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in these days when physicians and their patients are often “frequent fliers,” I felt that it would 
be helpful to our readers to be well-informed about various health-related aspects of airline 
travel. Dr. Gong has contributed a very informative, readable summary of current knowledge 
that should help you considerably in dealing with flying by you and your patients.-Burton 
Zweiman, MD, Editor. 

Air travel and patients with pulmonary and 
allergic conditions 

Henry Gong, Jr., MD Los Angeles, Calif 

Hundreds of millions of passengers fly each year 
aboard commercial aircraft throughout the world. Air 
transportation offers an efficient, safe, and, in many 
instances, necessary form of travel for individuals of 
all ages and health status. In fact, patients with diverse 
medical conditions now have the opportunity for in- 
creased mobility and travel, whether for business, 
pleasure, or health reasons. Recent advances in clin- 
ical assessment, drug therapy, oxygen supplementa- 
tion, and rehabilitation programs have stimulated an 
interest in air travel by patients and in its health effects 
by physicians.’ During the past decade, new infor- 
mation has been generated about commercial air 
travel, that is, the environmental characteristics, phys- 
iologic and medical effects, preflight evaluation, and 
in-flight therapy, particularly in relation to patients 
with chronic respiratory disorders. The temporary but 
unique environmental stresses presented by high- 
flying, pressurized, commercial jet aircraft and their 
management will be reviewed with special emphasis 
on patients with pulmonary and allergic conditions. 

THE AIRCRAFT ENVIRONMENT 
Physical changes 

Ascent above sea level is inherently characterized 
by two primary physical principles that will affect, to 
varying degrees, the well-being of aircraft passengers. 
Dalton’s law states that the partial pressure exerted 
by a gas in a mixture varies in direct proportion to 
its volume percent. Although the proportion of at- 
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Abbreviations used 
BP: Barometric pressure 

COPD: Chronic obstructive pulmonary disease 
FAA: Federal Aviation Administration 
PO,: Partial pressure of oxygen 

PAO,: Alveolar partial pressure of oxygen 
Paoz: Arterial partial pressure of oxygen 

Pace,: Arterial partial pressure of carbon dioxide 
pro,,: Inspired partial pressure of oxygen 

psi: Pounds per square inch 
URI: Upper respiratory infection 
ppm: Part per million 

mospheric oxygen remains 21% to approximately 
295,000 feet (56 miles or 90 km) above sea level, the 
exponential reduction of total BP during ascent results 
in a significant decrease in the PO*, even at moderate 
altitude, such as found aboard pressurized aircraft 
(Table I). For example, atmospheric POZ is 159 mm 
Hg at sea level (total BP, 760 mm Hg) and decreases 
to 118 mm Hg at 8000 feet (BP, 564 mm Hg) and 80 
mm Hg at 18,000 feet (BP, 380 mm Hg). Physiolog- 
ically, the oxygen available in the airways is further 
decreased because of saturation of the dry atmospheric 
air with water vapor (47 mm Hg) and can be calculated 
as inspiredPO,(PIO,) = 0.21 X(BP - 47). Theal- 
veolar PO, (PAo~) is calculated from the alveolar air 
equation (PAo, = PIO, - PacoJR, where R = the 
respiratory exchange ratio, which is assumed to be 
0.8) and determines plasma PO, and the amount of 
oxygen saturation of hemoglobin. The calculated PAO* 
usually underestimates the actual PAO* in healthy in- 
dividuals at altitude because of acute hyperventilation, 
which serves to increase the PO,. The resulting Pao, 
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TABLE I. Effects of changes in cabin altitude pressurization aboard commercial aircraft 
- __._ 

Cabin altitude BP Approximate PO, Relative gas 
-- -..-. ._-. . . 

