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• The respiratory system provides oxygen to and removes carbon 
dioxide from the body.

• the inability to perform either or both of these tasks results in 
respiratory failure



• Respiratory failure occurs when the respiratory system fails to 
maintain adequate gas exchange, resulting in abnormal blood levels 
of oxygen (O2) and carbon dioxide (CO2). 

• It is a clinical syndrome characterized by an inability to meet the 
metabolic demands of the body for oxygen and/or the removal of 
carbon dioxide. 

• This failure can be either acute or chronic, 

• It can be classified based on the primary gas exchange disturbance 
(hypoxemia and/or hypercapnia)



• Respiratory failure is a syndrome that develops when the respiratory 
system is unable to maintain oxygenation and/or VENTILATION



• Oxygenation — Oxygenation is the process of oxygen diffusing passively from the alveolus to the 

pulmonary capillary, where it mostly binds to hemoglobin in red blood cells (oxyhemoglobin); a small proportion 
directly dissolves into the plasma. 

• Oxygen delivery — Oxygen delivery is the rate of oxygen transport from the lungs to the 
peripheral tissues. 

• Oxygen consumption is the rate at which oxygen is removed from the blood for use by the 
tissues. 

• Hypoxemia — Ηурохеmiа is defined by an arterial oxygen tension <60 mmHg (ie, insufficient 

oxygenation). Ηурοxеmia does not necessarily always indicate tissue hурοхia.

• Hypoxia — Ηурοxia is defined as a condition where the oxygen supply is inadequate either to the 

body as a whole (general hурoхia) or to a specific region (tissue hуpοxia). Ηурoхiа can be due to 
reduced oxygen delivery and/or increased oxygen consumption by tissue.



Respiratory 

system function 

depends on :

•CNS control.

•Neuromuscular 

function.

•Upper airway 

muscles and 

reflexes.

•Thorax and 

pleura.

•Alveolar 

function.



Classification

• The time course:

Acute respiratory failure: occurs within minutes to hours of an 
inciting incident.

Chronic respiratory failure:
Occurs over months to years

Often due to a chronic lung disease process



Classification

• The underlying issue

• Hypoxemic respiratory failure (TYPE 1 )
• Most common form of respiratory failure

• Results from a ↓ ability to oxygenate the blood

• Hypercapnic respiratory failure (TYPE 2)

Results from a ↓ ability to eliminate carbon dioxide (CO₂)

↓ pH of the blood → respiratory acidosis

https://www.lecturio.com/concepts/physiology-of-acid-base-balance/
https://www.lecturio.com/concepts/respiratory-acidosis/


Classification

• . Type 3 Respiratory Failure (Perioperative Respiratory Failure)

This category refers to respiratory failure that occurs during or after 
surgery, particularly in the postoperative period. It is usually a 
combination of both hypoxemia and hypercapnia due to impaired 
respiratory mechanics.

• D. Type 4 Respiratory Failure (Acid-Base Imbalance)

This is a rare type of respiratory failure characterized by both 
respiratory failure and significant metabolic acidosis or alkalosis due to 
the body’s failure to compensate for respiratory changes.



Etiology



 Respiratory failure can occur if there is an abnormality with any 
component of the respiratory system. 

 Components of the respiratory system include the 

upper and lower respiratory tracts, 

the central and peripheral nervous systems,

 the chest wall and muscles of respiration





Etiology of hypoxemic respiratory failure

Right-to-left shunt:
 Pulmonary edema (cardiogenic and noncardiogenic)
 Pneumonia
 Pulmonary hemorrhage
 Aspiration
 Atelectasis
 ARDS

V/Q mismatch:
 Pulmonary embolism
 Asthma
 Chronic obstructive pulmonary disease (COPD)
 Cystic fibrosis
 Interstitial lung disease
 Pulmonary hypertension

Low inspired oxygen: high altitude

Hypoventilation:
 Sedative medications
 Neuromuscular conditions
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Etiology of hypercapnic respiratory failure

 Diminished respiratory drive:

o Sedative medications (opioids, benzodiazepines)
o Brain stem lesions (affecting the central respiratory center)
o Multiple sclerosis (bulbar dysfunction leading to central respiratory drive depression)
o Hypothermia

 Impaired respiratory muscle function:

o Guillain–Barré syndrome

o Myasthenia gravis
o Amyotrophic lateral sclerosis
o Multiple sclerosis
o Botulism
o Tetanus
o Spinal cord lesions
o Muscle fatigue (seen with hypoxemic respiratory failure)
o Malnutrition
o Myopathy
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Etiology of hypercapnic respiratory 
failure

 Airway obstruction:
o COPD
o Asthma
o Obstructive sleep apnea
o Cystic fibrosis
o Airway edema

 Diminished lung elasticity/compliance:
o Alveolar edema
o Pneumonia
o Atelectasis

o ARDS

 Diminished chest wall elasticity:
o Pleural effusion
o Obesity
o Kyphoscoliosis
o Abdominal distention
o Pneumothorax
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Pathophysiologic causes of Acute RF

