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Lung function in adults with cystic fibrosis at
altitude: impact on air travel

R. Fischer*, S.M. Lang**, K. Briickner*, H-X. Hoyer*, S. Meyer’,
M. Griese' and R.M. Huber*

ABSTRACT: Current guidelines for air travel state that patients with chronic respiratory diseases
are required to use oxygen if their in-flight arterial oxygen tensions (Pa,0,) drop below 6.6 kPa.
This recommendation may not be strictly applicable to cystic fibrosis patients, who may tolerate
lower Pa,0, for several hours without clinical symptoms.

Lung function, symptoms, blood gas levels and signs of pulmonary hypertension were studied
in 36 cystic fibrosis patients at altitudes of 530 m and, after 7 h, 2,650 m. A hypoxia inhalation test
(inspiratory oxygen fraction 0.15) was performed at low altitude in order to predict high-altitude
hypoxaemia.

Median Pa,0, dropped from 9.8 kPa at low altitude to 7.0 kPa at high altitude. Mild exercise at a
workload of 30 W further decreased Pa,0,. Two-thirds of all patients exhibited Pa,0, of <6.6 kPa
during exercise and, except for one patient, were asymptomatic. Patients were significantly less
obstructed at an altitude of 2,650 m. Low forced expiratory volume in one second at baseline was
associated with a low Pa,0, at altitude.

It is concluded that cystic fibrosis patients with baseline arterial oxygen tensions of >8.0 kPa
safely tolerate an altitude of 2,650 m for several hours under resting conditions. The risk
assessment of low in-flight oxygenation should encompass the whole clinical situation of cystic
fibrosis patients, with special attention being paid to the presence of severe airway obstruction.
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ccording to US federal regulations, pas-
A senger cabins of commercial aircraft at

cruising altitude are pressurised equiva-
lent to an altitude not exceeding 2,438 m
(8,000 ft) [1]. During domestic and international
flights, considerable variations in cabin pressure
can be found, equivalent to an altitude range of
0-2,717 m [2]. Breathing air at a pressure equiva-
lent to an altitude of 2,438 m is equivalent to
a reduction in oxygen concentration to 15.1%.
Although healthy subjects can undoubtedly tole-
rate this condition, it may cause severe hypox-
aemia in patients with pulmonary disease.

The significantly prolonged life expectancy and
much improved quality of life in adult patients
with cystic fibrosis (CF) enable these patients
to participate in every aspect of modern life,
including air tourism. Today, even patients with
advanced lung disease travel to remote holiday
or rehabilitation locations, with a maximum time
of up to 18 h spent on long international flights.
The treating physicians are increasingly fre-
quently confronted with the question as to whether
an individual CF patient meets the requirements of
these long-haul flights.
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The current guidelines of the American Thoracic
Society (ATS) and British Thoracic Society (BTS)
recommend that an arterial oxygen tension
(Pa,0,) of >6.6 kPa (>50 mmHg) be maintained
during flight in patients with obstructive lung
disease [3, 4]. For all patients with a sea-level
arterial oxygen saturation (Sa,0,) of <92% or Pa,0,
of <9.30 kPa (<70 mmHg), additional oxygen is
recommended during flight. However, as stated
in these guidelines, the value of 6.6 kPa “appears
purely arbitrary with no supporting evidence”.

Owing to the current lack of sufficient data, many
CF patients are denied access to overseas
rehabilitation programmes or are required to
request costly in-flight oxygen supply [5].

The aim of the present study was to test tolerance
to low Pa0, at a high-altitude laboratory at
2,650 m in the German Alps in adult patients
with CF and address the question of whether
in-flight hypoxaemia could be predicted using a
standard pre-flight evaluation. It was assumed
that fitness to fly could be best predicted in
patients with CF with varying severity of lung
disease during exposure to high altitude for a
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duration of time simulating a long-haul flight of 7 h. In
addition, the investigations recommended by the guidelines
were carried out, including a hypoxic inhalation test with an
inspiratory oxygen fraction (FL,0,) of 0.15, in order to determine
possible pre-flight variables predicting in-flight hypoxaemia.

