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ACIDOSIS

Primary Disciplinary Field(s): Medicine, Physiology, Biochemistry

1. Core Definition

Acidosis is a critical physiological state defined by the accumulation of excessive acidic

compounds or the significant depletion of alkaline buffer substances within the systemic circulation,

resulting in a measurable drop in the pH of the arterial blood plasma. Normal human physiological

pH is tightly regulated within a narrow range, typically 7.35 to 7.45. When the pH level falls below

7.35, the condition is clinically classified as acidosis. This imbalance signifies a profound

disruption of the body's homeostatic mechanisms responsible for maintaining the delicate acid-

base equilibrium necessary for normal cellular enzyme function and metabolic processes. The

condition is not a disease in itself but rather a severe manifestation or complication arising from an

underlying disease process, such as respiratory failure, renal insufficiency, or uncontrolled

diabetes.

The core threat posed by acidosis lies in its ability to destabilize proteins and enzymes, which are

extremely sensitive to hydrogen ion concentration. Even minor fluctuations outside the normal pH

range can impair enzyme kinetics, alter transmembrane ion gradients, and significantly depress

myocardial contractility. The body possesses highly efficient buffer systems, primarily the

bicarbonate-carbonic acid system, which work instantaneously to neutralize excess acids.

However, when the rate of acid production or influx overwhelms these buffering capacities, or

when the compensatory mechanisms (pulmonary and renal) fail, sustained acidosis ensues,

demanding urgent medical intervention to prevent severe organ dysfunction and fatality.

The severity of acidosis is directly correlated with the degree of pH deviation. Mild cases may be

asymptomatic or compensated, whereas severe acidosis (often defined as pH below 7.1) presents

an immediate life threat due to systemic consequences, particularly involving the cardiovascular

and central nervous systems. Therefore, the measurement of arterial blood gas (ABG) is the

definitive diagnostic tool used to assess pH, partial pressure of carbon dioxide (PCO2), and

bicarbonate (HCO3-) concentration, allowing clinicians to precisely define the type and severity of

the acid-base disorder.

2. Etymology and Historical Development

The term Acidosis is derived from the Latin root acidus, meaning sour or sharp, combined with the

suffix -osis, denoting a process or condition. The clinical recognition of acid-base imbalance as a

pathological entity began to take shape in the late 19th and early 20th centuries, coinciding with

advancements in analytical chemistry that allowed for the measurement of blood pH and gas

tensions. Prior to this, severe metabolic disturbances, such as those associated with diabetic
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ketoacidosis (DKA), were recognized clinically but not understood in terms of specific hydrogen ion

concentration shifts.

A foundational moment in the study of acid-base balance was the development of the Henderson-

Hasselbalch equation in the early 1900s. Lawrence Joseph Henderson first proposed the basic

mathematical relationship describing the function of buffer solutions in 1908, specifically focusing

on the carbonic acid-bicarbonate system. Karl Hasselbalch later refined this equation, allowing

clinicians and physiologists to directly relate blood pH to the ratio of bicarbonate concentration (the

metabolic component controlled by the kidneys) and the partial pressure of dissolved carbon

dioxide (the respiratory component controlled by the lungs). This equation provided the theoretical

framework necessary to classify and understand the compensatory mechanisms involved in acid-

base disturbances, cementing acidosis and its counter condition, alkalosis, as distinct clinical

phenomena.

Early research focused heavily on the relationship between breathing and acid levels, culminating

in the understanding of how the lungs rapidly regulate carbon dioxide, which acts as a volatile acid

in the blood. Subsequently, the role of the kidneys in regulating fixed acids and bicarbonate

reserves was elucidated, leading to the clinical differentiation between metabolic and respiratory

origins of acidosis. The ability to perform routine ABG analysis became standard practice in

intensive care settings by the mid-20th century, transforming the diagnosis and management of

critically ill patients by providing immediate insight into their underlying physiological status.

3. Key Characteristics (Symptoms and Diagnosis)

The clinical manifestations of acidosis are varied and non-specific, often reflecting the severity of

the pH drop and the nature of the underlying cause. Common symptoms relate primarily to the

body's compensatory efforts and the direct toxic effects of high hydrogen ion concentration on key

organ systems. One of the primary compensatory signs is Kussmaul breathing, characterized by

deep, labored, rapid respiration, which represents the body's attempt (via the respiratory center in

the brainstem) to hyperventilate and "blow off" carbon dioxide, thereby reducing the carbonic acid

load and raising the pH. This is most frequently observed in severe metabolic acidosis, such as

that caused by DKA.

As acidosis worsens, the central nervous system (CNS) becomes profoundly affected. The source

content accurately notes that this can lead to brain abnormalities, including loss of cognitive

awareness, confusion, stupor, and eventually coma. The depression of CNS function is thought to

be mediated by the effect of the acidic environment on neuronal excitability and neurotransmitter

release. Furthermore, generalized muscular signs, such as twitches or myoclonus, may manifest,

particularly in cases of uremic acidosis or extreme metabolic derangement.