Hypoventilation

V/Q mismatch

Shunt

Diffusion abnormality



Hypoventilation

• Occurs when ventilation ↓ 4-6 l/min

• Causes  
• Depression of CNS from drugs
• Neuromuscular disease of respiratory msusles

• ↑PaCO2 and ↓PaO2

• Alveolar –arterial PO2 gradient is normal

• COPD



V/Q mismatch

• Most common cause of hypoxemia

• Caused by 

ventilation of non-perfused alveoli. (highV/Q ratio)

Perfusion to non-ventilated alveoli(Low V/Q ratio)

• Admin. of 100% O2 eliminate  hypoxemia
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• Ventilation-to-perfusion inequality

• A mismatch between ventilation and perfusion occurs from a disease process resulting in 
either:

• Low V/Q ratio:
• May occur from:

• Diminished oxygen entry into alveoli with normal blood flow
• Overperfusion of alveoli with normal ventilation (e.g., diversion of blood flow)

• Results in:
• Hypoxemia
• Hypercapnia

• High V/Q ratio:
• Results from diminished blood flow to alveoli with normal ventilation
• Ventilation is wasted.
• Must be severe for gas exchange to be affected

• Note: 100% oxygen administration can correct oxygenation in V/Q mismatch.
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Shunt

• Right-to-left shunt

• Blood is shunted from the right side of the heart to the left side 
without undergoing oxygenation.

• Deoxygenated blood mixes with oxygenated blood → ↓ arterial 
pressure of O₂

• This can be caused by:
• Cardiac shunting (e.g., congenital malformations of the heart that allow blood 

to bypass the respiratory system)

• Pulmonary shunting (e.g., fluid fills the alveoli, preventing oxygen diffusion)

https://www.lecturio.com/concepts/chorioretinitis/
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Shunt

• The deoxygenated blood bypasses the ventilated alveoli 
and mixes with oxygenated blood → hypoxemia

• Persistent of hypoxemia despite 100% O2 inhalation

• Hypercapnia occur when shunt is excessive > 60%
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Causes of Shunt

• Intra-cardiac
• Fallot’s tetralogy
• Eisenmenger’s syndrome

• Pulmonary
• A/V malformation
• Pneumonia
• Pulmonary edema
• Atelectasis/collapse
• Pulmonary Hge
• Pulmonary contusion



Diffusion abnormality

• Less common

• Due to 

• abnormality of the alveolar membrane

• ↓ the number of the alveoli

• Causes

• ARDS

• Fibrotic lung disease



Clinical Presentation



General signs and symptoms

 Vitals: 

o Tachypnea 

o Tachycardia 

o Low transcutaneous oxygen saturation in hypoxemic respiratory failure 

(late sign) 

 Dyspnea 

 Increased work of breathing and use of accessory muscles of breathing 

 Diaphoresis 

 Altered mental status: 

o Restlessness and anxiety 

o Confusion 

o Somnolence 

o Coma 



Hypoxemic Respiratory Failure (Type 1):

 Dyspnea: Shortness of breath, especially with exertion, or even at rest if severe.

 Cyanosis: Bluish discoloration of the skin, lips, or nail beds due to low oxygen 
levels.

 Tachypnea: Increased respiratory rate as the body attempts to compensate for 
low oxygen levels.

 Use of Accessory Muscles: This is a sign of increased work of breathing as the 
body attempts to recruit additional muscles to aid in ventilation.

 Confusion/Agitation: Decreased oxygen supply to the brain can cause cognitive 
impairment and agitation.

 Fatigue: Severe cases can lead to exhaustion as the body’s energy is used to 
compensate.
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Hypercapnia Respiratory Failure (Type 2)

Dyspnea: More often with shallow breathing.

Headache: Elevated CO2 levels lead to vasodilation in the brain, causing 
increased intracranial pressure.

Drowsiness or Confusion: Hypercapnia can depress the CNS, leading to confusion 
or even coma in severe cases.

Tachypnea: Initially, the body tries to compensate by increasing the breathing 
rate to expel CO2.

Peripheral Edema: If associated with chronic conditions like COPD or heart failure



Laboratory assessment

• ABG analysis                                                                        -

• Lung function

• Vitalogram(pulmonary fuctio tes

• Chest Radiograph

• ECG   

• Echocardiography 

• CBC and blood cultures.



Arterial blood gas

• Diagnosis
• An arterial blood gas (ABG) analysis is required in the diagnosis of 

respiratory failure. It measures and calculates components in arterial 
blood:

• Measured:
• pH
• Partial pressure of oxygen (PaO₂)
• Partial pressure of CO₂ (PaCO₂)

• Calculated:
• Bicarbonate (HCO₃)
• Base excess
• Oxygen saturation (SaO₂)

https://www.lecturio.com/concepts/respiratory-alkalosis/
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ARTERIAL BLOOD GAS    
INTERPRETATION

• 6-step approach:
• Step 1: Assess the internal consistency of the values using the 

Henderseon-Hasselbach equation:[H+] = 24(PaCO2)/ [HCO3-]

• Step 2 Is there alkalemia or acidemia present?  pH < 7.35 academic 
pH > 7.45 alkalemia

• Step 3 Is the disturbance respiratory or metabolic?

