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Abstract 
Introduction: we report two cases with severe hypokalemia. 

Patients and methods: a 68-year-old woman was admitted with lower limb swelling and urinary symptoms; on the fourth day serum K+

concentration (s[K+]) was 2.3 mmol/L. A 64-year-old woman was admitted with pain in the lumbosacral spine, she was diagnosed with multiple 
myeloma. After receiving specifi c therapy she showed s[K+] at 2.4 mmol/L. A KCl solution containing 26.8 mEq of K+ was administered enterally, 
which increased s[K+] by 0.7 mmol/L within 1 h. 

Results and conclusion: these cases reveal that peak s[K+] may be achieved within 1 hour after KCl intake in severe hypokalemia, which is 
probably faster than IV administration.
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Resumen 
Introducción: se presentan dos casos clínicos con hipopotasemia severa. 

Pacientes y métodos: mujer de 68 años que ingresó por edema en miembros inferiores y síntomas urinarios; al cuarto día, el nivel sérico de K+ ([K+]
s) era de 2,3 mmol/L. Una mujer de 64 años ingresó por dolor en la columna lumbosacra y fue diagnosticada de mieloma múltiple; luego de 
recibir terapia específi ca, presentó una [K+]s de 2.4 mmol/L. Se administró por vía enteral una solución de KCl que contenía 26,8 mEq de K+, 
aumentando la [K+]s en 0,7 mmol/L en 1 h. 

Resultados y conclusión: estos casos revelan que la [K+]s máxima se alcanzaría 1 hora después de la ingestión de KCl en la hipopotasemia 
grave, probablemente en menos tiempo que por vía intravenosa.
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INTRODUCTION 

Hypokalemia is a common electrolyte disorder in the hospital 
setting, the most common cause being the use of drugs (1,2). 

The levels of s[K+] range from 3.5 to 5.0 mmol/L (1). Concen-
trations below the lower limit are known as hypokalemia. Se-
vere hypokalemia corresponds to s[K+]s < 2.5 mmol/L (3,4). The 
mean daily potassium requirement is 1,800 mg. Total body K+ 
stores are 50 mEq/kg (5). A total of 2 % of K+ is found outside the 
cell, and 98 % in the cytosol (78 % in the muscle) (6).

The resting membrane potential is the result of the diffusion 
potentials provided by sodium and, to a greater extent, by K+. 
This potential ranges from -10 mV (erythrocytes) to -90 mV 
(skeletal muscle). A decrease in s[K+] hyperpolarizes the cells, 
altering their physiology (3).

The possible muscular changes and cardiac rhythm changes 
make it necessary to reduce replacement time of s[K+] by the saf-
est route. Reaching peak serum K concentration in the shortest 
possible time is one of the main targets in this type of patients.

CASE REPORTS

CASE #1 

A 68-year-old woman was admitted to the ER with lower limb 
swelling, and urinary incontinence, dysuria, frequency, and te-
nesmus. She received a 20-mg course of IV furosemide and  
8 hours later 20 mg via IV for the last time. The lab test results 
showed creatinine levels at 4.66 mg/dl, urea at 173 mg/dl, and 
hemoglobin at 4.9 g/dl. She received transfusion of 2 RBC packs. 

On day 4 the analysis of arterial gases and electrolytes (AGA), 
performed on an ABL 800 FLEX automated machine, showed 
s[K+] at 2.3 mmol/L. With stable vital signs and no gastric, mus-
cular, or cardiac symptoms, liquid KCl diluted in 150 mL of water 
was administered orally at a dose of 26.8 mEq using a 10-mL 
vial of 20 % KCl (1 g KCl contains 13.4 mmol or 524 mg of K+). 
No adverse events  were reported. Electrolytes were measured at 
1 h and 2 h (Table I).

CASE #2

A 64-year-old woman was admitted to the ER with chronic 
pain in the lumbosacral spine radiating to the hips, with 8/10 on 
the VAS (visual analog scale). A lumbosacral spine magnetic res-
onance imaging scan revealed findings associated with multiple 
myeloma and 30 % stenosis of the medullary canal at L4 level. 
The lab test results showed hemoglobin at 6.7 g/dL, platelets 
at 459/mm3, mean corpuscular volume at 86.9 fL, mean cor-
puscular hemoglobin at 29.0 pg, creatinine at 0.71 mg/dl, urea 
at 30 mg/dl, total proteins at 11.66 g/dl, albumin at 2.86 g/dl, 
and globulins at 8.8 g/dl. A total of 3 RBC packs were trans-
fused. Fifteen days after the bone marrow aspiration, thalidomide  
200 mg PO every 24 h was started. The next day, due to pul-
monary congestion, the patient received furosemide 20 mg IV 
at 10:00 a.m. and 4:00 p.m. At 24 h, in the AGA, s[K+] was  
2.4 mmol/L. With stable vital signs and no symptoms, 26.8 mEq 
of liquid KCl were diluted in 150 ml of water that were adminis-
tered orally. Electrolytes were measured at 1 h and 2 h (Table II). 
Afterwards, at 2:30 a.m., the patient developed nausea with an 
episode of vomiting.

