Journal of BTHA, Volume X, 2007

Civil Aviation and Respiratory Disease
J Brian Buick

Introduction
On 17 December 1903 Orville and Wilbur Wright made the first manned, powered and sustained
flight at Kitty Hawk, North Carolina, USA. The subsequent one hundred years have seen exponential
developments in aviation. Early advances were influenced by military strategists but since the end of
the Second World War there has been unprecedented growth in commercial aviation. The
technological development that defined post-war aviation was the evolution of jet-powered aircraft.
Globally it is estimated that commercial airlines carry some 1.5 billion passengers annually and this
figure is expected to treble by the year 2015. For mil-lions of people air travel has become the normal
method of transportation for medium and long distances. Accompanying the growth in commercial
aviation is an increased public awareness of possible adverse health effects associated with flying. For
example, regarding long haul flights, the development of deep vein thrombosis and the potential
transmission of communicable disease, the aircraft being an excellent vehicle for the transmission of
infection, have been the subject of considerable typescript in both scientific literature and the popular
press.
The situation regarding patients with respiratory disease is less well recognised. Respiratory patients
have the same expectations, with respect to air travel, as their healthy peers and wish to undertake
both short and long haul journeys. However, many will be unaware that flying is not without risk
and that the pressurised cabin of a modern aircraft can represent a physiologically hostile
environment to those with lung disease. The basis of any potential danger can be explained by a
perusal of atmospheric physics and chemistry, pulmonary physiology and aircraft design.
Atmosphere and altitude
The atmosphere is a gaseous envelope extending many miles above the earth's surface. it exerts a
pressure, the atmospheric or barometric pressure, which at sea level is nominally 760 mmHg (1.0
atmos*). The gaseous composition of dry, unpolluted atmospheric air is given in TABLE 1. The
relative composition of the atmosphere is remarkably constant between sea level and an altitude of
300,000 feet.1Nitrogen and oxygen are the most abundant gases, other gases being essentially trace
elements.
TABLE 1 - COMPOSITION OF DRY UNPOLLUTED AIR BY VOLUME
Nitrogen
78.084%
Medians

1.6 ppm

Oxygen

20.946%

Krypton

114ppm

Argon

0.934%

Hydrogen

0.5 ppm

Carbon dioxide

360 ppm (variable)

Nitrous Oxide

0.3 ppm

Neon

18.18 pprn

Xenon

0.087 ppm

Helium

5.24 ppm

The relationship between altitude above sea level and atmospheric pressure is inverse, but unlike the
converse relationship between pressure and depth it is not a linear one and atmospheric pressure
changes more rapidly at lower altitudes.
The absolute barometric pressure is determined primarily by the partial pressures of oxygen and
nitro-gen. The concept of partial pressure is defined by Dalton's Law of Partial Pressures2 which states
that each gas in a mixture of gases behaves as if it alone occupied the total volume and exerts a
pressure, its partial pressure, independent of other gases present. The sum of the partial pressures of
individual gases is equal to the total pressure. Therefore the partial pressure of a gas is the product of
atmospheric pressure and gas concentration. For example, in dry air at sea level the partial pressure
of nitrogen and oxygen are: PN2 = 760 x 0.78 = 593 mmHg, P02 = 760 x 0.21 = 160 mmHg respectively.
At altitude, the fractional concentrations of constituent gases in air are the same as at sea level.
However, the atmosphere is less dense and barometric pressure is decreased with a resultant decrease
in the partial pressure exerted by each gas.

