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HOUSE KEEPING NOTES 

Office hours daily between 14th Feb and 2nd March (except Ash Wednesday):  

ZOOM Office hours 4-5.30pm; EVERY Mon, Wed & Fri 4-5.30pm  

Zoom link: https://luc.zoom.us/j/4722150747 
IN PERSON OFFICE HOURS, ROOM 518, CTRE: 4-5.30pm EVERY Tuesday and 

Thursday.  

 
The notes are designed to expand your learning and supplement the materials in 
the lectures. All exam questions will be drawn from course objectives. One or 
more objectives may be tested in an exam question.  
 
Example questions drawn from lectures and from Vanders are included in SAKAI 
file: FHB 2023 Resources/Renal Block and in extra materials for Lectures 3, 6, 9 
and acid base 3. 
2022 LECTURES LINK 

 

DISORDERS OF ACID-BASE BALANCE 

Lecture 3  

Reading: Berne & Levy Physiology, Koeppen & Stanton, © 2018 Elsevier, pp. 670-684. 

 

 

Objective 1: DISORDERS OF ACID-BASE BALANCE 

 

A. Overview 

 The pH of the ECF is maintained within a very narrow range of pH = 7.35-7.45. 

Disturbances of acid-base balance which result in a change of [HCO3
-] in the ECF 

are termed metabolic acid-base disorders and those resulting from changes in the 

PCO2 are designated respiratory acid-base disorders. The kidneys are 

primarily responsible for regulating [HCO3
-] while the lungs regulate PCO2. 

 

  Arterial pH = 6.1 + log10“([kidneys] / [lungs])” 

 (Body pH written in the form of the Henderson-Hasselbalch equation- see later) 

 

The body has three primary mechanisms to defend against alterations in ECF pH. 

  1. Extracellular and intracellular buffering power. 

  2. Adjusting ventilation properties of the lungs to alter PCO2. 

  3. Adjustments to RNAE (renal net acid excretion) 

 

Extracellular and intracellular buffering power 

This is the initial response to addition of acid or alkali to the system. The response of 

extracellular buffers are almost instantaneous while intracellular buffering is 

LEARNING OBJECTIVES 

1. Describe the two main classes of acid base disorders and the body’s 3-pronged 

defense system 

2. Describe the four types of simple acid-base disorders, and their compensation. Also 

describe the anion gap  

3. Determine what type of acid base disorder is occurring 

4. Describe mixed acid base disorders 

https://luc.zoom.us/j/4722150747
https://stritch.luc.edu/lumen/session_detail.cfm?cy=A0DE58D53D8FA2711D45B14A61A6C8B4-NVENC1&course=103&academic_level=1&checkref=C4CA4238A0B923820DCC509A6F75849B&requesttimeout=60000


FHB  – ACID-BASE FUNCTION LECTURES (2023)  Page 2 

Ivana Kuo, Ph.D. (CTRE, Room #518)  
    
somewhat slower with a response time of several minutes.  

 

Metabolic disorders result from the addition of nonvolatile acid or alkali to the body 

fluids in both the extracellular and intracellular compartment.  

  

The HCO3
- buffer system is the primary ECF buffer system and its levels either rise or 

fall depending on whether the pH insult was acidic or alkali.  

In the case of an acid, the concentration of HCO3
- would be lowered in order to 

neutralize the acid.  

When nonvolatile alkali is added to the system (or acid is lost), H+ is consumed 

resulting in additional HCO3
- to be generated. 

 

The HCO3
- buffer system is the primary ECF buffer, Pi and plasma proteins 

provide additional capacity. 

The combined buffering power of the three components account for ~50% of the 

nonvolatile acid load and ~70% of the nonvolatile acid load. 

The remainder of the buffering for these two conditions occurs intracellularly. 

 

Intracellular buffering revolves around the movement of H+ into cells during buffering of 

nonvolatile acid and out of the cell when buffering nonvolatile alkali. 

H+ is titrated intracellularly by HCO3
-, Pi and proteins (histidine groups pKa ~6.0) 

 

When respiratory acid-base disorders occur the pH changes as a consequence of changes 

in PCO2. 

 

Almost all buffering in respiratory acid-base disorders occurs intracellularly. 

