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BACKGROUND: We evaluated the exercise capacity of children with cystic fibrosis to determine
whether ventilatory limitation associated with static hyperinflation is related with decreased exer-
cise capacity, thus predisposing these children to arterial hypoxemia during progressive exercise.
METHODS: Thirty-seven children, ages 8§—17 years, underwent spirometry, body plethysmogra-
phy, and cardiopulmonary exercise testing after arterial catheter placement. According to the ratio
of residual volume to total lung capacity (RV/TLC), the subjects were categorized as either with
(RV/TLC > 30%) or without static hyperinflation (RV/TLC < 30%). RESULTS: Children with
static hyperinflation showed lower values of maximum load per kilogram (% predicted) (P = .01),
which was aggravated by ventilatory limitation (FEV, < 80% of predicted, peak oxygen consump-
tion [% predicted] < 85%, and breathing reserve index > (.7). Subjects with ventilatory limitation
had significantly lower oxygen saturation (P = .04) and hypoxemia (P = .03) than did subjects
without ventilatory limitation. CONCLUSIONS: In children with cystic fibrosis, static hyper-
inflation and ventilatory limitation are associated with decrease in exercise performance, oxygen
saturation, and P, during maximum cardiopulmonary exercise testing. All children with cystic
fibrosis who exhibit static hyperinflation and ventilatory limitation may require S,, monitoring
during progressive exercise. Key words: blood gas analysis, cystic fibrosis; exercise test; spirometry;

whole body plethysmography. [Respir Care 2013;58(2):291-297. © 2013 Daedalus Enterprises]

Introduction

Physical activity is an important component of treat-
ment and rehabilitation programs for patients with cystic
fibrosis (CF). Physical activity contributes considerably to
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improvements in lung function, conditioning, bone den-
sity, and quality of life.!-3 Peak exercise capacity in CF is
influenced by several factors, including age, sex, nutri-
tional status, lung function, skeletal muscle mass, endur-
ance, and respiratory muscle strength.#~7 Peak exercise
capacity is one of the most reliable markers of prognosis
in CF.8-10

Children with moderately severe CF lung disease have
impaired lung function, as measured by decreased FEV,.
Air flow obstruction and air trapping cause static hyper-
inflation, quantified by the relationship between residual
volume and total lung capacity (RV/TLC). Static hyper-
inflation may influence peak work rate (W) and peak
oxygen uptake (peak Vg ) in adolescents with CF.!!

An elevated breathing reserve index, defined as the ratio
of peak minute ventilation to maximal voluntary ventila-
tion (Ve/MVV), may distinguish CF patients with ven-
tilatory limitation to exercise.!? Nevertheless, many pa-
tients reach peak Vy exceeding previously measured MVV,
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so additional parameters are required for predicting ven-
tilatory limitation.3>

Arterial hypoxemia may be an important cause of lim-
ited maximal exercise capacity in CF. Hypoxemia results
from a combination of factors such as intrapulmonary shunt-
ing, ventilation-perfusion mismatch, elevated venous ad-
mixture, and alveolar hypoventilation.'3

The primary objective of this study was to evaluate
whether or not children with CF and ventilatory limitation
associated with static hyperinflation are more likely to
have decreased exercise capacity than CF patients without
ventilatory limitation. We also evaluated whether ventila-
tory limitation is a predisposing risk factor for develop-
ment of arterial hypoxemia during incremental exercise.

Methods

Subjects

A total of 42 children with CF, ages 8—17 years, were
screened for this study. These subjects constituted practi-
cally the entire pediatric CF population in Serbia, capable
of performing cardiopulmonary exercise testing (CPET).
All subjects were patients of the Mother and Child Health
Institute of Serbia. Of the 39 subjects who were enrolled
in the study, 37 completed it per protocol. Subjects were
diagnosed with CF according to previously established
criteria.'* This was a prospective study, conducted from
September 2010 until August 2011. The study protocol
was approved by the local ethics committee. Subjects
and their parents signed informed consents for the inves-
tigation.

All participants were clinically stable, without symp-
toms of pulmonary exacerbation and upper respiratory in-
fection for at least 6 weeks before beginning the study.
Height, weight, and body mass index (BMI) were recorded.
Measurement of lung function and exercise testing were
performed at the same time of the day, on each occasion.
Subjects were encouraged to be in their best pharmaco-
logic state: therefore, treatment with bronchodilators was
allowed as routine therapy. Although bronchodilator use
does not influence peak exercise capacity, it may influence
lung volumes.'>1¢ None of the subjects received systemic
corticosteroids. One subject received inhaled fluticasone
in low doses for associated asthma. In order to achieve the
best results, study participants were encouraged to perform
a regular course of physiotherapy at home prior to the
study.

