Respiratory Failure                                                                                                              14 November 2007

Respiratory Failure
Definitions 
· acute respiratory failure occurs when:

pulmonary system is no longer able to meet the metabolic demands of the body.
· There is tow type of respiratory failure :

1. hypoxaemic respiratory failure:  when PaO2 ( 50 mm Hg 
2. hypercapnic respiratory failure:  when PaCO2 ( 50 mm Hg.

· Ventilation : the passage of air into & out of the respiratory tract .
· Perfusion :the passage of the blood through the lung tissue to pick up oxygen from the air in the alveoli ..
Note ,,, u can have ether one of the tow type or both of them together .

Basic respiratory physiology
· the basic function of the lung is to take Oxygen and remove carbon dioxide 
· in order to take Oxygen inside the lung this mechanism depends on several factors :

· partial pressure of oxygen : which determine by these factors.
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the amount of oxygen : which u inspire whether atmospheric pressure or if we applies oxygen .

2. partial pressure of carbon dioxide .

3. the alveolar pressure : >>>>>>(>>>>>(>>>>
4. ventilation .
· Diffusing capacity

· Perfusion

· Ventilation-perfusion matching

· in order to remove the carbon dioxide from lung this mechanism depends on several factors :

· Largely dependent on alveolar ventilation : which is depend on the respiratory rate and the tidal volume and the dead space  So ,,,,

alveolar ventilation = RR x  ( tidal volume  - dead space )

 Note ,,,  these equation is Imp. Bcuz it will tell u what happen to the patient ,, for example if patient will RR = 12 the will lead to decrese the alveolar ventilation the will lead to accumulation of carbon dioxide … 
As we all know there are Anatomical deadspace which is  constant AND  physiological deadspace which depends on ventilation-perfusion matching… 
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 ( Fig. 1 )
Pathophysiology

1. Hypoxemic respiratory failure
Perfusion without ventilation (shunting):

Normally ,,, the venous blood is 75% oxygenated … when it came to the alveoli it will become 100% oxygenated …. 

But here in these mechanism the alveoli is filled by what ever material so the perfusion is ok but the problem in the ventilation …these is the shunt 
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Respiratory failure due to shunting is relatively resistant to oxygen therapy. Increasing the inspired oxygen concentration has little effect because it can not reach alveoli where shunting is occurring and blood leaving normal alveoli is already 100% saturated 

There is tow type of shunt :
1. Intra-cardiac shunt :
· Any cause of right to left shunt

· eg Fallot’s, Eisenmenger
2. Intra-pulmonary shunt : we mean if there is problem in the alveoli like  
· Pneumonia  … filled with pus
· Pulmonary oedema … filled 
· Atelectasis  … when the alveoli steak to gather  
· Collapse  … when the are big mucous plugs inside the alveoli 
· Pulmonary haemorrhage or contusion
· Small airways occluded ( e.g asthma, chronic bronchitis)

· Alveoli are filled with fluid ( e.g pulm edema, pneumonia)

· Alveolar collapse ( e.g atelectasis)

So,, what ever mechanism that lead to perfusion without ventilation will lead to Shunt
V/Q mismatch ( Dead space ventilation )
· Alveoli that are normally ventilated but poorly perfused … عكس الطريقة اللي قبلها 
· Dead space ventilation increase:

· Alveolar-capillary interface destroyed e.g emphysema.
· Blood flow is reduced e.g CHF, PE.
· Overdistended  alveoli e.g positive- pressure ventilation .
تكبر فتضغط على الاوعية الدموية اللي حولها  alveoli يعني
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Diffusion abnormality
· Less common to happen 
· Abnormality of the alveolar membrane or a reduction in the number of capillaries resulting in a reduction in alveolar surface area like in interstitial lung disease ( fibrosis ) .
· These mechanism usually happen in :

· Acute lung injury …what ever is the cause .. pneumonia , pancerititis .   

