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The relationship between the abnormalities in the dif-
ferent routine lung function tests and the degree of func-
tional limitation during exercise is not well established
in upper airway obstruction (UAO). On the contrary, in
chronic obstructive pulmonary disease (COPD), for in-
stance, a forced expiratory volume in one second (FEV1)
of 60% predicted is generally associated with a peak ex-
piratory flow (PEF) of 60–70% pred and corresponds with
a moderate physical impairment of ~20–30% [1, 2]. Yet,
in UAO, FEV1 will still be 70–80% pred when PEF is
only 40–50% pred and it is not established what the clini-
cal relevance is of each of these changes in terms of exer-
cise limitation, although it is generally accepted that FEV1
is an insensitive test for UAO [3–5]. 

In several respiratory disorders the maximal breathing
capacity (MBC) is considered a useful index of the degree
of ventilatory impairment because the exercise limitation
shows a good relationship with the reduction in MBC [6,
7]. In instances of ventilatory limitation the maximal exer-
cise ventilation (V 'Emax) will often be more than 70%

MBC, which is the normal ratio in healthy individuals. In
addition, it has been claimed that MBC is a sensitive index
of the ventilatory limitation in UAO [3, 8–13]. It seems,
however, very probable that the calculated MBC (MBCc),
derived from FEV1 (e.g. FEV1 ×37.5) will overestim-
ate the actual ventilatory reserve in UAO, because of the
already mentioned underestimation of the obstruction by
FEV1. The relationship between FEV1 or MBCc and exer-
cise capacity will, in addition, vary depending on the type
of obstruction (i.e. fixed, variable extrathoracic or variable
intrathoracic) because this will markedly influence the ratio
of maximal expiratory over inspiratory flows [8]. There-
fore, the measured MBC (MBCm) and not MBCc appears
to be the appropriate MBC index in UAO, because it also
reflects inspiratory besides expiratory flow rates, in con-
trast to MBCc [14–17]. The relationship between MBCm,
MBCc, V 'Emax and exercise capacity is, however, not well
established in UAO. Yet LINDSTEDT et al. [18] have shown
that added resistances with an orifice diameter of less than
~10 mm cause a decrease in maximal O2 uptake (V 'O2max)
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ABSTRACT: In upper airway obstruction (UAO) the relationship between the deg-
ree of obstruction, exercise limitation and lung function indices is not well established.

Therefore, we investigated in nine healthy subjects (age 36±9 yrs) the effects of two
added resistances at the mouth (R1 = added resistance with 7.8 mm diameter; R2 = 5.7
mm) on forced expiratory volume in one second (FEV1), peak expiratory flow (PEF),
airway resistance (Raw) and maximal breathing capacity (measured during 15 s =
measured maximum breathing capacity (MBCm); calculated as FEV1×37.5 = calcu-
lated maximum breathing capacity (MBCc)) on the one hand, and maximum exercise
capacity (W 'max), minute ventilation (V 'E) and CO2 elimination (V 'CO2) on the other. 

We found that R1 had almost no influence on FEV1 but decreased PEF by ~35%
and increased Raw by almost 300%; it decreased W 'max by merely ~10% while maxi-
mal exercise ventilation (V 'Emax) was only 65% of control and only reached ~40%
MBCc and ~70% MBCm; yet V 'E and V 'CO2 were significantly reduced at high exer-
cise levels indicating hypoventilation. With R2, FEV1 was reduced by 25% and PEF
by 55%, and Raw was increased by 600%; W 'max was ~60% of control, V 'Emax was
only 35% of control and reached ~30% MBCc and ~60% MBCm, V 'E was already
reduced at moderate exercise levels.

We conclude that : 1) an upper airway obstruction of 6 mm diameter (but not of 8
mm) had a marked influence on maximum exercise capacity due to hypoventilation;
2) calculated maximum breathing capacity markedly overestimated measured maxi-
mum breathing capacity because the forced expiratory volume in one second is an
insensitive index of upper airway obstruction and because it does not take inspiratory
flow limitation into account; and 3) a 10% decrease in maximum exercise capacity
was linearly related with a 7% decrease in the forced expiratory volume in one second
and a 150% increase in airway resistance. A 10% decrease in maximal exercise venti-
lation was related to a 8.5% decrease in peak expiratory flow and 9% decrease in
measured maximum breathing capacity.
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which is proportional to that in PEF and peak inspiratory
flow (PIF). In addition, the relationship between the deg-
ree of exercise limitation and the anatomic obstruction in
UAO is not well known. The reliability of radiology in
estimating the diameter or cross-sectional area of UAO
has been questioned because it is not well correlated with
functional changes and because it is not able to visualize
all UAOs [19]. 