Subjects were stratified in 2 groups, based on the pres-
ence of static hyperinflation, defined as an RV/TLC > 30%.
Previously, Sexauer et al,'? defined ventilatory limitation
during CPET. Similar criteria were used in the current
study, including FEV, < 80% of predicted; breathing re-
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Current knowledge

Physical activity contributes considerably to improve-
ments in lung function, conditioning, bone density, and
quality of life in patients with cystic fibrosis (CF). Peak
exercise capacity in CF is influenced by several factors,
including age, sex, nutritional status, lung function, skel-
etal muscle mass, endurance, and respiratory muscle
strength. Peak exercise capacity is one of the most re-
liable markers of prognosis in CF.

What this paper contributes to our knowledge

Peak exercise performance is influenced by static hy-
perinflation. Ventilatory limitation to exercise is an im-
portant limiting factor in children with CF. Children
with CF who exhibit static hyperinflation and ventila-
tory limitation to exercise may require arterial oxygen
saturation monitoring during progressive exercise.

serve index at peak effort > 0.7; and reduced exercise
capacity, defined as peak V02 < 85%.

Before lung function testing and CPET, a catheter
was placed either in the brachial or radial artery to draw
blood for blood gas analyses, to calculate dead-space ven-
tilation, and to determine lactate concentrations during
CPET. All necessary precautions were followed to avoid
pain and possible complications during the arterial
catheterizations.!”

Lung Function Testing

Spirometry and whole body plethysmography were per-
formed before CPET on a regularly calibrated pneumo-
tachography system and using a volume-constant method
(MasterLab, Jaeger, Wiirzburg, Germany).!$:'° The refer-
ence equations used for pulmonary function testing were
those of Zapletal et al, and results were compared with
predicted values for healthy children matched for age, body
height, and sex.2° MVV was calculated for each subject by
multiplying the FEV, value by 35.

Cardiopulmonary Exercise Test

Most adolescents included in the study had previously
performed CPET as a routine test on annual assessment.
Younger children, who had never performed CPET, were
familiarized with the equipment and procedures during
regular clinical visits before the study began. They were
considered ready to undergo a CPET when they clearly
expressed their willingness and motivation to do so. Sub-
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jects performed progressive CPET on an electrically braked
cycle ergometer (MasterScreen CPX, Jaeger, Wiirzburg,
Germany), via a ramp protocol to maximum effort. Chil-
dren were seated comfortably until clinical variables were
stable. Work increments were planned individually for each
subject, to provide maximal exercise level after approxi-
mately 10 min. Determination of maximal effort was based
on objective criteria: peak heart rate > 95% of predicted
(210 — age) or respiratory exchange ratio > 1. Subjects
were considered to be doing their best to achieve maximal
effort if at least one objective criterion was met. Two
subjects who did not achieve their maximal effort when
performing CPET were excluded from the study. Subjects
breathed through a tightly sealed mask that had electron-
ically compensated dead space. The mask was connected
to a volume sensor (TripleV, Jaeger/Carefusion, San Di-
ego, California). Expired gas passed through to an attached
metabolic cart (Oxycon Pro, CareFusion, San Diego, Cal-
ifornia) with oxygen and carbon dioxide analyzers. A com-
puter calculated lung volumes, breath-to-breath VE, Voz,
carbon-dioxide production (VCOZ), and respiratory ex-
change ratio. Ventilation was expressed as breathing re-
serve index (Vg/MVYV). Ventilation relative to VO2 and
CO, output was expressed as ventilatory equivalents for
0, and CO, (Vg/V o, and Vi/V co,)- Dead-space ventila-
tion was calculated by the Bohr equation, using end-tidal
CO, and CO, concentration in arterial blood samples. S
was measured continuously with a reusable sensor placed
on the subject’s fingertip (3011, Nonin Medical, Ply-
mouth, Minnesota). The anaerobic threshold was deter-
mined by increment increase of lactate concentration, or
by the V-slope method, depending on the level of eleva-
tion of lactate concentration. Samples for blood gas anal-
ysis measurement of lactate concentration were obtained
every 2 min, and analyzed immediately (ABL 715, Radi-
ometer Medical, Bronshoj, Denmark). Baseline blood pres-
sure was measured at the beginning of the test. Blood
pressure was measured every 3 min during the test phase
and again at the end of the test. A fully integrated 12-lead
electrocardiogram was recorded continuously throughout
the test. Immediately after exercise, subjects were asked to
score their sense of breathlessness and muscle fatigue at
peak exercise, using the Borg scale.