METHODS

Study population

Adult CF patients (n=36 (21 male)) aged 19-47 yrs (mean
30.5 yrs) participated in the present study. The diagnosis of CF
had been confirmed both clinically and genetically. All of the
patients were seen routinely every 3 months in the care
outpatient clinics for adult CF patients, at either the Clinic
for Internal Medicine or the Dr. von Hauner’s Children’s
Hospital of the University of Munich (Munich, Germany). In
the order of these visits, patients were asked to participate
in the study. Inclusion criteria were a resting Pa,0, of >8.0 kPa
(60 mmHg) or Sa0, of >88% during a stable phase of the
disease. Patients with clinically apparent cor pulmonale,
alveolar hypoventilation (arterial carbon dioxide tension
(Pa,C0O,) of >6.0 kPa), pulmonary exacerbation, acute pneumo-
thorax or other severe concomitant diseases were excluded.
The presence of diabetes or pathological glucose tolerance was
accepted. All of the present study subjects lived at altitudes of
386-758 m (median 518 m (sD 99 m)), making them a compar-
able cohort.

Study design

The present prospective observational study evaluated fitness
to fly in adult CF patients. Baseline measurements were carried
out at an altitude of 530 m (Munich) 2 weeks prior to the
measurements at an altitude of 2,650 m (Environmental Research
Station Schneefernerhaus (UFS), Zugspitze, Germany). The local
ethics committee approved the study protocol. All patients gave
written informed consent.

Laboratory tests

Baseline values were assessed during routine visits to the
specialty care outpatient clinics in Munich (530 m). Spiro-
metry, body plethysmography and transcutaneous pulse
oximetry were performed in all patients. Blood gas analyses
(from the arterialised ear lobe) were performed in 26 (72%)
patients and a hypoxia inhalation test (HIT) in 23 (64%).
During the routine visits of patients from the Dr. von Hauner’s
Children’s Hospital, blood gas analysis from the arterialised
ear lobe was not included in the quarterly follow-up. These
patients agreed to participate in the present study under the
condition that only two blood samples were drawn at altitude.
Therefore, baseline blood gas data and HIT results are absent
for these 10 patients. Owing to scheduling problems, three
patients could not be measured within 14 days after the
mountain exposure and the HIT was not performed.

Lung function tests, including spirometry and body plethys-
mography, were performed according to ATS criteria using
the Jaeger MasterLab (Viasys Healthcare, Inc.,, Hochberg,
Germany) by trained technicians [6]. Pulmonary function test
results (except for airway resistance) were expressed as a
percentage of the predicted value: forced expiratory volume in
one second (FEV1), forced vital capacity (FVC), maximal
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expiratory flow when 25% of the FVC remains to be exhaled
(MEF25), maximal expiratory flow when 75% of the FVC
remains to be exhaled (MEF75), Tiffeneau index (FEV1/FVC),
airway resistance, residual volume (RV), total lung capacity
(TLC), and intrathoracic gas volume (ITGV) [7]. Sa,0, was
measured using a standard transcutaneous pulse oximeter
with the patient breathing quietly at rest for >2 min. Doppler
echocardiography (SonoAce 9900; Medison, Inc., Seoul, Korea),
performed in 17 patients, detected quantifiable tricuspid valve
regurgitation in order to estimate right ventricular peak
systolic pressure in 12 patients [8].

The high-altitude values were obtained at UFS, located 300 m
below the top of Germany’s highest mountain, Zugspitze,
at 2,650 m above sea level. When the patients agreed to
participate, the date of the study day was arranged between
days 12 and 14 after the baseline measurements. The research
station is equipped with a standard lung function laboratory,
including facilities for spirometry and body plethysmography
(MasterLab), pulse oximetry, exercise testing using a cycle
ergometer and blood gas analysis (ABL5; Radiometer,
Copenhagen, Denmark; Oxycon alpha; Viasys Healthcare,
Inc.). The MasterLab, ABL5 and Oxycon alpha were adjusted
daily to current atmospheric pressure. For technical reasons,
exercise blood gas levels could not be analysed at high altitude
in one subject. In the subgroup of patients indicated above,
Doppler echocardiography was carried out at low altitude and
after 4 h of stay at UFS.