The purpose of the present study was, therefore, to mea-
sure in UAO : 1) the degree of lung function abnormalities
and exercise limitation due to added resistances (as a mod-
el for UAO); and 2) to relate the lung function abnormali-
ties, MBCm, MBCc, V 'Emax and exercise capacity to each
other in order to establish the clinical relevance of each of
these changes.

Subjects and method

Subjects

Nine healthy, nonsmoking, male volunteers (age 36±9
yrs, height 176±4 cm, weight 75±9 kg) without history or
clinical signs of COPD, asthma or other lung disorders
were investigated. All gave informed consent prior to the
investigations and the study was approved by the Ethics
Committee.

Methods

Vital capacity (VC), FEV1, forced inspiratory volume
in one second (FIV1), maximal expiratory and inspiratory
flow-volume-curves (MEFV- and MIFV-curves) were rec-
orded at the mouth with a Lilly-type pneumotachograph
and integrator (Medical Graphics, St. Paul, MN, USA).
Airway resistance (Raw) was measured at functional resid-
ual capacity (FRC) in a constant-volume plethysmograph
(Medical Graphics) as the chord slope between inspiratory
and expiratory flow at 0.5 L·s-1; specific airway res-istance
(sGaw) was calculated as 1/Raw × FRC. All lung function
values were also expressed in % control or % predicted of
the reference values of the European Community for Steel
and Coal (ECSC) [20]. MBC was cal-culated as MBCc =
37.5 × FEV1 [21, 22] and was also measured as MBCm by
performing a MBC-manoeuvre during 15 s. Pulmonary
function testing was carried out according to the ECSC-
and American Thoracic Society (ATS)-recommendations
[20, 23] in control conditions and with two added resist-
ances (R1 = 7.8 mm cross-sectional diameter, and R2 = 5.7
mm). The resistances were made of 3-cm-long cylinders
of metal and hard poly vinyl chloride (PVC) inserted in
each other [24]. They were placed be-tween the mouth
and the pneumotachograph and had a dead space of <2
mL. 

Exercise testing was done on a cycle-ergometer (Part'nair
5400, version 5.0, Medisoft, Belgium and Ergometrics
900 computer, Ergoline, Germany) by 2-min increments
of 30 Watt (pedalling at 60 cycles·min-1), until exhaustion
or a symptom-limited maximum occurred. All exercise
tests were performed under 12-lead-electrocardiographic

monitoring from which heart rate (HR) was obtained. The
subject breathed through a mouthpiece in a three-way
valve type, adapted Otis-McKerrow (dead space 100 mL).
Ex-pired gas passed through a mixing chamber at the out-
let at which V 'E was obtained from a Lilly type pneumota-
chograph with integrator (Medisoft); and mixed expired O2

and CO2 levels with a paramagnetic oxygen analyser and an
infra-red carbon dioxide analyser (Medisoft). From these,
oxygen uptake (V 'O2), CO2 elimination (V 'CO2), respiratory
quotient (RQ = V 'CO2/V 'O2), V 'O2/HR, V 'E/V 'O2 and V 'E/
V 'CO2 were calculated. Before each exercise test, volume
recordings were calibrated with a 3 L syringe along with
gas analyses for precise gas mixtures. Arterial or transcuta-
neous blood gases were not measured. Tests were done on
3 separate days: first the control exercise (R0) was per-
formed, and thereafter the exercises with R1 and R2 in
random order. The resistances (<2 mL dead space) were
placed between the mouth and the three-way valve. Results
were expressed in absolute values and in per cent of con-
trol [25].

Statistical analysis

All data are presented as means±1 standard deviation
(SD). Analysis of variance was applied and when this was
statistically significant a Duncan test was added to deter-
mine between which resistances differences were signifi-
cant. The level of significance was set at p<0.05.