Cardiovascular compromise is another defining characteristic. Severe acidemia significantly
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reduces the efficacy of catecholamines and impairs the contractility of the myocardium, leading to

reduced cardiac output and hypotension. This is often evidenced clinically by the disruption in heart

patterns, leading to arrhythmias or palpitations, as mentioned in the source material. Diagnosis

relies definitively on the Arterial Blood Gas (ABG) analysis, which confirms a pH below 7.35.

Further laboratory tests, including serum electrolytes, anion gap calculation, and lactate levels, are

crucial for determining the specific etiology and guiding targeted therapeutic interventions.

4. Classification and Types

Acidosis is systematically categorized into two major classes based on the primary physiological

component responsible for the acid accumulation: Respiratory Acidosis and Metabolic

Acidosis. This classification is essential for determining the appropriate treatment strategy, as the

causes and compensatory mechanisms for each type are distinct.

Respiratory Acidosis: This type occurs when the lungs fail to adequately eliminate carbon dioxide

(CO2), a process known as hypoventilation. Since CO2 is in equilibrium with carbonic acid

(H2CO3) in the blood, its retention leads to an increase in H2CO3, elevating the PCO2 (partial

pressure of CO2) above 45 mmHg and driving the pH down. Causes include acute conditions like

airway obstruction, severe pneumonia, acute pulmonary edema, or chronic conditions such as

severe chronic obstructive pulmonary disease (COPD) or neuromuscular disorders that impede the

mechanics of breathing. The body attempts to compensate for respiratory acidosis through the

kidneys, which slowly excrete excess acid and retain bicarbonate, though this process takes hours

to days to become maximally effective.

Metabolic Acidosis: This is characterized by a primary reduction in the serum bicarbonate

(HCO3-) concentration (typically below 22 mEq/L) due to either the excessive production or

ingestion of non-volatile (fixed) acids, or the direct loss of bicarbonate from the body. Key

examples of production-related metabolic acidosis include Lactic Acidosis (from tissue hypoxia or

shock), Ketoacidosis (most commonly seen in uncontrolled diabetes mellitus or starvation), and

acid ingestion (e.g., methanol, ethylene glycol). Examples of loss-related metabolic acidosis

include severe diarrhea or renal tubular acidosis, where the kidneys fail to reabsorb sufficient

bicarbonate. The respiratory system compensates rapidly for metabolic acidosis via

hyperventilation (Kussmaul breathing) to reduce PCO2.

A further refinement in the classification of metabolic acidosis involves the calculation of the Anion

Gap. The anion gap represents the difference between measured cations (sodium) and measured

anions (chloride and bicarbonate) in the serum. A normal anion gap (NAGMA) typically points to

bicarbonate loss (e.g., diarrhea), while a high anion gap (HAGMA) suggests the accumulation of

unmeasured fixed acids (e.g., lactate, ketones, or uremic acids). This simple calculation

dramatically narrows the differential diagnosis, allowing for faster, targeted treatment of the

underlying toxic or metabolic process.
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5. Physiological Mechanisms (Pathophysiology)

The intricate pathophysiology of acidosis centers on the failure of the three main regulatory lines of

defense: chemical buffers, respiratory compensation, and renal excretion. The most immediate

defense is the chemical buffering system. Blood buffers, primarily the bicarbonate-carbonic acid

system (HCO3-/H2CO3), are capable of instantaneously binding excess hydrogen ions (H+) to

prevent rapid pH shifts. For instance, when a strong acid enters the circulation, H+ ions react with

bicarbonate (HCO3-) to form carbonic acid (H2CO3), which is then swiftly converted to CO2 and

water. This temporarily neutralizes the acid, but the buffer capacity is finite.

The second line of defense involves the pulmonary system. The body's respiratory center is

acutely sensitive to blood CO2 levels and pH. In metabolic acidosis, central chemoreceptors

stimulate an increase in the rate and depth of breathing (hyperventilation), rapidly decreasing

PCO2 and pulling the overall pH upward, a crucial mechanism known as respiratory

compensation. Conversely, in respiratory acidosis, the pulmonary system itself is compromised,

and this compensatory mechanism fails, leading to CO2 retention.

The third and most powerful, though slowest, compensatory mechanism is renal regulation. The

kidneys have two primary functions in acid-base balance: regenerating the bicarbonate buffer and

excreting excess non-volatile acids. They achieve this by secreting H+ ions into the urine and

combining them with phosphate and ammonia (forming titratable acid and ammonium,

respectively). In chronic acidosis (metabolic or compensated respiratory), the kidneys can

significantly increase ammonium excretion over several days, thereby conserving bicarbonate and

correcting the pH imbalance. Failure of renal mechanisms, as seen in chronic kidney disease,

directly leads to severe chronic metabolic acidosis because of the inability to excrete fixed acids

and regenerate bicarbonate.

