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Introduction 
Human require oxygen to live. In aviation, the higher a pilot flies, the less available oxygen becomes in the atmosphere. Lack of oxygen during a flight can impair a pilot’s consciousness and passenger’s health and comfort. The lack of oxygen in the body tissues is known as Hypoxia both in the aviation and healthcare sectors. Hypoxia occurs when there is an unavailability of oxygen in the air being inhaled as well as pathological/physiological issues. The effects of hypoxia on pilots or passengers can include euphoria, fatigue, impaired decision-making, loss of consciousness, and confusion among others. Currently, Hypoxia is responsible for numerous aviation accidents some of which have resulted in loss of lives. Although the cause of hypoxia is lack of oxygen, there are different and unpredictable issues or circumstances that can lead to the condition.  The following paper aims at discussing the issue of hypoxia and how it affects pilots. Moreover, it will also discuss how it can be prevented or resolved. 
Description
According to the Flight Safety Foundation (2015) hypoxia is a condition of oxygen deficiency in the human body that is adequate to damage functions of the brain and other body organs. Hypoxia can also be described as the lack of oxygen in the blood and body tissues. Humans require oxygen to live and support critical body and brain functions. From a medical viewpoint, hemoglobin in the blood collects oxygen molecules from the lungs and transports them to body tissues. The body requires a sufficient quantity of hemoglobin combined with the sufficient oxygen saturation to enable vital human functions. 
There are different types of hypoxia with the most common being hypoxic hypoxia or altitude hypoxia. Hypoxic hypoxia involves lack of oxygen due to diminished partial density of oxygen in inhaled air. Another hypoxia is anemic hypoxia that arises the blood is unable to carry adequate oxygen around the body (Flight Safety Foundation, 2015). Anemic hypoxia can occur due to low levels of hemoglobin content in the blood mostly due to poor nourishment or carbon dioxide from drugs. Hypokinetic hypoxia is also known as stagnant hypoxia that involves loss of oxygen caused by circulatory issues like heart failure. In aviation, this type of hypoxia can occur when blood is concentrated in the lower limbs during high g maneuvers. Lastly, histoxic hypoxia arises when the body tissues cannot absorb oxygen from the blood because of certain substances such as narcotics, poisons, and alcohol. All these types of hypoxia can occur in aviation, but the most frequent and risky type is altitude hypoxia. 
Altitude Hypoxia
In aviation, normal air pressure decreases as the altitude increases; this consequently reduces the partial oxygen pressure (pO2). For the healthy individual or pilot, oxygen concentration in the hemoglobin is barely affected. According to the Flight Safety Foundation, (2015) between the surface and about 10,000 feet altitude, the air pressure reduces by 25% while the oxygen concentration in the blood reduces by only 2%. This makes minimal differences to the basic functions of the human body. However, this decrease in oxygen saturation can reduce the pilot’s night vision sensitivity. This sensitivity has been known to reduce by about 30% when a pilot reaches about 10,000 feet altitude. One of the major causes of hypoxia is that the heart tends to draw extra oxygen from the arteries to compensate for the reduced saturation in the blood at high altitudes. Therefore, any relevant reductions in the pressure of oxygen can reveal unknown or unidentified cardiovascular illnesses that may be a threat to inflight crew and passengers. Nevertheless, when pilots fly above 10,000 feet altitude, the oxygen concentration in the blood decreases rapidly at a higher rate than ambient air pressure. At 20,000 feet altitude, the oxygen concentration reduces to about 65% from 90% to 65% (O’Connor, 2016). In turn, this can significantly affect normal bodily functions with effects cumulating over time. As the altitude increases, the effects are worse.           
In some cases, the airplane cabin can rupture or loose pressure suddenly resulting in sudden occurrence of hypoxia or what is called fulminant hypoxia. This sudden hypoxia occurs anywhere in altitudes higher than 25,000 feet. In such cases, pilots lose consciousness within seconds and cannot feel anything prior to this or recall the event. However, if the loss of cabin pressure can be restored promptly, the pilot can regain consciousness in a matter of seconds (Flight Safety Foundation, 2015). Inflight crew or the pilot can also experience pain due to emergency re-pressurization or rapid descend. Acute hypoxia is a terms used to define the different short-term clinical effects of altitude hypoxia on behavior, mood, senses, and cognitive performance. Hypoxia is always considered as a huge threat because its symptoms and signs do not cause pain or discomfort. 