Results

Table 1 shows the lung function values for the nine sub-
jects in control condition (R0) and with the two added
resistances (R1 and R2) in absolute values and in % control.
While FEV1 hardly decreases, not even with R2, mark-ed
changes occur in FIV1, PEF, PIF, Raw and sGaw, even with
R1. The classical ratios for UAO are clearly fulfilled with
both resistances: PEF/maximal expiratory flow at 50% VC
(MEF50) (% pred/% pred) becomes markedly <2.1, FEV1/
PEF (mL·L-1·min) becomes >8–10, and MEF50/airway con-
ductance (Gaw) (kPa) is >0.7 [5, 26–29]. MEF50/ MIF50 is
clearly >1 which is in agreement with a previous analysis
by us in fixed UAO [24]. In addition, the MBCm is mark-
edly reduced with both resistances and becomes only
~50% of the MBCc. The rather large SD for PEF, Raw and
sGaw with R2 are most likely due to the alinear pressure-
flow characteristics of R2 (see characteristics in [24]). 

Table 2 shows the results of the maximal cycloergomet-
ric test. Standard deviations for the different values with
R1 and R2 are small, indicating that the different subjects
adapted similarly to these resistances. All values are nor-
mal in control condition (e.g. W 'max = 110±28% pred)
[25]. With R1, there is already a tendency for decreases in
W 'max, V 'O2max and maximal heart rate (HRmax), but these
are not significant; yet the decreases in maximal V 'CO2 and
especially in V 'Emax are more pronounced, and are signifi-
cant. With R2, all values are markedly and significantly
reduced: HRmax is clearly not maximal and RQ is below
1, indicating that no cardioperipheral limit is reached and
that the decreased exercise capacity has to be attributed to
a ventilatory limitation, despite the fact that V 'Emax is only
62±17% MBCm and only 28±6% MBCc. 
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Figures 1–4 show the changes in V 'E, HR, V 'O2 and V 'E/
V 'CO2 at the different levels of exercise. Figure 1 demon-
strates that V 'E is lower with R1 than with R0 and that the
difference is significant at exercise levels of Š140 W. With
R2 V 'E is significantly lower than with R0 and R1 already
at exercise levels of Š80 W; this decrease is mainly due to
a decrease in breathing frequency (not shown). In addi-
tion, the increase in V 'E with increasing exercise levels
tends to level off with R2 at 170 W (suggesting a ventila-
tory limitation) while it increases curvilinearly at this level
with R0 and R1. Similarly V 'CO2 is significantly lower

with R2 than with R0 and R1 from 80 Watt on (not shown)
and V 'CO2 levels off with R2 at 170 W (indicating
hypoven-tilation) while it increases curvilinearly at this
level with R0 and R1 (not shown). Figure 2 shows that the
V 'E/V 'CO2 ratio also changes between R0 and R1 at high
exercise levels of Š200 W. Figure 3 indicates that V 'O2 is
very similar with R0, R1 and R2 at the different exercise
levels, except for the highest exercise level attained with
R2. The V 'CO2/ V 'O2 ratio (i.e. RQ) is significantly lower
with R2 at several moderately high exercise levels: at 170
W, the highest level with R2, it is only 0.95±0.09, while

Table 1.  –  Lung function data in control situation (R0) and with two added resistances (R1 and
R2)

R0
Control

R1
(Ø 7.8 mm)

R2
(Ø 5.7 mm) Duncan

FEV1 L
% control

FIV L
% control

PEF L·s-1

% control
PIF L·s-1

% control
Raw kPa·L-1·s-1

% control
sGaw kPa-1·s-1

% control
MBCm L·min-1

% control
MBCm/FEV1 L·min-1

MBCm/MBCc ×100
PEF/MEF50 % pred/% pred
FEV1/PEF mL·L-1·min
MEF50/Gaw kPa
MEF50/MIF50 L·s-1/L·s-1

4.6±0.6
100

5.0±1.0
100

11.0±0.8
100

7.9±2.1
100

0.13±0.04
100

2.16±0.65
100

153±23
100

34.1±6.5
91±17
2.1±0.4
6.9±0.9
0.6±0.2
0.8±0.3

4.5±0.6
98±10

3.6±1.2
72±23

7.2±0.8
66±10

4.3±1.0
54±13

0.35±0.07
275±50
0.69±0.13

31±7
94±25
61±13

21.3±7.1
57±19

1.4±0.3
10.5±1.8
1.9±0.6
1.4±0.5

3.4±0.8
74±16
2.3±1.4
46±26
5.0±2.8
45±26
3.2±1.6
41±20

0.78±0.36
605±280
0.54±0.75

25±35
63±26
41±17

18.2±6.5
48±17
1.4±0.5

12.9±3.3
2.4±0.9
1.4±0.3

R0R1R2
R0R1-R2
R0-R1-R2-R0
R0-R1-R2-R0
R0-R1-R2-R0
R0-R1-R2-R0
R0-R1R2
R0-R1R2
R0-R1-R2-R0
R0-R1-R2-R0
R0-R1R2
R0-R1R2
R0-R1-R2-R0
R0-R1-R2-R0
R0-R1R2
R0-R1R2
R0-R1R2
R0-R1-R2-R0
R0-R1-R2-R0
R0-R1R2