Statistical Analyses

Statistical analyses were performed at the Institute for
Medical Statistics, School of Medicine, Belgrade, Serbia.
Data were analyzed using statistics software (SPSS 15,
SPSS, Chicago, Illinois) and expressed as mean * SD.
Differences between groups were analyzed using the
Student ¢ test. Dichotomous variables were tested for sig-
nificance using the chi-square test. P values of < .05 were
considered to indicate statistical significance. Linear re-
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Table 1.  Demographic Data

Static No Static
Hyperinflation Hyperinflation Total
(RV/TLC > 30%) (RV/TLC < 30%)

(n =25) n=12)
Age, mean = SD, y 13.02 £3.23 10.95 £ 2.86 11.98 = 3.04
Male, no. 13 6 19
Female, no. 12 6 18
Body mass index, 1722 £2.76 17.37 £ 4.43 17.7 £3.33

mean * SD, kg/m?

FEV,, mean * SD, 74.98 * 26.68 105.28 = 12.47  84.81 = 26.99*

% predicted

*P = .001.
RV/TLC = residual volume/total lung capacity

gression was used to evaluate correlations between param-
eters. Sample size estimation was performed according to
data obtained after evaluation of the results of the first 15
subjects. Response within each subject group (with or with-
out static hyperinflation) was normally distributed, with
a standard deviation of 0.2. If the true difference in the
experimental and control means of breathing reserve index
was 0.25, we would be able to reject the null hypothesis
that the population means of the experimental and control
groups were equal with a probability (power) of 0.938.
The type 1 error probability associated with this test of this
null hypothesis was .05 (2—sided).

Results

Data collected from 37 children with CF (18 male, 19
female) were included in this analysis. In 28 subjects,
CPET was terminated due to dyspnea and associated leg
discomfort. In 9 subjects the exercise performance was
limited by dyspnea only. The mean subject age was
11.98 = 3.04 years (range 8—17 y). Subjects were divided
into 2 groups based on the presence or absence of static
hyperinflation (Table 1).

There were no statistically significant differences in age,
sex, and mean BMI between subjects with and without
static hyperinflation. The mean FEV, of all study partic-
ipants was 84.8%. Subjects with static hyperinflation had
significantly lower FEV, values (P = .001).

CPET measurement showed that the static hyperinfla-
tion group had lower mean W ., /kg (% predicted) (P = .01)
values, but there were no significant differences in peak
Vozlkg between groups. The peak VOz per unit work rate
was not significantly greater in subjects with static hyper-
inflation than in those without static hyperinflation
(P = .52). Vi/Veo, and Vi/V, were significantly lower
in the group without static hyperinflation at the anaerobic
threshold (P = .03, P = .003), but not at W ,,. There
were no significant differences in P, , S,o, and lactate
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Table 2. Results of Cardiopulmonary Exercise Testing in the Static
Hyperinflation and No Static Hyperinflation Groups

Table 3. Subjects With Static Hyperinflation and With or Without

Ventilatory Limitation

Static No Static P
Hyperinflation =~ Hyperinflation
Wpeakg, % predicted 78.56 + 12.51 93 = 19.78 .01

Peak VOZ/kg, mL/min/kg 34.6 £ 7.15 36.07 = 4.5 52

Peak VOZ/kg, % predicted ~ 84.52 = 15.87  90.00 = 13.46 .31

Vi/Vco, at anaerobic 34.82 =472 31.08 = 4.47 .03
threshold

VE/VCOZ at Wik 33.03 = 3.70 32.32 £ 3.90 .59

VE/Vo, at anaerobic 31.89 = 3.76 27.60 = 4.15 .003
threshold

ViV, at W 35.76 + 4.73 36.41 +5.59 71

V/Vy at rest (%) 38452 34172 .03

Vp/Vr at Wiy (%) 41.6 £5.1 394+93 47

Breathing reserve index 0.85 =0.24 0.61 = 0.09 .002
at Wea,

P,o, at rest, mm Hg 120 = 20 105 = 19 .03

P.o, at W, mm Hg 109 = 26 120 = 14 .20

S.0, at rest (%) 96.60 + 2.14 97.67 = 0.89 A1

Sa0, at Wi (%) 92.36 = 5.12 94.00 + 2.63 .30

Lactate at W .., mmol/L. 4.56 = 1.62 4.65 = 1.42 .89

Respiratory exchange 1.10 = 0.13 1.14 = 0.11 .80
ratio at W

Borg dyspnea score at 7.2 295 64+ 1.1 .10
Woear

Borg muscle fatigue 9+0 8.6 £0.75 .38
score at W,

peak

Values are mean * SD.