• Step 4 Is there appropriate compensation for the primary 
disturbance? Usually, compensation does not return the pH to 
normal (7.35 – 7.45).

• Step 5: Calculate the anion gap (if a metabolic acidosis exists): AG= 
[Na+]-( [Cl-] + [HCO3-] )-12 ± 2   (normaly 12)

• Step 6: If an increased anion gap is present, assess the relationship 
between the increase in the anion gap and the decrease in [HCO3-].

 Assess the ratio of the change in the anion gap (∆AG ) to the 
change in [HCO3-] (∆[HCO3-]): ∆AG/∆[HCO3-]

 This ratio should be between 1.0 and 2.0 if an uncomplicated 
anion gap metabolic acidosis is present



Alveolar–arterial gradient

• The alveolar–arterial (A-a) gradient can be used to help in understanding the 
potential underlying etiology

• Defined as the difference between the oxygen concentration in the alveoli (PAO2) 
and arterial blood (PaO₂):
• A-a gradient = PAO₂ – PaO₂
• PAO₂: calculated from the alveolar gas equation
• PaO₂: measured in an ABG

• Interpretation:
• Normal: 5–10 mmHg
• Increased in etiologies that cause:

• Right-to-left shunting
• V/Q mismatch

https://www.lecturio.com/concepts/acute-respiratory-distress-syndrome/


• PAO2 = FiO2 (PB - Pwater) - PaCO2/0.8, 
 PAO2 = Alveolar partial pressure of oxygen

 FiO2 = Fraction of inspired oxygen

 PB = Barometric (Atmospheric) pressure

 Pwater = Vapor pressure of water at body temperature (37°C)=47 mmHg

 PaCO2 = Partial pressure of arterial carbon dioxid





Chest X-ray/CT Scan

Provides imaging of the lungs to help identify conditions such as 

 pneumonia

pulmonary edema

Pneumothorax

Pleural effusion

COPD

ARDS



Hyperinflated Lungs : COPD



Pleural effusion



ARDS Pneumonia



Pneumothorax



•Pulmonary Function Tests:

•Useful for assessing lung function, particularly in chronic 

conditions like COPD and asthma.

•Electrocardiogram (ECG):

•May help rule out cardiac causes, such as arrhythmias or 

ischemia, which may lead to respiratory failure.

•Pulse Oximetry:

•Non-invasive monitoring of oxygen saturation. While helpful for 

continuous monitoring, it



Management of Respiratory Failure



Management of Respiratory 
Failure Principles

• Hypoxemia may cause death in RF

• Primary objective is to reverse and prevent hypoxemia

• Secondary objective is to control PaCO2 and respiratory acidosis 

• Treatment of underlying disease

• Patient’s CNS and CVS must be monitored and treated



Oxygen Therapy

Supplemental O2 therapy essential 

titration based on SaO2, PaO2 levels and PaCO2

Goal is to prevent tissue hypoxia

Increase arterial PaO2 > 60 mmHg(SaO2 > 90%) or venous SaO2 > 60%

O2 dose either flow rate (L/min) or FiO2 (%) 



oxygen 





If noninvasive devices failed 

Correct hypoxemia
Correct acute respiratory acidosis
Resting of ventilatory muscles



Indications for Mechanical Ventilation 
Include the Following

• Apnea with respiratory arrest

• Tachypnea with respiratory rate >30 breaths per minute

• Disturbed conscious level or coma

• Respiratory muscle fatigue

• Hemodynamic instability

• Failure of supplemental oxygen to increase PaO2 to 55 to 60 mmHg

• Hypercapnia with arterial pH less than



ACUTE RESPIRATORY FAILURE



Complications of ARF

• Pulmonary

• Pulmonary embolism

• barotrauma

• pulmonary fibrosis (ARDS)

• Nosocomial pneumonia

• Cardiovascular

• Hypotension, ↓COP

• Arrhythmia

• MI, pericarditis

• GIT

• Stress ulcer, ileus, diarrhea, 
hemorrhage 

• Infections

• Nosocomial infection

• Pneumonia, UTI, 
catheter related sepsis

• Renal

• ARF (hypoperfusion, 
nephrotoxic drugs)

• Poor prognosis

• Nutritional

• Malnutrition, diarrhea 
hypoglycemia, 
electrolyte disturbances



Prognosis of ARF

• Respiratory failure is a syndrome caused by a multitude of 
pathological states; therefore, the prognosis of this disease process is 
difficult to ascertain.

• In 2017, in the United States of America, however, the in-hospital 
respiratory failure mortality rate was 12%. 

• In-hospital mortality rates for patients requiring intubation with 
mechanical ventilation for asthma exacerbation, acute exacerbation 
of chronic obstructive pulmonary disease, and pneumonia were 
found to be 9.8%, 38.3%, and 48.4%, respectively.

• Lastly, the in-hospital mortality rate for acute respiratory distress 
syndrome was found to be 44.3%
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