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Dosing Disclaimer

The doses below are adult educational examples
based on the cited references. Actual treatment
should follow the patient's clinical status,
renal/hepatic function, ECG, 1nstitutional
protocols, and current guidelines.
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Learning Objectives

Identify the normal laboratory ranges for

common electrolytes

Describe the common signs and symptoms
associated with abnormal electrolyte values

Outline treatment strategies for correcting
electrolyte disturbances and understand the
complications related to overly rapid corrections
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Pre-Test Question 1

Which of the following medications can cause hyperkalemia? SELECT
ALL THAT APPLY

. Lisinopril

. Furosemide
Hydrochlorothiazide

. Spironolactone

. Sulfamethoxazole/Trimethoprim

=, 2026 ICHP Annual Meeting
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Pre-Test Question 2

Which of the following medications are used to shift potassium
intracellularly?

Calcium Gluconate
Insulin Regular
Furosemide
Dialysis

mo O w P

Sodium Bicarbonate
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Pre-Test Question 3

Dr. Fitzgerald is taking care of a patient in the ICU who has a potassium level
of 2.5 with multiple symptoms. He would like to give the patient a bolus dose
of potassium chloride 100 mEq to increase the potassium level rapidly. The
doctor would like reassurance from you on whether he should give the
100mEq or another dose. What dose do you recommend?

Recommend 100mEq IV bolus dose, there is no problem with the dose
Recommend giving 60mEq IV bolus dose

Recommend 10mEq every few hours

Recommend 40mEq oral x 1 dose

Patient does not need potassium!

o0 ®p
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Pre-Test Question 4

Olivia Pope is rushed to the hospital after experiencing non-stop seizures for six minutes.
Upon admission, labs were drawn and Olivia had a sodium level of 114. The physician
wishes to correct the sodium level very quickly and wants her sodium level to be at 135 by
the end of the day. What do you recommend?

A. Inform the physician the patient can receive Sodium Chloride 23.4% to make this
correction.

B. Inform the physician the patient can receive Sodium Chloride 3% to make this
correction.

Inform the physician the patient can receive Tolvaptan to make this correction.

D. Inform the physician that jumping from a sodium level of 114 to 135 in less than 24
hours is not recommended.

E. Inform the physician that sodium level is normal at 114 and no treatment is needed.

-, 2026 ICHP Annual Meeting
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Major Electrolytes — Life-Threatening

Potassium Sodium

Calcium Magnesium

1N
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Potassium
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Potassium

N
*f Normal Range

e 3.5-5 mEg/L

Hyperkalemia Causes

e Impaired Renal Excretion
¢ Transcellular Shifts
¢ |ncreased Potassium Intake

Hypokalemia Causes

* Decreased Potassium Intake
e Renal Losses
e Gastrointestinal Losses
e Transcellular Shifts

2026 ICHP Annual Meeting

Weiss JN, Qu Z, Shivkumar K. Electrophysiology of hypokalemia and hyperkalemia. Circ Arrhythm Electrophysiol. 2017;10(3):e004667.

Singer AJ, Thode HC, Peacock WF. A retrospective study of emergency department potassium disturbances: severity, treatment, and outcomes. Clin Exp Emerg Med. 2017;4(2):73-79.
Blanco N, Leekha S, Magder L, et al. Admission laboratory values accurately predict in-hospital mortality: a retrospective cohort study. J Gen Intern Med. 2020;35(3):719-723.
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Potassium Complications

Hyperkalemia Hypokalemia

Ventricular Arrhythmias Ventricular Arrhythmias

Conduction Abnormalities Muscle Weakness/Paralysis

Cardiac Arrest Respiratory Failure

Weiss JN, Qu Z, Shivkumar K. Electrophysiology of hypokalemia and hyperkalemia. Circ Arrhythm Electrophysiol. 2017;10(3):e004667.
Singer AJ, Thode HC, Peacock WF. A retrospective study of emergency department potassium disturbances: severity, treatment, and outcomes. Clin Exp Emerg Med. 2017;4(2):73-79.
Blanco N, Leekha S, Magder L, et al. Admission laboratory values accurately predict in-hospital mortality: a retrospective cohort study. J Gen Intern Med. 2020;35(3):719-723.
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Electrocardiography (ECG) Chang

eS

Serum
potassium
(mEq per L)*

Electrocardiograph posteaI:;mm Electrocardiograph p:f;:sri:l_,m
waveform ‘ (mEq per L)* waveform (mEq per L)*

Electrocardiograph
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Sinuscidal wave pattern Peaked T wave
3.5to 5.0 /HA—/M
- < 351te
Wide QRS duration** Normal sinus rhythm =2.0
-~
v v < 3.5to l
=20
Bradyarrhythmias** < 3.5 to
Decreased ampli- =240

