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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
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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 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?

ooy

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!

Pre-Test Question 2

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

Calcium Gluconate
Insulin Regular
Furosemide

Dialysis

Sodium Bicarbonate
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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 leve

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?

of 114. The physician

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

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

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

o
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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
1 ¢ Impaired Renal Excretion
e Transcellular Shifts

¢ Increased Potassium Intake

d Hypokalemia Causes

* Decreased Potassium Intake
* Renal Losses
* Gastrointestinal Losses

¢ Transcellular Shifts
inger ,Thod K, Pescock WA rospecve st of s gon epaarantpotosi sbencs e resron and o170
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Potassium Complications

Hyperkalemia

Ventricular Arrhythmias

Conduction Abnormalities

Cardiac Arrest

Hypokalemia

Ventricular Arrhythmias

Muscle Weakness/Paralysis

Respiratory Failure

Weiss N, QuZ, Shivkumar
Singer A, Thode HC, Peacock WF.

27378,

Blanco N Leekha 5 Magder L, e al Admission laboratory

u 2017
pre spect Gen ntern Med. 2020;35(3)719-723,
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What medications can
cause hypokalemia?
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Hypokalemia — Medication Causes

Gastrointestinal Inadequate
Renal losses osses Intracellular shifts intake

Medical condition
* Mineralocorticoid excess » Chronic diarrhea *» Refeeding * Ancrexia
 Types 1and 2 renal tubular scdosis * Acute diarrhea syndrome « Starvation
+ Hypomagnesemia + Bowel preparation * Alkalosis + Tatal parenteral
= Intrinsic renal transport defects far ealanoscopy = Thyretexicosis nutrition

> Bartter syndrome » Vomiting = Familisl pericdic

= Gitelman syndrome paralysic

a Fanconi syndrame = Hypothermia

@ Liddle syndrome
Medications
* Thiazide diuretics » Laxatives/enemas | = Insulin i —
+ Loap diuretics " i
i Masnies s e e
= Exogenous corticosteraids R ery
= Drugs that cause magnesium

depletion: = Caffeine

o Amphotericin B = Theophylline

o Cisplatin

o Foscarnet

¢ Aminoglycosides

Kardalas €, Paschou S, 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.
Gohn JN, Kowey PR, Whelton PK, et al. New guidelines for potassium replacement in clinical practice:  contemporary review by the National Council on Potassium In Clinical Practice. Arch intern
Led.
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What medications can
cause hyperkalemia?
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Cupisti A, Kovesdy CP, D'Alesandro C, et al.

201810(3)261

Guidelne: e
Kidney Disease: (KDIGO) CKD Work Group. KDIGO 2012 clinical

disease 2013:3(1):15.62.

Food group d item Food group Food item
Seasonings/ B Low-sodium salt Vegetabl m s d
condiments {contains potas- W Spinach
sium chloride) B Tomatoes
W Seasalt W Broccoli
W Potatoes
Desserts B Molasses Meats B Beef
§ ) | W Chocolate B Chicken
g Nuts, seeds, B Lima beans B Pork
and legumes B Sunflower seeds ® Lamb
MW Pistachios Fruit B Bananas
PR P pbiiscecs W Cantaloupes
Grains W Wheat germ W Oranges
B Bran B Avocados
s W Oats B Dried fruits (dates, prunes)
B Highest content (> 1,000 mg per serving)
W Very-high content {> 600 mg per serving)
ﬂ M High content (= 250 mg per serving)

k
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Hyperkalemia — Medication Causes

Impaired excretion

Transcellular shift

Medications:

* Angioctensin-comverting enzyme
inhibitars
Angictensin-ll receptor blockers
Aldosterane antagonists and
other potassium-sparing diuretics

* Digoxin

Beta blockers

Heparin
Trimethoprim/sulfamethoxazole

Caleineurin inhibitars

Monsteroidal anti-inflammatory
drugs
Reduced effective plasma volume
Renal failure:

= Acute renal failure

® End-stage renal disease

* Type 4 renal tubular acidosis

Ongoing release:
Tumaer 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, transpert an
preumatic tube sys-
tem, thrombocytosis
{= 500,000 per mm?), or
leukecytosis (> 70,000 per
mm?) due to potassium
released during clotting

Rosano GMC, Tamargo , Kieldsen KP, t .

