
Is twice the duration of washout sufficient
time between multiple breath nitrogen
washout tests?

To the Editor:

Multiple breath washout (MBW) assesses both lung volume (functional residual capacity (FRC)) and
ventilation inhomogeneity (lung clearance index (LCI)). The latter’s insight into underlying lung pathology
and response to intervention has triggered a recent MBW resurgence [1–4]. Validated commercial
equipment has become available [5], increasing suitability for widespread use, and a European Respiratory
Society/American Thoracic Society endorsed MBW consensus statement has been published to guide
manufacturers and operators [6]. This document highlights the need for further evidence across several
recommendation areas. In the May 2015 issue of this journal SALAMON et al. [7] tackled one such
important issue: what duration should be employed between two MBW tests within a testing session?
Previous recommendations of gaps of ⩾15 min in healthy and ⩽60 min in obstructed patients [8] were
shown to be too conservative. Using a gap of the previous washout duration led to 10% lower FRC values
(p<0.001) but no effect was observed if this was doubled, in line with the recent consensus-based
recommendation. [9]. The results presented here address two important limitations to the data presented
by SALAMON et al. [7], as acknowledged by the authors themselves, to further strengthen the
recommendation’s evidence base. First, in their paediatric cohort, an alternate, fixed-gap duration protocol
was used (5 and 15 min), which translated to an excessive duration between tests (mean 2.6×). Secondly,
LCI data was not reported, which may have compromised the ability to detect any detrimental effects.

In the setting of ventilation inhomogeneity, insufficient wash-in of nitrogen between nitrogen-based MBW
tests affects poorly ventilated lung units to a greater degree and may lead to an incomplete contribution by
these units during subsequent tests. Contributions by these poorly ventilated units are weighted towards
the latter portion of the washout curve, which contains the end threshold for LCI determination. By
contrast, FRC calculation, based on cumulative expired nitrogen volume, has larger relative contributions
during initial portions of the washout with diminishing contributions as washout progresses and end-tidal
nitrogen concentration falls.

We performed a retrospective analysis of paediatric nitrogen MBW tests at our tertiary paediatric
institution. Data were collated from 90 children (37 with cystic fibrosis, 41%) equally split across three
paediatric age ranges (preschool, early school age and adolescence). Consecutive technically acceptable tests
were included, where possible in triplicate to examine for cumulative effects over the three tests. No
medication was given prior to testing and testing occurred during clinical stability. No specific breathing
manoeuvres were used between tests to facilitate nitrogen wash-in. The commercial equipment used
(Ecomedics Exhalyzer D; Eco Medics AG, Dürnten, Switzerland) employed a lock-out time of 1.5 × the
preceding washout duration before the software could be advanced towards the next test. Actual duration
between tests was calculated to capture additional time to advance the software and settle the child back on
MBW equipment such that data collection could recommence. A generalised estimating equation was used
to investigate FRC and LCI change over time. Ethical approval was granted as a quality control project.

The cohort represented both a wide range of FRC (0.31–4.31 L) and ventilation inhomogeneity (LCI
5.90–17.05) (table 1). Overall actual mean±SD time between washouts was 1.91±0.24 × the previous
washout time and did not differ between age groups. In all cases, baseline end-tidal nitrogen values had
returned to within 1.5% (relative) of the first test’s starting end-tidal nitrogen concentration (acceptability
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criteria determined by software). No statistically significant difference in LCI and FRC across test pairs or
triplicates was found. The magnitude of difference (as a percentage of baseline value) did not increase as
disease severity (or LCI) increased (data not shown).

The data presented here build on the important work of SALAMON et al. [7] to further support the
consensus recommendation of twice the previous washout time to ensure adequate wash-in of nitrogen
during room air breathing with nitrogen MBW [9]. We used an approach based solely on previous
washout duration, in larger subject numbers across the entire paediatric age range and reported both FRC
and LCI values. Applicability across both a wide range of underlying lung volumes and severity of
ventilation inhomogeneity (LCI ⩽17) was examined. No detrimental effect on either outcome was
observed, either between tests or across triplicate test sessions. Applicability to MBW use in very severe
ventilation inhomogeneity (LCI >17) is unclear, but in these subjects the long testing time required
remains a significant barrier to routine clinical use. The lack of effect seen at the lower end of the washout
durations (towards 1.5 × washout duration) suggests that future work should focus on this lower threshold
to reduce total test session duration further. Future work to reduce the gap between tests should also
explore the utility of defining a minimum threshold for starting end-tidal nitrogen prior to commencing
the next washout test. Such an approach was not examined as part of this analysis.
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TABLE 1 Baseline data of the cohort and summary of differences in multiple breath washout parameters classified according
to age

