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ABSTRACT: The aim of this position paper is to define quality control and acceptance
criteria for measuring passive respiratory mechanics in infants using the occlusion
techniques to ensure that valid results are obtained. These guidelines cover numerous
aspects including: 1) terminology and definitions; 2) equipment; 3) data acquisition; 4)
data handling and analysis; 5) reporting of results. Adherence to these guidelines should
ensure that measurement of passive respiratory mechanics in infants in different lung
function laboratories could be performed with an acceptable degree of safety, precision,
and reproducibility. This will facilitate multi-centre collection of data and performance

of clinical investigations.
Eur Respir J 2001; 17: 141-148.

This document represents one of a series that is being
produced by the European Respiratory Society/Amer-
ican Thoracic Society Task Force on standards for
infant respiratory function tests. The aim of this Task
Force is to summarize what is currently seen to be good
laboratory practice, and to provide recommendations
for both users and manufacturers of infant lung
function equipment and software. These recommenda-
tions have been developed after widespread commu-
nication on an international level and are directed
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towards future developments in this field, including the
use of more automated and standardized equipment
than has been used in many clinical and research centres
in the past.

It is important to emphasize that the recommenda-
tions presented here do not invalidate previously pub-
lished data collected with less automated systems or
without all the quality control that has now been
suggested. It is recognized that this document will
need regular update in response to advances in both
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technology and knowledge regarding the application
and interpretation of these tests under different
circumstances. In the meantime, every attempt has
been made to avoid being too prescriptive to allow for
future developments, while at the same time offering
guidance as to minimum standards for those developing
equipment and performing tests. Acceptance and
application of these recommendations could be of
particular value when attempting to compare data
between centres, develop or use reference data. In
addition, with increasing emphasis on the need for
multi-centre trials if meaningful conclusions are to be
reached when using parameters of infant respiratory
function as outcome measures, they could provide an
essential platform from which to develop the necessary
standardized protocols.

Passive respiratory mechanics including compliance,
resistance and the expiratory time constant of the
respiratory system have been assessed using a variety of
closely related methods. This document will concen-
trate on the two most commonly used methods, (i.e. the
single breath technique (SBT), here referred to as single
occlusion technique (SOT) to distinguish it from the
terminology used in gas washout techniques)) [1-3] and
the multiple occlusion technique (MOT) [4, 5]. Other
techniques for measuring passive mechanics include
the multiple interrupter technique, expiratory volume
clamping and weighted spirometry, which have been
reviewed recently [6] but have not gained broad ac-
ceptance. Measurements of passive mechanics in the
intensive care setting [7] and dynamic lung mechanics
using oesophageal manometry [8] will be considered in
subsequent documents. The theoretical background
and practical details of how to apply the MOT and
SOT, together with a consideration of factors that may
influence the measurements and interpretation of
results have been described previously [6, 9, 10] and
will not be repeated here. A discussion of the clinical
applications or usefulness of measuring passive respira-
tory mechanics in infants is beyond the scope of this
paper. However, it should be noted that whereas the
value of assessing infant lung function as an outcome
measure in clinical or epidemiological research studies
is well established, the use of such tests in individual
infants as diagnostic or therapeutic measures, remains
far more controversial [6, 9].

Careful use of the equipment to ensure patient safety
remains the responsibility of the operator. Routine
safety measures when performing any type of infant
lung function measurement include: 1) full resuscitation
equipment, including suction, being available at the site
of infant lung function testing plus a suitable alarm
system; 2) two individuals (other than parents) being
present during testing, one of whom has prime res-
ponsibility for the infant's well being; the infant must
never be left unattended; 3) continuous monitoring
(and ideally recording) using at least pulse oximetry;
4) transparent face mask for monitoring of the infant;
and 5) adherence to the hospital specific protocol for
sedation or anaesthesia. Further details regarding mea-
surement conditions which may influence infant safety
or the accuracy and reproducibility of results have been
published previously [10]. Accompanying papers in this
series also provide full details regarding specifications

for equipment and software when assessing respiratory
function in infants [11, 12].