Nevertheless, there are ways or signs that can be used to recognize a hypoxia threat. Hypoxia can be identified through objective symptoms that are what can be seen or perceived by an observer. It can also be identified through subjective symptoms or that the pilot feels or observes. During flight, some of the objective symptoms include high rate and deepness of breathing, cyanosis, tachycardia, euphoria, anger, mental confusion, impaired muscle coordination, impaired judgment, and loss of consciousness (Pant and Ghosh, 2010). Subjective symptoms include headache, apprehension, dizziness, breathlessness, nausea, fatigue, blurred vision, numbness, tingling, hot/cold flashes, and tunnel vision. 
The stages of Hypoxia
According to O’Connor (2016), hypoxia can be categorized into four stages depending on altitude and the related physiological symptoms and performance decrements. The first stage is known as the indifferent stage that ranges between 0-5000 feet altitude. In this stage, there are no physiological or performance issues associated with hypoxia in an individual in good health. The second stage is the complementary stage that is between 5000 and 11,400 feet altitude. At this stage, the night vision sensitivity reduces by 10% at 5000 feet and by 30% at 10,000 feet (O’Connor, 2016). Furthermore, the pilot may illustrate impaired performance especially for new tasks due to diminished memory. Nevertheless, the brain is able to sustain its major performance and functions. 
The third stage is known as the partial compensatory stage, which is between 11,400 and 20,000 feet. In this stage, a radical increase in breathing is required to sustain normal cardiovascular function. Again, the brain and nervous system functioning begins to reduce. Nevertheless, there are different indicators for a particular altitude (O’Connor, 2016). Cognitive impairment is common at these altitudes and is attributed to loss of cognitive feedback and self-monitoring. Moreover, pilots can have trouble thinking normally. According to Hackworth, et al., (2003) a deficiency of self-monitoring function means that the pilot cannot recognize whether his/her actions are dangerous. When combined with slow thinking, become hazardous. For instance, a pilot can become fixated or tends to repeat actions without realizing the same action was completed a while ago. The pilot’s judgment becomes diminished and physical movements are uncoordinated (Flight Safety Foundation, 2015). 
In this condition, the pilot experiences distress concentrating or problems reading mechanisms. Additionally, imprecise and delayed communication may follow. For air control, variations in a pilot’s voice signal first warning signs that something is amiss. In 2012 a Cessna T182 was involved in a hypoxia-related accident that resulted in one fatality and the aircraft being damaged. According to the National Transportation Safety Board accident report, the pilot in a cross-country flight flew to about 14,000 feet after 11 minutes (Godlewski, 2014). After 30 minutes and about 150 miles from its landing point, controllers noticed the aircraft starting to descend. Air controllers questioned the pilot and his reply was unintelligent and distorted. The aircraft continued to descend and after 11,000 feet, the radar disappeared (Godlewski, 2014). Eventually, the plane cached in a right-wing-low altitude killing the pilot who was the only occupant. Investigations concluded that the pilot was used to using supplemental oxygen at an altitude of 12,500 feet. However, investigations revealed that during the accident none of oxygen ports in the cockpit was in use despite supplemental oxygen being available. As evidenced, the pilot experienced hypoxia since he was not using supplemental oxygen above 12,500 feet resulting in inflight loss of control (Godlewski, 2014). The pilot’s experience explains the third stage of hypoxia or the partial compensatory stage. 
These levels of altitude are the common causes of hypoxia-related accidents in aviation. A pilot can even receive instructions that they cannot complete physically or mentally. For instance, in an aviation test, a pilot was given a task in an attitude change set at 20,000 feet. The test was to count backwards from one thousand by additions of two. Within three seconds, the pilot made a huge calculation error from 990 to 888 while his writing become impaired making it illegible (Hackworth, et al., 2003). However, the pilot recovered within seconds after a supply of oxygen. 