Preschool School age Adolescence

Baseline data
Number 30 30 30
Male % 60 40 76
Age years 5.1±1.2 (2.8–6.9) 10.0±1.9 (7.0–12.8) 15.2±1.9 (13.8–18.9)
Cystic fibrosis diagnosis 18 (60) 12 (40) 7 (23)
FRC L# 0.92±0.32 (0.31–1.92) 1.52±0.41 (0.95–2.35) 2.55±0.90 (1.40–4.31)
LCI TO# 8.30±2.60 (5.96–17.05) 7.78±1.71 (5.90–11.88) 8.18±2.41 (5.94–13.69)

Ratio of actual wait time between washouts to previous
washout time
1st trial pair (test 1–2) 1.96±0.25 (1.52–2.47) 1.97±0.24 (1.50–2.43) 1.91±0.23 (1.58–2.46)
2nd Trial pair (test 2–3) 1.89±0.28 (1.50–2.46)¶ 1.88±0.25 (1.53–2.40)+ 1.83±0.23 (1.52–2.25)§

Differences between test occasions
FRC L
Difference (95% CL) −0.0063 (−0.02–0.01) 0.0075 (−0.03–0.04) 0.0117 (−0.02–0.04)
p-value 0.42 0.67 0.47

LCI TO
Difference (95% CL) −0.0109 (−0.21–0.19) −0.1938 (−0.42–0.04) −0.0859 (−0.23–0.05)
p-value 0.91 0.10 0.23

Data are presented as n, n (%) and mean±SD (range), unless otherwise stated. #: based on the mean result from three technically acceptable
tests during that testing session; ¶: n=17; +: n=15; §: n=23. CL: confidence limits; FRC: functional residual capacity; LCI: lung clearance index;
TO: lung turnovers.
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From the authors:

We read the paper by K.M. Hardaker and co-workers with great interest. Their study confirmed our
earlier data: that a washout-derived wait time between measurements of nitrogen-based multiple breath
washout (MBW) was not influenced by disease severity, and that on average a wait time of twice the
duration of the washout between nitrogen MBW tests eliminated potential measurement artefacts [1].

K.M. Hardaker and co-workers investigated whether our recommendation to wait at least twice the initial
washout time between nitrogen MBW measurements was applicable in a larger cohort of children, with a
retrospective analysis of clinically obtained data. In our study, we initially used a combination of wait times
(5 and 15 min), which were randomised, in children aged 7 years and older. Our protocol was subsequently
reviewed for an adult dataset and a wait time based on a function of initial washout time was used. The
clinical data set used by Hardaker and co-workers allowed the expression of wait time in relation to
washout time, rather than a fixed time, and this was, on average, 1.9 times the previous washout time. We
commend their inclusion of preschool-aged children and are pleased that our recommendation is
supported in this younger group by their evidence, which showed that a wait time of 1.50–2.27 times the
previous washout time was sufficient for repeat measurements of functional residual capacity (FRC) to
return reproducible values. A limitation of this retrospective analysis was that, unlike in our study, the time
between repeat trials was not randomised and therefore an order effect could not be excluded. Similarly,
while their data confirms that a wait time of twice the washout duration was sufficient to avoid artefacts in
young children, their study was not designed to specifically test if shorter wait times were appropriate.

Hardaker and co-workers added value to this work by including the lung clearance index (LCI) and found that
waiting ∼2 times the previous washout time ensured repeat measurements were reproducible. While our study
did not report LCI, we are confident that any potentially detrimental effects of ventilation inhomogeneity on
the measured FRC were accounted for by a wait time that was equal to, or exceeded, twice that of the initial
washout time. This is supported by our observation in an adult cohort that a wait time based on the patient’s
own washout time was appropriate in obstructive lung disease. Random-effects regression analysis
demonstrated no independent effect of obstructive disease severity on the washout time (p=0.98).

Hardaker and co-workers commented that future work could be done towards pursuing a reduced
washout time; however, investigations should proceed with caution as the shorter the time between
measurements the greater the risk of effects due to ventilation inhomogeneity. Although no recorded
effects were seen on repeat FRC measurement after waiting only once the initial washout time in both our
healthy and restricted groups, our obstructive lung disease group exhibited a significant difference in FRC.
This suggests that reduced wait times may lead to measurement inaccuracies, although we do advocate
further optimisation of lung-function testing protocols to improve the clinical reliability of the test.
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The most recent consensus statement for inert gas washout measurements recommends that three technically
acceptable FRC measurements are obtained with <10% variation from the minimum to maximum values [2].
The work of Hardaker and co-workers, in addition to our own work, means that this recommendation is
attainable within a reasonable time period in a clinical laboratory. We welcome this contribution that has
added to the body of work on nitrogen MBW testing procedures by including a younger cohort as well as LCI
in the analysis of wait time effect on repeated nitrogen MBW measurements. This work supports our
recommendation to wait twice the initial washout time between repeat measurements of FRC and we
continue to strongly encourage the development of evidence-based guidelines to inform best practice in the
clinical lung-function laboratory.
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