ﬂ tude of T wave
Loss of P wave;
junctional rhythms** <>3'5 to
=20 <20
U waves, best seen
in leads V2 and V3
e S—

Prolonged PR interval

SIS

ST segment depres-
sion, T-wave inversion,
prominent U wave

N

T- and U-wave fusion

N i

Prolonged QT

Ventricular tachycardia,
torsades de points
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El-Sherif N, Turitto G. Electrolyte disorders and arrhythmogenesis. Cardiol J. 2011;18(3):233-245.
Fordjour KN, Walton T, Doran JJ. Management of hyperkalemia in hospitalized patients. Am J Med Sci. 2014;347(2):93-100.
Littmann L, Gibbs MA. Electrocardiographic manifestations of severe hyperkalemia. J Electrocardiol. 2018;51(5):814-817.
Long B, Warix JR, Koyfman A. Controversies in management of hyperkalemia. ) Emerg Med. 2018;55(2):192-205.
Montague BT, Ouellette JR, Buller GK. Retrospective review of the frequency of ECG changes in hyperkalemia. Clin ) Am Soc Nephrol. 2008;3(2):324-330.
Palmer BF, Clegg DJ. Diagnosis and treatment of hyperkalemia. Cleve Clin J Med. 2017;84(12):934-942.

Rossignol P, Legrand M, Kosiborod M, et al. Emergency management of severe hyperkalemia: guideline for best practice and opportunities for the future. Pharmacol Res. 2016;113(Pt A):585-591.

Wang X, Han D, Li G. Electrocardiographic manifestations in severe hypokalemia. J Int Med Res. 2020;48(1):300060518811058.

14

1A



9/9/2026

What medications can
cause hypokalemia?
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Hypokalemia — Medication Causes

Renal losses

Gastrointestinal
losses

Intracellular shifts

Inadequate
intake

Medical condition

e Mineralocorticoid excess

¢ Types 1 and 2 renal tubular acidosis

e Hypomagnesemia
e |Intrinsic renal transport defects:
o Bartter syndrome
o Gitelman syndrome
o Fanconi syndrome
o Liddle syndrome

e Chronic diarrhea
e Acute diarrhea

* Bowel preparation
for colonoscopy

* Vomiting

e Refeeding
syndrome

e Alkalosis
* Thyrotoxicosis

¢ Familial periodic
paralysis

¢ Hypothermia

* Anorexia
e Starvation

* Total parenteral
nutrition

Medications
= Thiazid-e ditfretics * Laxatives/enemas ® |nsulin - —
‘ qup diuretlc‘s - * Sodium polysty- e Beta agonists
® Mineralocorticoids PoyEY 9 :
: : rene sulfonate (e.g., epinephrine,

e Exogenous corticosteroids Bt fich ot lters
e Drugs that cause magnesium )

depletion: * Caffeine

o Amphotericin B ¢ Theophylline

o Cisplatin

o Foscarnet
o Aminoglycosides

Kardalas E, Paschou SA, Anagnostis P, et al. Hypokalemia: a clinical update. Endocr Connect. 2018;7(4):R135-R146.

Gennari FJ. Hypokalemia. N Engl J Med. 1998;339(7):451-458.

Med. 2000;160(16):2429-2436.

Cohn JN, Kowey PR, Whelton PK, et al. New guidelines for potassium replacement in clinical practice: a contemporary review by the National Council on Potassium in Clinical Practice. Arch Intern
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What medications can
cause hyperkalemia?
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Hyperkalemia — Medication Causes

Impaired excretion

Transcellular shift

Increased intake

Medications:

Angiotensin-converting enzyme
inhibitors
Angiotensin-|| receptor blockers

Aldosterone antagonists and
other potassium-sparing diuretics

Digoxin

Beta blockers

Heparin
Trimethoprim/sulfamethoxazole
Calcineurin inhibitors

Nonsteroidal anti-inflammatory
drugs

Reduced effective plasma volume

Renal failure:

Acute renal failure
End-stage renal disease

Type 4 renal tubular acidosis

Ongoing release:

Tumor lysis syndrome
Rhabdomyolysis
Severe hemolytic anemia

Extensive burn injury

Other transcellular shifts:

Metabolic acidosis
Hyperglycemia

Pseudohyperkalemia
caused by hemolysis
during venipuncture,
small needle, sustained
tourniquet, transport on
pnheumatic tube sys-
tem, thrombocytosis

(> 500,000 per mm3), or
leukocytosis (> 70,000 per
mm?3) due to potassium
released during clotting

