
Lecture 21 Acid Base Pathophysiology Klassen 
 

PULMONARY/RESPIRATORY SYSTEM 
 

FUNCTION: respiration 

 Supply oxygen 

 Remove carbon dioxide 

 Maintain physiological pH 

3 MAIN PROCESSES: 
1. Ventilation: inspiration (O2 to alveoli) & exhalation (CO2 to trachea) 
2. Perfusion: blood flow regulation to & from lungs/alveoli 
3. Gas exchange: physical exchange of O2 & CO2 b/w alveoli & blood 

 Concentration gradients!! 

REGULATION OF VENTILATION: 

 Gas exchange: primary control of rate 

 FOUR brain centres: autonomic + voluntary override 
o Medulla oblongata: rhythm of inhalation & exhalation 

1. Inspiratory center 
2. Expiratory center 

o Pons: timing/speed of inhalation and exhalation 
3. Pneumotaxic center 
4. Apneustic center  

 Ventilatory pattern: motor stimuli during breathing 
(balance b/w medulla & pons) 

o Inspiration: increased motor discharge 
o Expiration: decrease/absence motor discharge  

 

 PRIMARY: blood pH lower = more ventilation 

 CO2 in blood stored as bicarbonate (HCO3
-) ions 

a) Carbonic anhydrase on RBCs make CO2 into 
carbonic acid (H2CO3) 

b) Acid dissociates into H+ and HCO3
- 

c) More H+
 = acidic pH  

 Exercise: cellular energy usage  

 Release of protons from ATP & metabolites  acidic 

 Involuntary control: limbic system, hypothalamus 

 Emotional state, temperature  

 Voluntary control: cerebral cortex 

 Sigh, hold your breath 
 
 

VENTILATION IMPAIRED BY:  

 CNS depressants 

 CNS disease 

 Airway obstruction 

 Lung restriction  

RECEPTORS IN REGULATION OF VENTILATION: 

 Central chemoreceptors: medulla (CNS) 

 Sensitive to environmental (blood) pH 

 Peripheral chemoreceptors: in arterial 
blood vessels 

 Primary: arterial O2 

 Secondary: arterial CO2 and pH 

 Chemoreceptors: airways & parenchyma 

 Hering-breur reflex: prevent lung over-
inflation 
 Terminates respiration 
 Reflex response of coughing, 

airway constriction, 
hyperventilation 

 Upper airway receptors: activates 
compensatory respiratory muscles 
 Reflex response of gasping, 

hypoventilation 
 Increase in breathing frequency & 

volume 

 Nasopulmonary & nasothoracic 
reflexes: deepening inhale via 
trigeminal nerve 
 Air flow, air quality & nasal air 

pressure 
 Transmitted to brain, then to 

bronchi, intercostals, diaphragm   

Miriam

Miriam
mechanoreceptors

Miriam
> spinal cord reflex - activates accessory muscle use (response to hypoventilation)



Lecture 21 Acid Base Pathophysiology Klassen 
 
0 ACID-BASE PHYSIOLOGY: 

 
DEFINITIONS: 

 Acid = releases H+ 

 In body, CO2
 is acid 

 Base = accepts H+ 

 In body, HCO3
- is base 

 Buffer = reversibly binds H+ 

 pH = indirect measure of [H+] 

 pH 7.4 = NORMAL 

 Compensation = body’s way of 
restoring normal blood pH  

 Does not treat the cause 

 Only manages the results 
of the problem  

COMPENSATION 
Chemical   Buffering by body fluids immediately to prevent changes 

in pH (blood) 

 Used up quickly; not effective long-term 

Respiratory 
 
Compensate 
for 
metabolic 
imbalances   

 Chemoreceptors 
respond to 
changes in [H+] 
within minutes 
 alters RR and 
depth 

 Removal of CO2 
as gas 
regulates 
bicarbonate 
from body fluids 
via PULMONARY 
CIRCULATION 

Metabolic 
acidosis  =   
↑ blood H+  

 INCREASE IN 
RATE & 
DEPTH OF 
VENTILATION 

 CO2 blown 
off 

 Amount of 
acid in blood 
decreased 

 

Metabolic 
alkalosis =  
↓ blood H+ 

 DECREASE IN 
RATE & 
DEPTH OF 
VENTILATION 

 CO2 retained 

 Amount of 
acid in blood 
increased 

 

Renal  
 
Compensate 
for 
respiratory 
imbalances 

 Slowest – hours 
to days 

 Most powerful 
method of 
compensation 

 Ineffective in 
patients with 
renal failure  

Respiratory 
acidosis = 
academia 

 Excrete H+ 
and retain 
HCO3

- (1:1) 

Respiratory 
alkalosis = 
alkalemia 

 Excrete 
HCO3

- and 
retain H+ 
(1:1) 

 

 

 Respiratory 
compensation for 
metabolic 
imbalances  

 Renal 
compensation for 
respiratory 
imbalances 

ACID BASE IMBALANCES: 
 

DEGREES OF COMPENSATION: 

 Uncompensated 
o Body has made no attempt to 

correct the acid-base imbalance  

 Partially compensated 
o Body is attempting to correct 

the imbalance 
o Blood pH remains abnormal  

 Fully compensated  
o Body is correcting the imbalance 
o Blood pH is normal  
o Other blood gas values remain 

abnormal until root cause is 
treated and corrected  

 

UNCOMPENSATED IMBALANCE: 

 pH abnormal 

 Either PaCO2 or HCO3
- abnormal 

o PaCO2 abnormal: respiratory problem 
o HCO3

- abnormal: metabolic problem 

 All other values normal 
 Definition Causes  

Respiratory 
acidosis 

Decreased ventilation 
DECREASES blood pH  

Hypoventilation (retain CO2) 

 Drug overdose 

 Sedatives 

 Ventilation failure 

 Advanced state COPD 

Respiratory 
alkalosis  

Increased ventilation 
INCREASES blood pH  

Hyperventilation (blow off 
excess CO2) 

 Hyperventilation 

 Sepsis 

 Toxins  

Metabolic 
acidosis 

Metabolic cause lowers 
pH  

 Renal dysfunction 

Metabolic 
alkalosis  

Metabolic cause 
increases pH  

 Diarrhea  

 Vomiting 

 Renal function 

 

MIXED IMBALANCES:  

 pH normal 

 PaCO2 high with low HCO3
- (acidic) 

 PaCO2 low with high HCO3
- (basic) 

 Ex acidosis: diabetic ketoacidosis 
(metabolic) + ↓ resp drive (resp) 

 Ex alkalosis: severe vomiting 
(metabolic) + high fever resp) 
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SYMPTOMS: 

 


