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The effect of 100% oxygen on tidal
breathing parameters in preschool children
To the Editor:
The multiple-breath nitrogen washout (MBN2W) test assesses ventilation distribution by determining the
number of functional residual capacity (FRC) lung turnovers required for tidal breathing of 100% oxygen to
wash out resident nitrogen from the lungs [1]. In particular, the test has gained significant interest as a tool
for monitoring disease progression and prognosis in children with lung disease, with a specific focus on cystic
fibrosis (CF) due to its ability to discriminate between health and disease [2]. The use of 100% oxygen has
become the preferred choice of inert gas in older children and adults. However, as discussed in the European
Respiratory Society/American Thoracic Society consensus statement, there are disadvantages and unknowns
as to how patient age, sedation and sleep state may interact with 100% oxygen to alter breathing patterns [3].
It is known that 100% oxygen alters breathing patterns in infants [4, 5] and therefore this approach is not
recommended in this age group; however, it is assumed that the effect of 100% oxygen on respiration is
diminished beyond infancy [3], with no reported impact of 100% oxygen on breathing parameters in
school-aged children [6]. It remains unknown whether hyperoxia affects tidal breathing in young children, as
there are no published studies in this age range. This study aimed to determine whether breathing 100%
oxygen altered tidal breathing parameters in healthy young children and young children with CF.
MBN2W tests were conducted in children with CF who were enrolled in the Australian Respiratory Early
Surveillance Team for CF (AREST CF) surveillance programme and healthy children recruited from the
community aged 3 to 6 years. Tests were performed (Exhalyzer D, Eco Medics AG, Duernten, Switzerland)
according to international standards by using Spiroware software (version 3.1.8) [3]. Children performed
at least 1 min of tidal breathing in room air (minimum of 20 tidal breaths) prior to breathing 100%
oxygen as part of the MBN2W test through a mouthpiece and with a noseclip on.
Tidal breathing parameters including tidal volume (VT), respiratory rate (RR), minute ventilation (VʹE),
mean tidal expiratory flow (MTEF) and mean tidal inspiratory flow (MTIF) were compared for air
exposure and 100% oxygen exposure from the first MBN2W trial, as this was the first exposure to oxygen
and priming effects of oxygen exposure were shown in infants [4]. Results from subsequent trials were also
available for comparisons. The variability of tidal breathing within each test was measured by calculating
the coefficient of variation of VT (CVVT). Small breaths of <3 mL·kg−1 were excluded [7]. Paired t-tests
that compared tidal breathing parameters within children were performed by using SPSS Version 23
software (IBM SPSS Statistics, 2015) and the data reported as mean±SD.
MBN2W data were collected from 43 children (15 healthy, 28 with CF) with a mean (range) age of
5.2 years (healthy 5.4 (3.7–6.6) years; CF 5.2 (3.0–6.9) years; p=0.49). Of the 15 healthy children, nine had
not performed MBN2W before (60%), whereas for children with CF only 21% (6/28) were MBW-naïve.
There were no significant differences in height (healthy 110.6±7.7 cm; CF 110.1±8.5 cm; p=0.85) and
weight (healthy 19.7±4.7 kg; CF 19.6±3.6 kg; p=0.90) between healthy children and those with CF. FRC
was not different between groups (healthy 0.90±0.16; CF 0.88±0.21; p=0.71), but lung clearance index
(LCI) was higher in children with CF than in healthy children (healthy 6.68±0.46; CF 8.12±1.56; p=0.001).
Breath number was higher (∼5 breaths) when breathing 100% oxygen, due to the longer duration of
nitrogen washout in children with CF.
Mean VT was 4.8% or 13.3 mL lower during tidal breathing of 100% oxygen than with room air (table 1).
This decrease in VT was driven by a statistically significant 7% decrease in the VT of healthy children upon
breathing 100% oxygen ( p=0.04). 10 of the 15 healthy children decreased their VT, with three children
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TABLE 1 Differences in tidal breathing parameters after breathing 100% oxygen.
Air

All subjects (n=43)
Breath number
VT mL
CVVT %
RR min−1
V′E mL·min−1
MTEF mL·s−1
MTIF mL·s−1
CO2 emitted mL
Healthy control subjects (n=15)
Breath number
VT mL
CVVT %
RR min−1
V′E mL·min−1
MTEF mL·s−1
MTIF mL·s−1
CO2 emitted mL
Subjects with cystic fibrosis (n=28)
Breath number
VT mL
CVVT %
RR min−1
V′E mL·min−1
MTEF mL·s−1
MTIF mL·s−1
CO2 emitted mL

100% oxygen

Difference (100% oxygen – air)
Mean (95% CI)

%

28.6±7.6
276.5±58.3
29.5±11.1
24.8±7.3
6449.1±1370.6
196.5±47.8
245.8±45.9
9.2±2.4

33.6±9.9
263.3±53.8
28.8±9.8
24.0±7.4
5913.5±1020.1
179.9±33.9
230.2±37.3
8.7±2.3

5.1 (1.4; 8.7) #
−13.2 (−1.1; −25.3) #
−0.6 (2.2; −3.4)
−0.9 (−0.4; −2.1)
−535.6 (−234.7; −836.5) +
−16.6 (−7.7; −25.5) +
−15.6 (−7.0; −24.2) +
0.5 (1.0; 0.1) #

17
−4.8
−2.0
−3.6
−8.3
−8.4
−6.3
5.4

27.5±7.5
284.8±65.2
28.1±12.2
22.5±4.9
6073.4±1258.1
191.7±45.2
236.1±51.5
9.3±2.6