A rise in PCO2 (respiratory acidosis) CO2 moves intracellularly where it is hydrated and 

ultimately forms H+ and HCO3
-. The H+ is buffered by proteins and the HCO3

- is 

transported from the cell to raise the bicarbonate concentration in the ECF. 

 The process is reversed in respiratory alkalosis where PCO2 is reduced. 

 

Respiratory Compensation 

The lungs are the secondary defense against acid-base perturbances. 

Changes in PCO2 alters blood pH.  

  An increase lowers pH and conversely a decrease in PCO2 increases pH. 

 Ventilatory rate determines the PCO2 (Fig. 1). Increase ventilation decreases PCO2 

and decreased ventilation raises PCO2. 
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Fig 1. Effect of ventilatory rate on alveolar PCO2 and thus arterial blood PCO2.  

Chemoreceptors in the brain detect changes in PCO2 and H+ and modify the ventilation 

rate accordingly. 

 

The ventilation rate changes can happen on the order of minutes, and last for hours.  

**SEE THE METABOLIC ACIDOSIS SECTION FOR A 

DESCRIPTION OF KUSSMAUL BREATHING*** 

 

Renal Compensation 

The third component of defense against acid-base disorders involves the kidneys.  

The kidneys respond to alterations in pH and PCO2 by adjusting the renal net acid 

excretion (RNAE).  

These adjustments require time (e.g. hours to days- in contrast to the lungs) because of 

synthesizing or activating enzymes involved in NH4
+ production in the proximal tubule. 

 

Acidosis results in the secretion of H+ by the nephron is stimulated (Fig. 2) and the 

filtered load of HCO3
- is reabsorbed. Titratable acid and NH4

+ excretion is enhanced and 

RNAE increases. 

  

New HCO3
- that is generated is added, and reabsorbed, so the plasma concentration 

increases. 

During metabolic alkalosis the filtered load of HCO3
- is increased and this causes an 

elevation of plasma bicarbonate concentrations. 
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Fig. 2. Response of the nephron to acidosis. Pi, phosphate; PTH, parathyroid hormone; Rhbg & Rhcg, 

rhesus glycoproteins; RNAE, renal net acid excretion; TA, titratable acid; V̇, urine flow rate. 

 

Isohydric Principle-Note:  

This section on the isohydric principle is provided for more background reading.  
Acid-base status of the body is easily assessed by examining arterial blood samples (not 

venous blood samples).   

 

The arterial blood has numerous buffers with multiple pK values spanning the 

physiological range above and below the ideal blood pH of 7.40.   

 

Each of these buffers is linked to one another through the single free protons in the 

arterial plasma (same compartment).  In other words, each buffer competes for the 

same protons meaning that all buffers are linked together as a single network. 

 

Because all arterial buffers are joined, it is possible to pick just a couple of them to 

adequately explain acid-base status.  This is called the isohydric principle.  For 

convenience, the two buffer systems used in clinical medicine are:  

1) the bicarbonate buffer system (open system in connect with the environment), and  

2) the hemoglobin buffer system (closed system within the body). 

 

Open Buffer 1:     CO2   +   H2O     HCO3
–  +   H+   (pK = 6.1) 

 

Closed Buffer 2:   Hb-H+                   Hb     +   H+   (pK = 7.0) 

 

Isohydrogen:  Single H+ species within the arterial plasma space 

 

These two buffer systems can be written in their Henderson-Hasselbalch forms. 
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 Arterial pH = 6.1 + log10([HCO3
–] / [0.03  PCO2]) 

 Arterial pH = 7.0 + log10([Hb] / [Hb-H+]) 

  where: 

  [HCO3
–] = 24 mmol/L 

  PCO2 = 40 mm Hg 

  [Hb] = 10.7 g/dL (71% of 15 g/dL) 

  [Hb-H+] = 4.3 g/dL (29% of 15 g/dL) 

  pH = 7.40 

 

 Normal Acid-Base Status 

Ignoring the hemoglobin buffer pair, it can been seen that three (four counting 

[H+]) bicarbonate buffer system variables can be combined to define normal 

acid-base status.  Each variable must be in its normal range for acid-base 

status to be consistent with health. 