· Acute Respiratory Distress Syndrome

· Fibrotic lung disease 

Hypoventilation usually cause hypercapnic respiratory failure 
[image: image4.emf]Brainstem

Spinal cord

Nerve root

Airway

Nerve

Neuromuscular 

junction

Respiratory 

muscle

Lung

Pleura

Chest wall

Sites at which disease may cause ventilatory disturbance

Brainstem

Spinal cord

Nerve root

Airway

Nerve

Neuromuscular 

junction

Respiratory 

muscle

Lung

Pleura

Chest wall

Sites at which disease may cause ventilatory disturbance


· Hypoventilation can be caused by disease at any of the anatomical sites involved in ventilation. 
· Brainstem injury or disease may result in impaired functioning of the respiratory centre, which may also be suppressed by depressant drugs.

· The spinal cord and the nerve roots may be damaged by trauma or tumor and nerve injuries and neuropathies such as Guillain Barre or critical illness neuropathy may affect motor neurons supplying respiratory muscles.
· Neuromuscular blockers or disease of the neuromuscular junction (eg myasthenia gravis) may impair transmission of nerve impulses to respiratory muscles or The problem may be in the muscle itself. Respiratory muscle fatigue, disuse atrophy and malnutrition are important causes of respiratory muscle failure in the ICU.
· Alternatively, the problem may be a problem of increased resistance to airflow. For example due to obstruction of the upper airway or bronchospasm or The problem may be decreased compliance of the lung itself, the pleura or the chest wall.
Note ,,these mechanism will lead to hypercapnic respiratory failure bcuz it affect the RR 
· Respiratory Failure Symptoms:

· CNS:

· Headache

· Visual Disturbances

· Anxiety

· Confusion

· Memory Loss

· Weakness

· Decreased Functional Performance
· Pulmonary:

· Cough

· Chest pains

· Sputum production

· Stridor

· Dyspnea
· Cardiac:

· Orthopnea

· Peripheral edema

· Chest pain
· Other:

· Fever, Abdominal pain, Anemia, Bleeding
· Clinical

· Respiratory compensation

· Tachypnoea RR > 35 Breath /min

· Accessory muscles

· Recession

· Nasal flaring
· Sympathetic stimulation

· ( HR

· ( BP

· Sweating
· Tissue hypoxia

· Altered mental state

· ( PaO2 + ↑ PaCO2 ( acidosis ( dilatation of cerebral resistance vessels ( ↑ Intercranial pressure (
Disorientation
Headache

Coma
Asterixis
Personality changes
· ( HR and ( BP ( late stage )
· Haemoglobin desaturation

· cyanosis
· Laboratory Testing

· Arterial blood gas

· PaO2

· PaCO2

· PH
· Chest imaging

· Chest x-ray

· CT sacn

· Ultrasound

· Ventilation–perfusion scan

· Respiratory mechanics

· Spirometry  (FVC, FEV1, Peak flow )

· Respiratory muscle pressures

· MIP  ( maximum inspiratory pressure)

· MEP ( maximum expiratory pressure)
· Other tests

· Hemoglobin

· Electrolytes, blood urea nitrogen, creatinine

· Creatinine phosphokinase, aldolase

· EKG, echocardiogram

· Electromyography (EMG)

· Nerve conduction study
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· Q. True or False:

· Diffusion abnormality is considered the most common cause of hypoxia. F
· Dead space ventilation decreases when blood flow is reduced. F
· Shunt occurs when areas of lung are perfused but not ventilated. T
· In myasthenia gravis mechanism of hypoxia may be due to alveoli being perfused but not ventilated. T
· Arterial hypoxemia may be caused by alveolar hypoventilation alone. T
· The distinction between ventilation/perfusion mismatch and intrapulmonary shunting can be made by measuring the response to the administration of 100% oxygen. T
· There is a good relationship between dyspnea and arterial hypoxemia but a poor relationship between dyspnea and arterial carbon dioxide retention. F
· Which of the following statements regarding the physical examination for patients with acute respiratory failure are true or false?

· Central nervous examination is important. T
· Breath sounds are commonly diminished. F
· Supraclavicular and intercostal space muscle retractions do not correlate with increased work of breathing. F
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