Increased intake

Blood transfusions

Commercially avail-
able salt substitutes
and potassium-
enriched foods
Enteral feeding

High-potassium diet*

Intravenous fluids

Parenteral nutrition

Gar
Brookes EM, Snider J, Hart G et

Eor

Palmer BF, legg DI

Vera sy

p ce .
Ismail U, Sidhu K, Ziroth 5. Hyperkalaemia i heart alue. Cord Fal Rev. 2021:7-e1

0
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Dietary Recommendations

Stage
i |

oGFR & 90 mL per minute per 1.73 m?
Alburminuria < 30 mg per g

€GFR 60 to B9 mL per minute per 173 m?
Alburninuria < 30 mg per g

3a

€GFR 45 to 59 mL per minute per 173 m?
Albumninuria < 30 mg per g

3b

eGFR 30 to 44 mbL per minute per 173 m?
Albuminuria < 30 mg per g

4

®GFR 15 to 29 mL per minute par 1.73 m?
Any stage with A2 (albuminuria 30 to 300 mg
per day) or A3 (albuminuria > 300 mg per day)

5
GFR < 15 mL per minute per 173 m?

tary potassium recommendation

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
ocour

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

< 3,000 mg per day

dro etal

Comments

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

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

Recommend fresh fruits and vegetables; limit
milk and dairy products; avoid salt substitutes
due 1o potassium chloride content; encourage
a high-fiber diet*

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

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

in patients with decreased kidney function. Nutrents. 2018,10(3):261

utcomes (KDIGO) CKD Work Group. KDIGO 201

ease. 2013:3(1)19.62
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Hypokalemia — Treatment — Medications

* Expectincrease in * Moat sffective formulation: up te 40% improved

Orai:
10 to 40 mExg two to four times per
o

, serum potassiurm P spared with other
Patasshom e raraime by 0.1 mEaq for - o
i} . every 10 mEq patiants with slectrecardisgraphic changes,
chloside * Up 1o 10 mEq per hour (peripheral line] adrmenistared; may paralysis, respiratary failure, rhabdomyobysis, or

* Up to 20 mEq per hour (central line) be bess if the patient
is experiencing .
ongoing losses

inabidity to take treatment orally

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

Emergant treatmant®:
5 1o 10 mitq intravenculy gver 15 to
20 minutes

Oral:
Sicarborste » Intravanous « Prefarred for patients with metabolic scidosis

= 30 to 40 mEq per day in o to two.
i coses (prevension) troatment should 2
Potassium - 20 b M0 e bt I v 5 i ke il * Potassium gluconats is commanly found in
bicarbonate rvistad i {Lrmatant) Pt avar-the -cownter formulations
by 0.1 mEq per L . e
% Ghuconate for every 10 mEg o intraneenous infusion:
ghuconate)t = 10 to 20 miEn two 10 four times per day adrminist ered ks
Intravenous:
Ae
+ U 85 10 mEn peer s (e gsheral )
* Up 10 40 min per howr cemral bee)
= Typicaily found in distary potadsaum
Ptk Primarily used for the treatment of = Rosarve for pationts with hypokalemia and
tarmia i - rerf
i ypophospha Mot established ] g
+ Far weney 1 menel of phosphate, thers & type 2 renal tublas scidesis, Fancani syndrome)
1.5 mEq of potassum = Muwoid oral supplementation due o

1
-,
|
(potassium Citraze
Eitratal Bostate, + 10 10 20 el two 10 four times per day

phosphate-induced disrrhea

Hyperkalemia Treatment Goals

Remove K*
from the
body

Immediately
assess
severity

Shift K*
intracellularly

Stabilize the
myocardium

Long 8, Warix % Koyfman A. Controversies in management of hyperkalemi. | Emerg Med, 2018;55(2)-192-205
Palmer BF, Carrero , Clegg DJ, et l. Ciical Mayo CiinProc. 20212
Viera Al Wouk .

Eleftheriadis T, L
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Clsse cwm, 1, Elison OH el Kidney
int. 202097(1):42.61
Asmar A, Mohandas R, Wingo Dis. 2012

o
~ Hyperkalemia
Treatment .