(tw x IO3 (m) x lo3 mm Hg psi Cabin Inspired Alveolar Arterial+ Volume Density 

0 0 760 14.7 1.59 149 103 OX 1 0 :i 
(sea level) 

2 0.61 707 13.6 148 138 94 (Al .! 0 ’ i) 

4 1.22 656 12.6 137 128 85 x0 : I 0 1, 

5 1.52 632 12.2 132 122 81 66 I 2 o.r( 

6 1.83 609 11.8 127 117 77 64 I : 1) x 
8 2.44 564 10.9 118 I08 69 60 I .4 z(\ ’ 

l@t 3.05 523 10.1 I09 I 00 61 53 I.5 Ii. 7 
--_. _-...-_ 

*Values in healthy young adults. 
Kabin altitude may occasionally approach 10,000 feet for brief periods when the flight altitude is increased to avoid turbulcncc or .tdvcrbe 

weather. 

is modestly lower because of small physiologic shunts. 
Thus, the cascade of oxygen transfer from the at- 
mosphere to the arterial blood at altitude will un- 
avoidably result in hypoxemia during altitude ascent. 

Boyle’s law states that the volume of a gas varies 
inversely with the surrounding pressure at constant 
temperature. Thus, gas increases in volume and de- 
creases in density during altitude ascent (Table I). For 
example, enclosed gas of 1 L at sea level will expand 
to 1.4 L (40% increase) at 8000 feet and to 2 L (100% 
increase) at approximately 15,000 feet. In contrast, 
gas density will decrease to approximately 70% of the 
sea-level value at 8000 feet and 50% at 20,000 feet. 
The reduced gas density decreases the resistance to 
turbulent air flow (which varies with the square of the 
flow velocity), although any decrease in the work of 
breathing may only be barely noticeable, even to pa- 
tients with airway obstruction at the moderate altitudes 
present in pressurized aircraft cabins. 

Aircraft pressurization 

The cruising flight altitude of modem commercial 
aircraft ranges between 30,000 to 45,000 feet. The 
physical changes at these altitudes are offset to a con- 
siderable extent by multistage engine compressors that 
draw external air into the cabin. During flight, the 
environmental control unit of the aircraft extracts a 
portion of the compressed air and then conditions it 
for heating, cooling, and ventilation requirements be- 
fore delivery into the cabin. An automatic pressure- 
control system establishes the cabin pressure as a func- 
tion of altitude by regulating the outflow of cabin air 
by valves and maintaining a pressure differential (typ- 
ically 8.6 psi) between the cabin and outside envi- 
ronment.‘. 3 For example, assuming a flight altitude 
of 40,000 feet (atmospheric pounds per square inch, 
2.7), the cabin compressor adds another 8.6 psi, re- 

sulting in 11.3 psi, which is equivalent to an altitude 
of 7000 feet. Thus, the pressurized cabin significantly 
minimizes problems related to reduced PO, and ex- 
pansion of gases and facilitates a comfortable and 
physiologically safe environment for the passengers 
who do not need supplemental oxygen. Cabin pres- 
surization to sea level is not considered necessary for 
the flying public and, would increase requirements for 
aircraft structural integrity. fuel consumption, and fi- 
nancial costs. Pressurization to sea level is usually not 
maintained once the subsonic aircraft exceeds 22,500 
feet. In practice, pressurization increases linearly with 
(but slower than) actual altitude to the maximum dif- 
ferential pressure of the aircraft. Thereafter, cabin al- 
titude increases at the same rate as flight altitude. In 
general, the median cabin altitude is approximately 
6000 feet on both domestic and transcontinental com- 
mercial jet aircraft, although there is a wide range 
between different types of aircraft at the same flight 
altitude and in the same aircraft during portions of its 
flight profile.’ A trend for newer, fuel-efficient jet 
aircraft to be flying at higher altitudes (the FAA cer- 
tifies planes to a maximum flight altitude of 46,000 
feet) and the use of more recirculated cabin air than 
older generation planes will expose passengers to 
greater cabin altitudes, hypoxia, and air contaminants. 
A notable exception is the supersonic Concorde. 
which has a cruising altitude of 60.000 feet but a cabin 
pressurization equivalent to 6000 feet because of its 
relatively high differential pressure ( 10.7 psi ) .‘* 