Woea’kg = maximal load/kg, % predicted

Peak Vo,/kg = maximal oxygen consumption/kg

VE/Vco, = minute ventilation/carbon dioxide output (ventilatory equivalent for carbon
dioxide)

VE/VO2 = minute ventilation/oxygen consumption (ventilator equivalent for oxygen)
Vp = dead space

Vrp = tidal volume

concentration at W, between groups (Table 2). For 9
subjects the anaerobic threshold was determined using the
V-slope method, because there were no appropriate in-
creases in lactate concentration. In 28 others the lactate

threshold was used.
Ventilatory Limitation During CPET

Five subjects in the static hyperinflation group (20%)
had ventilatory limitation. None of the subjects in the not-
hyperinflated group had ventilatory limitation (Table 3).
The Fisher exact test showed that static hyperinflation and
ventilatory limitation were not associated (P = .12).

Wiea/kg (% predicted) and peak Voz/kg were sig-
nificantly lower in subjects with static hyperinflation and
ventilatory limitation than in subjects without ventilatory
limitation (P < .001, P = .02). At rest, Paloz values were
lower in subjects with ventilatory limitation than in sub-
jects without ventilatory limitation (P = .048). At peak
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Static Static
Hyperinflation ~Hyperinflation
and and No P
Ventilatory Ventilatory
Limitation Limitation
Woea/kg, % predicted 62.60 =796  82.55 £ 10.03 < .00l

Peak VOZ/kg, mL/min/kg 28.02 = 5.37 36.24 * 6.66 .02
Peak Vg /kg, % predicted ~ 64.80 = 14.24  89.66 = 12.44 < .001
VE/V o, at anaerobic 19.02 =5.06  23.40 = 7.37 .10
threshold
VE/VCO2 at Wea 3450 =272 32.66 = 3.88 .33
VE/VO2 at anaerobic 3359 =145  31.47 £4.06 27
threshold
\'/E/\'/02 at Wi 3699 £ 6.53 3546 =433 .53
Vp/Vr at rest (%) 382 +3.0 384 = 6.1 .81
V!V at Wiy (%) 42.8 =43 403 £ 1.2 45
Breathing reserve index at 1.08 £0.19 0.80 £ 0.22 .01
P,o, at rest, mm Hg 90 = 18 109 = 18 .048
P.o, at Wy, mm Hg 87 £ 23 11524 .03
S0, at rest (%) 94.80 = 3.56  97.05 = 143 .03
Sa0, at Wieu (%) 88.20 £ 5.45 93.4 = 4.60 .04
Lactate at W ., (mmol/L) ~ 4.56 = 2.26 457 *150 >.99
Respiratory exchange ratio 1.07 £0.13 1.10 = 0.09 .82
at Wpeak
Borg dyspnea score 7.20 £2.95 6.40 = 1.10 32
Borg muscle fatigue score 9+0 8.60 = 0.75 .26

Values are mean * SD.

Peak VOz/kg = maximal oxygen consumption/kg

VE/Vco, = minute ventilation/carbon dioxide output (ventilatory equivalent for carbon
dioxide)

Vg/Vo, = minute ventilation/oxygen consumption (ventilator equivalent for oxygen)
Vp = dead space

V¢ = tidal volume

exercise these differences in P, became more pronounced
(P = .03). The Student ¢ test for paired samples showed
that subjects with ventilatory limitation had significantly
lower S,o, at Wy than at rest (P = .009). A similar
relationship was observed in subjects without ventilatory
limitation (P < .001). Only subjects with ventilatory lim-
itation had clinically important decreases of S,, below
90%.

