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ABSTRACT: The present study investigated whether there are changes in nasal peak
inspiratory flow (NPIF) during hypobaric hypoxia under controlled environmental
conditions.
During operation Everest III (COMEX 997), eight subjects ascended to a simulated
altitude of 8,848 m in a hypobaric chamber. NPIF was recorded at simulated altitudes
of 0 m, 5,000 m and 8,000 m. Oral peak inspiratory and expiratory flow (OPIF,
OPEF) were also measured. Ambient air temperature and humidity were controlled.
NPIF increased by a mean¡SD of 16¡12% from sea level to 8,000 m, whereas OPIF
increased by 47¡14%. NPIF rose by 0.085¡0.03 L?s-1 per kilometre of ascent
(pv0.05), significantly less than the rise in OPIF and OPEF of 0.35¡0.10 and
0.33¡0.04 L?s-1 per kilometre (pv0.0005).
Nasal peak inspiratory flow rises with ascent to altitude. The rise in nasal peak
inspiratory flow with altitude was far less than oral peak inspiratory flow and less than
the predicted rise according to changes in air density. This suggests flow limitation at
the nose, and occurs under controlled environmental conditions, refuting the hypothesis
that nasal blockage at altitude is due to the inhalation of cold, dry air. Further work is
needed to determine if nasal blockage limits activity at altitude.
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The upper respiratory tract conditions inspired air,
and recovers heat and water during expiration [1].
At high altitude, a large amount of air needs to be
conditioned due to the increase in respiratory minute
volume associated with exposure to hypobaric hypoxia [2]. Athletes and climbers at high altitude are particularly vulnerable to heat and water losses due to the
severe environmental conditions often experienced.
There have been a number of anecdotal reports of
nasal mucosal damage in mountaineers and climbers
[3, 4], and an increase in subjective feelings of nasal
blockage and impairment of nasal muco-ciliary function on ascent to altitude has been demonstrated [5].
To objectively measure changes in nasal function at
altitude, the present authors undertook a study to
measure the changes in nasal peak inspiratory flow
(NPIF) during hypobaric hypoxia under controlled
environmental conditions.
Methods
The study took place over six weeks in a hypobaric
chamber located at COMEX Industries, Marseille,
France. Eight subjects were selected from healthy
For editorial comments see page 4.

male volunteers after physical and psychological
assessment. All subjects had previous mountaineering
exposure to high altitude. Subject demographics are
given in table 1. None were taking regular medication
or had a history of atopy, nasal surgery, trauma or
recent upper respiratory tract infection. The selection of subjects, their ascent profile and the general
schedule have been detailed elsewhere [6].
To minimize the time spent confined in the hypobaric chamber, after baseline tests at sea level, the
subjects ascended to the Vallot Observatory on Mont
Blanc at 4,350 m for a five day period of acclimatization, spending the first night en route at the
Cosmiques Hut (3,613 m). Subjects then returned to
Marseille where they spent a night before re-entering
the chamber, which was immediately depressurized to
an altitude of 4,500 m. Over the next 31 days, the
subjects ascended to the barometric equivalent of the
summit of Mount Everest (altitude 8,848 m, barometric pressure 253 mmHg). A period of recovery
at 5,000 m was included prior to exposure to altitudes
of 8,000 m and above, as would normally be adopted
during a real mountaineering ascent to such altitudes. Temperature and relative humidity in the chamber varied during the day, and with changes in the
chamber pressure, but were maintained between
18–24uC and 30–60% respectively. Air in the chamber
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Table 1. – Subject biometrics
Subject
1
2
3
4
5
6
7
8