Cabin air quality 

The confined environment of the passenger com- 
partment of commercial aircraft has not been system- 
atically studied.5 Experts disagree about the adequacy 
of cabin air quality during normal operation, in part 
because of the variation of environmental control sys- 
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terns among different models of aircraft and the lack 
of relevant monitoring data. The cabin air is derived 
primarily from compressor-delivered and recirculated 
air. The distribution of air within the cabin is not 
homogeneous.5. 6 The ventilation rate per occupant in 
the first-class and business sections may be two to 
three times higher than in the economy or coach sec- 
tion. The percentage of occupied seats on a given 
aircraft (load factor) directly affects ventilation, since 
the ventilation system is relatively limited. The ven- 
tilation rate on low-load flights is much higher than 
when the aircraft is full, although oxygen require- 
ments and removal of carbon dioxide are not signif- 
icantly affected by even the lowest ventilation rates 
on aircraft. 

Potentially important pollutants within the cabin 
environment include tobacco smoke, ozone, biologic 
aerosols, relative humidity, and volatile chemicals. 
Tobacco smoke was, until recently (1990), a signifi- 
cant source of passively inhaled gases (including car- 
bon monoxide) and particulates on flights within the 
United States.5. 6 However, tobacco smoke remains a 
potentially important health issue aboard interconti- 
nental flights and foreign-based aircraft. Total envi- 
ronmental separation of the air from smoking and 
nonsmoking sections is not possible, especially with 
recirculation systems. For example, air-nicotine levels 
in nonsmoking areas adjacent to smoking sections may 
be at least as high as similar indoor areas frequented 
by smokers.6 

Aircraft may encounter both stratospheric and tro- 
pospheric ozone that is maximal during spring and 
with increasing latitude. Although the high heat of 
compression of the Concorde is sufficiently high to 
destroy nearly all the ozone during supersonic flight,4 
the temperature in engine compressors of other com- 
mercial jet aircraft may be inadequate to substantially 
reduce incoming free ozone unless catalytic converters 
(optional on certain aircraft) are also used.’ Ozone 
within the cabin may occasionally reach levels >0.8 
ppm for several minutes, although the FAA has stated 
that cabin ozone concentration must not exceed 0.25 
ppm (at equivalent sea-level pressure) at any time 
above 32,000 feet or 0.1 ppm during any 3-hour in- 
terval above 27,000 feet. 

Potential biologic contaminants are viruses, bacte- 
ria, actinomycetes, fungal spores and hyphae, arthro- 
pod fragments and droppings, and animal and human 
dander. Outside air contains rare biologic particles 
during cruising altitudes, and this source is not a risk 
to passengers except possibly on the ground. Fungi 
and actinomycetes may tolerate repeated wet-dry cy- 
cles and temperature extremes within ventilation sys- 
tems. Arthropod products and other nonliving anti- 

gens in contaminated areas also may exist in unknown 
amounts. However, significant or frequent onboard in- 
fections or hypersensitivity reactions from these 
agents have not been reported. In contrast, certain bac- 
teria or viruses may constitute a definite health risk 
from aerosolization (by coughing or sneezing passen- 
gers) or inoculation by direct contact with other pas- 
sengers or fomites.’ Only a small proportion of in- 
fected passengers is known to airlines before travel.’ 
The risk of the spread of disease from the larger, un- 
known group of individuals is potentially significant. 
The risk is further increased when cabin air is recir- 
culated for more than 30 minutes, such as when the 
occupied plane remains on the ground. Tuberculosis 
may be extremely contagious under such conditions. 
An unusual epidemic of influenza occurred aboard one 
crowded plane grounded for 4 hours and without fresh 
outside air ventilation.’ There is no evidence that the 
human immunodeficiency virus can be transmitted 
through the air or by casual human contact. ‘” 