Terminology and definitions

The MOT and SOT can be used in spontaneously
breathing infants to assess passive mechanics of the
total respiratory system (i.e. lung + chest wall) non-
invasively in the absence of all respiratory muscle
activity. Total respiratory system compliance (Crs) is a
measure of the combined elastic recoil of the lung and
chest wall. Resistance of the respiratory system (Rrs)
represents the sum of airways, lung tissue and chest
wall resistance. Reference to measurements obtained
using pressure changes at the airway opening as air-
way, lung, pulmonary or thoracic resistance is mislead-
ing, and adherence to the referenced terminology is
recommended to avoid confusion.

The airway occlusion techniques for assessing passive
respiratory mechanics are based on the ability to invoke
the Hering Breuer Inflation Reflex (HBIR) in infants
and young children [13, 14]. Provided rapid equilibra-
tion can be reached during periods of no flow, the
relaxation pressure at the airway opening (Pao) rep-
resents alveolar pressure, which in turn represents the
summed elastic recoil pressure of the lung and chest
wall during periods of muscle relaxation. This pressure
(P) can be related to changes in volume (V) and flow
(V) in order to calculate the compliance (V/P) and
resistance (P/V") of the respiratory system.

For the SOT, the airway opening is occluded at the
end of a tidal inspiration (fig. 1). Provided the HBIR
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Fig. 1. — Flow-volume-curve obtained following end inspiratory
occlusion for the single occlusion technique. Fext: extrapolated
flow; Vext: extrapolated volume; V0: volume at start of expiration;
Vi: volume at time of occlusion; frs: expiratory time start for
respiratory system; Crs: compliance; Rrs: resistance; Vol%A:
volume remaining in the lung at the start of the regression,
expressed as a percentage of the expired volume from release of
the occlusion to end of expiration; Vol%B: expired volume at the
end of the portion of the F/V slope selected for regression,
expressed as a percentage of the expired volume from release of
the occlusion to that at the end of expiration; Vx: intersection of trs
with volume axis; VEEL: mean of last 5 end-expiratory lung
volumes; Veocc: volume at end of expiration following release of
occlusion; Vic: volume intercept (difference between Vx and Veocc).
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Fig. 2. — End-inspiratory airway occlusion as performed during
the single or multiple occlusion techniques. AV: change in
volume during breath; APao: change in airway opening pressure;
trs: expiratory time constant for respiratory system; AO: airway
occlusion; I: inspiration; E: expiration.

is invoked by temporarily maintaining lung volume
above the end expiratory volume, the time based
pressure trace develops a plateau, which represents
elastic recoil pressure. Similarly, provided expiration
remains relaxed when the occlusion is released, and
a single compartment can represent the respiratory
system, the descending portion of the volume-flow loop
presents a straight line (fig. 2). The slope of this straight
line represents the expiratory time constant of the
respiratory system (frs), which is the time required for
lung volume to decrease passively by 63%. The
intersection of the extrapolated f#rs with the volume
axis (Vx) indicates the volume to which the infant would
have expired had expiration not been interrupted by an
inspiratory effort (i.e. the elastic equilibrium volume
(EEV) of the respiratory system). The volume in the
lung at the time of the occlusion (V1 on fig. 1) above
this EEV is calculated as Vext=(V1-Vx). The ratio of
change in V' to that of P represents respiratory com-
pliance and hence:

AVext

€ = A Po (1)

Since trs represents the product of Rrs and Crs,
resistance can be calculated as:

Irs

Rrs ==

(2)

s

Alternatively Rrs can be calculated directly by
extrapolating the #rs to measure pseudoflow at the
moment of occlusion (V'ext) and relating this to the
prevailing elastic recoil pressure:

Rrs - APao/A V’ext (3)

Whichever approach is used the apparatus resistance
must be subtracted before reporting the result (see
below).

For the MOT, airway occlusions are performed
several times at different points of expiration. Provided
the HBIR is invoked, the time based P trace presents
a plateau that represents the elastic recoil pressure at
the moment of the occlusion (P1, P2, etc). If the
corresponding V' above functional residual capacity
remaining in the lung at the time of occlusion (V1, 12,
etc) is then plotted against P1, P2, etc, the slope of the
resulting V-P plot, which is calculated by linear
regression, will represent Crs, and the intercept on
the volume axis the extent to which end-expiratory
lung volume is being dynamically elevated. Thus, for
assessment of passive respiratory mechanics, accurate
recordings of V", V' and P are necessary.