Age yrs

Height m

Weight kg

Smoker cigs?day-1

Maximum previous altitude m

23
37
25
25
26
25
25
26

1.80
1.83
1.90
1.89
1.76
1.77
1.72
1.76

65
75.5
81
82
72.5
70
66
78

2
no
no
no
no
4
no
no

4807
8760
w6000
w6000
w6000
4100
5200
4100

was filtered of atmospheric pollutants. The study was
approved by the ethics committee of the University
of Marseille. All subjects gave their written informed
consent.
NPIF was measured at sea level and at barometric
pressures equivalent to 5,000 m and 8,000 m using
a modified fixed orifice Micro Medical Microplus
hand-held turbine spirometer (Micro Medical Ltd.,
Rochester, UK) fitted with a nasal continuous positive
airway pressure mask. Subjects placed the spirometer
to the nose, ensuring a close seal, and then inhaled
as forcibly as possible through the nose from residual volume. The greatest inspiratory flow of three
inspirations was recorded. Oral flow volume loops
were also recorded using a Micromedical Microloop
turbine spirometer. Turbine spirometers such as these
have been validated for use at low barometric pressures [7]. Each day arterial oxygen saturation was
recorded using a pulse oximeter (Hewlett Packard,
Palo Alto, CA, USA).
A number of flow measurements are missing. Subject 1 developed severe headache and focal neurological signs at an altitude of 8,000 m and his data at
this altitude is therefore not available. Oral spirometry

data is not available from subject 6 at 5,000 m due to
technical problems with the spirometer.
The overall effect of altitude on peak flow was
determined by linear modelling [8]. The model allows
multiple factors, such as differences between subjects,
to be analysed to explain the observed changes in
spirometry. Peak flows at different altitudes were then
compared by a paired t-test. Data was analysed using
Minitab Release 10 (Clecom Ltd., Birmingham, UK).
Statistical significance was assumed at pv0.05.

Results
The results are presented in table 2. NPIF increased
by a mean (95% confidence interval (CI)) of 16%
(7–25%) from sea level to 8,000 m (p=0.021), whereas
oral peak inspiratory flow (OPIF) increased by 47%
(95% CI 36–58%, p=0.001), and oral peak expiratory
flow (OPEF) by 31% (95% CI 24–38%, pv0.001)
(fig. 1). The changes in OPEF are in keeping with
previous reports [9, 10]. Linear modelling, used to
take account of intersubject variation, demonstrated a
rise in NPIF of 0.086¡0.03 L?s-1 per kilometre of

Table 2. – Spirometric results and oxygen saturation at different simulated altitudes
Altitude m
0

5000

8000

Subject

NPIF L?s-1

OPIF L?s-1

OPEF L?s-1

Oxygen saturation %

1
2
3
4
5
7
8
1
2
3
4
5
7
8
1
2
3
4
5
7
8

198
198
192
372
228
204
198
252
228
240
426
270
252
318
ND
240
198
378
252
258
252

378
264
510
720
426
534
348
336
552
600
690
612
612
564
ND
414
780
882
684
636
504

624
492
534
720
522
780
540
732
672
618
870
642
840
690
ND
690
726
882
714
912
744

99
99
98
98
99
98
98
84
86
87
84
85
84
82
ND
80
70
67
69
57
66

NPIF: nasal peak inspiratory flow; OPIF: oral peak inspiratory flow; OPEF: oral peak expiratory flow; ND: not determined.
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Fig. 1. – Nasal peak inspiratory flow (%), oral peak inspiratory
flow (&) and oral peak expiratory flow (+) at different simulated
altitudes.

ascent (pv0.001), compared to a greater rise in OPIF
and OPEF of 0.4¡0.08 and 0.38¡0.03 L?s-1 per
kilometre of ascent (pv0.001 for both).

