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Introduction

Electrolyte and acid base homeostasis are fundamental to the proper functioning of every cell in the body. When

this delicate balance is disrupted, the consequences can range from mild discomfort to life threatening organ failure.

The ltalian phrase alterazioni idroelettrolitiche ed acido basecaptures the breadth of these disturbances,

encompassing both electrolyte imbalances and acid base disorders that clinicians routinely encounter in hospitals,
emergency rooms, and outpatient settings. Understanding the mechanisms, clinical manifestations, diagnostic

criteria, and therapeutic strategies for these conditions is essential for healthcare professionals, students, and

anyone interested in the science of human physiology.

What Are Electrolyte and Acid Base Disturbances?

Electrolytes are charged ions—such as sodium, potassium, chloride, calcium, magnesium, and phosphate—that
carry electrical current through the bloodstream and intracellular fluid. They regulate nerve conduction, muscle
contraction, fluid balance, and the activity of enzymes. Acid base balance refers to the maintenance of blood pH
within a narrow range (7.35-7.45). The body uses several buffer systems, respiratory regulation, and renal
excretion to keep pH stable.

When either of these systems fails, the resulting alterazioni idroelettrolitiche ed acido basecan lead to serious
metabolic derangements. Because electrolytes and pH are interrelated—electrolyte shifts often accompany
changes in pH—their disturbances frequently coexist.

Key Concepts in Electrolyte Physiology

« Distribution: Sodium and chloride are the primary extracellular ions, while potassium predominates
intracellularly.

¢ Regulation: The kidneys, hormones (e.g., aldosterone, antidiuretic hormone), and the gastrointestinal tract
control electrolyte levels.

* Functions: They maintain osmotic pressure, drive nerve impulses, and influence cardiac rhythm.

Key Concepts in Acid Base Physiology

< Buffers: Bicarbonate, hemoglobin, albumin, and phosphate act as chemical buffers.
¢ Respiratory Compensation: The lungs adjust CO , excretion to influence pH.
¢ Renal Compensation: The kidneys excrete or reabsorb H z and HCO f { to correct pH over hours to days.

Common Causes of Electrolyte Imbalances

Electrolyte disturbances arise from a variety of factors, often categorized into categories such as losses, shifts, or
intake abnormalities.

Losses

1. Renal Losses: Diuretics, renal tubular disorders, or acute kidney injury can cause excessive excretion of
sodium, potassium, or magnesium.
2. Gastrointestinal Losses: Persistent vomiting, diarrhea, or malabsorption syndromes lead to loss of sodium,



chloride, and potassium.

3. External Losses: Sweating, especially in athletes or hot climates, results in sodium and chloride loss.
Shifts

« Intracellular—Extracellular Shifts: Insulin, catecholamines, or severe acidosis can cause potassium to move
into cells, producing hypokalemia.

* Acid—Base Interactions: In metabolic alkalosis, chloride may be lost to the kidneys, leading to a hypochloremic
state.
Intake Abnormalities

* Excessive Intake: Hypernatremia can result from high-salt diets or excessive saline infusion.
« Insufficient Intake: Chronic alcoholism or poor nutrition may cause hypocalcemia or hypomagnesemia.

Frequently Encountered Electrolyte Disorders

Hyponatremia

Defined as serum sodium

Hypernatremia

Serum sodium > 145 mEq/L indicates hypernatremia, often due to free water loss. It is associated with neurological
deficits such as confusion, irritability, or seizures.

Hypokalemia and Hyperkalemia

Potassium levels 5.0 mEg/L (hyperkalemia) can alter cardiac conduction, causing arrhythmias, muscle weakness,
or paralysis.

Hypocalcemia and Hypercalcemia

Calcium imbalances affect neuromuscular excitability and bone metabolism. Hypocalcemia may present with
tetany, whereas hypercalcemia can lead to polyuria and bone pain.

Hypomagnesemia and Hypermagnesemia

Low magnesium levels are common in alcoholism, malnutrition, or prolonged diuretic use. Hypermagnesemia is
rare but can occur in renal failure, causing hypotension and respiratory depression.