31.3±7.1
263.5±46.2
26.8±11.2
22.0±6.2
5563.6±962.1
168.5±29.0
215.5±37.0
8.6±2.0

3.7 (1.4; −1.6)
−21.2 (−1.0; −41.5) #
−1.4 (4.1; −6.9)
−0.5 (1.6; −2.6)
−509.8 (−14.6; −1005.0) #
−23.2 (−9.5; −36.8) ¶
−20.6 (−7.2; −34.1) ¶
0.4 (1.3; 0.2)

13.5
−7.4
−5.0
−2.2
−8.4
−12.1
−8.7
7.5

29.1±7.7
272.1±55.0
30.2±10.5
26.1±8.1
6650.4±1407.4
199.0±49.8
251.0±42.8
9.1±2.3

34.9±11.1
263.2±58.3
29.9±9.0
25.0±7.8
6101.0±1017.1
186.0±35.2
238.1±35.6
8.7±2.5

5.8 (10.9; 0.7) #
−8.9 (6.9; −24.6)
−0.2 (3.2; −3.6)
−1.0 (0.5; −2.6)
−549.4 (−147.9; −950.9) ¶
−13.1 (−1.0; −25.1) #
−12.9 (−1.4; −24.5) #
0.7 (1.3; 0.1) #

13.5
−3.3
−0.7
−3.8
−8.3
−6.6
−5.1
7.7

Data are presented as mean±SD, unless otherwise stated. Bold indicates statistically significant values.
Between measurement comparisons of tidal volume (VT), coefficient variation of VT (CVVT), respiratory rate
(RR), minute ventilation (V′E), mean tidal expiratory flow (MTEF) and mean tidal inspiratory flow (MTIF).
#
: p<0.05; ¶: p<0.01; and +: p=0.001.

exhibiting a decrease in VT of more than 20%. The VT during 100% oxygen breathing in children with CF
did not significantly change from that in room air (table 1). The difference in VT for room air to 100%
oxygen was only present for the first trial, and no difference was observed for subsequent trials. Variability
of VT as determined by CVVT was not different for room air and 100% oxygen in any MBN2W trial in
either group.
Respiratory rate was unchanged during 100% oxygen exposure (p=0.16) (table 1), however VʹE was
significantly decreased (p=0.001) by 8% in both healthy children (p=0.04) and children with CF (p=0.01).
MTEF and MTIF were significantly lower during 100% oxygen exposure in healthy children ( p<0.005) and
children with CF ( p=0.03) than in room air. Two healthy children (aged 5.9 and 5.3 years) and two children
with CF (aged 3.4 and 4.3 years) had a reduction in MTEF of more than 60 mL·s−1(table 1), when breathing
100% oxygen compared with room air. VʹE, MTEF and MTIF remained lower for 100% oxygen than for
room air in subsequent trials.
The data shows that tidal breathing of 100% oxygen significantly altered VT, VʹE, MTEF and MTIF in young
children. Decreased VT with 100% oxygen exposure was observed in healthy children but not those with
CF. However, while the decrease in VT was statistically significant, the mean decrease was not more than
10% of the VT, which is the cut-off thought to be physiologically relevant. This postulated 10% cut-off was
chosen as simulated lung volumes in children of 3–8 years using a lung model resulted in a 10% variation
from known values [6, 8]. Six (of 43) children had a change in VT value that exceeded 10%, however there
was no obvious effect of age or disease status in these individuals, and it is likely that the mean change in
tidal breathing parameters was driven by a small number of individual children. There was no significant
difference in the %CVVT value between room air and 100% oxygen, which suggests that variation in tidal
breathing pattern was not a contributing factor to the change in tidal breathing parameters.
Studies of the effects of MBN2W in CF have been conducted in infants, including use of healthy infants as
controls [4, 5]. SINGER et al. [4] showed a decrease in VT value of 8.7%, 11% in VʹE and 14% in MTEF,
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whereas our study showed a decrease in VT value of 4.8%, 8.3% in VʹE and 8.4% in MTEF. Differences
between CF and healthy infants were not compared although the VT decrease in CF was double that of the
healthy infants (6.7 mL versus 2.7 mL). Similar to our study, the authors reported heterogeneous responses
independent of age and disease. More recently, JOST et al. [6] compared changes in tidal breathing
following MBN2W in healthy term-born and former preterm school-aged children (6–9 years), showing a
small 3.5% decrease in VT. While the preterm children recorded a significantly larger decrease in VT value
(8%) than did healthy children (0.7%) the study concluded that 100% oxygen had a minimal effect on
tidal breathing.
A limitation of this study was that tidal breathing of room air was always performed prior to exposure to
100% oxygen, thus we cannot exclude an order effect. In particular, an order effect may have contributed
to the higher VT value in healthy children since these children were recruited from the community and,
unlike the children with CF, had no prior experience of performing lung function tests in a clinical setting.
Children unfamiliar with the test may have had an initial artificial increase in VT value and, once settled
into the test, reduced their VT during the 100% O2 exposure. Changes in VT influence LCI and FRC in
infants [9], and unfortunately this study was not appropriately designed to test if LCI and FRC are altered
by changes in breathing pattern in preschool children.
In summary, while changes in tidal breathing parameters were observed following breathing 100% oxygen,
there is no evidence to suggest that these changes are physiologically relevant across the preschool age
group. Further studies should randomly alter the order of room air and 100% oxygen exposure. Our data
do not provide conclusive evidence that MBN2W test should not be performed in preschool children.
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