Discussion
NPIF increases during hypobaric hypoxia, but this
increase is less than that seen in OPIF and OPEF,
suggesting an increase in airflow limitation in the nose
at altitude. The present authors9 previous study [5]
demonstrated an increase in subjective feelings of
nasal blockage (and a decrease in nasal mucociliary
transport) in subjects ascending to 5,300 m. This is the
first report of an objective measure of nasal air-flow at
altitude. The present authors have not determined the
mechanisms for this finding, or its importance to
performance at altitude.
COCKROFT et al. [11] demonstrated a 48% increase
in NPIF in subjects breathing 80% helium with
20% oxygen, which has a density y36% that of air.
Increases in peak inspiratory and expiratory flows
during hypobaria may also be due to changes in
gas density. If so, the predicted increase in flow will
be inversely proportional to the square root of the
gas density ratio, and this can be calculated directly
from the change in barometric pressure [12]. Thus
the predicted increase at 8,000 m (barometric pressure 37.4 kPa, and a sea level barometric pressure
100.1 kPa) is 64%. In this study, NPIF rose by only
16%, from a mean of 3.8 L?s-1 at sea level to 4.2 L?s-1
at 8,000 m. Most of the rise was seen between sea level
and 5,000 m, with a small, statistically insignificant,
fall in NPIF between 5,000 m and 8,000 m (fig. 1).
Increases in OPIF and OPEF were greater than NPIF,
but not as large as those predicted by changes in
air density. Possible mechanisms for this discrepancy
have been discussed elsewhere [10]. These include
increased viscosity-dependent frictional losses in the
airways, failure to reach wave speed, reduced muscle
power, reduced total lung capacity or reduced elastic

recoil between the calculated and observed increase in
peak expiratory flows. Subject motivation may also
have been reduced in the latter part of the study,
reducing inspiratory and expiratory effort, although
all subjects remained ostensibly well motivated and
keen to undertake their tasks throughout the study.
The difference between the increase in nasal and
oral peak inspiratory flow may be explained by an
increase in nasal blockage. Inspiration of large
volumes of air causes congestion of erectile tissue in
the nose, to facilitate heat exchange with inspired and
expired air [13], and increases nasal secretion, leading
to nasal blockage [14, 15]. The present authors
previously postulated that the increase in subjective
feelings of nasal blockage were due to the inhalation
of cold dry air at altitude. The experiments described
in this paper were undertaken under controlled
environmental conditions, and do not support the
hypothesis that nasal blockage at altitude is due to the
inhalation of cold dry air. In controlled environments,
others have shown changes in mucociliary transport
only with very cold [16] or very dry [17] air. However,
none of these studies has included the increase in
minute ventilation which accompanies exposure to
high altitude. The results of the present study are
consistent with changes in nasal patency being due to
the inhalation of large volumes of air that are inspired
and conditioned in the nose. Exercise at altitude is
accompanied by even higher levels of minute ventilation [2], and although nasal resistance normally falls
during exercise [18], it is not known if nasal blockage
affects maximum work rates and performance at
altitude. Partial nasal blockage increases the work of
breathing at sea level [19], and encourages oral or
oronasal breathing. Mountaineers have often reported
sore noses and throats occurring at altitude, limiting
their ability to climb [3, 4]. Aids are available to
facilitate nasal opening [20], but these have not been
evaluated at altitude.
Acute Mountain Sickness is characterised by peripheral oedema and it is possible that decreased nasal
flow is due to swelling of the nasal structures
obstructing the airway. There is some evidence that
most subjects exposed to high altitude develop a
degree of subclinical pulmonary oedema [21, 22], and
this has been suggested as the cause of changes in lung
function seen at altitude [23]. There is, however,
no work on the presence of oedema in the nose at
altitude.
Measurement of NPIF has been shown to be a
reproducible and valid measurement compared to
other measures of nasal airflow, such as rhinomanometry, nasal peak expiratory flow or subjective
measures of nasal patency [24–29]. The advantage
of using NPIF is that the equipment is relatively
inexpensive and portable, the measurement is rapid,
noninvasive and easy for the subject to perform.
In conclusion, nasal peak inspiratory flow rises
with ascent to altitude, but less than oral peak flow
measurements, suggesting flow limitation at the nose.
This is consistent with previous reports of subjective
nasal blockage at altitude, and further work is needed
to determine if this limits the activity of climbers and
athletes at altitude.
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