Blood transfusions

Commercially avail-
able salt substitutes
and potassium-
enriched foods

Enteral feeding
High-potassium diet*
Intravenous fluids

Parenteral nutrition

Rosano GMC, Tamargo J, Kjeldsen KP, et al. Expert consensus document on the management of hyperkalaemia in patients with cardiovascular disease treated with renin angiotensin aldosterone system inhibitors: coordinated by the Working Group on
Cardiovascular Pharmacotherapy of the European Society of Cardiology. Eur Heart J Cardiovasc Pharmacother. 2018;4(3):180-188.
Brookes EM, Snider J, Hart GK, et al. Serum potassium abnormalities in chronic kidney disease: prevalence, patient characteristics and clinical outcomes. Intern Med J. 2021;51(11):1906-1918.
Palmer BF, Clegg DJ. Diagnosis and treatment of hyperkalemia. Cleve Clin J Med. 2017;84(12):934-942.
Ismail U, Sidhu K, Zieroth S. Hyperkalaemia in heart failure. Card Fail Rev. 2021;7:e10.
Viera AJ, Wouk N. Potassium disorders: hypokalemia and hyperkalemia. Am Fam Physician. 2015;92(6):487-495.
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Hyperkalemia — Foods

1Y

Lo

B High content (> 250 mg per serving)

Food group Food item [ Food group l Food item
Seasonings/ B Low-sodium salt [ Vegetables B Seaweed
condiments (contains potas- ; M Spinach
B Sea salt 3 B Broccoli
j B Potatoes
=N Desserts M Molasses Meats B Beef
'..% B Chocolate ‘ B Chicken
a5 ;
-] Nuts, seeds, B Lima beans | i Fork
= and legumes B Sunflower seeds : B Lamb
= B Pumpkin seeds : B Cantaloupes
E Grains B Wheat germ : B Oranges
- B Bran : B Avocados
¢_=, B Oats : M Dried fruits (dates, prunes)
&£
&N B Highest content (> 1,000 mg per serving)
a B Very-high content (> 600 mg per serving)

Cupisti A, Kovesdy CP, D'Alessandro C, et al. Dietary approach to recurrent or chronic hyperkalaemia in patients with decreased kidney function. Nutrients. 2018;10(3):261.
Guideline: Potassium Intake for Adults and Children. World Health Organization; 2012. Accessed February 8, 2022. https://www.ncbi.nlm.nih.gov/books/NBK132470
Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 clinical practice guideline for the evaluation and management of chronic kidney disease. 2013;3(1):19-62.
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Dietary Recommendations

Stage

1
eGFR 2z 90 mL per minute per 1.73 m?
Albuminuria < 30 mg per g

2
eGFR 60 to 89 mL per minute per 1.73 m?
Albuminuria < 30 mg per g

3a
eGFR 45 to 59 mL per minute per 1.73 m?
Albuminuria < 30 mg per g

3b
eGFR 30 to 44 mL per minute per 1.73 m?
Albuminuria < 30 mg per g

4
eGFR 15 to 29 mL per minute per 1.73 m?
Any stage with A2 (albuminuria 30 to 300 mg

per day) or A3 (albuminuria > 300 mg per day)

5
eGFR < 15 mL per minute per 1.73 m?

Dietary potassium recommendations

Same as general population;
3,510 mg per day

Same as general population;
3,510 mg per day

Same as general population unless
episodes of severe hyperkalemia
occur

< 3,000 mg per day if hyperkale-
mia occurs frequently

< 3,000 mg per day

Comments

Safe for potassium-rich foods (e.g., avocado,
banana, spinach, leafy greens, potatoes, citrus
juices, fish)

Safe for potassium-rich foods (e.g., avocado,
banana, spinach, leafy greens, potatoes, citrus
juices, fish)

Recommend fresh fruits and vegetables; limit
milk and dairy products; avoid salt substitutes
due to potassium chloride content; encourage
a high-fiber diet*

Recommend low-potassium foods (e.g., apples,
berries, carrots, green beans, chicken, eggs,
white grain breads, white rice); limit serving
sizes; avoid salt substitutes and sea salt

Recommend low-potassium foods (e.g., apples,
berries, carrots, green beans, chicken, eggs,
white grain breads, white rice); limit serving
sizes; avoid salt substitutes and sea salt

Cupisti A, Kovesdy CP, D'Alessandro C, et al. Dietary approach to recurrent or chronic hyperkalaemia in patients with decreased kidney function. Nutrients. 2018;10(3):261.
Guideline: Potassium Intake for Adults and Children. World Health Organization; 2012. Accessed February 8, 2022. https://www.ncbi.nlm.nih.gov/books/NBK132470