In most aircraft, fresh air is brought in from outside 
through the engines, cooled, and delivered to the cabin 
without humidification. At room temperature, the 
cabin humidity is usually 10% to 20%.5 The low rel- 
ative humidity may decrease the survival of bacteria 
and house dust mites (Dermatophagoides)” but not 
necessarily viral viability. Low relative humidity may 
facilitate bronchoconstriction in some individuals with 
asthma and drying of respiratory secretions in patients 
with chronic bronchitis, bronchiectasis, or tracheos- 
tomy. Disinfectants and cleaning chemicals used on 
aircraft can also be a source of health problems for 
some passengers, although no data are available re- 
garding their concentrations in cabins during opera- 
tion. The best cabin-air quality would be achieved 
with fresh-air ventilation of the entire cabin’ 6 and 
filtering of any recirculated air. However, the effi- 
ciency of ventilation filters is unknown. 

PASSENGER RESPONSES 

Healthy individuals easily tolerate the acute altitude 
changes aboard pressurized aircraft. I2 The hypobaric 
hypoxia at a cabin altitude of 5000 to 8000 feet usually 
results in a Pao, ranging from 55 to 70 mm Hg at 
restI (Table I). Hyperventilation is the first response 
of the body to acute hypoxia and is initiated when the 
Paoz falls below 60 mm Hg, although there is sub- 
stantial individual variability. The alveolar-arterial 
oxygen gradient usually narrows with hypoxia. Other 
acute physiologic responses are tachycardia, increased 
cardiac output with preferential redistribution to the 
heart and brain, and hypoxia-induced pulmonary va- 
soconstriction. 

Patients with preexisting abnormal gas exchange 
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may have decreases in resting Pao, to as low as 
30 to 40 mm Hg at the same moderate altitudes. “-” 
The decrease in oxygenation is a function of (1) un- 
derlying pathophysjo~og~~ disturbances in the lungs 
(i.e., ventiIation”perfus~on mismatching, right-to-left 
shunting, and mixed venous PO,), which determine 
ground-level and altitude Pao,, and (2) the final cabin 
altitude reached, which determines the maximum 
available oxygen in the air. In addition, patients with 
pu~rn~na~ conditions, such as COPD or neuromus- 
cular disorders, may not be able to hyperventilate 
because of mechanical Iimitations and/or diminished 
hypoxic ventilator drive. Thus, their arterial oxy- 
genatiun will worsen. Other h~oxia-promoting fac- 
tors may hinder adequate ventilation or tissue oxy- 
genation, such as worsening of preexisting pulmonary 
hype~ension, anemia, ~~boxyhemogIobinem~a (from 
pre~igbt smoking or on-board smoke exposure during 
intercontinental flights), exercise, sleep. sedatives, 
alcohol, and fatty foods (which increase carbon diox- 
ide productions . ” Subjectively, many patients with 
chronic hypoxic lung disease app~eur~y toferate the 
altitude-induced hypoxia without supplemental oxy- 
gen, as long as they remain at rest. Some patients 
may sense easier work of breathing with the iess dense 
air. However, this small advantage is largely negated 
by the significant decrease in atmospheric oxygen, 
Even tight exercise (such as arm movements or walk- 
ing in the aisle) wilf s~gni~~anr~y increase oxygen 
requirements and produce limiting dyspnea, fatigue, 
and light-headedness or dizziness. Asymptomatic car- 
diac arrhythmias may also occur at rest during acute 
hypoxemia. ls Altitude tolerance may be pa~~cularly 
poor in patients with borderline hypercapnia, cere- 
brovascular and/or cardiac disorders, or anemia while 
they are at sea level. Patients with stable asthma gen- 
erally tolerate the moderate cabin hypoxia as Iong as 
adequate bronchodilator therapy (with or without cor- 
ticosteroids) is used. 

The expansion of unven~d or entrap~d gases with 
altitude ascent may worsen ventilation and gas ex- 
change in patients with lung bullae or blebs. ” Poorly 
communicating air units or mucus plugging may pre- 
dispose the patient to expanding spa~e”o~~upy~ng but- 
lae and, with coughing, to pulmonary barotrauma, 
resulting in free mediastinal air or pneumothorax. The 
tatter can have serious or fatal sequelae should a ten- 
sion pneumothorax devebp during flight. Sign~~cant 
abdominal distension from expansion of air in the 
intestinal tract may also restrict lung expansion. Pneu- 
matic devices such as cuffed endotrachea~ tubes are 
susceptible to pressure changes. 