6. Clinical Significance and Impact

The clinical significance of sustained acidosis is profound, as it impacts nearly every organ system

and is frequently associated with increased morbidity and mortality in critically ill patients. At the

molecular level, severe acidemia disrupts the efficiency of numerous metabolic pathways, leading

to a catabolic state. One notable physiological effect is the phenomenon of hyperkalemia. As the

body attempts to buffer the excess H+ ions, hydrogen ions move intracellularly, forcing potassium

ions (K+) out of the cells and into the extracellular fluid. While not a direct cause of acidosis, this

resultant elevation of serum potassium can precipitate life-threatening cardiac arrhythmias.

Furthermore, acidosis compromises oxygen delivery. According to the Bohr effect, increased

acidity shifts the oxygen-hemoglobin dissociation curve to the right, meaning hemoglobin releases

oxygen more readily to the tissues. While this sounds beneficial, in the context of systemic acidosis

and associated low cardiac output (due to myocardial depression), this accelerated release can
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lead to inadequate tissue oxygenation and worsening lactic acid production, creating a vicious

cycle of circulatory shock and acidemia.

Ultimately, the most severe impact is on systemic hemodynamics. Acidosis contributes significantly

to septic shock and hemorrhagic shock by reducing vascular responsiveness to endogenous

vasoconstrictors (like norepinephrine). This loss of vasomotor tone contributes directly to refractory

hypotension, decreased peripheral resistance, and inadequate perfusion of vital organs, including

the liver and kidneys, ultimately leading to multi-organ system failure if the pH is not corrected

quickly.

7. Management and Treatment

The fundamental principle governing the management of acidosis is the treatment of the

underlying cause, rather than simply attempting symptomatic correction of the low pH. In

respiratory acidosis, management focuses on improving alveolar ventilation. This may involve non-

invasive positive pressure ventilation (NIPPV) or, in severe cases, endotracheal intubation and

mechanical ventilation to physically decrease the elevated PCO2. In metabolic acidosis, treatment

is highly specific to the etiology. For diabetic ketoacidosis, the primary therapy is insulin

administration and fluid replacement; for lactic acidosis, treatment involves reversing the cause of

tissue hypoxia (e.g., treating shock or infection); and for toxic ingestions, specific antidotes or

dialysis may be required.

Pharmacological intervention often centers on the use of sodium bicarbonate (NaHCO3)

administration, although its use remains highly debated and is generally reserved for cases of

severe metabolic acidosis (often pH < 7.1). The rationale is that bicarbonate directly replenishes

the depleted buffer stores, helping to raise the systemic pH. However, administering exogenous

bicarbonate generates CO2 as a byproduct, which can rapidly diffuse into cells, temporarily

worsening intracellular acidosis, especially in the CNS, before it can be cleared by the lungs.

Furthermore, it carries risks of volume overload, hypernatremia, and paradoxical CSF acidosis.

Alternative therapeutic modalities include dialysis for cases of renal failure or severe toxic

ingestions that produce fixed acids, allowing for the direct removal of the accumulated toxins and

the correction of electrolyte and acid-base disturbances. Other agents, such as THAM (Tris-

Hydroxymethyl Aminomethane), are occasionally employed in specific critical care settings where

the patient cannot tolerate the CO2 load associated with bicarbonate administration. Effective

management requires constant monitoring via repeated ABG analysis to assess the efficacy of

interventions and ensure the normalization of the patient's physiological parameters.

8. Debates and Criticisms

Despite decades of clinical practice, the management of acidosis, particularly severe lactic and
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ketoacidosis, remains a subject of considerable clinical debate. The most contentious issue

revolves around the widespread or prophylactic use of sodium bicarbonate therapy. Critics argue

that exogenous bicarbonate offers minimal survival benefit, particularly in lactic acidosis, because

the body rapidly produces more lactic acid as the primary cause (tissue hypoxia) is not addressed.

They highlight the risks associated with bicarbonate, including its potential to impair oxygen

release from hemoglobin (reversing the favorable Bohr effect) and to generate CO2, potentially

worsening cellular and CNS acidosis.

A separate area of debate exists within critical care medicine regarding the concept of Permissive

Hypercapnia. This approach, used primarily in patients undergoing mechanical ventilation for

acute respiratory distress syndrome (ARDS), involves intentionally allowing the patient's PCO2 to

remain elevated (leading to mild respiratory acidosis, often pH 7.20-7.30) to protect the lungs from

the damaging high pressures required for aggressive ventilation. While this deliberately induced

acidosis is generally well-tolerated and protects the lungs, it requires careful monitoring to ensure

the pH does not drop to levels that cause cardiovascular collapse.

Furthermore, defining the threshold for intervention is often debated. While pH 7.35 marks the

physiological definition of acidosis, many clinicians advocate for active chemical intervention (like

bicarbonate) only when the pH drops below 7.1 or 7.0, recognizing that above this level, the body's

own compensatory mechanisms are usually sufficient, provided the underlying pathology is being

aggressively treated. The shift towards managing the root cause and supporting organ systems,

rather than solely focusing on numerically correcting the pH, represents the prevailing philosophy

in modern critical care.

Further Reading

Acidosis (Wikipedia)

Acid-Base Physiology

Metabolic Acidosis (StatPearls)

Respiratory Acidosis (ScienceDirect)
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