Data are mean±SD; FEV1/FIV1: forced expiratory/inspiratory volume in one second; PEF/PIF: peak ex-
piratory/inspiratory flow; MEF50/MIF50: maximal expiratory/inspiratory flow at 50% vital capacity; Raw:
airway resistance; sGaw: specific airway conductance; Gaw: airway conductance; MBCm/MBCc: meas-
ured/calculated maximal breathing capacity; groups separated by a dash in Duncan test differ significantly
(p<0.05) e.g. R0-R1R2 means R0 is different from R1 and R2, but that R1 and R2 are not different from
each other. 

Table 2.  –  Maximal breathing capacity and cardioperipheral and respiratory indices during
maximal exercise in control situation R0 and with two added resistances (R1 and R2)

R0
(control)

R1
(Ø 7.8 mm)

R2
(Ø 5.7 mm) Duncan

Exercise duration min
W 'max watt

% control
V 'O2max L·min-1

% control
V 'CO2max L·min-1

% control
HR min-1

% control
RQ
V 'Emax L·min-1

% control
fRmax min-1

V 'Emax/MBCc ×100
V 'Emax/MBCm ×100

16.3±3.3
248±47

100
3.5±0.8
100

4.3±0.9
100

179±12
100

1.3±0.1
102±23

100
33±8
60±12
66±12

15.1±3.3
223±44
91±18

3.1±0.8
88±23

3.5±1.0
81±23

170±15
94±9

1.1±0.1
66±18
66±15
25±8
41±15
70±26

10.4±1.8
153±26
62±11

1.9±0.4
54±11

1.8±0.5
42±12

143±23
76±12

0.9±0.1
34±7
34±6
18±5
28±6
62±17

R0R1-R2
R0R1-R2
R0R1-R2
R0R1-R2
R0R1-R2
R0-R1-R2-R0
R0-R1-R2-R0
R0R1-R2
R0R1-R2
R0-R1-R2
R0-R1-R2-R0
R0-R1-R2-R0
R0-R1-R2-R0
R0-R1-R2-R0
R0R1R2

Data are mean±SD; W 'max: maximum exercise capacity; V 'O2max: maximal oxygen uptake; V 'CO2max: max-
imal carbon dioxide production; HR: heart rate; RQ: respiratory quotient; V 'Emax: maximal exercise ven-
tilation; fRmax: maximal respiratory frequency; MBCc/MBCm: measured/calculated maximal breathing
capacity; R1 and R2: added resistances; groups separated by a dash in Duncan test differ significantly
(p<0.05).
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it is already 1.03±0.07 with R1, and 1.09±0.08 with R0
(not significant). Figure 4 shows that HR at each exercise
level is equal with the different resistances; as expected, it
is low-er for the best trained subjects who achieve the
highest exercise levels. Also the V 'O2/HR ratio is not sig-
nificantly different between R0, R1 and R2 at each exer-
cise level but the maximal V 'O2/HR ratio decreases from
19.7±4.0 L with R0, to 18.8±5.4 L with R1 and to 14.0±3.5
L with R2 (p<0.05 for R2 versus R0 and R1).

In figure 5, the relationship of different lung function
indices (FEV1, FIV1, PEF, PIF, Raw, sGaw and MBC)
with V 'Emax (left panels) and with W 'max (right panels) can
be approximated. FIV1, in particular, but also PEF and MBCm
show an almost linear relationship with V 'Emax and Raw,

but also FEV1 or MBCc (which in % control is identical as
FEV1) show an almost linear relationship with W 'max. 