Kidney Disease: Improving Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 clinical practice guideline for the evaluation and management of chronic kidney disease. 2013;3(1):19-62.
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[ Serum potassium < 3.5 mEq per L; confirm with repeat test* ]

Severe criteria present?{
Arrhythmia
Symptoms (e.g., respiratory depres-
sion, paralysis, severe weakness)

No + Yes

Administer 5 to 10 mEq intravenous potassium
chloride over 15 to 30 minutes while on cardiac mon-
itoring; repeat as needed for ongoing symptoms

v

L]
Severe criteria resolved and serum
potassium > 3.0 mEq per L?
v

[ History evident for gastrointestinal losses, diuretic use, or acute intracellular shift? ]

Treatment = = ¢

[ Hypertension? ] Gastrointestinal losses? [ Diuretics? J Acute intra-
| ¢ cellular shift?
+ No ¢

Evaluate for 0 Additicnal evaluation with: Discontinue contribut- Discontinue if reasonable
e Uri e 1 hi { 'd‘ ing medications, treat alternative available or add Treat underlying
5 .I -t rine potassiumy chianida, underlying cause, and oral potassium supplement, 1
coid excess with sodium, creatinine S = = : 3 cause of intra-
o s : : o administer potas- potassium-sparing diuretic, cellular shift
3 ° efum raagriesitim, phosphiato sium supplement or angiotensin-converting
sterone, renin = Acid base status Srviha IRRIbiter
Clase CM, Carrero JJ, Ellison DH, et al.; Conference Participants. * =y
Potassium homeostasis and management of dyskalemia in kidney |
diseases: conclusions from a Kidney Disease: Improving Global Magnesium < 2.0 mg per dL *
Outcomes (KDIGO) Controversies Conference. Kidney )
Int. 2020;97(1):42-61 N 1 Y Choose route and rate: oral administration if patient has
. ’ : : -] es ioni i
Weiner ID, Wingo CS. Hypokalemia—consequences, causes, and ‘ functioning gut and serum potassium > 2.5 mEq per L

correction. J Am Soc Nephrol. 1997;8(7):1179-1188. ‘
Asmar A, Mohandas R, Wingo CS. A physiologic-based approach to — Alkalosis Treat hypomagnesemia ¥ ¥
the treatment of a patient with hypokalemia. Am J Kidney Acidosis: types | and Il Got o
Dis. 2012;60(3):492-497. sepaiiubhiarcidosts i Oral: Intravenous:
Liamis G, Liberopoulos E, Barkas F, et al. Spurious electrolyte Continuous cardiac monitoring
disorders: a diagnostic challenge for clinicians. Am J for 10 mEq per hour and greater
Consider initial dose of 20 to 40 mEq

40 to 120 mEq of
potassium chloride

2026 ICHP Annual Meeting

Nephrol. 2013;38(1):50-57. Urine potassium < 15 mEq Urine potassium > 15 mEq ir.' two to four iAfisad atUp to 10, mEQ/per hour
per L: perL: divided doses via peripheral intravenous access;
= Surreptitious vomiting, « Consider Bartter and Do not recheck ear- 20 mEgq per hour via central access
laxative, or diuretic use#; Gitelman syndromes lier than two hours Monitor serum potassium every two
address underlying cause + Nephrology consultation to four hours; do not recheck earlier

than one hour after administration

1
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Hypokalemia — Treatment — I\/Iedications

Potassium
chloride

Potassium
bicarbonate
(potassium
citrate, acetate,
gluconate)t

Potassium
phosphate

Oral:

10 to 40 mEq two to four times per
day

Intravenous*:

® Up to 10 mEq per hour (peripheral line)
* Up to 20 mEq per hour (central line)

Emergent treatment*:
5 to 10 mEq intravenously over 15 to
20 minutes

Oral:
Bicarbonate
* 20 to 40 mEq per day in one to two
divided doses (prevention)
* 40 to 100 mEq per day in two to four
divided doses (treatment)
Citrate
* 10 to 20 mEq two to four times per day
Gluconate
= 10 to 20 mEq two to four times per day
Intravenous:
Acetate
* Up to 10 mEq per hour (peripheral line)
* Up to 40 mEq per hour (central line)

Primarily used for the treatment of

hypophosphatemia

» For every 1 mmol of phosphate, there is
1.5 mEq of potassium

e Expect increase in

serum potassium
by 0.1 mEq for
every 10 mEq
administered; may

be less if the patient

is experiencing
ongoing losses

Intravenous
treatment should
increase serum
potassium levels
by 0.1 mEq per L
for every 10 mEq
administered