 

 Normal pH range  =  7.35 to 7.45 units 

 Normal [H+] range  =  35 to 45 nmol/L 

 Normal [HCO3
–] range =  22 to 28 mmol/L 

 Normal PCO2 range  =  35 to 45 mm Hg 

 

Objective 2: Describe the four types of simple acid-base disorders, and their 

compensation. Also describe the anion gap  

 Abnormal and Uncompensated Acid-Base Status (see also table 37.1) 

Acid-base imbalances occur whenever one or more of the bicarbonate system 

variables are out of their normal range.  There are four such primary 

disturbances. 

 

 Respiratory acidosis: PCO2 > 45 mm Hg and pH < 7.35 

 Metabolic acidosis: [HCO3
–] < 22 mmol/L and pH < 7.35 

 Respiratory alkalosis: PCO2 < 35 mm Hg and pH > 7.45 

 Metabolic alkalosis: [HCO3
–] > 28 mmol/L and pH > 7.45 

 

For multiple-organ system failures, it is possible for double acid-base 

disturbances to exacerbate one another. 
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 Severe acidosis (pH << 7.35): 

  PCO2 > 45 mm Hg and [HCO3
–] < 22 mmol/L 

 Severe alkalosis (pH >> 7.45): 

  PCO2 < 35 mm Hg and [HCO3
–] > 28 mmol/L 

 

 C.  Physiological Compensation to Acid-Base Disorders 

 

 It is helpful to think of acid-base balance as a balance beam.  When the arterial 

blood pH is within proper range (pH = 7.35 to 7.45), the ratio of base to acid must 

be balanced (e.g. [HCO3
–]/{0.3  PCO2 } = 20/1). 

  

 If the pH is within normal range and the [HCO3
–] and PCO2 are within their normal 

ranges, then no acid-base disturbance exists.  There is no pH problem being 

compensated. 

 

However, if the pH is within normal range but the [HCO3
–] and PCO2 are out of 

their normal ranges, then a full compensated acid-base disturbance presides. 

  

 If the initial disturbance is a primary acidosis (increased acid load or 

decreased base load), it can be compensated for by a secondary alkalosis 

(increased base load or decreased acid load).  In this case the base-to-acid 

ratio is restored, causing the pH to be increased up toward normal. 

 

Conversely, if the initial disturbance is a primary alkalosis (decreased acid 

load or increased base load), it can be compensated for by a secondary 

acidosis (decreased base load or increased acid load).  Again the base-to-acid 

ratio is restored, causing the pH to be decreased down toward normal. 

 

MASS ACTION SHIFTS OF THE CO2 HYDRATION REACTION 

 A.  Mass-Action Shifts in Metabolic Acidosis 

 

Consider the carbon dioxide hydration reaction.  Mass action shifts can be 

either to the left (if the right side of the equation is overloaded or the left side 

of the equation is underloaded) or to the right (if the left side of the equation is 

overloaded or the right side of the equation is underloaded). 

 

 CO2 + H2O  HCO3
–  + H+ 

  (respiratory side)           (metabolic side) 

 

Since there are two metabolic components on the right hand side of the carbon 

dioxide hydration equation, there are two ways to induce a primary metabolic 

acidosis. 

 

One way is to decrease the base concentration (red arrow) on the right causing 

a mass action shift to the right and fall in pH. 

 

 ↓CO2 + H2O  ↓HCO3
–  + ↑H+ with ↓pH 

      



FHB  – ACID-BASE FUNCTION LECTURES (2023)  Page 7 

Ivana Kuo, Ph.D. (CTRE, Room #518)  
    

The other way is to increase the proton (not acid) concentration (red arrow) on 

the right causing a mass action shift to the left and fall in pH. 

 

 ↑CO2 + H2O  ↓HCO3
–  + ↑H+ with ↓pH 

 

Acid-base pH compensations can be made by the respiratory system 

(increased alveolar ventilation blowing off CO2) or the renal system if 

possible (increased HCO3
–  reabsorption and increased H+ secretion). 

 

Note that in either case, pH and HCO3
– both decease together.  

 

 B.  Mass-Action Shifts in Metabolic Alkalosis 

 

Since there are two metabolic components on the right hand side of the carbon 

dioxide hydration equation, there are two ways to induce a primary metabolic 

alkalosis. 

 

One way is to increase the base concentration (red arrow) on the right causing 

a mass action shift to the left and rise in pH. 