Table I. Lab test results for case #1

Parameter Result 0 h Result 1 h Result 2 h Reference range

Sodium, mmol/L 143 141 143 136-146

Potassium, mmol/L 2.3 3 2.9 3.5-5.0

Chlorine, mmol/L 113 115 116 98-106

Bicarbonate, mmol/L 22.7 21.5 22.1 21-28

Calcium, mmol/L 1.03 1.02 1.03 1.15-1.29

pH 7.46 7.45 7.46 7.35-7.45

Lactate, mmol/L 1.8 1.3 1.2 0.5-1.6

MAXIMUM SERUM K+ CONCENTRATION WITHIN 1 HOUR WITH ENTERAL REPLACEMENT IN SEVERE HyPOKALEMIA

Table II. Lab test results for case #2

Parameter Result 0 h Result 1 h Result 2 h Reference range

Sodium, mmol/L 131 129 130 136-146

Potassium, mmol/L 2.4 3.1 3.0 3.5-5.0

Chlorine, mmol/L 95 96 98 98-106

(Continues on next page)
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DISCUSSION 

Symptoms in hypokalemia occur with s[K+] < 3.0 mEq/L, and 
those with the highest risk include muscle weakness and heart 
rhythm abnormalities, which can lead to severe cardiac arrest (7).

Potassium homeostasis is governed by fast and slow regu-
lation mechanisms; the former are mediated by redistribution 
between the intracellular and extracellular compartments; in the 
latter, the kidney plays the main role, together with the gastroin-
testinal tract (GIT) (5,8). 

The probable absorptive mechanism of potassium in the small 
intestine is paracellular passive absorption (solvent drag), which 
has been proven in animal models but not in humans. This path-
way depends on the electrical potential difference generated by 
the Na/K-ATPase pump in the basolateral membrane. Also, an 
absorptive model is known in the distal colon that is likely con-
trolled by an active mechanism (5,9,10).

The IV supplementation of K+ is widely used in severe hypo-
kalemia and/or when cardiac electrical changes occur. The IV 
infusion rate of K+ should not exceed 20 mmol/h in adults; higher 
rates should be infused through a central vein, with close moni-
toring to reduce the risk of hyperkalemia (11).

Oral compounds are indicated in hypokalemia in the absence of 
critical signs (4,12), and liquid KCl formulations are preferred (13).

A clinical trial in pediatric patients found a similar elevation of 
s[K+] between the enteral and IV administration of KCl. A dose 
control was performed 1 h after the IV administration and 2 h af-
ter the enteral administration (14). Both routes of administration 
present low risks of adverse effects, ranging from hyperkalemia 
and complications in the placement of a central venous catheter 
in the IV route, to digestive discomfort, nausea and vomiting in 
the enteral route (15), as seen in case #2. Liquid formulations 
resulted in a lower incidence of GIT adverse events, which were 
inversely proportional to the dilution of KCl (12).

Our patients with severe hypokalemia where the enteral route 
was not first-choice (15), received enteral replacement with a 
good therapeutic response within 1 h. A control measurement 
of s[K+] was indicated 2 h after enteral administration (14). In 
both cases s[K+] showed a peak increase after 1 h, and a slight 
decrease after 2 h, suggesting possible gastric absorption mech-
anisms. Therefore, replacement time would be shorter by the en-
teral route using liquid KCl (16). 

We should always take into account the etiology of hypo-
kalemia since, despite reaching the target correction level  

(≥ 3.0 mmol/L), s[K+] could decrease if the triggering cause 
remains untreated, which would break down into 3 possi-
bilities: deficient supply, redistribution changes from extra-
cellular to intracellular, or either renal or gastrointestinal 
potassium losses (1,4). In addition, consider the appearance 
of new hypokalemic events or the difficult task of replenishing 
K+ in a dysfunctional GIT (short intestine), situations in which 
absorption must be maximized using repeated enteral doses 
up to 4 times daily, plus the possibility of IV supplementation 
to achieve normokalemia (15,17).

These cases describe an observation. Our goal was to report 
that peak s[K+] were achieved 1 hour after KCl administration by 
the enteral route in subjects with severe hypokalemia, in order 
to promote the development of controlled research to study the 
effectiveness of the enteral route absorptive mechanisms (kali-
uresis) (13) using liquid KCl (15).