One of the main challenges with hypoxia is that it is hard to predict at what altitude a pilot experiences behavioral and mood changes. Moreover, experiences may differ for each pilot and for different situations. Therefore, it is almost impossible for a pilot to acknowledge how his/her body will react under certain circumstances. Mood changes that are reported at these altitudes include uncontainable laughing, deep distress, aggressiveness, nervous exhaustion, and antisocial actions (Flight Safety Foundation, 2015). The pilot may even seem drunk or even fight with crewmembers (Flight Safety Foundation, 2015). Such situations can only be resolved by increasing oxygen inhalation. The end of hypoxia-related issues is often related to euphoric experiences. Such cases are rampant among military pilots who even subject themselves to hypoxia deliberately. 
Critical Stage 
This is the fourth stage of altitude hypoxia that occurs above 18,000 feet, where complete incapacitation can happen with minimal or no warning. A pilot experiences complete failure of all their senses with almost instant unconsciousness. In this situation, no stimuli within the aircraft can assist a pilot experiencing hypoxia. 
At thee altitudes, pilots have what is known as the effective performance time (EPT), which the time a pilot has to perform suitable protective or corrective actions when experiencing hypoxia in flight. The EPT of altitudes above 21,000 feet ranges from 12 seconds to 10 minutes. However, these figures vary considerably with situation under which a pilot is exposed to hypoxia. For instance when the pilot is rested, it means that they have little metabolic activity, thus reduced oxygen intake. In such a situation, a pilot has about 10 minutes while rested and supplemental oxygen has failed. For a pilot who is breathing the air due to rapid decompression, they have only 5 minutes above these attitudes when rested. When exercising, the EPT times reduce to minutes and eventually to 12 seconds in very high altitudes. For instance, unconsciousness transpires after 10 seconds in altitudes over 21,000 feet. Nevertheless, if the pilot puts a mask within 5 seconds, he/she can easily recover. 
Due to this kind of scenario, it is mandatory for all aircrafts flying above 25,000 feet to have oxygen devices or masks that can be fitted within 5 seconds. When cabin decompression occurs, wearing the mask is a critical and immediate emergency. The pilot is required to be conditioned to follow this procedure by reflex before doing anything else (Pant and Ghosh, 2010). Moreover, the decompression systems are also required to supply a gas rich in oxygen to the cockpit in case of cabin decompression. Overall, hypoxia can occur at different altitudes under various situations. Issues such as ambient temperature, duration at high altitude, physical fitness, smoking, and altitude can contribute to different scenarios of hypoxia. Due to the range of factors and unpredictable situations, hypoxia is still considered a threat in aviation. 
Prevention
Hypoxia can be prevented through various methods, but there are two basic measures in aviation. The first step involves increasing atmospheric pressure to a marginal value for oxygen concentration to be sufficient to prevent hypoxia occurrence. This is achieved by pressurizing the plane’s cabin. The second method is increasing the amount of breathable oxygen in the cabin using an oxygen device. This method requires the pilot to use an oxygen mask at certain altitudes. These preventive methods can be combined for enhanced guarantee that hypoxia is avoided. 
Cabin pressurization aims at keeping the cabin air pressure (PBc) at a value greater than the air pressure (PBz) consistent to the altitude. The inside and outside pressure difference is produced by the variance between the inbound and outbound airflows. What can be regulated is either the cabin air pressure or inside and outside pressure difference. During ascent, the plane’s cabin pressure is equivalent to the outside pressure, thus no pressurization occurs. As the ascend progresses, the pressurization system maintains a constant pressure within the cabin. In the last stage of ascend, the pressurization system works to maintain an optimal pressure difference. This means that it can decrease or increase pressure as long as a persistent pressure is maintained between the cabin and outside pressure. 
