic Saline (3%) @ 1-2ml/kg/h or a 100mL bolus for 

resolution of symptoms
•Chronic (>48 h)

•High risk for complications (CPM)
•Hypertonic saline (3%) at 1-2ml/kg/hr but not > 8-10mEq/L/24hrs

•Can add D5W or DDVAP lock
•If potassium is replaced, this will also increase plasma sodium

Symptomatic 

•Review for reversible causes
•Fluid restriction
•Tolvaptan
•Increased salt intake (salt tablets)
•Oral Urea
•SGLT 2 inhibitors?

Asymptomatic
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Administration of potassium will also increase plasma sodium because it enters cells, increasing intracellular osmolality and causing water to move from the extracellular space into the intracellular space, thus raising the plasma sodium concentration.Ok, so we know the cause of the hyponatremia, how do we treat it? First, check if the patient has symptoms, if he does, send to the ER for immediate therapy. There the patient will need sodium levels increased, therapy will depend on cause and time frame, if it is acute, less than 48 hrs ago then rapid increase of sodium will help with low risk of complications but if it is chronic, which means present for > 48 hours, then they are at high risk for central pontine myelinosis. Either way the plan is to increase sodium with a 3% hypertonic solution with goal of no more than 8-10 in 24 hours. Administration of potassium will also increase plasma sodium because it enters cells, increasing intracellular osmolality and causing water to move from the extracellular space into the intracellular space, thus raising the plasma sodium concentration.Ok, so if the patient is asymptomatic and we can treat outpatient, first check for reversible causes, was it medication induced? Discontinue that medication if possible. Treat any treatable possible causes you have found and if you have not found a cause or has not improved, then these are the next options: Fluid restriction, tolvaptan, increased salt intake, oreal urea and maybe SGLT2 inhibitors.



OUTPATIENT TREATMENT OF EUVOLEMIC HYPONATREMIA
Treatment of Chronic Asymptomatic Hyponatremia

Treatment Mechanism of Action Dose Advantages Limitations

Fluid 
restriction

Decreases availability of 
free water <800ml-1,000ml/day

Effective and 
inexpensive; not 
complicated

Noncompliance

Pharmacologic Inhibition of Vasopressin Action

Lithium Inhibits kidney’s response 
to vasopressin 900-1,200 mg/day Unrestricted water 

intake
Polyuria, narrow therapeutic 
range, toxicities

Demeclocycli
ne

Inhibits kidney’s response 
to vasopressin 300-600 mg twice daily Effective; unrestricted 

water intake
Neurotoxicity, polyuria, 
photosensitivity, nephrotoxicity

Tolvaptan Antagonizes vasopressin 
action 15mg-60mg/day Addresses underlying 

mechanisms

Limited clinical experience
Very expensive
Limited to 1 month of therapy
Liver toxicity

Increased Solute (Salt) Intake

With 
furosemide

Increases free water 
clearance

Titrate to optimal dose; 
coadminister 2-3 g NaCl Effective Ototoxicity, K+ depletion

With urea Osmotic diuresis 30-60 g/day Effective; unrestricted 
water intake

Polyuria, unpalatable, 
gastrointestinal symptoms
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This is a table on the different ways to treat an euvolemic hyponatremic patient, including SIADH patients whose cause is undetermined. First is Fluid restriction, which will decrease free water availability, but this is reducing total fluids to a total of 800-1,000ml a day and as you can imagine its biggest limitation is noncompliance. We do have some meds we can try, but they all have marked limtiations. Lithium will not allow ADH to work well in the kidney, but may produce polyuria, need to keep the levels in the therapeutic range and is very toxic. Demeclocycline has a similar way of preventing ADH to work but is also neurotoxic, nephrotoxic and photosensitivity. Tolvaptan blocks ADH action, is FDA approved, but there is limited clinical experience, it is very expensive and approval is only for 1 month due to liver toxicity, so it is not a good option for the long run. So far, the medication options that we have are limited due to their side effects and fluid restriction is sometimes difficult to maintain due to compliance issues. Another way is to increase the solute intake. If we add salt, 2-3g a day, with furosemide, this will increase the free water clearance from the kidneys and thus decrease total body water. This is cheap and effective, have to monitor for potassium and toxicities of furosemide although these are usually at high doses. Urea salts are another option, this will cause an osmotic diuresis and the kidney will be forced to lose more water. The biggest problem is that it is unpalatable, its supposed to taste horrible. Otherwise, it is effective. Also, another thing to consider Is that in the USA this is considered a “medical food”, not a medication, so you can get it covered by some medical insurances but you have to convince them that it is enteral nutrition or enteral therapy of medical benefit. If not then the patient can buy it, don’t know where in PR you can get it but in their website its around $30 per 8 dosis, so about $3.75/dose for 30 days will be around 112.5 – 225/month.If the patient remains unresponsive to fluid restriction, solute intake can be increased to facilitate an obligatory increase in excretion of solute and free water.32 This can be achieved by increasing oral salt and protein intake in the diet to increase the Cosm of the urine. Loop diuretics combined with high sodium intake (2 to 3 g of additional salt) are effective in the management of hyponatremia. A single diuretic dose (40 mg furosemide) is usually sufficient but should be doubled if the diuresis induced in the first 8 hours is less than 60% of the total daily urine output.The administration of urea increases urine flow by causing an osmotic diuresis. This permits a more liberal water intake without worsening the hyponatremia and without altering urine concentration. The dose for urea is usually 30 to 60 g/day. The major limitations are gastrointestinal distress and unpalatability



SGLT2 
INHIBITORS???
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So, I know right now there’s a big hype on SGLT2 inhibitors, I personally love them and wish I could get most of my patients on them and there’s so much going on with them, congestive heart failure, diabetes, weight loss, blood pressure drop, chronic kidney disease, maybe it will work for nephrotic syndromes, maybe it won’t. But This study was just recently published and they had hospitalized patients with SIADH who were either started on Empagliflozin + fluid restriction vs placebo + fluid restriction and then at 4 days see what happened. They basically found that empagliflozin, in addition to fluid restriction, leads to a higher increase in plasma sodium levels compared to placebo in hospitalized patients with SIADH. Now this is the first trial on patients with SIADH and was only for a few days and in the inpatient setting, would love to see how patients with SIADH in the outpatient do with these therapies and if you look up in clinicaltrials.gov there’s a study called the SANDx study, in Switzerland, actively recruiting to see the effects of empagliflozin on patients with chronic SIADH. I’m sure there will be more studies to come and I just wanted to bring this here since it may be something we’ll be adding to our repertoire in the future.



SUMMARY

 Overall, the most important clues that will lead you to a diagnosis are in the history, physical exam and 
medication review

 Any patient with concerning or severe symptoms or severe electrolyte disbalance, send to an ER

 Hyperkalemia

 Limits use of many beneficial agents, maybe with new binders we can improve outpatient management

 Hypokalemia

 Urine electrolytes will help distinguish between renal and non renal losses



SUMMARY

 Hypernatremia

 Most common cause of hypernatremia is loss of hypotonic body fluids with inadequate water replacement because of 
lack of access or adipsia

 Oral hydration is preferred method for treatment

 Hyponatremia

 The most helpful in differential diagnosis is volume status

 SGLT2 inhibitors may help with chronic SIADH



THE END
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