Long B, Wark R, Koyiman A Semerg
d. 2018;55(2)192-205 Py
Palmer BF, Carrero 1, Clegg DJ, et l. Clinical management of hyperkalemia. Moy
Cinproc. 2021,96(3)744-762.
Viera Al Woukn. m Fam =
Physician. 2015:92(6):487-495. L
Elftheriadis T, Levadits K, Antoniad G, et al. Dierentia iagnosis of hyperkalemia
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Treatment

Intravencus
calcium

Regular

£
i insulin
:
5
:

Beta,-
adrenergic

agonists

Mechanism

Hyperkalemia — Treatment — Medications

of action
* 1000w 2,000
Stabiizes cardins ovar two 1o frve minutes
membrane By AR 4 500 15 1,000 mg ealeium ehloride
cla d"“’“"‘"‘_ ¥ ver two to five minues
u-..l il et = May repeat dose afier five minutes i
oo electrocardiography changes porsist
i o rocur; then evary 30 to 60 mirnutes
a3 needed
10 it intravenous bokus
andd
« 25 g of ghucoss (S0 ml of 50% dextrossl;
. sdemiristor 50 g (100 ml of 50% dextross)
Dirives extracelular of ghucane if initial ghucoss el < 100
potassium into mg per dl (5.55 mmal per L, administer
the celis sdditional 25 g of glicose (50 mi of 507

dextrose) if serum ghicose < 70 mg per dl
(389 mmol per L}

+ Glhucoss acministration muy ot
nnuwammp«um 10 menol
parl)

* Maonitor ghacous hourly for st lesst three hours.

= 10 to 20 mg via nebulizer

Longs, Warc, Kot

Mo

Continuous cardias manitoring rquired

Achverse effects of calcium chioride include

phiebitis and tissue necrosis

Admu wifocts ef‘ple-um chicride and calcium
ate include hyp:

nun,zua.-. ypatension, and candiae annest

0.6 10 1.2 mEQ per L at one hoar

Onset of action: < 15 minutes

Duration of effect: two hours
Symergistic affect i administerad with beta

inchude g
monitor every 30 minutes in the first hour,
then hourly, and treat with desrose if serum
glucose < 70 mg per dl

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

1.0 miEq per L one hour after 20-mg inhaled dose
Duration of sffect: twe heurs

Syreergatic affect i given with imusn

Adverse effects include tachycardia

Med. 201855(2):192-205.

Paimer aF, 1), Clegs D, et

wmm ok

2015/92(6)487.495.

Elftheriadi T, L )

trment

Drives sxtracel-

* Intravencus, continuous: 150 mEq in 1L of
5% dextrose in water over two to four hours:

tutar p
inta the ceils

i Rarmave potas-
p Diuratics S tha
5! —
cation exc Remaves potas.
Sadium sium from the
tireniumn
cyelesilicate i
(Lokelmal
Patiramer Ramoves potas-
(Veltassa) ¥ fien tha
oy
Sodium Fieanns potas -
polystyrens shum from the
subfanate body

*
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serum potassium
and sheuld not be used

* Intravenous, intenmitent: 50 mEq over five
minues

= Furosernide: 20 10 40 myg once or bwice per
dary fintravencu or oraliyh

ceall
- Torsemide: 10 to 20 my once per day srally

= Acute: 10 g orally theee times per day for
48 howrs (rotal of tix doves)

® Cheosnie: 10 g crally thres times per day for
48 hours, followed by 10 g once per day; can
eljuest 10,5 g once every other day 1o 159
once per duy

= Acute and cheomic: 8.4 g cvally per clay: trste
..th.[!!lnﬂségpﬁu-y

15 g orally one to four timas par day
= 30 to 30 g rectally every six hours in retention
anema

Hvperkalemia — Treatment — Medications
| oo ]

Oy beneficial in patients with metabolic
acidosis: do not use in with end-stage
renal disease

Serum potassium decrease by 2 mEq per L for
‘very 10 mEq per L increase in Dicarbanate levels
Adversa effects: hypornatremia, cardiac failirs
Effect depandent on urine output; unpesdict-
abie kaliuretic affect

Use with caution in patients whao are

Remic o with renal impaiement. if nesded for
severs scute . consider a crysial-

foid infusion before adminstration of dowe
Adverse effects: emia, acute kidney
injury

Diecrease by 067 mEq per L at 48 hours.