 

 ↑CO2 + H2O  ↑HCO3
–  + ↓H+ with ↑pH 

      

The other way is to decrease the proton (not acid) concentration (red arrow) 

on the right causing a mass action shift to the right and rise in pH. 

 

 ↓CO2 + H2O  ↑HCO3
–  + ↓H+ with ↑pH 

 

Acid-base pH compensations can be made by the respiratory system 

(decreased alveolar ventilation retaining excess CO2) or the renal system if 

possible (decreased HCO3
– reabsorption and decreased H+ secretion). 

 

Note that in either case, pH and HCO3
– both increase together (vary directly).  

 

 

  Mass-Action Shifts in Respiratory Acidosis and Respiratory Alkalosis 
 

Since there is but one respiratory component on the left hand side of the 

carbon dioxide hydration equation, there is only one way to induce a primary 

respiratory acidosis.  This is accomplished by increasing the acid 

concentration (red arrow) on the left causing a mass action shift to the right 

and fall in pH.  The renal system compensates by increasing the reabsorption 

of base and increasing the proton secretion. 

 

 ↑CO2 + H2O  ↑HCO3
–  + ↑H+ with ↓pH 

      

Likewise, there is only one way to induce a primary respiratory alkalosis.  

This is accomplished by decreased the acid concentration (dark arrow) on the 

left causing a mass action shift to the left and rise in pH.  The renal system 
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compensates by decreasing the reabsorption of base and decreasing the proton 

secretion. 

 

 ↓CO2 + H2O  ↓HCO3
–  + ↓H+ with ↑pH 

 

Note that in either case, pH and HCO3
– both change in opposite directions 

(vary inversely).  

 

OBJECTIVE 3: Be able to assess what type of acid base disorder is occurring 

 A.  Assessment of Acid-Base Disorders 

Assessment of acid-base disorders requires a knowledge of the patient’s 

medical history (e.g. COPD, diabetes, etc.) as well as current laboratory 

values of arterial pH, PCO2, [HCO3
], [Na+] and [Cl] (anion gap).  These 

values all have normal ranges. 

 

 pH = 7.35-7.45 

 PCO2 = 35-45 mm Hg 

 [HCO3
–] = 22-28 mmol/L 

 [Na+] =   

 [Cl] =  

 Anion gap = [Na+]  ([Cl] + [HCO3
–])  
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For example, if arterial pH is out of the normal range an acid-base disturbance 

exists (Fig. 3).  The cause for the disturbance can be evaluated by looking at 

the plasma bicarbonate and carbon dioxide levels.  If the arterial pH is within 

normal limits but the bicarbonate and carbon dioxide values are out of range, 

the acid-base disorder is being fully compensated by the body.  
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Fig. 3.  Primary acid-base disturbances and secondary acid-base compensations.  
Berne & Levy Physiology. Koeppen & Stanton, © 2010 Elsevier, p. 649, Fig. 36-6 (modified). 

 

B.  Carbon Dioxide – Bicarbonate Diagram with pH Isobars 

 

The three variables of the Henderson-Hasselbalch equation for the carbon dioxide 

hydration reaction can be plotted with increasing levels of PCO2 as a function of 

increasing levels of [HCO3
–] for a family of pH isobars (Fig. 4). 

 

Since the respiratory system is a fast responding system (minutes) metabolic 

disturbances typically follow only one characteristic line.  However, since metabolic 

systems are slow responders (hours/days), there are two separate distributions for 

respiratory disturbances.  Acute respiratory disturbances have wider swings in arterial 

plasma pH because the metabolic compensations are very weak (little time to 

respond).  However chronic respiratory disturbances have narrower swings in arterial 

plasma pH because the metabolic compensations are stronger (have more time to 

respond). 
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Fig. 15.  Values for simple acid-base disorders superimposed on acid-base map.  Shaded 

areas show the range of values usually seen for each of the simple-acid base disorders.  There 

are two shaded area for each respiratory disorder: one for the acute phase and one for the 

chronic phase. 

Physiology Fifth Edition. Costanzo, © 2014, Elsevier, p. 319, Fig. 7-10. 