All patients reached Eibsee, Germany (altitude 1,008 m), the
starting point of the cogwheel railway, by car or train on the
morning of the altitude study day. The cogwheel train reached
Sonnalpin (Germany), at an altitude of 2,588 m, after 50 min.
From there, the journey was continued by cable car to UFS. All
patients stayed at the high-altitude laboratory for 7 h. The first
measurements were performed shortly after arrival at UFS and
the second measurements before departure. The time interval
between the two sets of altitude measurements was 6 h.
Exercise testing was performed with a constant workload of
30 W for 5 min before departure. Symptoms were recorded in
accordance with the Lake Louise Scoring System (LLSS) for
acute mountain sickness [9]. Level walking was allowed for no
more than 150 m, and all patients were encouraged to sit
during the stay at UFS. None of the patients slept during the
study period. For safety reasons, patients were equipped with
a portable pulse oximeter before entering the cogwheel train,
throughout the high-altitude study and until their return to the
car or train in Eibsee in the late afternoon. Sa,0, measurements
were performed hourly or when clinically indicated.

Hypoxia inhalation test
After a 2-week interval from the high-altitude study, the
patients might participate voluntarily in the HIT.

The patients breathed a gas mixture consisting of 15% oxygen
and 85% nitrogen at rest from a reservoir balloon with a
volume of 10 L for 15 min. The gas mixture was given via a
non-rebreathing valve with a tight-fitting commercial continu-
ous positive airway pressure nose mask. Sa,0, was monitored
throughout the hypoxic challenge. Blood was drawn from the
arterialised ear lobe before and during the last minute of the
test.
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Data analysis

It was planned to investigate >30 patients in the present
study, in order to allow for a sufficient range of lung disease
severity and analyse possible predictive variables. The power
of the present study to detect changes in blood gas levels was
1.0 due to the large differences between low and high altitude
and between the results of the HIT. The study was not
designed to detect changes in lung function parameters.

Data are expressed as median and range. The Wilcoxon
signed-rank test with exact statistics was used to compare
baseline and high-altitude values. Spearman’s rank correlation
coefficient was used to describe the relationship between
baseline and high-altitude values or HIT results. Receiver-
operating characteristic (ROC) curves, with sensitivity plotted
against false positive rate (1-specificity), were used to compare
the power of different baseline values to predict a Pa,O, at an
altitude of <6.6 kPa (<50 mmHg) at rest and during moderate
exercise: the greater the predictive power the larger the area
under the curve. In order to avoid a large number of false
positive results, with the ensuing decrease in sensitivity, the
cut-off values of baseline parameters resulting in a sensitivity
of >75% and a specificity of >85% were listed [10]. A p-value
of <0.05 was regarded as significant.

RESULTS

Lung function at baseline

Twenty patients were classified as having pulmonary disease
of mild severity (FEV1 >70% pred) and 11 patients had an
FEV1 of <50% pred at baseline. Eight patients showed a
baseline Pa0, of <9.3 kPa (<70 mmHg); the FEV1 of these
patients ranged 27-90% pred.

When patients were stratified according to the BTS guidelines
regarding fitness to fly, 16 patients were classified as not
requiring in-flight oxygen (52,0, >95%), four should undergo
pre-flight hypoxic challenge (Sa,0, 92-95%; FEV1 <50%) and
five would have required oxygen during the altitude exposure
(52,0, <92%).

Symptoms at high altitude

All patients found the sojourn at the high-altitude laboratory to
be comfortable and pleasant. The median+sp LLSS was
1.0£0.78 at the end of the high-altitude stay (LLSS of 0 in 17
patients, 1 in 14 and 2 in 4, with a maximum possible LLSS of
15). The patient with the lowest PaO, reported dizziness
during exercise testing (LLSS 3). None of the patients experi-
enced clinically relevant dyspnoea or cardiac palpitations.

Lung function at high altitude

Compared to baseline (table 1) and in contrast to previous
studies [11, 12], a significant decrease in bronchial obstruction,
measured using both forced spirometry and body plethysmo-
graphy, was found together with an increase in TLC and ITGV
at high altitude. RV increased by >17%, but this change did
not reach significance. During the stay at high altitude, no
further significant change in lung function was observed.

