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Background

Potassium is the most abundant intracellular cation in human body. 
Plasma potassium level is strictly regulated to maintain cellular 
function. Potassium transmembrane gradient (30 intracellular to 
1 extracellular) maintains intracellular electronegativity, which is 
essential for cell depolarization and action potential propagation 
[1]. Potassium is also critical for other cellular functions; it is a 
cofactor for many enzymes, modulates protein function, and 
participates in signaling pathways [2]. The optimal potassium 
level for maintaining health is likely to be between 4 and 5 
mmol/L. Deviation from this range is associated with increased 
mortality [3,4]. For individuals prone to cardiac arrhythmia, a 
higher range of 4.5-5 mmol/L is associated with better outcomes 
[5]. However, hypokalemia is defined as a serum potassium level 
below 3.5 mmol/L in most laboratories. Hypokalemia is a common 
electrolyte disturbance in clinical practice, affecting over 20% 
of hospitalized patients [6,7]. It is particularly prevalent among 
critically ill patients and those with cancer [8,9]. Hypokalemia 
is frequently diagnosed in asymptomatic patients as a laboratory 
abnormality [10-12]. However, low serum potassium levels 
can cause disturbances in excitable tissues, including the heart, 
skeletal, and smooth muscles, leading to arrhythmia, weakness, 

and ileus [10]. Electrocardiogram (ECG) abnormalities associated 
with hypokalemia include T-wave flattening, the appearance of 
a U-wave, and a prolonged QT interval. Chronic hypokalemia 
impairs urinary concentration, causes polyuria, and may lead to 
Chronic Kidney Disease (CKD) [13].

Regulation of Serum Potassium Level

The total body potassium is approximately 3500 mmol, with 
98% intracellular and only 2% (~ 65 mmol) in the extracellular 
fluid (interstitial fluid and plasma) [14]. Potassium is abundant 
in the diet and is readily absorbed by the small intestine into 
the extracellular fluid. Less than 10 mmol/day of potassium is 
excreted in the stool [15]. Gastrointestinal potassium absorption 
is primarily passive and largely unregulated [16]. After consuming 
a meal rich in potassium (e.g., 70 mmol), it is critical to transfer 
“buffer” the absorbed potassium into the intracellular fluid. This 
is mediated by insulin and other factors and is essential to prevent 
life-threatening postprandial hyperkalemia [17]. Other factors 
that increase potassium shift into the intracellular compartment 
include high plasma potassium level, beta-2 receptor stimulation, 
aldosterone, and hyperthyroidism [18-21]. Rarely, genetic defects 
in the cellular transport can cause an intracellular potassium shift 
and hypokalemia (hypokalemic periodic paralysis) [22] Figure 1.



Citation: Alosaimi MM, Alazwari MN, Alotaibi A, Alotaibi ME (2025) Hypokalemia: Pathophysiology, Diagnosis, and Management. 
J Surg 10:11511 DOI: 10.29011/2575-9760.011511

2 Volume 10; Issue 16
J Surg, an open access journal
ISSN: 2575-9760

Figure 1: Distribution of potassium in the body.

The kidneys excrete dietary potassium loads and maintain 
potassium homeostasis. Potassium is readily filtered by the 
glomeruli. The daily filtered potassium load is approximately 
720 mmol (assuming a glomerular filtration rate of 180 L/d and 
a plasma potassium concentration of 4 mmol/L). The kidneys 
reabsorb most of the filtered potassium in the proximal tubule and 
the thick ascending limb of the loop of Henle, while fine-tuning 
regulation occurs in the distal nephron (distal part of the distal 
tubule, connecting tubule, and collecting duct) [23]. Potassium 
absorption in the proximal nephron segments is largely unregulated 
[24]. Only 10% of the filtered potassium reaches the distal nephron. 
Potassium is reabsorbed and excreted in these nephron segments. 
The net potassium balance is the net result of these two processes. 
In the principal cells of the distal nephron, potassium excretion is 
facilitated by sodium reabsorption via the Epithelial Sodium (Na+) 
Channel (ENaC). Aldosterone enhances the gene expression of the 
channel protein, facilitates its insertion into the apical membrane 
rather than its degradation, increases its opening, and increases 
the cellular activity of Na-K ATPase [25]. The increased sodium 
reabsorption and Na-K ATPase activity in the principal cells 
create favorable electric and concentration gradients that facilitate 
potassium excretion via the Renal Outer Medullary Potassium 
(ROMK) channel. Low magnesium concentration promotes 
the opening of ROMK channels and decreases Na-K ATPase 
activity, resulting in increased urinary potassium excretion [26]. 