Acid Base Disorders: An Overview

Acid base disorders are typically categorized into metabolic or respiratory causes, each with an acute or chronic
component. The primary assessment tool is the arterial blood gas (ABG) analysis, which provides pH, partial
pressure of CO, (PaCO ,), and bicarbonate (HCO f {) levels.

Metabolic Acidosis

Occurs when the body produces excess acid or loses bicarbonate. Causes include diabetic ketoacidosis, lactic
acidosis, renal failure, or ingestion of toxins such as methanol.

Metabolic Alkalosis

Characterized by elevated bicarbonate. Common triggers are vomiting, diuretic use, or excessive antacid
consumption.

Respiratory Acidosis



Results from hypoventilation, leading to CO, retention. Causes include chronic obstructive pulmonary disease
(COPD), neuromuscular disorders, or drug overdose.

Respiratory Alkalosis

Arises from hyperventilation, causing CO , loss. Anxiety, pain, or high altitude can precipitate this condition.

Diagnostic Approach to Alterazioni ldroelettrolitiche ed Acido Base

Accurate diagnosis requires a systematic evaluation that integrates clinical history, physical examination, laboratory
data, and sometimes imaging studies.

History and Physical Examination

¢ Assess fluid intake and output, dietary habits, medication use, and recent illnesses.

¢ Check for signs of dehydration, edema, or cardiac arrhythmias.

* Examine for neurological deficits that may point to severe electrolyte or acid base disturbances.
Laboratory Investigations

e Serum Electrolytes: Sodium, potassium, chloride, bicarbonate, calcium, magnesium, phosphate.

¢ Renal Function Tests: BUN, creatinine, estimated GFR.

« Arterial Blood Gas: pH, PaCO ,, HCO f {, and anion gap.

» Additional Tests: Blood glucose, lactate, serum osmolality, and hormone levels (e.g., aldosterone, ADH).
Interpreting the Anion Gap

The anion gap (AG) = Naz + Kz — CI{ - HCO f {. An elevated AG (>12 mEqg/L) suggests the presence of unmeasured
anions, often seen in metabolic acidosis due to ketoacids or lactic acid. A normal or low AG in the setting of
metabolic acidosis may indicate a non anion gap acidosis, such as renal tubular acidosis.

Assessing Compensation

Use Winter's formula for metabolic acidosis: expected PaCO , = 1.5 x HCO f { + 8 + 2. If the observed PaCO , deviates
significantly, consider mixed disorders.

Management Strategies

Treatment focuses on correcting the underlying cause while addressing the electrolyte or pH imbalance. The
approach varies depending on severity and the specific disorder.

General Principles

« Stabilize the patient’s airway, breathing, and circulation (ABCs).
* Monitor vital signs and serial ABGs or electrolyte levels.
« ldentify and treat precipitating factors (e.g., infection, medication).

Treatment of Electrolyte Disorders

Management depends on severity:

¢ Acute, symptomatic hyponatremia: Hypertonic saline (3% NacCl) in controlled increments.
e Chronic, asymptomatic hyponatremia: Fluid restriction, demeclocycline, or vasopressin antagonists.

Replace free water slowly to avoid cerebral edema:

e Oral or IV hypotonic fluids (e.g., 0.45% NaCl or D5W).
e Calculate free water deficit: (Serum Na z — 140) x body weight (kg) / 140.



Administer potassium orally or intravenously, ensuring cardiac monitoring. Add magnesium if hypomagnesemia is
present.

Stabilize cardiac membranes with calcium gluconate, shift potassium intracellularly with insulin and glucose or
beta agonists, and remove potassium via diuretics or dialysis if needed.

Treatment of Acid Base Disorders

« ldentify and treat the cause (e.g., insulin for diabetic ketoacidosis).
e Administer sodium bicarbonate only if pH

* Replace lost chloride with chloride containing solutions.
* Consider potassium supplementation if hypokalemia is present.
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