Blood gas levels at high altitude

Pa,0, was significantly reduced at high altitude, with a slight
decrease in Pa,CO, (table 1). Sa,0, dropped markedly and pulse
rate increased. Mild exercise at 30 W induced a further drop in
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17-\:]JH=E W Respiratory parameters at baseline” and after 1 h
at an altitude of 2,650 m

Baseline 2,650 m p-value
FEV1 % pred 66 (26-107) 69 (30-115) <0.001
FVC % pred 85 (51-108) 88 (47-119) 0.02
Tiffeneau index' 65.7 (34.0-89.0) 68.0 (44.0-86.0) 0.001
PEF % pred 72 (24-112) 88 (42-132) <0.001
MEF25 % pred 19 (0-75) 28 (8-76) <0.001
Raw kPa-s™-L™" 0.4 (0.1-1.1) 0.32 (0.16-1.10) 0.009
ITGV % pred 117 (63-196) 132 (70-194) <0.001
TLC % pred 105 (66-131) 109 (66-142) 0.032
RV % pred 152 (79-286) 188 (68-341) 0.14
Pa,0, kPa 9.8 (8.0-13.0) 7.0 (6.3-10.5) <0.001
Pa,co, kPa 5.1 (4.4-6.0) 4.7 (3.7-6.0) <0.001
Sa,0, % 95 (89-99) 90 (66-98) <0.001
Pulse rate 83 (66-110) 84 (66-118) 0.059

Data are presented as median (range), unless otherwise stated. FEV1: forced
expiratory volume in one second; FVC: forced vital capacity; PEF: peak
expiratory flow; MEF25: maximal expiratory flow when 25% of the FVC remains
to be exhaled; Raw: airway resistance; ITGV: intrathoracic gas volume; TLC:
total lung capacity; RV: residual volume; Pa,0,: arterial oxygen tension; Pa,CO,:
arterial carbon dioxide tension; Sa0,: arterial oxygen saturation; % pred:
percentage of the predicted value. #: (530 m above sea level); ¥: FEV1/FVC.

Pa,0,; the lowest value measured was 4.4 kPa (33 mmHg)
(table 2). Between the first and second measurements, there
was no significant change in Pa,0, or Pa,CO,.

Immediately after arrival at altitude, 33.3% of all patients had
Pa,0, of <6.6 kPa (50 mmHg). During mild exercise at 30 W,
67.5% of patients reached values of <6.6 kPa. Four out of 20
patients with mild lung disease exhibited Pa,0, of <6.6 kPa at
the second measurement and 10 patients were below this limit
during mild exercise. In the group of patients with severe
pulmonary disease, Pa,0, was <6.6 kPa in six of 11 subjects
under resting conditions. During exercise, only one patient
retained a Pa,0, of >6.6 kPa.

Hypoxia inhalation test

With inhalation of hypoxic air (FL,0, 0.15), Pa,0, was signifi-
cantly reduced, with a concomitant fall in Pa,CO, (table 3). The

ay:\:18= 8 Blood gas levels and oxygen saturation at 2,650 m
after 7 h at rest and 5 min exercise at 30 W

Subjects n 7 h at rest 5 min exercise p-value
Pa,0, kPa 35 6.9 (5.3-9.6) 6.3 (4.4-9.2) <0.001
Pa,co, kPa 35 4.5 (2.9-5.9) 4.5 (8.5-5.9) 0.45
Sa,0, % 36 90 (80-98) 86 (56-93) <0.001

Data are presented as median (range), unless otherwise stated. For technical
reasons, one exercise measurement could not be used. Pa,0,: arterial oxygen
tension; Pa,CO,: arterial carbon dioxide tension; Sa,0,: arterial oxygen saturation.
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17:\:1B3& 8 Hypoxia inhalation test: blood gas levels and
oxygen saturation at 530 m before and after
inhalation of 15% oxygen for 15 min
Subjects n Before After p-value
Pa,0, kPa 23 9.6 (7.4-12.0) 6.9 (55-82)  <0.001
Pa,co, kPa 23 4.9 (4.1-6.0) 5.0 (3.7-5.6) 0.03
Sa,0, % 23 95 (88-98) 89 (82-94) <0.001

Data are presented as median (range), unless otherwise stated. Pa,0,: arterial
oxygen tension; Pa,CO,: arterial carbon dioxide tension; Sa,0,: arterial oxygen
saturation.

median drop in Pa,0, observed at high altitude was compar-
able to the results of the HIT (change in Pa,0, between baseline
and 2,650 m 3 kPa; change in Pa0, during HIT 2.8 kPa).
However, the correlation coefficient for these two values was
only 0.5 (p=0.018), suggesting a low predictive value of HIT
results in individual patients.

Cardiocirculatory parameters

Estimated right ventricular peak systolic pressure increased
significantly from 27.6 (21-32) mmHg at 530 m to 34.8 (12-43)
mmHg at 2,650 m (p=0.003) [13]. Pulse rate increased
moderately from baseline to altitude (p=0.06) and increased
further during mild exercise (p<0.001).