Hypomagnesemia also reduces upstream sodium reabsorption in 
the distal tubule, thereby enhancing potassium excretion by the 
principal cells [27]. In type A intercalated cells, potassium is 

actively absorbed at the luminal border. When potassium levels are 
sufficient, it exits the cell through the apical membrane. However, 
in cases of potassium deficiency, it exits via the basolateral 
membrane [28]. Other factors that increase potassium excretion 
in the distal nephron segments include increased urinary flow and 
metabolic alkalosis [29-31]. Kidney potassium excretion follows 
a circadian rhythm, increasing during the day and decreasing in 
the evening, which aligns with the higher intake during the day 
and lower intake at night [32]. Additionally, high potassium intake 
induces kidney potassium excretion [33]. This precise regulatory 
system implies that hypokalemia results from one of three 
fundamental disturbances: inadequate intake, transcellular shift, or 
excessive loss.

Causes of Hypokalemia

Pseudohypokalemia

Accurate measurement of serum potassium levels requires strict 
compliance with pre-analytical protocols [34]. During phlebotomy, 
fist-clenching and prolonged tourniquet time should be avoided, 
as these actions can increase potassium release from the muscles 
and raise potassium level, potentially masking hypokalemia [35]. 
Pseudohypokalemia can occur in blood samples from patients 
with leukemia or essential thrombocytosis, in which metabolically 
active cells take up plasma potassium before it is measured [36]. 
This issue can be prevented by processing the blood sample 
promptly, transporting and storing the sample at 4°C, or using a 
point-of-care potassium analyzer.
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Decrease Potassium Intake 

Hypokalemia is rarely caused by reduced potassium intake, as 
potassium is abundant in the diet [37]. However, hypokalemia is 
commonly seen in critically ill patients and postoperatively [38-
40]. In these situations, other risk factors for hypokalemia, such 
as the use of diuretics, bowel preparation, and gastrointestinal 
surgery, are often present.

Intracellular Potassium Shift 

Insulin treatment can promote an intracellular potassium shift, 
leading to hypokalemia [41]. This effect is particularly noted 
during the management of diabetic ketoacidosis and hyperglycemic 
hyperosmolar state. Similarly, activation of the Beta-2 adrenergic 
receptor is a well-documented cause of acute transient hypokalemia 
[42]. This condition arises from cAMP-mediated activation of the 
Na-K ATPase pump, leading to an intracellular shift of potassium. 
This can be observed in patients receiving beta-2 agonists, 
those with pheochromocytoma, and those experiencing elevated 
catecholamine levels, such as during acute myocardial infarction, 
critical illness, and severe stress. Thyrotoxicosis can also cause 
hypokalemia by increasing the activity of the Na-K ATPase pump 
[43]. Additionally, increased cellular potassium uptake is observed 
in refeeding syndrome and during treatment of megaloblastic 
anemia [44,45]. 

Increased Potassium Loss

Gastrointestinal Potassium Loss 

Abnormal potassium loss from the gastrointestinal tract and kidneys 
is the most common cause of hypokalemia [46]. Gastrointestinal 
secretions (gastric, hepatobiliary, pancreatic, and intestinal) contain 
10-20 mmol per liter of potassium. In addition, diarrhea contains a 
significant amount of potassium, ranging from 45–60 mmol/L [47]. 
In patients with diarrhea or vomiting, concurrent volume depletion 
triggers the release of aldosterone, which subsequently enhances 
sodium reabsorption and potassium excretion by the kidneys. 
Increased gastrointestinal potassium losses can also be caused by 
tumors such as VIPoma, villous adenoma, and Zollinger–Ellison 
syndrome, as well as by hepatobiliary drainage, ileostomy, and 
malabsorption.