Administer other cral medications at least twe
heowars bartors or after & dose

Advorse efect: urinary tract infection (1. 1%],
adarna (0.9%)
reate serum potassim by 070 mEa
bepmry LV LR
foorm or after o doae
ey incliste conttipateon (Z6%),
dearrhea (4 5% hypomagnesemia (7.1%)
m poAnLaiuen recuction fram 0.8 fo
T o & msant o svs s reon
Eoncoritan -dm-ﬁlllnw w-ﬂ- el
medications; wgnificant dnug inter

ihvaria @Mects inelde Hcheenic colt
intaatinal nacroi, intextinel pedor

Lone, Warc i, Koyman A Controversisnmaragementofperilemi g e, 20183521152 205

Paimr 8, v, g L«

it T, e X Amionaet . et Hypercal

7 2015320048745

Sodium

Normal Range

¢ 135-145 mEq/L

Hyponatremia Causes

* Hypovolemia
* SIADH
* Heart Failure

Sodium

o Cirrhosis

* Medication-Induced Hyponatremia

¢ Endocrine Disease
Hypernatremia Causes

* Dehydration
* Vomiting
® Burns
* Infection
 Diabetes Insipidus

hrology, Dilyss, Transplantation 2013 28 1385-1391
Neshrolog 2011 6 351-53
Transplantation 2006 21 70-76
iy K rmliin

Paler B, Yanmassnhoe v derVesr SNt 1V s W Webter A Varholer .
n ©),Zetse R Clnical

Hoor Bl Undemans J,Zitse
Maikar 55 Mount D8, Curhan) 1d, mog:




Sodium Complications

Hyponatremia

Cerebral Edema

Brain Herniation

Death

Muscle Complications

Seizures
Coma

Respiratory Arrest

Hypernatremia

Weakness

Confusion

Seizures

Intracranial Hemorrhage

Muscle Complications

Death

Coma

Transplantation 2013 28 13851391

2011 6 951953,
Neghrology, Dialysis, Transplantation

00:

Nagler £V, Vanmassenhove ), Webster AC, Vanholder R
Hoorn €,

Hypervolemic
Hyponatremia

Euvolemic
Hyponatremia

Hypovolemic
Hyponatremia

Excess sodium and fluid . . Low sodium and low
o Normal Sodium with
Description | but greater amount of . water but greater
. excess fluid .
fluid amount of fluid
SIADH
Heart failure Medications (thiazide Fluid loss caused by
E Causes Cirrhosis diuretics, SSRI, emesis, diarrhea or
Nephrotic syndrome antiepileptics) medications
i Hyperglycemia
Sodium and water Stop c.)f-fendu.\g 'agent
. Fluid restriction
restriction Demeclocycline
s Treatment Treat underlying cause R v Fluid resuscitation
. Vasopressin receptor
Vasopressin receptor )
g antagonists antagonists
Control glucose

Clinical Journal

odarat

w
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~ When evaluating Sodium levels,
€ what considerations should be
taken to assess severity?

Sodium Correction

Maximum increase of 12 mEq in a 24 hour period

g Central Pontine Myelinolysis/Osmotic
E Demyelination Syndrome
s

e Damages to nerve endings caused by rapid increase in sodium

g ¢ Symptoms — lethargy, neurologic damage, paralysis, dysphagia,
coma

Clnical

nnnnnnnnnnnnn
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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 ICHP Annual Meeting
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Post-Test Question 1

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

Lisinopril
Furosemide
Hydrochlorothiazide

on >

Spironolactone

m

. Sulfamethoxazole/Trimethoprim

35

Sodium

Usually a fluid an issue,
resolve that prior to
correcting sodium!

N %mmmmm

36

Post-Test Question 2

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

Calcium Gluconate
Insulin Regular
Furosemide

onw>

Dialysis
Sodium Bicarbonate

m




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

Recommend 10mEq every few hours

Recommend 40mEq oral x 1 dose

Im o 0 @ »

Patient does not need potassium!
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Electrolyte Abnormalities: A Pharmacist’s
Stepwise Approach
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Associate Professor of Clinical Sciences
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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 qumkly 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.

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

&m ICHP Annual Megting
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