Correlations and receiver-operating characteristic curves
The correlation coefficient of baseline Pa,0, with the Pa,0, after
arrival at 2,650 m was 0.76 (p<<0.001), contrasting with the
correlation coefficient of the Pa,0, before and after the HIT
(r=0.61, p=0.002). The correlation between the difference in
Sa,0, at baseline and at 2,650 m and Sa,0, before and after
inhalation of an FLO, of 15% was 0.299 (p=0.187). No
significant correlation was found between right ventricular
peak systolic pressure and Pa0, at altitude. There was no
significant correlation between the altitude at which patients
lived and Pa,0, at altitude, either at rest or during moderate
exercise.

Baseline parameters were analysed using ROC curves to
predict Pa,0, at an altitude of <6.6 kPa at rest (table 4, fig. 1)
and during moderate exercise (table 5, fig. 2). Significant
baseline predictors were Pa0, FEV1, MEF75, MEF25, Pa0,
after hypoxic challenge and Sa,0,.

Other spirometric and body plethysmographic variables, such
as specific resistance, peak flow, FVC and maximal expiratory
flow when 50% of the FVC remains to be exhaled, all
contributed to the prediction of Pa,0, at high altitude, but did
not improve the predictive power when added to the ROC
curves.

DISCUSSION

Current recommendations for oxygen prescription for air
travel are derived from the positive effects of oxygen
supplementation on right heart function, respiratory muscle
function and survival in patients with chronic hypoxaemia
[14]. These effects rely, however, on long-term oxygen
application for >15 h-day . It is less clear what effects short
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TABLE 4

Comparison of different baseline parameters for
the prediction of an arterial oxygen tension (Pa,0,)
at altitude of <6.6 kPa at rest using
receiver-operating characteristic curves™

AUC 95% Cl Cut-off False-positive p-value
value rate %
MEF75 % pred 0.91 0.79-1.01 <31 9 0.01
FEV1 % pred 0.89 0.77-1.01 <48 9 0.01
Tiffeneau index” 089 0.76-110 <56 9 0.01
MEF25 % pred 0.84 0.70-098 <135 17 0.004
Pa,0, baseline kPa 0.86 0.71-1.00 <95 23 0.004
Sa,0, baseline % 0.85 0.71-1.00 <94 28 0.03
Pa,0, after HIT kPa 0.80 0.58-1.00 <6.8 88 0.02

The cut-off values and false-positive rates correspond to a sensitivity of >75%.
AUC: area under curve; Cl: confidence interval; MEF75: maximal expiratory flow
when 75% of the forced vital capacity (FVC) remains to be exhaled; FEV1:
forced expiratory volume in one second; MEF25: maximal expiratory flow when
25% of the FVC remains to be exhaled; Sa,0,: arterial oxygen saturation; HIT:
hypoxia inhalation test; % pred: percentage of the predicted value. *: the
greater the AUC the better the predictive value of the baseline parameter (see
fig. 1); for example, in the present population, six of 36 (sensitivity 84%) patients
with an FEV1 of <48% pred showed resting Pa,0, at altitude of <6.6 kPa,
whereas three of 36 patients (8.6%) showed Pa,0, of >6.6 kPa; '; FEV1/FVC.

episodes of hypoxaemia may have, especially in those subjects
adapted to chronic hypoxaemia. It is noteworthy that patients
with CF carry virtually no cardiovascular risk and are, on
average, younger than chronic obstructive pulmonary disease
patients.

The tolerance of adult patients with CF to hypoxic challenge
was assessed in a laboratory at sea level and during exposure
to high altitude in a mountain laboratory. This was carried

1.0

0.81

Sensitivity
o
D

o
>
1

o
o
!