Not established

Most effective formulation; up to 40% improved
absorptlon compared with other formulations
Intravenous treatment should be reserved for
patients with electrocardiographic changes,
paralysis, respiratory failure, rhabdomyolysis, or
inability to take treatment orally

Continuous cardiac monitoring is recommended
for rates of 10 mEq per hour and greater

Preferred for patients with metabolic acidosis

Potassium gluconate is commonly found in
over-the-counter formulations

Continuous cardiac monitoring recommended
for intravenous infusions

Typically found in dietary potassium

Reserve for patients with hypokalemia and
hypophosphatemia (e.g., refeeding syndrome,
type 2 renal tubular acidosis, Fanconi syndrome)
Avoid oral supplementation due to
phosphate-induced diarrhea

Clase CM, Carrero 1], Ellison DH, et al.; Conference Participants. Potassium homeostasis and management of dyskalemia in kidney diseases: conclusions from a Kidney Disease: Improving Global Outcomes (KDIGO) Controversies Conference. Kidney
Int. 2020;97(1):42-61.

Asmar A, Mohandas R, Wingo CS. A physiologic-based approach to the treatment of a patient with hypokalemia. Am J Kidney Dis. 2012;60(3):492-497.
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Hyperkalemia Treatment Goals

o ¥

F 8

ITATERIEENT | | ot e Shift K* Remove K

from the

assess : :
myocardium intracellularly
body

severity

2026 ICHP Annual Meeting

Long B, Warix JR, Koyfman A. Controversies in management of hyperkalemia. J Emerg Med. 2018;55(2):192-205.
Palmer BF, Carrero JJ, Clegg DJ, et al. Clinical management of hyperkalemia. Mayo Clin Proc. 2021;96(3):744-762.
Viera AJ, Wouk N. Potassium disorders: hypokalemia and hyperkalemia. Am Fam Physician. 2015;92(6):487-495.
Eleftheriadis T, Leivaditis K, Antoniadi G, et al. Differential diagnosis of hyperkalemia: an update to a complex problem. Hippokratia. 2012;16(4):294-302.
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Hyperkalemia
Treatment

Long B, Warix JR, Koyfman A. Controversies in management of hyperkalemia. J Emerg
Med. 2018;55(2):192-205.
Palmer BF, Carrero JJ, Clegg DJ, et al. Clinical management of hyperkalemia. Mayo
Clin Proc. 2021;96(3):744-762.
Viera AJ, Wouk N. Potassium disorders: hypokalemia and hyperkalemia. Am Fam
Physician. 2015;92(6):487-495.
Eleftheriadis T, Leivaditis K, Antoniadi G, et al. Differential diagnosis of hyperkalemia:
an update to a complex problem. Hippokratia. 2012;16(4):294-302.

.+~ 2026 ICHP Annual Meet

C

Potassium > 5 mEq per L ]

Warning signs present*?
Severe hyperkalemiat (e.g., > 6.5 mEq per L)

Muscle weakness/paralysis

Rapid change
High-risk conditions (chronic kidney dis-
ease, heart failure, myocardial infarction)

T
No

¥

[ Pseudohyperkalemia? ]

L
] -

[ Perform electrocardiography ]

T
No

\ 4

Yes [ Changes on electrocardiogram? ]

o Dietary counseling (e.g., avoid salt substitutes)
Consider use of diuretics

Hold renin—angi inhib-
itors and restart once normalized if indicated (e.g..
congestive heart failure, chronic kidney disease)

¥

Consider potassium binders:

« Patiromer (Veltassa): 8.4 g orally per day. can
titrate up to 16.8 g to 25.2 g per day

« Sodium polystyrene sulfonate: 15 g orally once
per day; can repeat up to 4 times per day

* Sodium zirconium cyclosilicate (Lokelma): 10 g
orally 3 times per day for 48 hours, followed by
10 g once per day; can adjust to 5 g once every
other day to 15 g once per day

+

[ Persistent hyperkalemia?

N

Consider specialist referral and
additional studies:

= Plasma renin activity, serum aldo-
sterone, and serum cortisol

e Urine potassium, chloride, sodium

r
No l Yes

Intravenous calcium:

Calcium gluconate, 1,000 to 2,000 mg,
or calcium chloride, 500 to 1,000 mg
Repeat electrocardiogram in 5 minutes
and repeat dose for continued electro-
cardi n abnorr : then every
30 to 60 minutes as needed

v

10 wunits intravenous insulin and 25 g of glucose (50 mL of 50%
dextrose); administer 50 g of glucose if initial glucose level < 100
mg per dL; administer additional 25 g of glucose (50 mL of 50%

dextrose) if serum glucose < 70 mg per dL; glucose adminis-

tration may not be needed if initial gl > 200 mg per dL.