Renal Potassium Loss 

In the presence of hypokalemia, the kidneys conserve potassium, 
leading to reduced potassium excretion. Key considerations for 
kidney potassium wasting include enhanced sodium delivery to 
the distal nephron, alkalosis, elevated renin levels, increased 
mineralocorticoid or glucocorticoid levels, presence of a non-
reabsorbable anion, increased urinary flow, and hypomagnesemia. 
Diuretics that act upstream of the distal nephron segments increase 
sodium and fluid delivery to these sites, thereby promoting 
potassium secretion [48]. Carbonic anhydrase inhibitors, such as 
acetazolamide, inhibit sodium and bicarbonate reabsorption in the 
proximal tubule, resulting in increased sodium and bicarbonate 
delivery to the distal nephron segments. This phenomenon is also 
observed in conditions such as proximal renal tubular acidosis and 
Fanconi syndrome. Loop diuretics inhibit sodium and potassium 
reabsorption in the thick ascending limb of the loop of Henle, 
leading to increased distal sodium delivery and renal potassium 
loss. Bartter syndrome, an inherited tubulopathy characterized 
by transport dysfunction in the thick ascending loop of Henle, 
has similar effects. Thiazide diuretics act on the distal tubule to 
inhibit Na-Cl cotransport, thereby increasing sodium delivery 
to the distal nephrons. Gitelman syndrome is characterized by 
impaired reabsorption of sodium and chloride in the distal tubule. 
All of these conditions and agents, including carbonic anhydrase 
inhibitors, proximal renal tubular acidosis, Fanconi syndrome, 
loop diuretics, Bartter syndrome, thiazide diuretics, and Gitelman 
syndrome, can induce secondary hyperaldosteronism, thereby 
amplifying their effect on distal tubular potassium excretion. 
Acute alkalosis directly affects the principal cells of the collecting 
duct by increasing potassium excretion through the ROMK 
channels, whereas acidosis has the opposite effect. In cases of 
chronic metabolic alkalosis and compensated respiratory acidosis, 
the filtered bicarbonate levels increase, thereby promoting 
potassium excretion. Some penicillins, along with ketoacids in 
diabetic ketoacidosis and during fasting, act as non-reabsorbable 
anions that stimulate potassium excretion. The common causes 
of hypokalemia are summarized in Table 1. When faced with 
hypokalemia, clinicians must answer a series of sequential 
physiological questions to arrive at the correct diagnosis.
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Decrease potassium intake 

Transcellular potassium shift 

Drug induced

· Insulin treatment 

· Beta 2 receptor stimulation (bronchodilators, decongestants, and Epinephrine) 

Thyrotoxicosis 

Refeeding syndrome

Treatment of megaloblastic anemia 

Hypokalemic periodic paralysis 

Increased gastrointestinal tract potassium 
loss

Infection diarrhea 

Tumors

· Vipoma

· Villous adenoma of the colon

· Zollinger–Ellison syndrome

Vomiting*

Hepatobiliary drain 

Ileostomy 

Malabsorption 

Increased urinary potassium loss

Diuretics (Loop and thiazide diuretics, acetazolamide) 

Hypomagnesemia 

Metabolic alkalosis

Renal tubular acidosis 

Fanconi’s syndrome

Tubulopathy (Bartter’s syndrome, Gitelman’s syndrome, Liddle syndrome) 

Renin excess (Renal artery stenosis, renin-secreting tumor, and malignant 
hypertension)

Aldosterone excess (Conn’s syndrome) 

Corticosteroid excess (exogenous steroids, Cushing’s syndrome, salt-retaining 
congenital adrenal hyperplasia, licorice) 

Table 1: Common causes of hypokalemia.
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Evaluation

Effective management of hypokalemia requires identifying and addressing its underlying causes. In most cases, the cause is evident 
from the patient’s history and physical examination. When the cause is not apparent, the initial diagnostic evaluation should include 
blood pressure, blood gas analysis, serum magnesium, and urinary potassium, sodium, and chloride levels. Elevated blood pressure 
and metabolic alkalosis may indicate elevated aldosterone levels (renin-secreting tumors, renal artery stenosis, and Conn’s syndrome). 
Glucocorticoid excess also causes sodium retention and hypokalemia (Cushing’s syndrome, exogenous steroid use, and salt-retaining 
congenital adrenal hyperplasia). An activating mutation in the Epithelial Sodium Channel (ENaC) results in Liddle syndrome, a disorder 
marked by hypertension, hypokalemia, and metabolic alkalosis [49]. However, similar findings can arise from malignant hypertension or 
when treating essential hypertension with thiazide or loop diuretics. If the patient’s blood pressure is normal, it is important to measure 
urinary potassium levels to evaluate the renal response to potassium deficiency. In cases of dietary potassium deficiency, gastrointestinal 
potassium loss, or transcellular potassium shift, the kidneys conserve potassium, leading to decreased urinary potassium excretion. A 
spot urine potassium-to-creatinine ratio greater than 2.5 mmol/mol suggests a renal cause of hypokalemia [50]. Blood gas analysis helps 
narrow the differential diagnosis of hypokalemia of renal origin. Metabolic acidosis indicates renal tubular acidosis, whereas alkalosis 
indicates diuretic use and tubulopathy (Bartter and Gitelman syndromes) [51]. Magnesium level measurement is a frequently neglected 
yet essential test. Hypomagnesemia leads to renal potassium wasting, making hypokalemia resistant to correction unless magnesium is 
concurrently repleted [52]. Urinary sodium and chloride levels are useful for assessing chronic hypokalemia. In renal tubular disorders 
and current diuretic use, they are coupled (urine Na+/Cl− ratio ∼1), whereas in cases of vomiting and laxative abuse, they are uncoupled 
[53]. Figure 2 summarizes the diagnostic approach for hypokalemia. 