The aircraft usually changes at 500 ftlmin during 
ascent and 300 ftlmin during descent to minimize 

rapid pressure alterations. ‘: However. these trar:~itron;ti 
changes in BP frequently affect air-containing pea- 
nasal sinuses or the middle ear in many ~;LKXYI~W. 
regardiess of pulmonary status.“‘.” A~eri: i ~p::n& 
the intraluminal gas within these rigid-wallci! (:;I\ Itlc>. 
and the relative positive pressurc leads tt~ 2-h ;nptc~- 
atic venting of the gas through sinus 04tid (1: ~:UYI;I- 
chian tube and equalization of pressure bt-tvvc:ri :hc 
cavity and the surrounding atmosphere. t6.r~ uc’tnjn 
of the venting passages may be related IO VKI. 01 
allergic rhinitis (accompanied by local tntlarnmatiorr. 
edema, or mucus). or structural defects. IIur~n~ &- 
scent, gas exit is blocked by the relative tlt:gative 
pressure within the cavities and the physic:11 obstruc- 
tion, resulting in a pressure differential of loi) lo 200 
mm Hg between the middle car und ear canal at hea 
fevcf. Symptoms are decreased hearing. WI tullnes\. 
and/or progressive pain. ‘The passive opening of the 
nasopharyngeal portion of the eustachian ruhe i which 
functions as a one-way flutter valve) must bc t,pened 
to equafize the pressure between the midtllc ear and 
the atmosphere. This may he achieved it\. d<tivzlv 
constricting the tensor palatine muscle\. I~v cu;~mpic. 
by swallowing, yawning. sucking. or moving the 
lower jaw from side to side. or by pressuri~mg (au- 
toinsufqation) the nasopharynx. that 13. _: \‘~~lsaJva 
maneuver. Topical vasoconstrictlve spray\ (:r drop\ 
(e.g., pseudoephedrine) or an oral decongestant de- 
creases mucosal ederna and facilitates the egress 01 
air. Sleeping during descent may worsen the situation. 
since swallowing is then infrequent 

~P~~E~OL~G~~ INFORMATION 

Data about the frequency and types oi’ medical 
emergencies or problems in passengers during com- 
mercial air travel are largely unavailable or inaccurate. 
since pubiished estimates or surveys are based on 
anecdotal accounts or medically unsupported reports 
from various parties.’ The follow-up or outcome ot 
passengers with in-tlight medical problems are un- 
known. It is suspected that many passengers with sig- 
nificant health problems are reluctant to repoit their 
ailments (if they are known) and do not alert their 
physician or the airtines about their health statu\. Nev- 
ertheless, recent surveys”-” ot’ in-flight emergencies 
consistently list shortness of breath. hyperventilation, 
chest pain, and neurologic or mental status changes 
as the most common symptoms. Clinically significant 
exacerbations of occult or known cardiopulmonary 
disease and unexpected cardiac-related deaths are 
protl~inent findings in recent surveys. For example. 
26# passengers (0.003%~ of 8.7 million passengers 
arriving at Los Angeles international airport during a 
&month period developed in-flight medical com- 
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plaints.” Seven passengers died in flight from fatal 
cardiac arrest (six passengers) or cerebrovascular ac- 
cident. Another 123 passengers were triaged to a local 
emergency care facility, where syncope or seizure (14 
patients), gastroenteritis (13), COPD exacerbation 
(12), and unstable angina (11) were the most fre- 
quent diagnoses. Twenty-five patients were admitted 
to the hospital, and eight were discharged with car- 
diopulmonary diagnoses and three patients with a 
cerebrovascular-related diagnosis. The hypoxemia of 
altitude can only be speculated to have been a con- 
tributing factor in these situations. The incidence of 
pulmonary embolism may be considerably underes- 
timated in passengers flying long distances in econ- 
omy class, since many do not manifest their symptoms 
until after arriva1.22 Thus, flight-related medical ill- 
nesses probably occur more frequently than reported 
or believed, although true emergencies appear to be 
rare during flight. 