and
Nebulized albuterol (10 to 20 mg)
Consider hemodialysisl||

¥

Recheck blood glucose every 30 minutes for 1 hour, then hourly for 3 hours;
readminister 25 g of 50 mL of 50% dextrose glucose level < 70 mg per dL
Recheck potassium no earlier than 2 hours

v

= Sodium bicarbonate,fl 150 mEq in 1 L of 5% dex-
trose in water intravenous over 2 to 4 hours

= Diuretics™™*:
— 20 to 40 mg intravenous or oral furosemide
— 0.5 to 1 mg intravenous or oral bumetanide
— 10 to 20 mg oral torsemide
= Consider potassium binders:
— Patiromer, 8.4 g crally per day, can titrate up
to 16.8 g to 25.2 g per day
— Seodium zirconium cyclosilicate, 10 g orally
3 times per day for 48 hours
— Sodium polystyrene sulfonate, 15 g orally
once per day; can repeat up to 4 times per day

[ Once stabilized, proceed to e ]

9N
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Hyperkalemia — Treatment — Medications

Treatment

Intravenous
calcium

Regular
insulin

Beta,-
adrenergic
agonists

Mechanism
of action

Stabilizes cardiac

membrane by rapid
reduction of excitatory
effects of potassium

in cardiac tissue
membrane

Drives extracellular
potassium into
the cells

Drive extracellular
potassium into
the cells

Dose

e 1,000 to 2,000 mg calcium gluconate
over two to five minutes

e 500 to 1,000 mg calcium chloride
over two to five minutes

* May repeat dose after five minutes if
electrocardiography changes persist
or recur; then every 30 to 60 minutes
as needed

¢ 10 units intravenous bolus

and

e 25 g of glucose (50 mL of 50% dextrose);
administer 50 g (100 mL of 50% dextrose)
of glucose if initial glucose level < 100
mg per dL (5.55 mmeol per L); administer
additional 25 g of glucose (50 mL of 50%
dextrose) if serum glucose < 70 mg per dL
(3.892 mmol per L)

e Glucose administration may not be needed
if initial glucose > 200 mg per dL (11.10 mmol
per L)

 Monitor glucose hourly for at least three hours

e 10 to 20 mg via nebulizer

Comments

No effect on serum potassium levels
Continuous cardiac monitoring required
Adverse effects of calcium chloride include
phlebitis and tissue necrosis

Adverse effects of calcium chloride and calcium
gluconate include hypercalcemia, arrhythmia,
bradycardia, hypotension, and cardiac arrest

0.6 to 1.2 mEq per L at one hour

Onset of action: < 15 minutes

Duration of effect: two hours

Synergistic effect if administered with beta
agonists

Adverse effects include hypoglycemia;
monitor every 30 minutes in the first hour,
then hourly, and treat with dextrose if serum
glucose < 70 mg per dL

0.6 mEq per L within 30 minutes after 10-mg
inhaled dose

1.0 mEq per L one hour after 20-mg inhaled dose
Duration of effect: two hours

Synergistic effect if given with insulin

Adverse effects include tachycardia

Long B, Warix JR, Koyfman A. Controversies in management of hyperkalemia. J Emerg Med. 2018;55(2):192-205.
Palmer BF, Carrero JJ, Clegg DJ, et al. Clinical management of hyperkalemia. Mayo Clin Proc. 2021;96(3):744-762.
Viera Al, Wouk N. Potassium disorders: hypokalemia and hyperkalemia. Am Fam Physician. 2015;92(6):487-495.
Eleftheriadis T, Leivaditis K, Antoniadi G, et al. Differential diagnosis of hyperkalemia: an update to a complex problem. Hippokratia. 2012;16(4):294-302.
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Hvoerkalemia — Treatment — Medications

Sodium
bicarbonate*

Diuretics

Gastrointestinal
cation exchanger
Sodium
zirconium
cyclosilicate
(Lokelma)

Patiromer
(Veltassa)

Sodium
polystyrene
sulfonate

Drives extracel-
lular potassium
into the cells

Remove potas-
sium from the
body

Removes potas-
sium from the
body

Removes potas-
sium from the
body

Removes potas-
sium from the
body

Intravenous, continuous: 150 mEq in 1 L of
5% dextrose in water over two to four hours;
normal saline may increase serum potassium
and should not be used

Intravenous, intermittent: 50 mEq over five
minutes

No universally recommended dosage for

acute or chronic hyperkalemia

Typical initial dosages for edema:

— Furosemide: 20 to 40 mg once or twice per
day (intravenous or orally)

- Bumetanide: 0.5 to 1 mg once or twice per
day (intravenous or orally)