Association Between Variables

Single linear regression showed that RV/TLC (%) and
FEV, (%) were independently statistically significant pre-
dictors of W, /kg: RV/ITLC R = —0.43, B = —0.145,
B = —0.437, P = .007; FEV, R = 0.46, B = 0.285,
B = 0.468, P = .003. However, stepwise multiple linear
regressions showed that FEV, was a more powerful pre-

dictor of W_,./kg.

peal
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Figure. Association between the ratio of residual volume (RV) and total lung capacity (TLC), exercise capacity, and arterial oxygen saturation

(Sa0,) at peak work (Wpeq)-

Table 4.  Correlation Between Variables
P W cal /kg’ . Y Y P
Po, at Wi S0, at Wy % ;regicte d Peak V, /kg Ve/Veo, at Wy

RV/TLC —0.59* —0.53* —0.44* —0.39% 0.20

FEV, (%) 0.55% 0.58%* 0.47* 0.44%* —0.12
Body mass index 0.17 0.06 —0.24 —0.26 —0.51*

P,o, at rest 0.49%* 0.29 0.22 0.20 —0.08

Borg dyspnea score —0.42% —0.29 0.04 —0.10 0.50*

Values are Pearson correlation coefficients.

* P < .001.

TP <.05.

Wpeak = maximal work load

Sa0, = arterial oxygen saturation

Peak VOz/kg = maximal oxygen consumption/kg

VE/Vco, = minute ventilation/carbon dioxide output (ventilatory equivalent for carbon dioxide)
RV/TLC = residual volume/total lung capacity

The Figure shows the association between RV/TLC,
exercise capacity, and S, at W,

The multivariate general linear model showed that
RV/TLC can predict desaturation and hypoxemia (P <
001, Eta®> = 0.392). Pearson correlation analysis showed
that the increase in RV/TLC (%) was not significantly
dependent on age (R> = 0.097, P = .06). Pearson corre-
lations of RV/TLC, FEV,, and other variables with pa-
rameters obtained from exercise testing are displayed in
Table 4.

Discussion

Our data show that static hyperinflation is associated
with decreased exercise capacity in children with CF. We
demonstrated that static hyperinflation (RV/TLC > 30%),
similar to FEV, (%), is a strong predictor of W, /kg in
children with CF. Werkman et al,'' presented comparable
results in adolescents with CF. Previous research showed
that FEV, correlates with exercise capacity in patients
with CF.78 Progression of static hyperinflation in these
patients may be the first sign of deterioration of lung func-
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tion, before deceleration of FEV, appears.?! Young chil-
dren in whom respiratory dysfunction and static hyper-
inflation occur earlier and with greater severity are more
likely to follow a more rapid decline in pulmonary func-
tion.??

Although all subjects with ventilatory limitation during
exercise had static hyperinflation, RV/TLC was not a pre-
dictor of ventilatory limitation. An equivalent predictive
model was shown for adult CF patients.!?

One of the parameters used in our study to describe
ventilatory limitation (breathing reserve index W ., > 0.7)
is probably higher in younger children.!! Estimation of the
anaerobic threshold by the V-slope method, which was
used for some subjects, may have influenced breathing
reserve index values at the anaerobic threshold, but not at
Wieak-?? Our results show that breathing reserve index at
Wieak is @ useful indicator of ventilatory limitation, even
in younger children.

In obstructive lung diseases such as CF there is a pro-
gressive increase of dead-space volume during exercise,
accompanied by increases in dynamic hyperinflation and
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total ventilation.?*2> We showed that there was an increase
in dead-space ventilation at rest in both groups, with sig-
nificantly higher values observed in the static hyperinfla-
tion group. Interestingly, the progressive increase in V,/Vp
did not result in significantly higher values in the static
hyperinflation group. Similar results associated with V,/V
in the ventilatory limitation and non-ventilatory limitation
groups at rest and at W, indicate that ventilatory limi-
tation is not appropriate for assessment of dead-space
ventilation. It was observed that hyperinflation has a me-
chanically disadvantageous role on the performance of the
diaphragm, which becomes flatter and shorter. Hyper-
inflation causes reduction in the apposition zone of the
diaphragm, and a smaller rise in abdominal pressure, lead-
ing to its dysfunction.? Dynamic hyperinflation is best
reflected by changes in inspiratory capacity, which was
not measured in this study.!®