REFERENCES

1. Tse G, Li KHC, Cheung CKy, Letsas KP, Bhardwaj A, Sawant AC, et al. 
Arrhythmogenic Mechanisms in Hypokalaemia: Insights From Pre-clin-
ical Models. Front Cardiovasc Med 2021;8:620539. DOI: 10.3389/
fcvm.2021.620539

2. Adamczak M, Chudek J, Zejda J, Bartmańska M, Grodzicki T, Zdrojewski T, 
et al. Prevalence of hypokalemia in older persons: results from the PolSenior 
national survey. Eur Geriatr Med 2021;12(5):981-7. DOI: 10.1007/s41999-
021-00484-6

3. Hall J Michael. Guyton y Hall. Tratado de Fiosologia medica [Internet]. 14.a ed. 
España: Elsevier; 2021 [accessed 26 de noviembre de 2022]. Available from: 
https://www.elsevier.com/books/guyton-and-hall-tratado-de-fisiologia-med-
ica/hall/978-84-1382-013-2

4. Vanholder R, Van Biesen W, Nagler EV. Treating potassium disturbances: 
kill the killers but avoid overkill. Acta Clin Belg 2019;74(4):215-28. DOI: 
10.1080/17843286.2018.1531206

5. Binder H. MOVIMIENTO DE FLUIDOS y ELECTROLITOS INTESTINALES. 
España: Elsevier; 2019. p. 908-10.

6. Gumz ML, Rabinowitz L, Wingo CS. An Integrated View of Potassium Home-
ostasis. N Engl J Med 2015;373(1):60-72. DOI: 10.1056/NEJMra1313341. 
Erratum in: N Engl J Med 2015;373(13):1281

7. Makinouchi R, Machida S, Matsui K, Shibagaki y, Imai N. Severe hypokalemia 
in the emergency department: A retrospective, single-center study. Health Sci 
Rep 2022;5(3):e594. DOI: 10.1002/hsr2.594

8. Clase CM, Carrero JJ, Ellison DH, Grams ME, Hemmelgarn BR, Jardine MJ, et 
al. Potassium homeostasis and management of dyskalemia in kidney diseas-
es: conclusions from a Kidney Disease: Improving Global Outcomes (KDIGO) 
Controversies Conference. Kidney Int 2020;97(1):42-61. DOI: 10.1016/j.
kint.2019.09.018

9. Kardalas E, Paschou SA, Anagnostis P, Muscogiuri G, Siasos G, Vryonidou A. 
Hypokalemia: a clinical update. Endocr Connect 2018;7(4):R135-46. DOI: 
10.1530/EC-18-0109

Table II (cont.). Lab test results for case #2

Parameter Result 0 h Result 1 h Result 2 h Reference range

Bicarbonate, mmol/L 30.4 30.7 30.4 21-28

Calcium, mmol/L 1.06 1.05 1.07 1.15-1.29

pH 7.49 7.51 7.49 7.35-7.45

Lactate, mmol/L 0.9 0.7 0.7 0.5-1.6

J. D. yépez Florián and G. E. yépez Figueroa



329

[Nutr Hosp 2024;41(2):326-329]

10. Rajendran VM, Sandle GI. Colonic Potassium Absorption and Secretion in 
Health and Disease. Compr Physiol 2018;8(4):1513-36. DOI: 10.1002/cphy.
c170030

11. Du y, Mou y, Liu J. Efficiency evaluation and safety monitoring of tailored rapid 
potassium supplementation strategy for fatal severe hypokalemia. Exp Ther 
Med 2019;17(4):3222-32. DOI: 10.3892/etm.2019.7292

12. Clinical manifestations and treatment of hypokalemia in adults [Internet] 
[accessed November 2022]. Available from: https://www.medilib.ir/upto-
date/show/2297

13. Asmar A, Mohandas R, Wingo CS. A physiologic-based approach to the treat-
ment of a patient with hypokalemia. Am J Kidney Dis 2012;60(3):492-7. DOI: 
10.1053/j.ajkd.2012.01.031

14. Rehman Siddiqu NU, Merchant q, Hasan BS, Rizvi A, Amanullah M, Reh-
mat A, et al. Comparison of enteral versus intravenous potassium sup-

plementation in hypokalaemia in paediatric patients in intensive care post 
cardiac surgery: open-label randomised equivalence trial (EIPS). BMJ Open 
2017;7(5):e011179. DOI: 10.1136/bmjopen-2016-011179

15. Krogager ML, Kragholm K, Thomassen Jq, Søgaard P, Lewis BS, Wassmann 
S, et al. Update on management of hypokalaemia and goals for the lower 
potassium level in patients with cardiovascular disease: a review in collabora-
tion with the European Society of Cardiology Working Group on Cardiovascular 
Pharmacotherapy. Eur Heart J Cardiovasc Pharmacother 2021;7(6):557-67. 
DOI: 10.1093/ehjcvp/pvab038

16. Fournier G, Pfaff-Poulard C, Methani K. Rapid correction of hypokalae-
mia via the oral route. Lancet 1987;2(8551):163. DOI: 10.1016/s0140-
6736(87)92367-1

17. Parrish CR, DiBaise JK. Managing the Adult Patient With Short Bowel Syn-
drome. Gastroenterol Hepatol (Ny) 2017;13(10):600-8.

MAXIMUM SERUM K+ CONCENTRATION WITHIN 1 HOUR WITH ENTERAL REPLACEMENT IN SEVERE HyPOKALEMIA