— Torsemide: 10 to 20 mg once per day orally

Acute: 10 g orally three times per day for

48 hours (total of six doses)

Chronic: 10 g orally three times per day for
48 hours, followed by 10 g once per day; can
adjust to 5 g once every other day to 15 g
once per day

Acute and chronic: 8.4 g orally per day; titrate
up to 16.8 to 25.2 g per day

15 g orally one to four times per day
30 to 50 g rectally every six hours in retention
enema

Mechamsm
I O T S S

Only beneficial in patients with metabolic
acidosis; do not use in patients with end-stage
renal disease

Serum potassium decrease by 2 mEq per L for
every 10 mEq per L increase in bicarbonate levels

Adverse effects: hypernatremia, cardiac failure

Effect dependent on urine output; unpredict-
able kaliuretic effect

Use with caution in patients who are hypovo-
lemic or with renal impairment; if needed for
severe acute hyperkalemia, consider a crystal-
loid infusion before administration of dose
Adverse effects: hypovolemia, acute kidney
injury

Decrease by 0.67 mEq per L at 48 hours

Administer other oral medications at least two
hours before or after a dose

Adverse effect: urinary tract infection (1.1%),
edema (0.9%)

Decrease serum potassium by 0.70 mEq
per L after four weeks

Administer other oral medications three
hours before or after a dose

Adverse effects include constipation (7.6%),
diarrhea (4.5%), hypomagnesemia (7.1%)

Serum potassium reduction from 0.8 to

1.4 mEq per L based on dose and duration
Avoid concomitant administration with oral
medications; significant drug interactions
may occur

Adverse effects include ischemic colitis,
intestinal necrosis, intestinal perforation

Long B, Warix JR, Koyfman A. Controversies in management of hyperkalemia. J Emerg Med. 2018;55(2):192-205.
Palmer BF, Carrero JJ, Clegg DJ, et al. Clinical management of hyperkalemia. Mayo Clin Proc. 2021;96(3):744-762.
Viera Al, Wouk N. Potassium disorders: hypokalemia and hyperkalemia. Am Fam Physician. 2015;92(6):487-495.

Eleftheriadis T, Leivaditis K, Antoniadi G, et al. Differential diagnosis of hyperkalemia: an update to a complex problem. Hippokratia. 2012;16(4):294-302.
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"' Sodium
-

e 135-145 mEq/L

Hyponatremia Causes

e Hypovolemia
e SIADH
e Heart Failure
e Cirrhosis
¢ Medication-Induced Hyponatremia
® Endocrine Disease

Hypernatremia Causes

e Dehydration
e VVomiting
e Burns
e Infection
e Diabetes Insipidus

Nagler EV,Vanmassenhove J,van der Veer SN, Nistor |, Van Biesen W, Webster AC, Vanholder R. Diagnosisand treatment of hyponatraemia: a systematic review of clinical practice guidelines. Nephrology, Dialysis, Transplantation 2013 28 i385-i391.
Hoorn EJ, Zietse R.Hyponatremia and mortality: how innocent is the bystander? Clinical Journal of the American Society of Nephrology 2011 6 951-953.
Hoorn EJ, Lindemans J, Zietse R. Development of severe hyponatraemia in hospitalized patients: treatment-related risk factors and inadequate management. Nephrology, Dialysis, Transplantation 2006 21 70-76

Waikar SS, Mount DB, Curhan GC. Mortality after hospitalization with mild, moderate, and severe hyponatremia. American Journal of Medicine 2009 122 857-865.
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Sodium Complications

Hyponatremia Hypernatremia

Cerebral Edema Weakness
Brain Herniation Confusion

Death Seizures

Muscle Complications Intracranial Hemorrhage

Seizures Muscle Complications
Coma Coma

Respiratory Arrest Death

Nagler EV,Vanmassenhove J,van der Veer SN, Nistor |, Van Biesen W, Webster AC, Vanholder R. Diagnosisand treatment of hyponatraemia: a systematic review of clinical practice guidelines. Nephrology, Dialysis, Transplantation 2013 28 i385-i391.
Hoorn EJ, Zietse R.Hyponatremia and mortality: how innocent is the bystander? Clinical Journal of the American Society of Nephrology 2011 6 951-953.
Hoorn EJ, Lindemans J, Zietse R. Development of severe hyponatraemia in hospitalized patients: treatment-related risk factors and inadequate management. Nephrology, Dialysis, Transplantation 2006 21 70-76
Waikar SS, Mount DB, Curhan GC. Mortality after hospitalization with mild, moderate, and severe hyponatremia. American Journal of Medicine 2009 122 857-865.
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When evaluating Sodium levels,
what considerations should be
taken to assess severity?
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Description