 

C. Simple Assessment Strategy 

Given: pH= 7.35, [HCO3-] = 16mEq/L, PCO2 = 30 mm Hg 

 

1) Examination of the pH. When pH is considered first, the underlying disorder can 

be classified as either an acidosis or an alkalosis. The defense mechanisms of the 

body cannot correct an acid-base disorder by themselves. Thus even if the defense 

mechanisms are completely operative, the change in pH indicates the acid-base 

disorder. In the example provided, the pH of 7.35 indicates acidosis. 

2) Determination of metabolic versus respiratory disorder. Simple acid-base 

disorders are either metabolic or respiratory. To determine which disorder is 

present the clinician must next examine the ECF [HCO3
−] and Pco2. As 

previously discussed, acidosis could be the result of a decrease in [HCO3
−] 

(metabolic) or an increase in Pco2 (respiratory). Alternatively, alkalosis could be 

the result of an increase in ECF [HCO3
−] (metabolic) or a decrease in Pco2 

(respiratory). For the example provided, the ECF [HCO3
−] is reduced from 

normal (normal = 24 mEq/L), as is the Pco2 (normal = 40 mm Hg). The disorder 

must therefore be metabolic acidosis; it cannot be a respiratory acidosis because 

the Pco2 is reduced. 

3) Analysis of a compensatory response. Metabolic disorders result in compensatory 

changes in ventilation and thus in Pco2, whereas respiratory disorders result in 

compensatory changes in RNAE and thus in ECF [HCO3
−] (Table 37.2). In an 

appropriately compensated metabolic acidosis, the Pco2 is decreased, whereas it is 
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elevated in compensated metabolic alkalosis. With respiratory acidosis, 

compensation results in an elevation of the [HCO3
−]. Conversely, ECF [HCO3

−] is 

reduced in response to respiratory alkalosis. In this example, the Pco2 is reduced 

from normal, and the magnitude of this reduction (10 mm Hg decrease in Pco2 for 

an 8 mEq/L decrease in ECF [HCO3
−]) is as expected (see Table 37.2). Therefore 

the acid-base disorder is a simple metabolic acidosis with appropriate respiratory 

compensation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

VIII. PRIMARY ACID-BASE DISORDERS AND THEIR COMPENSATIONS 

 

 A.  Metabolic Acidosis 

 

Primary metabolic acidosis has multiple causes of renal or extrarenal origin.  

The kidneys can fail to secrete protons (RTA-I) or fail to reabsorb bicarbonate 

ions (RTA-II).  Protons are poured into the circulation in diabetes mellitus, 

ketoacidosis, lactic acidosis, intoxication with salicylates, methanol or ethylene 

glycol, heart failure or circulatory collapse. In diarrhea (lower GI problem) a 

large loss of bicarbonate ions leaves the body in metabolic acidosis.  The 

secondary compensation for metabolic acidosis is respiratory alkalosis mediated 

by an acid drive on alveolar ventilation.  Breathing can be so labored that it is 

termed Kussmaul respiration where the chest is thrown into heaving motions. 
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BREATHING PATTERNS: 

 

NOTE: Kussmaul’s is a type of hyperventilation that is heavy labored- typified 

by a deep, sighing respiratory pattern. It has aspects of both tachypnea 

(respiratory rate that is greater than normal) AND hyperpnea (increased volume 

that may or may not have increased rate of breathing) 

Progression of breathing in acidosis: Initially in acidosis, the respiratory 

pattern is rapid and shallow; as acidosis progresses, the inspirations become 

deeper; the later stages of acidosis is when true Kussmaul respirations are seen.  

 

Renal Tubular Acidosis (RTA) 

A group of disorders in which the kidneys create the metabolic acidosis 

Due to either renal transport abnormalities or perturbed signaling 

to the kidney 

RTA is classified as four disorders: 

 

Proximal RTA (type II):  

A defect in bicarbonate reabsorbing capacity in the proximal 

tubule. This results in large amounts of bicarbonate to flow to the 

distal nephron. Occurs as a component of a generalized proximal 

tubule transport failure known as Fanconi syndrome. The large 

load of bicarbonate presented to the distal nephron overwhelms the 

transport capacity and is excreted resulting in decreased plasma 

bicarbonate concentrations. The plasma levels will fall until the 

filtered load is reduced to the limited reabsorptive capacity of the 

nephron. Proximal RTA is often accompanied by hypokalemia 

because the large load of unreabsorbed solute transiting to the 

distal nephron stimulates K secretion. 