TABLE 2
illustrates the relationship between atmospheric pressure, oxygen partial pressure and altitude at
various locations. * NB: Aviators continue to use imperial units.
TABLE 2 - PRESSURE AND ALTITUDE
Location
Altitude (ft)

PB(mm Hg)

POj (mm Hg)

London

0

760

160

Mexico City

8000

570

120

La Rinconada'

16730

413

87

Mount Everest

29000

236

50

* La Rinconada, in Peru, is the highest location having permanent human habitation.
Respiration
Respiration is principally concerned with:
• Transport of O2 from the external environment into cells
• Elimination of CO2 from the body to the external environment.
Most cellular activities are oxygen-dependent. Respiration, in the broadest sense, can be defined as
the metabolic process by which molecular oxygen is utilised to oxidise organic compounds to carbon
dioxide, water and energy. Often a further distinction is applied between external respiration and
internal respiration. The latter refers to the movement of gas between systemic capillaries and
mitochondria, the cytoplasmic organelles which are responsible for the synthesis of adenosine
triphosphate and other high-energy compounds. The movement of oxygen from ambient air to the
mitochondria occurs down partial pressure gradients and is often referred to as the oxygen cascade.
Thus respiration is dependent on gas tension and not concentration.
The lung is the organ of external respiration. its primary physiological function is gas exchange: that
is, to subserve tissue respiration by facilitating the transfer of oxygen from the atmosphere to the pulmonary capillaries, with the excretion of carbon dioxide occurring in the opposite direction. Gases
cross the alveolar-capillary membrane solely by passive diffusion. Diffusion through tissues is
described by Fick's Law:3
V = [AD (P2 - P1)] t-1
Where: V = quantity of gas transferred, A = surface area, D = diffusivity constant, (P2 - P1) = partial
pressure gradient, t = membrane thickness
From an engineering viewpoint the lungs fulfil the design concept of an ideal gas exchanger having a
greatly enhanced surface area and a short diffusion pathway. Also the rate of passive diffusion of a
gas through a diffusion barrier is directly proportional to the partial pressure gradient. Clearly, for
oxygen, the partial pressure gradient between the alveolus and pulmonary capillary blood (normally
60 mmHg) is an important determinant of gas transfer. However, ambient air on its passage from the
porte d'entree, the nostrils, to the alveoli undergoes considerable modification including relative
changes in partial pressure. Inspired air on its passage through the conducting airways becomes fully
saturated with water vapour (relative humidity 100%) and is warmed to body temperature. Water
vapour at 370C has a constant pres-sure of 47 mmHg, regardless of barometric pressure. Accordingly,
the sum of the partial pressures of the inspired gases no longer equals the barometric pressure but
instead equals the barometric pressure minus the water vapour pressure. Thus the tracheal partial
pressure of oxygen (Pt O2) on inspiration can be calculated:
Pt O2 = (PB - 47) x 0.21 = 150 mm Hg
However, in the transition from tracheal gas to alv-olar gas the partial pressure of oxygen is further
reduced, primarily because of oxygen uptake, and at sea level the alveolar oxygen partial pressure
(PA O2) is normally around 103 mm Hg. The small alveolar-arterial oxygen difference of
approximately 5 mm Hg in normal subjects causes a further decrease in arterial oxygen tension (Pa
O2). Typically, the Pa O2 of a healthy adult breathing air at sea level would be 95 mm Hg, although this
figure decreases with age.