Figure 2: Evaluation of hypokalemia.
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Treatment

The management of hypokalemia is determined by its severity, 
presence of symptoms, and underlying etiology. In the absence 
of an intracellular potassium shift, potassium decreases by 1 
mmol/L for each 200–400 mmol total body potassium deficit 
[54]. The primary strategy for the prevention and management of 
mild chronic cases involves ensuring adequate dietary intake of 
potassium. Potassium-rich foods are listed in Table 2. 

Food Potassium in 
milligrams per serving

Apricots, dried, ½ cup 755

Lentils, cooked, 1 cup 731

Squash, acorn, mashed, 1 cup 644

Prunes, dried, ½ cup 635

Raisins, ½ cup 618

Potato, baked, flesh only, 1 medium 610

Kidney beans, canned, 1 cup 607

Orange juice, 1 cup 496

Soybeans, mature seeds, boiled, ½ cup 443

Banana, 1 medium 422

Milk, 1%, 1 cup 366

Spinach, raw, 2 cups 334

Chicken breast, boneless, grilled, 3 ounces 332

Yogurt, fruit variety, nonfat, 6 ounces 330

Salmon, Atlantic, farmed, cooked, 3 ounces 326

Beef, top sirloin, grilled, 3 ounces 315

Molasses, 1 tablespoon 308

Tomato, raw, 1 medium 292

National Institutes of Health Office of Dietary Supplements. (2022, 
June 2). Potassium: Fact sheet for health professionals: https://ods.
od.nih.gov/factsheets/Potassium-HealthProfessional/

Table 2: Potassium Content of Selected Foods.

In the management of mild hypokalemia (K≥3), oral potassium 
supplementation is preferred over intravenous potassium 
treatment. The oral route is physiological, facilitates gradual 
correction, and minimizes the risk of iatrogenic hyperkalemia. 
Commonly available formulations include slow-release potassium 
chloride tablets (600 mg, providing 8 mmol of potassium) and 

potassium chloride liquid, available as 10% (providing 15 mmol 
per 10 mL) and 20 % (providing 30 mmol per 10 mL) solutions. 
An oral dose ranging from 40 to 60 mmol typically increases 
serum potassium levels by 0.5 to 1.0 mmol/L; however, this effect 
is often temporary, and potassium repletion over several days is 
required [55]. Patients with hypokalemia due to loop or thiazide 
diuretics benefit from adding a potassium-sparing diuretic to their 
regimen [56]. Intravenous potassium replacement is reserved 
for patients who cannot take potassium orally, have moderate-
to-severe hypokalemia (serum potassium <3.0 mmol/L), or have 
cardiac arrhythmias, muscle weakness, or rhabdomyolysis. For 
peripheral venous administration, potassium should be diluted in 
normal saline (0.9% sodium chloride), and dextrose-containing 
solutions must be avoided, as the induced insulin release can 
acutely worsen hypokalemia. The infusion rate should not exceed 
10 mmol/h through a peripheral vein to prevent pain and phlebitis. 
Common regimens include 40 mmol of Potassium Chloride (KCl) 
in 500 ml of normal saline, infused over 4 h, or 10 mmol added 
to a minibag of 100 ml of normal saline administered every hour. 
Serum potassium levels should be checked every 4–6 h during the 
initial phase of replacement. In life-threatening situations, such as 
severe hypokalemia (potassium 2.5 mmol/L) or arrhythmias, more 
rapid correction via a central venous catheter may be necessary. 
A potassium chloride infusion rate of 20 mmol/h is generally 
used in this setting [57]. This approach mandates continuous 
cardiac monitoring in a controlled care setting. Serum potassium 
should be measured every 2–4 h until the level rises above 3.0 
mmol/L and symptoms resolve, after which the infusion rate must 
be reduced. A critical exception to these replacement principles 
is hypokalemia caused by an intracellular potassium shift, as 
seen in hypokalemic periodic paralysis. Under these conditions, 
the total body potassium level is normal. Aggressive potassium 
supplementation may precipitate severe rebound hyperkalemia 
once the transcellular shift is reversed. 

Conclusion 

Hypokalemia poses a clinical challenge that requires a thorough 
understanding of potassium homeostasis. Effective management 
requires a systematic diagnostic approach that considers factors 
such as blood pressure, acid-base balance, and urinary potassium 
excretion. Treatment should be specifically tailored to the 
underlying cause, allowing clinicians to address the root cause 
rather than merely supplementing potassium. This strategy not 
only prevents recurrence but also improves the patient outcomes.
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