Classical distal RTA (type I):  
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Characterized as a defect in acid secretion of the type A 

intercalated cells found in the distal nephron. These cells are 

responsible for urine acidification after bicarbonate reabsorption. 

This failure is due to defects in either the basolateral H-Cl 

antiporter (AE1) or the apical ATPase and results in difficulties 

excreting normal acid loads for titration with filtered bases. They 

can excrete sufficient amounts of ammonium ions to maintain 

balance. As with type I, this form can be associated with 

hypokalemia (although the mechanism is unclear). 

Hyperkalemic RTA (type IV): 

This form is characterized as a component of renal transport 

defects associated with low secretion of aldosterone or inability to 

respond to aldosterone. (hypoaldosteronism and 

pseudohypoaldosteronism respectively)). These result in decreased 

potassium secretion and thus hyperkalemia. This causes a 

reduction in glutamine and synthesize NH4- in the proximal tubule 

which results in the excretion of NH4- is not sufficient to mediate 

the acid loads and metabolic acidosis occurs. 

Type III (combination of types I and II): Rare 

 

 B.  Metabolic Alkalosis 

 

Primary metabolic alkalosis has multiple causes of renal or extrarenal origin.  

Tumors in the JG apparatus or the kidney or adrenal cortex can result in 

excessive potassium loss followed by proton loss to the urinary space.  In fact, 

any chronic potassium ion loss leads to metabolic alkalosis as happens in 

aggressive diuretic therapy.  Protracted vomiting (upper GI problem) results in 

the loss of gastric acids (HCl).  Dehydration and depletion of extracellular 

fluid volume can result in contraction alkalosis.  The secondary compensation 

for metabolic alkalosis is respiratory hypoventilation due to the removal of 

acid drive on breathing.  But with the attenuation of alveolar ventilation, 

oxygen levels also fall, limiting the compensatory response due to hypoxic 

drives on breathing. 

 

 C.  Respiratory Acidosis  

  

Primary respiratory acidosis results from any factors that decrease alveolar 

ventilation and retain carbon dioxide.  Many disorders can force 

hypoventilations such as chronic obstructive pulmonary diseases (COPD), 

weak respiratory muscles (neuromuscular diseases), and barbiturate poisoning 

(central nervous system depression).  The secondary compensation for 

elevated carbon dioxide in the arterial blood is the increased bicarbonate ion 

reabsorption at the level of the kidney (renal PCO2 effect). 

 

 D.  Respiratory Alkalosis 

 

Primary respiratory alkalosis results from any factors that increase alveolar 

ventilation and blow off carbon dioxide.  Different disorders can force 

hyperventilations such as salicylate intoxication, CNS disorders and 
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hyperexcitability as found in panic attacks (psychogenic paroxysmal 

hyperventilation). The secondary compensation for decreased carbon dioxide 

in the blood is the decreased bicarbonate ion reabsorption at the level of the  

kidney (reversed renal PCO2 effect). 

 
Objective 4: Describe mixed acid- base disturbances 

 

 Presence of two or more underlying causes for the acid-base disturbance 

 Eg: pH 6.96, HCO3
-: 12 mEq, Pco2: 55mmHg 

 Disturbance is an acidosis with a metabolic (ECF [HCO3
−] < 24 mEq/L) and 

respiratory component (Pco2 > 40 mm Hg). Disorder is mixed. 

 Eg: Chronic pulmonary disease such as emphysema (i.e., chronic respiratory 

acidosis) and develops an acute gastrointestinal illness with diarrhea. Because 

diarrhea fluid contains HCO 3
−, its loss from the body results in the development 

of metabolic acidosis. 

 Also: abnormal Pco2 and ECF [HCO3
−] but pH normal.  

 Eg: ingested a large quantity of aspirin. Salicylic acid: produces metabolic 

acidosis and at the same time stimulates the respiratory centers, causing 

hyperventilation and respiratory alkalosis. Thus the patient has a reduced ECF 

[HCO3
−] and a reduced Pco2. ( note : The Pco2 is lower than would occur with 

normal respiratory compensation of a metabolic acidosis.) 

