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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, institutional 

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
4
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Pre-Test Question 1

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

A. Lisinopril
B. Furosemide
C. Hydrochlorothiazide
D. Spironolactone
E. Sulfamethoxazole/Trimethoprim 
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Pre-Test Question 2

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

A. Calcium Gluconate
B. Insulin Regular
C. Furosemide
D. Dialysis
E. 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?

A. Recommend 100mEq IV bolus dose, there is no problem with the dose
B. Recommend giving 60mEq IV bolus dose
C. Recommend 10mEq every few hours 
D. Recommend 40mEq oral x 1 dose
E. Patient does not need potassium!
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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. 

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. 
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Fishbone
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Major Electrolytes – Life-Threatening

Potassium Sodium

Calcium Magnesium
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Potassium
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Potassium
Normal Range 

• 3.5-5 mEq/L

Hyperkalemia Causes
• Impaired Renal Excretion

• Transcellular Shifts
• Increased Potassium Intake

Hypokalemia Causes
• Decreased Potassium Intake

• Renal Losses
• Gastrointestinal Losses

• Transcellular Shifts
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
Ventricular Arrhythmias

Conduction Abnormalities

Cardiac Arrest

Hypokalemia
Ventricular Arrhythmias

Muscle Weakness/Paralysis

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) Changes

Diercks DB, Shumaik GM, Harrigan RA, et al. Electrocardiographic manifestations: electrolyte abnormalities. J Emerg Med. 2004;27(2):153–160.
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. J Emerg Med. 2018;55(2):192–205.
Montague BT, Ouellette JR, Buller GK. Retrospective review of the frequency of ECG changes in hyperkalemia. Clin J 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.
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What medications can 
cause hypokalemia?
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Hypokalemia – Medication Causes

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.

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 
Med. 2000;160(16):2429-2436.
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What medications can 
cause hyperkalemia?
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Hyperkalemia – Medication Causes

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

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

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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Hypokalemia 
Treatment

Clase CM, Carrero JJ, 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.
Weiner ID, Wingo CS. Hypokalemia—consequences, causes, and 

correction. J Am Soc Nephrol. 1997;8(7):1179-1188.
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.

Liamis G, Liberopoulos E, Barkas F, et al. Spurious electrolyte 
disorders: a diagnostic challenge for clinicians. Am J 

Nephrol. 2013;38(1):50-57.
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Hypokalemia – Treatment – Medications 

Clase CM, Carrero JJ, 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

Immediately 
assess 

severity
Stabilize the 
myocardium 

ShiŌ K⁺ 
intracellularly

Remove K⁺ 
from the 

body

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.
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Hyperkalemia – Treatment – Medications

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 – Medications

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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Sodium
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Sodium
Normal Range

• 135-145 mEq/L

Hyponatremia Causes
• Hypovolemia

• SIADH
• Heart Failure

• Cirrhosis
• Medication-Induced Hyponatremia

• Endocrine Disease

Hypernatremia Causes
• Dehydration

• Vomiting
• Burns

• Infection
• Diabetes Insipidus

Nagler   EV, Vanmassenhove J, van der Veer   SN, Nistor I, 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 Complications

Hyponatremia
Cerebral Edema

Brain Herniation

Death

Muscle Complications

Seizures

Coma

Respiratory Arrest

Hypernatremia
Weakness

Confusion

Seizures

Intracranial Hemorrhage

Muscle Complications

Coma

Death

Nagler   EV, Vanmassenhove J, van der Veer   SN, Nistor I, 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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When evaluating Sodium levels, 
what considerations should be 

taken to assess severity?
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Hypovolemic 
Hyponatremia

Euvolemic
Hyponatremia

Hypervolemic
Hyponatremia

Low sodium and low 
water but greater 
amount of fluid

Normal Sodium with 
excess fluid

Excess sodium and fluid 
but greater amount of 

fluid
Description

Fluid loss caused by 
emesis, diarrhea or 

medications

SIADH
Medications (thiazide

diuretics, SSRI, 
antiepileptics)
Hyperglycemia

Heart failure
Cirrhosis

Nephrotic syndrome
Causes

Fluid resuscitation

Stop offending agent
Fluid restriction 
Demeclocycline 

Vasopressin receptor 
antagonists

Control glucose

Sodium and water 
restriction 

Treat underlying cause
Vasopressin receptor 

antagonists

Treatment

Nagler   EV, Vanmassenhove J, van der Veer   SN, Nistor I, 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

Maximum increase of 12 mEq in a 24 hour period

Central Pontine Myelinolysis/Osmotic 
Demyelination Syndrome

• Damages to nerve endings caused by rapid increase in sodium
• Symptoms – lethargy, neurologic damage, paralysis, dysphagia, 

coma
Nagler   EV, Vanmassenhove J, van der Veer   SN, Nistor I, 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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Hypernatremia Treatment

Oral/enteral water if the patient can safely drink.

IV D5W when IV free-water replacement is required.

0.45% saline may be appropriate in selected euvolemic 
patients.
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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. Lisinopril
B. Furosemide
C. Hydrochlorothiazide
D. Spironolactone
E. Sulfamethoxazole/Trimethoprim 
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Post-Test Question 2

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

A. Calcium Gluconate
B. Insulin Regular
C. Furosemide
D. Dialysis
E. Sodium Bicarbonate
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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?

A. Recommend 100mEq IV bolus dose, there is no problem with the dose
B. Recommend giving 60mEq IV bolus dose
C. Recommend 10mEq every few hours 
D. Recommend 40mEq oral x 1 dose
E. Patient does not need potassium!
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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. 
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