Discussion

The influence of two added resistances (R1 = 7.8 mm
and R2 = 5.7 mm) on lung function and on maximal exer-
cise capacity were studied in nine male healthy subjects,
as a model for tracheal stenosis. FEV1 was clearly less
disturbed than FIV1, PEF, PIF, Raw or sGaw with both
resistances which has already been demonstrated [3, 5, 26].
W 'max was only clearly reduced with R2 and was rather
linearly related to Raw, FEV1 (or MBCc). Together, a
decrease of W 'max to 60% control corresponds in UAO
with a FEV1 of 75% control, a PEF of 40% and Raw of
600%. R2 (i.e. a diameter of <6 mm) clearly induced a
ventilatory limitation with an impaired CO2 elimination and
a RQ <1 due to hypoventilation similarly as in other stud-
ies [26]. However, V 'Emax was only ~60% MBCm and only
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e

Fig. 5.  –  Relationship of several lung function indices with maximum exercise ventilation (V 'Emax) (left panels) and with maximum exercise capacity
(W 'max) (right panels) in control condition (●) and with R1 (❏) and R2 (ý). All data are expressed as per cent of the control value (% cont). FEV1 or
FIV1: forced expiratory/inspiratory volume in one second; PEF or PIF: peak expiratory/inspiratory flow; Raw: airway resistance; sGaw: specific airway
conductance; MBCm or MBCc: measured/calculated maximal breathing capacity.
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even ~30% MBCc indicating that MBCc cannot be used
as a criterion for ventilatory limitation in UAO. It should
be noted that the hypoventilation and reduced CO2 elimi-
nation with R2 were already significant at 80 W, indicat-
ing that a UAO of 6 mm impairs lung gas homeostasis
during moderate exercise. Furthermore, R1 (diameter of
<8 mm) had only minor effects on W 'max (~90% control),
but re-duced V 'E and V 'E/V 'CO2 at the higher exercise lev-
els, suggesting an impairment in lung gas homeostasis
during more strenuous exercise. This confirms the data of
the literature which point towards the occurrence of
hypoxia and hypercapnia during strenuous exercise in
UAO [8, 13, 27–29]. 

It is well known that the relative changes in different
lung function tests in UAO are quite different from those
in COPD or in lung fibrosis and therefore, several ratios
may have a diagnostic value for UAO e.g. PEF/MEF50,
FEV1/PEF and FEV1/Raw [5, 30–34]. It is, however, much
less clear which lung function test provides the most rele-
vant information in UAO to estimate the severity of the
obstruction and the degree of exercise limitation in this
condition. In agreement with data of the literature we con-
firmed that in particular, sGaw and V 'Emax were most af-
fected (see tables 1 and 2) and thus probably were the
most sensitive indices in this type of fixed UAO, followed
by MBCm, PEF, PIF and FIV1 while FEV1 was an insen-
sitive index which tends to underestimate the degree of
UAO [8, 13, 18, 26]. MBC has been considered to be a
sensitive index of UAO [3, 8–13], and it could also be
hypothesized that MBC may be a good indicator of exer-
cise limitation in UAO, because UAO will cause a ventila-
tory type of exercise limitation. However, the classical
relationship between FEV1, V 'Emax and MBC (MBC ~37.5
× FEV1; V 'Emax Š70% MBC) does not hold in UAO [3,
10, 11, 15]. MBC is often applied in COPD or lung fibro-
sis to estimate whether a reduced exercise capacity is due
to a ventilatory limitation (i.e. V 'Emax approaches MBCc).
It is obvious that this calculation of MBC cannot be app-
lied to UAO since, even in a ventilatory limitation, V 'Emax
will not approach MBCc: in our study V 'Emax is only ~30%
MBCc with R2. In addition, even MBCm is only ~50%
MBCc with R2. The reason is, of course, that MBCc, simi-
larly to FEV1, only reflects expiratory limitation, and while
in COPD the limitation is, indeed, only expiratory, this is
not the case in UAO. The actual ratio between MBCm and
FEV1 in our healthy subjects was, as expected, ~35 in con-
trol condition, but it decreased to ~20 with R1 and R2
(table 1). More important is that despite the clear ventila-
tory limitation during maximal exercise with R2, V 'Emax
did not approach MBCm but remained at 60–70% of it,
similar to the control situation in healthy subjects [35, 36].
This confirms the data of DEMEDTS and ANTHONISEN [13] that V
'Emax is ~70% of the 15 s MBC independent of the level of
external resistance. The reason why V 'Emax does not come
closer to MBCm in UAO is obvious: if maximum volun-
tary ventilation (MVV) is sustained for several minutes it
will progressively decrease due to respiratory muscle
fatigue. It has, indeed, been shown even in healthy sub-
jects that after 4 min MVV will only be ~70% MBC (with
interindividual ranges from 40–90%) and this has been
attributed to respiratory muscle fatigue with time [36–38].
It is less likely that the rather low V 'Emax/MBCm is due to
differences in breathing pattern between the MBCm and
maximal exercise. Indeed, in contrast with COPD, where