Foreign carriers have equipped their aircraft with 
doctors’ kits containing relevant emergency medica- 
tions and equipment for more than a decade.23 In 1986 
the FAA required additional medical supplies (in the 
form of an enhanced medical kit) to be aboard all 
American aircraft capable of carrying 30 or more pas- 
sengers.‘4 The minimum contents of the medical kit 
are a stethoscope, sphygmomanometer, oropharyn- 
geal airways, needles and syringes, epinephrine 
(1: IOOO), nitroglycerin tablets, 50% dextrose, and in- 
jectable diphenhydramine. Any use of the kit requires 
a written explanation about the indications and cir- 
cumstances. Data25 from the first year of the regulation 
indicated that the kit was used for 362 passengers 
during 361 flights of one major commercial airline 
and predominantly for syncopelnear syncope (63 pas- 
sengers), cardiac/chest pain (34), asthma/lung dis- 
ease/ shortness of breath (22), seizures/ anxiety (17)) 
allergic reactions (lo), and hyper- or hypoglycemia 
(six). Although the true benefits of the kit (such as 
reducing mortality or flight diversions) remain to be 
determined, the required basic data collection will 
undoubtedly shed more light about the incidence and 
types of medical problems experienced aboard com- 
mercial flights as well as the efficacy of the current 
kit. One important deficiency of the kit is the lack of 
an aerosolized bronchodilator.“, *’ 

PREFLIGHT EVALUATION 

TABLE II. Relative* and absolute 
contraindications for commercial air travel 

Conditions adversely affected by hypoxia 
Active bronchospasm 
Cyanosis 
Dyspnea at rest or during exercise 
Active URI or lower respiratory infection, espe- 

cially tuberculosis 
Thrombophlebitis, pulmonary embolism 
Pulmonary hypertension, with or without car pul- 

monale 
Severe anemia (hemoglobin <7..5 gm/dl) 
Sickle cell disease 
Seizures or cerebrovascular disease 
Angina pectoris, congestive heart failure, arrhyth- 

mia, myocardial infarction (within 3 to 4 weeks) 
Inadequate lung function 

Vital capacity <50% predicted 
Maximum voluntary ventilation GO Limin 
Diffusing capacity <50% predicted 
Hypercapnia (Pace? >50 mm Hg) 
Hypoxemia (Pao> <55 mm Hg) on room air 

Conditions adversely affected by pressure changes 
Noncommunicating blebs or bullae 
Pneumothorax or pneumomediastinumt 
Thoracic surgery (within 3 weeks) 
Otitis media, sinusitis, recent middle ear surgery 

*Most conditions are relative contraindications since they may be 
partially improved or corrected by supplemental oxygen, med- 
ications, or time for healing or rehabilitation. 

tAbsolute contraindication. 

ment of the advising physician. The latter factor re- 
mains essential but can now be supplemented with 
objective, physiologic assessment. Unfortunately, 
clinical stability and unremarkable or borderline test 
results on the ground may be relatively unreliable and 
poorly predictive of what can occur during acute ex- 
posure to moderate altitude. Patients with unremark- 
able previous flights may have occult cardiac arrhyth- 
mias and borderline tolerance to hypoxia, mobility, 
and other stresses of flight. Relative and absolute con- 
traindications to air travel are summarized in Table 
II. Chest radiographs may indicate chronic changes 
of hyperinflation or interstitial fibrosis as well as lung 
bullae or blebs (and, occasionally, a pneumothorax), 
which would alert the physician that the patient has 
increased risk for altitude-related hypoxemia and/or 