0.0+ : : : : .
0.0 0.2 0.4 0.6 0.8 1.0

False-positive rate (1-specificity)

FIGURE 1. Receiver-operating characteristic curve comparing baseline arterial
oxygen tension (Pa,0,; —), baseline forced expiratory volume in one second (%
pred; ----) and the result of the hypoxia inhalation test (Pa,0, after inhalation of a gas

mixture with an inspiratory oxygen fraction of 0.15 for 15 min; — — — ) for the
prediction of mountain Pa,0, on arrival (cut-off 6.6 kPa (50 mmHg); -+ . reference
line).
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gy 1B Comparison of different baseline parameters for
the prediction of an arterial oxygen tension (Pa,0,)
at altitude of <6.6 kPa during moderate exercise
using receiver-operating characteristic curves™
AUC 95% CI Cut-off False-positive p-value
value rate %
MEF75 % pred 093 0.82-1.04 <58 8 0.001
FEV1 % pred 0.93 0.82-1.04 <67 14 0.001
MEF25 % pred 091 0.78-1.04 <19 25 0.002
Tiffeneau index” 090 0.77-1.03 <66 17 0.003
Pa,0, after HITkPa  0.85 068-1.02 <7.1 28 0.009
Pa,0, baseline kPa 0.85 0.66-1.03 <99 12 0.01
Sa,0, baseline % 0.76 0.59-0.93 <96 33 0.016

The cut-off values and false-positive rates correspond to a sensitivity of >75%.
AUC: area under curve; Cl: confidence interval; MEF75: maximal expiratory flow
when 75% of the forced vital capacity (FVC) remains to be exhaled; FEV1:
forced expiratory volume in one second; MEF25: maximal expiratory flow when
25% of the FVC remains to be exhaled; HIT: hypoxia inhalation test; Sa0,:
arterial oxygen saturation; % pred: percentage of the predicted value. *: the
greater the AUC the better the predictive value of the baseline parameter (see
fig. 2); 1: FEV1/FVC.
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False-negative rate (1-specificity)

FIGURE 2. Receiver-operating characteristic curve comparing baseline arterial
oxygen tension (Pa,0,; —), baseline forced expiratory volume in one second (%
pred; ----) and the result of the hypoxia inhalation test (Pa,0, after inhalation of a gas
mixture with an inspiratory oxygen fraction of 0.15 for 15 min; — — — ) for the
prediction of mountain Pa,0, during moderate exercise (cut-off 6.6 kPa (50 mmHg);
----: reference line).

out with the assumption that the results of an assessment
performed in a mountain laboratory simulate what happens
during flight. There is no doubt that patients on board an
aircraft tend to remain in one position for long periods of time,
that they may sleep and that the cabin atmosphere is dry.
However, for technical and financial reasons, it is not feasible
to measure lung function, blood gas levels or echocardio-
graphy during flight in a commercial aircraft. Therefore,
hypoxic challenge at low altitude, hypobaric chamber expo-
sure and exposure to high altitude are currently used to mimic
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in-flight conditions. During hypoxic challenge, patients tend
to hyperventilate in response to desaturation, which may
contribute to a false negative rate of desaturations [15].
Exposure in a hypobaric chamber provides a better simulation
of in-flight conditions; however, it is not readily available, is
not tolerated by all patients and is expensive. In addition, the
humidity of chamber air reaches 100% during the evaluation
time spent in the chamber. For both methods, the reported
exposure times were shorter than the travel time in a
commercial aircraft [11, 16-19].

Exposure to high altitude on a mountain was chosen because
measurements of lung function and blood gas levels, echo-
cardiography and exercise testing could be performed easily.
Furthermore, the stay in a mountain laboratory can be
extended for the duration of an international flight, 7 h in the
present study. In order to improve the comparability of the
present data to the in-flight situation, walking distances of
>150 m were not permitted. In addition, the subjects were
encouraged to rest in a sitting position. Although a stay at a
high-altitude laboratory is not fully comparable to a long-
distance flight, the probability of underestimation of hypoxia is
low due to the slightly higher altitude of the laboratory
(2,650 m) compared to the minimum permitted cabin pressure,
equivalent to an altitude of 2,438 m (8,000 ft) [1]. The differ-
ence in relative air humidity between aircraft and the
mountain laboratory cannot account for differences in Pa,0,,
as inspired air is always saturated to 100% and the inspired
oxygen tension of dry air is reduced by only 9.84 mmHg at all
altitudes.

Although the effects of altitude on lung function parameters
were not the main issue of the present study, it was possible to
compare both spirometric and body plethysmographic data at
low and high altitude. In accordance with previously pub-
lished results in healthy subjects, an increase in TLC, RV and
ITGV, along with an increase in expiratory flow rates, was
found [20-23]. This increase is probably due to the reduced gas
density at 2,650 m compared to baseline [22, 24].