there is a tendency for faster breathing at a high lung level
during the MBCm, this is not the case in UAO due to the
plateau-shaped maximal flow-volume curve. In-deed, table
2 shows that with increasing resistance, breathing fre-
quency decreases markedly at V 'max, and it should also be
noted that at the different submaximal exercise levels,
breathing frequency was lower with the higher resist-
ances. 

Another aim of the study was to investigate which lung
function test was best related to V 'Emax and to W 'max, and
thus allow the most accurate prediction of exercise limita-
tion in UAO. From the three points on figure 2 it can be
estimated that especially FIV1 and also PEF and MBCm
are relatively linearly related with V 'Emax, it can also be
roughly estimated that (each) 10% decrease in V 'Emax was
related to a 8.5% decrease in PEF or FIV1 and a 9% de-
crease in MBCm. However, V 'Emax is not linearly relat-
ed with W 'max. It should be noted that besides Raw, FEV1,
(or MBCc) but not MBCm presents a linear relationship
with W 'max: a rough estimation shows that (each) 10% de-
crease in W 'max was related to a 7% decrease in FEV1 (or
MBCc) and a 150% increase in Raw. It is not clear to what
extent these relationships, which we deducted from added
resistances (as a model for UAO), can be applied to real
UAO. In real UAO it is difficult to obtain reliable in vivo
estimations of the degree of anatomic stenosis. Indeed,
there is not a good correlation between the degree of a tra-
cheal stenosis on radiograph and computed tomography
(CT)-scan [19] or magnetic resonance imaging (unpub-
lished observation). There is also no good correlation bet-
ween the radiological estimates of the stenosis and the
lung function abnormalities [19]. Of course, added resis-
tances enable one to relate accurately the degree of the
obstruction (i.e. diameter of resistance) to functional ab-
normalities [3, 35]; graphs have also been constructed
relating several lung function tests (e.g. FEV1, PEF, etc.)
to the diameter of this added obstruction [3]. Plotting lung
function data of patients with real UAO on these graphs
shows good agreement with the effects of added resist-
ances [39, 40]. This suggests that in real UAO the effec-
tive degree of obstruction can be derived from the lung
function co-ordinates on these graphs. However, more ela-
borate studies are warranted to confirm these preliminary
data. 

A final important consideration is that the relationship
between the lung function abnormalities at rest and the
exercise limitation appears to be markedly different bet-
ween UAO and COPD, and this is probably largely attrib-
utable to the fact that airflow limitation is only expiratory
in COPD but inspiratory as well as expiratory in UAO. An
UAO of ~8 mm allows a W 'max of 90% control, while FEV1
is still ~100% control, but PEF only ~65% and Raw ~250%.
In COPD with a similar W 'max of 90% pred, FEV1 is
clearly reduced to ~70% pred, with a PEF of 75% pred
and a Raw of only ~150% [2]. Furthermore, an UAO of ~6
mm, causes a reduction in W 'max to about 60% control,
while FEV1 is still 75%, but PEF is reduced to 40% and
Raw increased to 600%. In COPD with a similar W 'max of
60% pred, FEV1 is markedly reduced to 55% pred with a
PEF of 60% and Raw of only 200% [2]. Thus, as far as W
'max is concerned, decreases in PEF to 60–65% and
increases in Raw to 200–250% are almost irrelevant in UAO
but mod-erately detrimental in COPD, and vice versa for a
reduction in FEV1 to 70–75%. Published tables with esti-
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mates of physical impairment based on lung function
abnormalities at rest in COPD, pneumoconiosis and possi-
bly interstitial lung disease [1, 2] are therefore not applica-
ble to UAO [40].

In conclusion, this study provides information on the
relationship between the degree of airway obstruction, lung
function abnormalities and the corresponding exercise cap-
acity in artificial upper airway obstruction. To what extent
this model of added resistances can also be applied to clin-
ical upper airway obstruction requires further investiga-
tion.
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