Physicians and other health-care providers may be barotrauma. Pulmonary-function results are also im- 
asked by concerned patients and airlines about an in- portant preflight indicators of in-flight tolerance (Table 
dividual’s tolerance and safety for air travel. Until II). 
recently, preflight evaluation was based largely on the The Pao, at ground level (measured as close as 
patient’s previous flight history, clinical stability, re- practically possible before flight) is probably the best 
sults of routine laboratory tests, and the clinical judg- predictor of altitude tolerance because hypoxia is the 
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most clinically relevlant and frequent stress for pa- 
tients with pulmonary disease at altitude.‘- ” An al- 
titude Pao, of 25.5 mm Hg is generally considered a 
reasonably safe threshold level (with an oxygen sat- 
uration >85% to 90%), although oxygenation may 
decrease further with modest exercise. The arterial 
oxygenation of patients with stable, normocapni~ 
COPD at moderate altitudes has been evaluated with 
hypoxic gas mixtures, hypobaric simulation. and ac- 
tual air flight.“-” The altitude Paol before flight may 
be reasonably predicted in patients with COPD 
up to 10,000 feet according to the regression 
equation” altitude Pao2 = 22.8 - 274x + 0.68y, 
where x = altitude in thousands of feet and y = sea- 
level Pao,. The use of FEV, (as percent predicted) 
may enhance the prediction accuracy of the inflight 
Paoz at 8000 feet in patients with COPD”: Pao? at 
8000 ft = 0.45~ + 0.78 (% FEV,) + 2.44. 

These regression equations are helpful to predict 
the oxygenation status of patients with COPD and the 
possible need for supplementai oxygen at altitude. 
Another objective, more comprehensive preflight 
evaluation, is a hypoxia-altitude simulation test’” that 
has the patient breathing hypoxic gas mixtures equiv- 
alent to the atmospheric oxygen at 8ooO feet (i.e., the 
“worst-case” cabin pressurization, excluding acciden- 
tal acute decompression) or other cabin altitude. Thus, 
17.1% and 15.1% oxygen are equivalent to the at- 
mospheric oxygen available at 5000 and 8000 feet. 
respectively. This type of testing can be performed in 
conjunction with pulse oximetry (or arterial catheter- 
ization) and electrocardiographic monitoring in many 
pulmona~-function laboratories and can directly as- 
sess the patient’s symptomatic responses. tolerance to 
exercise, amount of supplemental oxygen required, 
and the effects of controlled hypoxia on concomitant 
hematologic , cardiac, and neurologic disorders. These 
data are not provided by the prediction of altitude Paoz 
alone. 

PREFLIGHT PREPARATIONS 

Patients who are found to be able to fly safely 
aboard commercial aircraft may or may not require 
certain precautions and medical assistance. For ex- 
ample, patients should be advised to carry onboard 
all prescribed medications for uninterrupted and/or as 
needed use. Patients with respiratory problems should 
always carry their bronchodilator(s), corticosteroids, 
nonsedating antihistamines, antibiotics, and other 
medications. A supply of decongestants is highly rec- 
ommended for passengers recovering from an URI or 
who have chronic sinus or ear disorders. Deconges- 
tants should be taken 15 minutes before descent. In 
all cases the patient must have an adequate supply of 
medications during the entire travel itinerary. Patients 

found to be medically unstable or inappropnatc IOI 
commercial air travel can still bc fawn on LLI~ XI 
ambulance. 

