Hypoxia and Hyperventilation
Gouge sheet

TERMINAL OBJECTIVE
Upon completion of the unit of instruction, the student will be able to describe hypoxia, hyperventilation, and positive pressure breathing (PPB), and their aeromedical implications.

HYPOXIA DEFINED

An insufficient amount of oxygen delivered at the tissue level...OR...

Not enough oxygen getting to the brain.

FACTORS  

Arterial saturation

Total oxygen-carrying capacity of arteries

Rate of delivery of oxygen to tissues

TYPES OF HYPOXIA

Hypoxic Hypoxia

Anemic Hypoxia

Stagnant Hypoxia

Histotoxic Hypoxia
Results from:   inadequate oxygenation of arterial blood

Caused by: reduced oxygen partial pressure

OXYGEN-HEMOGLOBIN DISSOCIATION CURVE

The Oxygen-hemoglobin Dissociation Curve relates the percent saturation of hemoglobin as a function of Oxygen pressure (in mm Hg)

OXYGEN-HEMOGLOBIN DISSOCIATION CURVE
ANEMIC HYPOXIA

Results from: reduced oxygen carrying capacity of the blood

Caused by Blood Loss, any of the anemias, and carbon monoxide poisoning 

STAGNANT HYPOXIA

Results From:   venous pooling encountered during acceleration maneuvers or extended periods of inactivity. 

Caused By:  circulatory malfunction
HISTOTOXIC HYPOXIA

Results From:   Inability to utilize the oxygen provided.

Caused  By:   The cellular metabolic process being poisoned (e.g. ETOH, cyanide).


ONSET TIME

Varies with time and altitude

Has many variables

Altitude is the most significant

EFFECTS OF HYPOXIA

FOUR STAGES

ALTITUDE (FT)

INDIFFERENT


          0 - 10,000

COMPENSATORY

 10,000 - 15,000 

DISTURBANCE

 15,000 - 20,000

CRITICAL


 20,000 - 23,000 


INDIFFERENT STAGE
(<10,000 FT)
No observed impairment
COMPENSATORY STAGE
(10,000 - 15,000 FT)
INCREASE IN:

   -  Pulse Rate

   -  Fatigue

   -  Irritability

   -  Headache

DECREASE IN:

   -  Judgement          

DISTURBANCE STAGE
(15,000 - 20,000 FT)
Physiologic responses are inadequate to compensate for the deficiency of oxygen 

Symptomatic Hypoxia is evident

DISTURBANCE STAGE
(15,000 - 20,000 FT)

Physical Abilities Effected

Motor control

Eye-to-hand coordination

Possible tremors or convulsions
DISTURBANCE STAGE
(15,000 - 20,000 FT)

Special Senses are Effected

Peripheral and central vision impaired

Visual acuity diminished

Touch and pain sense lost

DISTURBANCE STAGE
(15,000 - 20,000 FT)

Mental Processes Effected
Thinking is slow

Memory is faulty

Judgement is poor
DISTURBANCE STAGE
(15,000 - 20,000 FT)

Personality Traits Effected

Euphoria

Elation

Moroseness

Aggressiveness

Overconfidence
CRITICAL STAGE
>20,000 FT
Complete mental and physical incapacitation

Rapid loss of consciousness

Convulsions
* LEADS TO RESPIRATORY FAILURE  AND DEATH
TIME OF USEFUL CONSCIOUSNESS


Period of time between an individual’s deprivation of oxygen at a given altitude and onset of physical/ mental impairment which prohibits rational action
TIME OF USEFUL CONSCIOUSNESS

18,000 FT

25,000 FT

35,000 FT

50,000 FT

20 TO 30 MINUTES

3 TO 5 MINUTES

30 TO 60 SECONDS

9 TO 12 SECONDS

TIME OF USEFUL CONSCIOUSNESS

Primarily Related to Altitude

but also influenced by:

Physical activity 

Way in which hypoxia is produced

Environmental conditions prior to exposure

Individual tolerances

OXYGEN USAGE



Altitude


Requirement

10,000 - 34,000 FT


O2


ABOVE 34,000 FT


PPB


50,000 FT




LIMIT

HYPERVENTILATION

The condition in which ventilation is abnormally increased beyond metabolic needs of the body.

HYPERVENTILATION

Common causes in Aviation
Hypoxia - respiratory center stimulation via the carotid and aortic chemoreceptors.

Pressure Breathing - Reversal of breathing cycle can lead to over-breathing

Psychological Stress - Fear, anxiety, tension

HYPERVENTILATION

Two Primary Physiological Results

Hypocapnia

Alkalosis
OXYGEN-HEMOGLOBIN DISSOCIATION CURVE
HYPERVENTILATION – EFFECTS

Respiratory System

CO2 + H2O        H2CO3        H+ + HCO3-

Direction of flow is determined by pCO2
Hyperventilation causes a decrease in pCO2 (hypocapnia), therefore a decrease in H+
The result is alkalosis

HYPERVENTILATION – EFFECTS

Cardiovascular System

The hypocapnia/alkalosis causes 

peripheral vasodilation

cerebral vasoconstriction

The result is a restriction in blood flow to the brain

The Bohr Effect

Shift of the oxyhemoglobin curve to the left

restricts oxygen off-loading in the brain

HYPERVENTILATION – EFFECTS

Central Nervous System

The combined effects of the vasoconstriction and dilation and the Bohr effect cause a stagnant hypoxia to the brain.

This stagnant hypoxia can result in LOC

The alkalosis leads to neuromuscular irritability which can lead to spasms and tetany

HYPERVENTILATION - SYMPTOMS

Objective Symptoms

Increased ventilation

Muscle twitching

Pallor

Muscle Spasms

Cold clammy skin

Unconsciousness

HYPERVENTILATION – SYMPTOMS

Subjective Symptoms

Dizziness

Lightheadedness

Tingling

Numbness

Visual disturbances

Muscle Incoordination

HYPERVENTILATION vs HYPOXIA

From the aircrew’s perspective, the symptom sets are virtually identical.  

For that reason, both conditions are treated with the same procedure.

HYPERVENTILATION - TREATMENT
1) Go to 100% oxygen

2) Check oxygen equipment

3) Control breathing

4) Descend below 10,000 ft

5) Communicate