Vogiatzis et al>’ showed that patients with severe COPD
exhibit 2 patterns of dynamic hyperinflation during pro-
gressive exercise test: early and late. During exercise, in
patients with CF and COPD there are progressive increases
of end-expiratory chest wall and rib cage volumes, due to
expiratory flow limitation.?® Some patients with obstruc-
tive lung disease do not reach expiratory flow limitation
up to two thirds of W .,,.*” Increase of Vg and progressive
increase of end-expiratory lung volumes have negative
influence on breathing reserve index in estimation of ven-
tilatory limitation in patients with air-flow obstruction
and dynamic hyperinflation during progressive CPET. Ex-
piratory flow limitation is a cause of increased Vg/V co,»
limiting exercise capacity in patients with COPD.2 Dy-
namic hyperinflation may affect the predictive accuracy
of Vi/V co, on ventilatory efficacy above the respiratory
compensation point.3%-3' We demonstrated that there was
a difference between the groups according to Vi/Veq at
the anaerobic threshold, but not at W, in accordance
with previous data. Our results indicate that Vg/V o, should
be interpreted with caution for assessment of ventilatory
efficacy in children with CF.

In our study, peak VOz was significantly lower in sub-
jects with ventilatory limitation, because peak Vo was
used as one of the parameters to describe ventilatory lim-
itation. Conversely, at Wpeak, lactate concentrations in sub-
jects with ventilatory limitation were similar to those in
subjects without ventilatory limitation. Lactate concentra-
tion positively correlates with peak VO2 in adult patients
with CF.32 Moderate elevation in lactate concentration at
W eax and high Borg muscle fatigue scores in all patients
suggest relatively good skeletal muscle conditioning. In
the presence of good muscle conditioning, low peak Vo2 in
static hyperinflation subjects may be primarily due to ven-
tilatory reasons. This is confirmed by the greater peak VO2
per unit work rate in static hyperinflation subjects, which
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may also be caused by cardiovascular and possibly meta-
bolic factors.

Peak VOz is one of the best predictive markers of prog-
nosis and mortality in CF.%.1933 With this in mind, Gruet
et al3* proposed a model for CF patients who are unable to
perform the maximal exercise test. Gruet et al showed that
the oxygen uptake efficiency slope is a useful submaximal
parameter that correlates with values at W,,. Further
studies are necessary to validate these valuable data in
young children; motivating these children to achieve their
best results during CPET may be a challenge.

Exercise-induced hypoxemia and clinically important
oxygen desaturation (S, < 90%) at W ., were demon-
strated only in subjects with static hyperinflation and ven-
tilatory limitation. We concluded that ventilatory limita-
tion may be a predisposing factor for developing oxygen
desaturation at peak exercise. McKone et al'3 showed that
adding dead-space volume and supplemental oxygen can
increase peak exercise ventilation and improve maximal
exercise capacity in adult CF patients. It is unclear whether
or not oxygen supplementation can be advised as a ther-
apeutic measure in training and rehabilitation protocols for
children with CF and ventilatory limitation on CPET. The
role of oxygen supplementation in improvement of sub-
maximal exercise capacity among adults with CF has been
documented, but further investigations are necessary to
completely understand the influence of oxygen supple-
mentation during exercise in children.3>-3¢

Similar values of BMI within groups in our study showed
their comparability in nutritional status. Our data showed
that BMI was negatively correlated with W, but that
the correlation was not significant. Previous reports sug-
gest that malnutrition plays an important role in determin-
ing exercise capacity in CF.>-¢ We believe that nutritional
status should be evaluated more precisely than was done in
our study (lean body mass and weight for height), in order
to draw reliable conclusions on its impact on exercise
capacity. The lack of significance in correlation between
BMI with W, may be explained by the relative homo-
geneity of this small group of subjects. Potential limita-
tions are difficulties in accommodation to the cycle er-
gometer for CPET-naive children, and their expression of
muscle fatigue using the Borg scale. In addition, estima-
tion of arterial blood gases concentration is invasive. It
would be difficult to justify arterial line placement for
the purpose of routine clinical assessment. We propose
that it should be reserved only for the purpose of scientific
research.

Conclusions
In conclusion, peak exercise performance is influenced

by static hyperinflation, and ventilatory limitation is a sig-
nificant limiting factor in children with CF. In clinical
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practice it is unlikely that children with CF force them-
selves to maximal effort during exercise sessions. Never-
theless, we would like to emphasize that all children with
CF who exhibit static hyperinflation and ventilatory lim-
itation may require S,, monitoring during progressive
exercise. Given these findings, further study of the influ-
ence of hyperinflation on exercise capacity in children
with CF should focus on improvements in ventilatory lim-
itation, which is a part of the natural course of the disease.
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