In-flight supplemental oxygen is probably the most 
important provision that requires advance planning 
and which can ensure a safe flight for hypowmic 
patients.!‘. ” On-board oxygen must be \iippl~cd by 
the airlines. which must bc alerted to thi4 additional 
service at least 48 hours before departure. The ph\- 
sician may be contacted by the airline for an oxygen 
prescription as well as a verbal or written rncdical 
clearance. Personal oxygen units cannc)t IX il\<d OIL- 
board by patients and, if these arc transported. rnu\t 
be essentially emptied and checked in a\ haggapc’. 
Oxygen is not supplied for continuous or intermittent 
use (except for emergencies) by al1 airline5 ‘l‘hi> :I\- 
pect has been frustrating ior many patient\ and their 
healthcare advocates, since the aIrlines arc not :c- 
quired to electively provide oxygen and \incc carricl 
policies differ widely regarding their capabilrty to pro- 
vide oxygen. When oxygen is \upplicd. iI :s usualI> 
delivered at 2 or 4 Limin by mask from osypcn cyl- 
inders. Different flow rates must he arranged In ad- 
vance but are not available on all airlines. 1 hz patient 
should also be aware that oxygen may be needed a~ 
stopover points and at the final destination ‘I’hc\r: 
arrangements are not the responsibility of the c:irrier\. 
Thus, the oxygen-dependent patient should probahl! 
arrange oxygen supplies through a national Lcrldor a> 
well as schedule direct flights as much as po\\tble. 

IIN-FLIGHT PHYSiCIAN ROLE 

Physicians who fly on commercial airlines should 
be aware of their potential role during medical emer- 
gencies. The commercial carriers rely a great deal on 
volunteer physic~ns when an in-flight medical emer. 
gency arises. since physicians are frequent fliers and 
since they offer medical assistance on 8% to 43% of 
flights. ‘9-2’ Commercial airlines and their flight crews 
in the United States arc not legally obligated to tend 
to the medical needs of the passengers. ’ ” The primary 
responsibility of the flight attendants is passenger 
safety and, if this becomes necessary. evacuation from 
the aircraft. Other services (e.g.. serving refresh- 
ments) are ancillary functions. The amount and quality 
of first aid and basic life-support training of rhe at- 
tendants varies markedly from airline to airline. Few 
airlines provide certification or retraining protocols. 
U.S. flight attendants cannot legally diagnose or ad- 
minister medications in flight.“’ Their understanding 
of supplemental oxygen systems and therapy is min- 
imal, at best. Some physicians”’ “’ have lrdvocated 
special training of selected senior flight attendants to 
the level of a basic emergency medical technician who 
can also operate automatic external detibrillators. This 
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action would be impractical and generate significant 
liability risks from the viewpoint of the airlines. 

In the United States, physicians are under no legal 
obligation to volunteer medical aid, although they may 
be in other countries (e.g., France). A federal “good 
Samaritan” law does not yet exist, and legal protection 
is unclear. However, most physicians will likely have 
a moral obligation to assist in an in-flight medical 
emergency.27 It is anticipated that professional liability 
is nil as long as the ill passenger is not billed for 
services rendered and the medical aid was of a stan- 
dard compatible with the physician’s training.27, *’ 
Legislation at the federal level is sorely needed to 
protect physicians who in good faith render emergency 
medical care during flight. 

Unlike examining or emergency rooms, the air- 
craft cabin represents a confined, noisy environ- 
ment that is isolated from routine ground-based 
services. The volunteer physician will usually en- 
counter great difficulty in performing worthwhile ste- 
thoscopic auscultation of cardiovascular sounds be- 
cause of inherent vibrations and background noise. 
Some physicians19. *‘, 25 have argued for additional 
therapeutic options, such as a diuretic, diazapem, 
morphine sulfate, P,-agonist, and automatic external 
defibrillator. However, the more medical supplies, 
equipment, and training of the flight crew, the greater 
potential for liability because the airlines would then 
be assumed to offer a higher standard of medical 
care, 28 Other practical considerations are the costs, 
maintenance, and security of the new additions. In 
the final analysis, the assisting physician will have 
several options27: (1) management of the emergency 
with available supplies and equipment and priority 
landing at the scheduled destination, (2) recommen- 
dation that the pilot descend to 22,500 feet (altitude 
at which the cabin will be at sea level) if supplemental 
oxygen is not helpful, (3) ground radio contact for 
medical consultation, and/or (4) request that the pilot 
divert the plane to the nearest airport with awaiting 
ambulance. Appropriate triage decisions in the air can 
prevent many unscheduled landings,20 thereby mini- 
mizing expense, inconvenience, and risks to the crew 
and other passengers.*. *O 
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