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Abstract: Development of early diagnostic methods for acid-base imbalance, pathochemical
characteristics of acid-base imbalance and methods for their prevention.
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To maintain homeostasis, the human body employs many physiological adaptations. One of these is
maintaining an acid-base balance. In the absence of pathological states, the pH of the human body
ranges between 7.35 to 7.45, with the average at 7.40. Why this number? Why not a neutral number
of 7.0 instead of a slightly alkaline 7.40? A pH at this level is ideal for many biological processes, 1
of the most important being blood oxygenation. Also, many of the intermediates of biochemical
reactions in the body become ionized at a neutral pH, which makes the utilization of these
intermediates more difficult.

Modern diagnostic methods for acid-base imbalance primarily involve arterial blood gas (ABG)
analysis and, in some cases, the Stewart approach, also known as the physicochemical
approach. ABG analysis provides crucial information about pH, partial pressures of oxygen and
carbon dioxide, and bicarbonate levels, which are essential for identifying and classifying acid-base
disorders. The Stewart approach, focusing on strong ion difference and total weak acids, offers a
different perspective on the underlying causes of acid-base imbalances.

Organ Systems Involved

Every organ system of the human body relies on pH balance; however, the renal system and the
pulmonary system are the 2 main modulators. The pulmonary system adjusts pH using carbon
dioxide; upon expiration, carbon dioxide is projected into the environment. Due to carbon dioxide
forming carbonic acid in the body when combined with water, the amount of carbon dioxide
expired can cause pH to increase or decrease. When the respiratory system compensates for
metabolic pH disturbances, the effect occurs in minutes to hours.

The renal system affects pH by reabsorbing bicarbonate and excreting fixed acids. Whether due to
pathology or necessary compensation, the kidney excretes or reabsorbs these substances, which
affect pH. The nephron is the functional unit of the kidney. Blood vessels called glomeruli transport
substances found in the blood to the renal tubules so that some can be filtered out while others are
reabsorbed into the blood and recycled. This is true for hydrogen ions and bicarbonate. If
bicarbonate is reabsorbed and/or acid is secreted into the urine, the pH becomes more alkaline
(increases). When bicarbonate is not reabsorbed, or acid is not excreted into the urine, pH becomes
more acidic (decreases). The metabolic compensation from the renal system takes longer to occur:
days rather than minutes or hours.

Clinical Significance

Acid-base balance in the human body is 1 of the most paramount physiological processes. The
clinical significance of acid-base balance is 1, which is hard to deny. Some of the most common
admissions to hospitals are due to diseases that can dangerously affect the acid-base balance. This is
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why it is important for clinicians to understand the basic principles which govern this portion of
human homeostasis.

Here's a more detailed look at the methods:
1. Arterial Blood Gas (ABG) Analysis:
» Purpose:

ABG analysis is a cornerstone in diagnosing acid-base disorders. It helps determine the severity
and type of imbalance by measuring key parameters in arterial blood.

> Parameters Measured:

v pH: Indicates the acidity or alkalinity of the blood. A pH below 7.35 suggests acidosis, while
a pH above 7.45 indicates alkalosis.

v' PaCO2 (partial pressure of carbon dioxide): Reflects the respiratory component of acid-
base balance. Elevated PaCO2 suggests respiratory acidosis, while decreased PaCO2 suggests
respiratory alkalosis.

v HCO3- (bicarbonate): Represents the metabolic component of acid-base balance. Low
bicarbonate levels indicate metabolic acidosis, while high levels suggest metabolic alkalosis.

v" Oxygen saturation (O2 Sat): Measures the percentage of hemoglobin in the blood that is
saturated with oxygen.

v PaQ2 (partial pressure of oxygen): Measures the amount of oxygen dissolved in the blood.
» Procedure:

A small sample of blood is drawn from an artery, typically the radial artery, using a needle.

> Interpretation:

ABG results are interpreted by analyzing the interplay between pH, PaCO2, and HCO3- to
classify the acid-base disorder (metabolic acidosis, metabolic alkalosis, respiratory acidosis, or
respiratory alkalosis) and assess the degree of compensation (when the body attempts to correct
the imbalance).

2. The Stewart Approach (Physicochemical Approach):
» Purpose:

The Stewart approach, developed by Peter Stewart, provides a different perspective on acid-base
disturbances by focusing on the physicochemical principles of acid-base balance in body fluids.

» Key Concepts:

v Strong ion difference (SID): The difference between strong positive ions (like sodium and
potassium) and strong negative ions (like chloride) in plasma.

v' Total weak acids (ATOT): Represents the total concentration of weak acids in plasma,
primarily albumin and organic phosphates.

v" Independent Variables: pCO2, SID, and ATOT are considered independent variables that
determine pH, while bicarbonate is a dependent variable.

» Clinical Application:

The Stewart approach helps in understanding the underlying causes of acid-base disturbances by
analyzing the interplay of these physicochemical factors.

» Advantages:
Offers a more comprehensive understanding of acid-base balance, particularly in complex cases.

> Disadvantages:
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Can be more complex to apply clinically compared to the traditional ABG-based approach.
3. Other Diagnostic Tools:
» Venous blood gas analysis:

While less accurate than arterial blood gas analysis, venous blood gas can be used in some
situations where arterial access is difficult.

» Urine pH and electrolytes:

Analyzing urine pH and electrolyte levels can provide additional information about the body's
response to acid-base disturbances.

» Anion gap:
A calculated value that helps differentiate between different types of metabolic acidosis.

In summary, modern diagnostic methods for acid-base imbalance involve a combination of ABG
analysis, which is the mainstay, and the Stewart approach, which offers a more comprehensive
understanding. A thorough clinical evaluation, including patient history, physical examination, and
laboratory tests, is crucial for accurate diagnosis and management of acid-base disorders.
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