Cabin pressurization systems are effectively regulated by on-board systems making it safe for crew and passengers especially in commercial flights. However, Skybrary (2017) recommends that the crew should always counter-check these systems to ensure they are working properly. Such systems rely on technology, which can be compromised or fail at any given point. In most flights, cabin pressurization systems are effective enough to allow people to move freely within the cabin without the need for oxygen masks. Yet, flight crew including the pilot are required to adhere stringently to SOP checks on the pressurization system status (Flight Safety Foundation, 2015). This can provide crucial abnormalities before the system generates automatic warnings. In cases of emergency or decompression, the crew must follow QRH. 
Flight crew negligence can result in serious hypoxia-related accidents such as the Athens Greece 2005 accident involving a commercial flight. The accident claimed 121 lives or all the occupants after the crew lost consciousness as the plane went on autopilot (Skybrary, 2017). The Boeing 737 was serviced with its cabin pressurization set to manual, which should always be automatic.  Prior to the flight, the cabin crew failed to detect the nonstandard setting during SOP checks (Skybrary, 2017). This led to cabin pressurization system signaling warnings just after takeoff. This automatically triggered oxygen masks to deploy on passenger seats. Even after attempting to resolve the issue with flight control engineers, the pilots were unable to respond effectively illustrating hypoxia occurrence.     
Aviation regulations for commercial flights such as JAR 25 and FAR prevent hypoxia in planes by maintaining a cabin pressure of below 8000 feet in standard conditions and 15,000 feet in non-standard or emergency conditions (Flight Safety Foundation, 2015). Nevertheless, the cabin pressurization systems are redundant incases of failure. Again, supplementary oxygen is always available and essential when cabin pressurization fails. 
The second method of preventing hypoxia is supplemental oxygenation. Supplemental oxygen is supplied through devices or masks. It is used when pressurization fails or in cases where fumes or smoke is present. For the pilot, it is even more important and beneficial to use supplemental oxygen. This is often required during the final approach to prevent the nocturnal visual impairment that is experienced at 8000 feet of cabin pressure. According to FAR 121 regulations, oxygen devices should be used for altitude standardizations of 327 and 337 (Flight Safety Foundation, 2015). Moreover, it requires the use of supplemental oxygen for all pilots between flight levels of 100 and 120 as long as the flight lasts more than 30 minutes. Over the flight level of 120, the use of supplemental oxygen is strictly mandatory.  Additionally, the regulations require at supplemental oxygen be available for about 10 % of the flight passengers between flight level of 80 and 120 (Flight Safety Foundation, 2015). Flights exceeding 40,000 feet must use 100 percent supplemental oxygen combined with additional cabin pressure to prevent hypoxia. In aviation, this is known as Positive Pressure breathing (PPB).   
Pilots should be trained to understand how properly practice PPB since it requires some skill. PPB involves inverted breathing patterns when inhalation becomes easy and passive while exhalation becomes difficult and active. The best way for pilots to perform PPB is by developing mental discipline to regulate breathing (Flight Safety Foundation, 2015). This means keeping a conscious pressure on the respiratory muscles or thorax. This should be coordinated to decrease muscle tension for oxygen inhalation. Pilots should also pause when they do not achieve the anticipated lung inflation. Pilots should also breathe at decreased than normal.    
In conclusion, there is no sure way to prevent hypoxia from happening. Hypoxia involves the lack of oxygen in body tissues. In aviation, this is caused by altitude changes that reduce the amount of oxygen in the cabin especially after decompression. Hypoxia tends to cause impaired body and brain functions eventually leading to unconsciousness and death. When the body and brain fail to function normally, pilots can experience impaired vision, thinking, judgment, and motor coordination. These effects can also result to behavioral and mood alterations and end with euphoric conditions. The use of cabin pressurization and supplemental oxygen are the only preventive mechanism for hypoxia. Pilots should have proper training to enable them develop instinctive responses such as conditioning to wear masks immediately after decompression occurs. Training and awareness of hypoxia should also be conducted effectively among pilots for preventive and protective measures. Overall, no device or method has been invented of preventing hypoxia. Even the current preventive systems are subject to other conditions. This is the main reason hypoxia is still a threat today. 
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