Hypervolemic

Hyponatremia

Excess sodium and fluid

but greater amount of
fluid

Euvolemic
Hyponatremia

Normal Sodium with
excess fluid

Hypovolemic
Hyponatremia

Low sodium and low
water but greater
amount of fluid

Causes

Heart failure
Cirrhosis
Nephrotic syndrome

SIADH
Medications (thiazide
diuretics, SSRI,
antiepileptics)
Hyperglycemia

Fluid loss caused by
emesis, diarrhea or
medications

. 2026 ICHP Annual Meet

Treatment

Sodium and water
restriction
Treat underlying cause
Vasopressin receptor
antagonists

Stop offending agent
Fluid restriction
Demeclocycline

Vasopressin receptor

antagonists
Control glucose

Fluid resuscitation

gler EV, Vanmassenhove J, van der Veer SN, Nistor |, Van Biesen W, Webster AC, Vanholder R. Diagnosis and treatment of hyponatraemia: a systematic review of clinical practice guidelines. Nephrology, Dialysis, Transplantation 2013 28 i385-i391.

Hoorn EJ, Zietse R.Hyponatremia and mortality: how innocent is the bystander? Clinical Journal of the American Society of Nephrology 2011 6 951-953.

Hoorn EJ, Lindemans J, Zietse R. Development of severe hyponatraemia in hospitalized patients: treatment-related risk factors and inadequate management. Nephrology, Dialysis, Transplantation 2006 21 70-76

Waikar SS, Mount DB, Curhan GC. Mortality after hospitalization with mild, moderate, and severe hyponatremia. American Journal of Medicine 2009 122 857-865.
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Sodium Correction

»
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Maximum increase of 12 mEq in a 24 hour period

Central Pontine Myelinolysis/Osmotic
Demyelination Syndrome

e Damages to nerve endings caused by rapid increase in sodium

e Symptoms — lethargy, neurologic damage, paralysis, dysphagia,
coma

<. 2026 ICHP Annual Meeting
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Hypernatremia Treatment

Oral/enteral water if the patient can safely drink.

IV D5W when |V free-water replacement is required.

0.45% saline may be appropriate in selected euvolemic
patients.

_ 2026 [CHP Annual Meeting |
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Sodium

Usually a fluid an issue,
resolve that prior to
correcting sodium!
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Post-Test Question 1

Which of the following medications can cause hyperkalemia? SELECT
ALL THAT APPLY

A.
B.
C.
D.
E.

Lisinopril

Furosemide
Hydrochlorothiazide
Spironolactone
Sulfamethoxazole/Trimethoprim

«._2026 ICHP Annual Meeting
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Post-Test Question 2

Which of the following medications are used to shift potassium
intracellularly?

A.
B.
C.
D.
E.

Calcium Gluconate
Insulin Regular
Furosemide

Dialysis

Sodium Bicarbonate

«._2026 ICHP Annual Meeting
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Post-Test Question 3

Dr. Fitzgerald is taking care of a patient in the ICU who has a potassium level
of 2.5 with multiple symptoms. He would like to give the patient a bolus dose
of potassium chloride 100 mEq to increase the potassium level rapidly. The
doctor would like reassurance from you on whether he should give the
100mEq or another dose. What dose do you recommend?

Recommend 100mEq IV bolus dose, there is no problem with the dose
Recommend giving 60mEq IV bolus dose

A

B

C. Recommend 10mEq every few hours
D. Recommend 40mEq oral x 1 dose

E

Patient does not need potassium!

&2 2026 ICHP Annual Meeting
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Post-Test Question 4

Olivia Pope is rushed to the hospital after experiencing non-stop seizures for six minutes.
Upon admission, labs were drawn and Olivia had a sodium level of 114. The physician
wishes to correct the sodium level very quickly and wants her sodium level to be at 135 by
the end of the day. What do you recommend?

A. Inform the physician the patient can receive Sodium Chloride 23.4% to make this
correction.

B. Inform the physician the patient can receive Sodium Chloride 3% to make this
correction.

C. Inform the physician the patient can receive Tolvaptan to make this correction.

D. Inform the physician that jumping from a sodium level of 114 to 135 in less than 24
hours is not recommended.

E. Inform the physician that sodium level is normal at 114 and no treatment is needed.

M5 2026 ICHP Annual Meeting
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Recognizing and Managing Life-Threatening
Electrolyte Abnormalities: A Pharmacist’s
Stepwise Approach

Vicky Shah, PHARMD, BCPS
Associate Professor of Clinical Sciences

Roosevelt University College of Science, Health and Pharmacy

2026 ICHP Annual Meeting

39

20