 

 For mixed acid-base disturbances, it is possible for double acid-base disturbances 

to cancel one another (fortuitous). 
 

 Normal acidity (7.35 < pH < 7.45): 

  PCO2 > 45 mm Hg and [HCO3
–] > 28 mmol/L 

  PCO2 < 35 mm Hg and [HCO3
–] < 22 mmol/L 

 
Review: General Clinical Observations on Acid-Base Disorders 

 acidotic problems are more commonly encountered than alkalotic problems 

 acidotic disturbances are more easily regulated than alkalotic disturbances 

 respiratory disorders are typically less complicated than metabolic disorders 

 
Primary Respiratory Acidosis 



 initiating event: VA (hypoventilation) 
-chronic obstructive pulmonary disease (COPD) 

-weak respiratory muscles (neuromuscular diseases) 

-barbiturate poisoning (central nervous system depression) 

 resultant effects:  CO2 retention 

PaCO2, [H
+] and pH 

 compensations: 2metabolic alkalosis 

 HCO3 retention via PaCO2 effect on renal proximal tubules 

 

Primary Respiratory Alkalosis 


 initiating event: VA (hyperventilation) 
-salicylate intoxication (low-dose aspirin therapy) 
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-CNS disorders and hyperexcitability 

-psychogenic paroxysmal hyperventilation (“panic attack”) 

("brown paper bag" therapy) 

artificial ventilation 

 resultant effects: CO2 elimination 

PaCO2, [H
+] and pH 

 compensations: 2metabolic acidosis 

   HCO3 retention via reverse PaCO2 effect on renal proximal tubules 

 

Primary Metabolic Acidosis 

 initiating events: renal and extrarenal 

-diabetes mellitus and ketoacidosis 

(larger than normal anion gap) 

-severe shock or heart failure and lactic acidosis (larger than 

normal anion gap) 

-diarrhea and loss of bicarbonate ions (normal anion gap) 

-renal tubular acidosis and retention of hydrogen ions (normal 

anion gap) 

-salicylate intoxication (high-dose aspirin therapy) (normal anion 

gap) 

 

 resultant effects: [H+] and/or [HCO3  ], pH 

 compensations: 2respiratory alkalosis (with renal participation if possible) 

CO2 elimination via acid drive on ventilation. 

Kussmaul respiration (characteristic deep labored breathing with chest 

heaving) 

 
Primary Metabolic Alkalosis 

initiating events: renal and extrarenal 
 chronic potassium ion depletion 

(aggressive diuretic therapy, hyperaldosteronism) 

protracted vomiting and loss of gastric acids (pyloric obstruction, gastric ulcers) 

dehydration and depletion of extracellular fluid volume (contraction 

alkalosis) 

 resultant effects: [H+] and/or [HCO3  ], pH 

urine pH will be paradoxically low (acidic) if there is chronic depletion of 

potassium ions 

 compensations: 2respiratory acidosis (with renal 

participation if possible) 

• CO2 retention via acid drive on ventilation 

• hypoventilation also PaO2 which may limit compensation 
(hypoxic drive on breathing) 
 

Thought Questions On Some Key Concepts (taken from Berne & Levy Physiology, 

Koeppen & Stanton, © 2018 Elsevier, pp. 670.) 

 

How does HCO3
− operate as a buffer, and why is it an important buffer of the 

extracellular fluid? 
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How does metabolism of food produce acid and alkali, and what effect does the 

composition of the diet have on systemic acid-base balance? 

What is the difference between volatile and nonvolatile acids, and what is net endogenous 

acid production (NEAP)? 

How do the kidneys and lungs contribute to systemic acid-base balance, and what is renal 

net acid excretion (RNAE)? 

Why are urinary buffers necessary for excretion of acid by the kidneys? 

What are the mechanisms for H+ transport in the various segments of the nephron, and 

how are these mechanisms regulated? 

How do the various segments of the nephron contribute to the process of reabsorbing the 

filtered HCO3
−? 

How do the kidneys produce new HCO3
−? 

How is ammonium produced by the kidneys, and how does its excretion contribute to 

renal acid excretion? 

What are the major mechanisms by which the body defends itself against changes in acid-

base balance? 

What are the differences between simple metabolic and respiratory acid-base disorders, 

and how are they differentiated by arterial blood gas measurements? 

 