The cabin environment
Commercial jet aircraft vary in their routine cruising altitudes from 22,000 feet to 44,000 feet above
sea level with a cruising altitude of 40,000 feet being typical. For reasons of design and economy
aircraft are unable to maintain an internal cabin pressure at that of sea level and the cabin is
pressurised. Cabin pressurisation refers to the maintenance of a "cabin altitude" lower than the actual
flight altitude. The air-handling system of a modern passenger aircraft is complex and cabin
pressurisation is normally achieved using an isobaric control system with small quantities of
compressed air being bled off the engine prior to the combustion process. it is usual to maintain an
aircraft cabin at a pressure equivalent to that at 8,000 feet, historically based on the altitude of Mexico
City. There is a degree of variation between aircraft. Smaller airlines often use unpressurised aircraft
which fly at a maximum altitude of 8,000 feet.
While the isobaric control system accomplishes ventilation and pressurisation of the passenger cabin
with few of its occupants being aware of its operation it is the pressurisation of the aircraft cabin that
is the source of potential problems for patients with chronic lung disease, wishing to fly. At an
altitude of 8000 feet barometric pressure is decreased by 25% relative to that at sea level and is
approximately 565 mmHg. Alveolar oxygen tension falls to 69 mmHg with a resultant decrease in
PaO2 to 60 mmHg in healthy individuals.
The actual time spent at this equivalent pressure will be influenced by the flight profile. Reduced
availability of oxygen may not be dangerous when sustained for short periods. On longer flights the
potentially dangerous low levels of oxygen will, clearly, be sus-tained for prolonged periods and the
risk of the patient experiencing adverse side effects will be increased.
Respiration and flight
The major features of flight that effect the lungs are: the reduction in environmental pressure, the
relative decrease in oxygen partial pressure and the accelerative forces associated with changes in
direction of flight. With regard to accelerative forces, at zero gravity the lung is expanded uniformly
in all postures and increased downward g force causes closure of alveoli towards the lung bases. This
has important implications in military aviation but is rarely of any consequence in commercial
aviation. The reduction in barometric pressure is of paramount importance in individuals who have
intrathoracic gas that does not communicate with cabin air, for example pneumothorax. The presence
of which is an absolute contra-indication to flying.
This consequence of a decrease in ambient pressure is determined by Boyle's Law and also has
implications for trapped air in other body cavities e.g. aerodontalgia consequent to dental pathology.
Boyle's Law states that the volume of a gas is inversely proportional to its pressure, temperature
remaining constant. This means that at 18,000 feet, an altitude at which the atmospheric pressure is
approximately half of that at sea level, a given volume of gas will attempt to expand to twice its initial
volume in order to achieve equilibrium with the surrounding pressure. Large poorly ventilated
emphysematous bullae may pose a particular risk as a result of gas expansion at altitude. Of greater
importance in patients with lung disease is the decrease in ambient partial pressure of oxygen. The
majority of passengers will remain unaware of these changes and tolerate the reduction in Pa O2
without experiencing symptoms of breathlessness. This is because the oxygen-haemoglobin
dissociation curve (Fig 1) is non-linear - having a sigmoidal shape, which restricts any fall in arterial
oxygen saturation (Sp O2) to approximately 10% at 8000 feet cabin altitude.
The situation for patients with lung disease may be more complex and some patients may develop
pro-found hypoxic hypoxia. Hypoxic hypoxia is caused by a decrease in PA O2 or by other conditions
that affect the diffusion of oxygen across the alveolar-capillary membrane.
This is the most common type of hypoxia encoun-tered during flight but it may be accentuated if
other forms of hypoxia, for example anaemic hypoxia, exist. Any factor making gas exchange less
efficient will lead to a widening of the alveolar-arterial oxygen gradient, which may result in the
development of hypoxaemia, that is, deficient oxygenation of the blood. This, in essence, represents
the potential dan-ger for patients with lung disease wishing to fly.