In contrast to others, an increase in FEV1 and FVC was found
in the present subjects [11, 12, 20, 25, 26]. This could be due to
the relatively short duration of stay at high altitude, as the
typical reduction in FEV1 or FVC is seen in subjects with
exposure to severe hypoxia (Pa,0,<6.6 kPa) for more than a
few hours or with additional strenuous exercise [27].

The present results clearly indicate that the majority of CF
patients adapted to chronically impaired lung function and
hypoxia may tolerate Pa0, of <6.6 kPa (<50 mmHg) for
several hours without clinically relevant symptoms at rest.
Indeed, no patient showed any signs of cardiopulmonary
decompensation when exposed to high altitude at rest.

The criterion of resting hypoxaemia of 6.6 kPa as the lowest
tolerable limit of in-flight hypoxaemia, used in current guide-
lines (ATS and BTS), might, therefore, be inadequate, at least
for patients with CF adapted to chronic hypoxaemia [3, 4]. This
conclusion is supported by experiments in hypobaric cham-
bers. RosE ef al. [18] studied 10 CF patients in a hypobaric
chamber for 1 h at pressures equivalent to altitudes of 2,000
and 3,000 m. At 3,000 m, all but one subject exhibited
hypoxaemia below the 6.6 kPa limit. However, no subject
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experienced dyspnoea or cardiac symptoms. In another
hypobaric chamber experiment, CHRISTENSEN et al. [16] demon-
strated that mild exercise (at 30 W) resulted in Pa0, of
<6.6 kPa in 13 of 15 patients with chronic obstructive lung
disease (baseline FEV1 <50% pred; baseline Pa,0, >9.3 kPa),
again without significant symptoms. Finally the study of
NAUGHTON ef al. [17] did not report any symptoms in chronic
obstructive pulmonary disease patients with Pa,0, as low as
3.9 kPa (29 mmHg) at a simulated altitude of 2,438 m during
mild exercise.

In the present investigation, mild exercise led to pronounced
hypoxaemia in almost two-thirds of all patients. In one patient
with severe pulmonary disease, light-headedness occurred as a
sign of exercise intolerance using common criteria for exercise
limitation [28]. The patient’s baseline lung function was
characterised by bronchial air flow limitation with a very low
MEF25 (6% pred) but relatively high resting Pa,0, (9.4 kPa
(71 mmHg)), which would make them eligible for air travel
according to guidelines. However, during exercise at 2,650 m,
this patient showed the lowest Pa,0, measured in the present
study.

A synopsis of the few available data together with the data
from the present investigation highlights the arbitrary nature
of the 6.6 kPa limit [4]. Although there is substantial
uncertainty as to how to predict this value, air travel is denied
or additional in-flight oxygen supply at high cost is recom-
mended as a consequence [5].

The uncertainty as to how to predict the in-flight level of
hypoxaemia is not fully resolved by the present data.
However, the current study indicates that spirometric results
may be more relevant than pre-flight Sa0, or Pa0, as a
predictor of in-flight oxygenation. The more obstructive
patients are the more likely they are to become hypoxaemic
at higher altitude [15]. Accordingly, an FEV1 of <50% pred
was associated with significantly lower Pa,0, both at rest and
during exercise in the present CF population (p=0.002). The
present authors would therefore suggest that spirometric
results, e.g. FEV1, are included in future guidelines in order
to emphasise the role of bronchial obstruction in a hypoxic
environment.

The relatively poor predictive value of the pre-flight hypoxic
challenge compared to spirometric results could be related to
the more variable nature of Pa,0, measurements, which depend
on ventilation, lung perfusion, bronchial obstruction, trapped
air and other factors. Furthermore it is not possible to prevent a
time delay between the HIT and air travel. The only study
showing comparable results for Pa,0, after both high-altitude
exposure and hypoxic challenge performed both measure-
ments on the same day with a time interval of <3 h [17].

For these reasons, it is not always possible to accurately predict
high-altitude values on the basis of sea-level tests in a given
individual patient.

Conclusion

The hope of young adult cystic fibrosis patients to travel by air
should not be dismissed on the basis of official recommenda-
tions that were generated for a broad spectrum of lung
diseases. In cystic fibrosis patients, the risk assessment of lower
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in-flight oxygenation should not be based solely on blood gas
analysis, but should encompass the whole clinical situation of
the patient, with special attention to the degree of airway
obstruction.
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