A number of respiratory patients will be hypoxaemic at rest, breathing ambient air, and the cabin
environment at altitude may worsen the degree of hypoxaemia leading to possible life-threatening
events. The onset of symptoms is often insidious. The individual may experience symptoms such as
increased breathlessness, cardiac arrhythmias, chest pain, faintness or cough, which may progress to
an outright in-flight medical emergency. A further consideration is the altitude of the final destination. An awareness of high-altitude cities with air-ports is helpful, examples of which include La
Paz, Bolivia (11,300 ft), Lhasa, Tibet (12,500 ft) and Juilaca, Peru (14,700 ft). This, of course, also has
implications for healthy travellers with respect to altitude sickness, the commonest form being acute
mountain sickness, which most often occurs following abrupt ascents to over 9,000 feet. Less common
presentations include high-altitude cerebral oedema and high-altitude pulmonary oedema.
Pre-flight evaluation
A number of investigations have been proposed in an attempt to identify passengers who may
possibly develop respiratory problems during air travel. The physiologic basis of these procedures is
the atmospheric conditions prevailing at 8,000 feet. At this altitude oxygen still accounts for 21% of
the gaseous con-tent of air but atmospheric pressure has decreased to 565 mmHg with an arterial
oxygen partial pressure of nominally 60 mmHg. in healthy individuals haemoglobin saturation is
approximately 90% at a PaO2 of 60 mmHg. These conditions are equivalent to breathing an inspired
oxygen concentration (FiO2) of 15.1% at sea level.
Clearly the "gold standard" method of simulating the cabin environment is to use an hypobaric
chamber in which ambient conditions can be accurately con-trolled. However these chambers are
large and expensive to maintain and may pose dysbaric risks to occupants and personnel.4 Few
institutions can offer this facility and therefore other means of simulating the in-flight conditions have
been proposed.
The most commonly employed method of assessment is to have the patient breathe an FiO2 of 15% termed the hypoxic challenge test. Two methods of delivering the low FiO2 are normally used. The
first originally proposed by Gong et al 5 uses a facemask and a non-rebreathing circuit to administer a
gas mixture containing 15% oxygen in nitrogen. The second method developed by Vohra and Kloche 6
utilises proprietary fixed performance oxygen masks eg Ventimask. These masks utilize the principle
of air entrainment and jet mixing to deliver a designated oxygen concentration. if nitrogen is used as
the "driven" gas, reduced inspired oxygen concentrations can be delivered. The correct choice of a
physiologically inert gas is important as gas density is a determinant of FiO2.7
More recently a sophisticated, computerized gas blending instrument which can simulate normobaric
hypoxia - Reduced Oxygen Breathing Device (ROBD2) has become available but has yet to be
validated for clinical use.8

Typically, during a hypoxic challenge, the patient is required to breathe 15% O2 for 20 minutes,
although there seems to be little empirical basis for this time. Throughout the procedure the patient's
Sp O2 is monitored using pulse oximetry and if considered appropriate, arterial blood gas analysis
and electrocardiography can also be undertaken. An arbitrary decrease in Sp O2 below 90% is
regarded as an indication for in-flight oxygen.
if a requirement for supplementary oxygen has been established, the Ventimask method can be
repeated, this time with an additional oxygen source. During the second challenge, oxygen is titrated
at increasing flow-rates to determine the rate of delivery required to correct the initial hypoxia.
Hypoxic challenge testing provides a relatively simple means of evaluating the practical risk of an
individual developing significant hypoxia on a commercial flight. Algorithms have also been
developed to allow the calculation of a predicted Pa O2 at altitude based on measured blood gas
tensions at sea level. However, a recent study has shown poor correlation between the predictive
value of algorithms and the outcome of hypoxic challenge.9
There are absolute contra-indications to flying and these are outlined in Table 3. A number of helpful
publications consider the medical management of respiratory patients wishing to fly. 10,11,12

Airlines and oxygen
There are many different approaches to the provision of supplemental oxygen among airlines. Most
scheduled services will provide oxygen though the cost varies. A few, primarily 'low-cost' operators,
will not carry passengers who require supplemental oxy-gen. A similar situation exists in relation to
chartered flights. Prices range from free provision of oxygen to exorbitant charges. With regard to
both chartered and scheduled services the situation whereby a passenger is permitted to bring
portable oxygen on board is equally multifarious.
if there is a lack of consensus among airlines regarding the provision of oxygen, there is also a lack of
uniformity regarding the medical information required by individual airlines. However, it is
advisable that patients requiring oxygen are provided with some form of documentation. Until the
complex situation concerning oxygen-dependant patients is resolved, individual patients should
communicate with their travel agent or carrier, preferably some weeks before departure, to clarify
airline policy in the provision of oxygen.
Commercial air travel is an extremely safe and convenient mode of transport. The number of patients
with lung disease at risk of developing hypoxia is small and almost certainly confined to those with
more severe disease. However, the risk should be clear to all patients - even where it is small - so that
they can take appropriate steps.
Dr J Brian Buick, Belfast City Hospital, Belfast N. Ireland.
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