Equipment

Further details on general equipment and software
requirements for infant lung function testing have
been published elsewhere [11, 12]. In general: 1) the
combined apparatus resistance should not exceed;
1.2 kPa-L"s at 50 mL-s" in spontaneously breathing
preterm infants; 0.7 kPa-L™"s at 100 mL-s" in term
neonates: 0.5 kPa-L s at 300 mL-s"' in infants and
young children; 2) the combined apparatus dead space
(excluding the mask) should not exceed 1.5-2 mL-kg™".

Face mask

The brand and size of face mask should be reported
and dead space should be minimized (for example by
using silicone putty).

Flowmeter

This should be a low resistance, low dead space
device, with a linear range appropriate for the age and
size of the infant studied and the flows likely to be
encountered. As in the previous documents published in
this series, the flowmeter will generally be referred to as
a pneumotachometer (PNT), since this is currently the
most commonly used flow measuring device. However,
anemometers and ultrasonic flowmeters may prove to
be equally applicable in the future. If a PNT or other
device subject to errors due to condensation is used, it
should always be heated to body temperature. Every
system needs to be checked to ensure that the PNT is
perfectly balanced and that pressurization of the PNT
during an occlusion will not influence the V-1 data
obtained [15].

The ranges of flow likely to be encountered during
the occlusion techniques are summarized in table 1. It
should be noted that flow transients can occur after

Table 1. — Flow ranges of pneumotachometers recom-
mended for use with infants of various masses

Infant mass Flow range
kg mL-s™!
<2 0-200
2-4 0-300
4-10 0-600
>10 0-1000
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release of the occlusion during the SOT (release of
compressed air/rapid emptying of upper airways),
which may exceed the ranges quoted for basal tidal
breathing at any given age/weight range. It is parti-
cularly important to ensure that adequate flow resolu-
tion [11] (see section Measurement protocol) and breath
detection algorithms are used when testing preterm in-
fants and neonates where mean 7' may be <30 mL-s!
[16, 17].

Pressure transducers

The pressure range likely to be encountered with a
flow transducer is 0.2 kPa if a PNT is used. The Pao
range likely to be encountered is 2 kPa, unless used in
ventilated infants, where Ps may be higher. A pressure
transducer that is linear to £5 kPa is adequate for both
circumstances.

Occlusion valves

A shutter/valve to occlude the airway opening with a
pressure port and appropriate connectors to the face
mask and PNT is required. Any valve directly con-
nected to the patient's airway must default to the open
position. An electronic switch that can be activated
manually by the operator to open the valve to the
airway opening should be included. Ideally, to avoid
pressurization of the PNT during occlusion, the valve
should be positioned between the face mask and PNT,
although this is not essential if the system is perfectly
balanced [15]. If using the SOT in a ventilated infant
on an intensive care unit, there is wide agreement that
the shutter should open to atmosphere. Otherwise
the mechanical properties of the ventilator circuit will
be included in the calculation. The disadvantage of
expiration to atmosphere is that information regarding
the end expiratory level will be lost unless a second PNT
is introduced in the set-up. In addition, the loss of
positive end expiratory pressure (PEEP) during such
measurements may have adverse clinical implications.
There is no current consensus as to the best approach in
these circumstances [7]. The valve should have the
following characteristics: 1) it should be designed with
minimal dead space and apparatus resistance (see
above) [11]; 2) activation of the valve should produce
no or minimal noise to avoid disturbing the infant; and
3) the shutter must be leak-free and able to hold Ps up
to at least 2 kPa for use with the occlusion techniques in
a spontaneously breathing infant, or up to 4 kPa when
used in a ventilator circuit.

Monitor display

1) For safety reasons, tidal volume (V'T) and/or V"
should be monitored at all times while the mask is
applied. Additional monitoring of Pao is optional dep-
ending on the equipment used. 2) During data col-
lection and/or replay, a simultaneous display of time
based traces for V', V, Pao and V-V curves are required,
to assist in recognition of the stability of breathing

pattern and absence of leaks. 3) A separate expanded
time based display of Pao is required to allow evalua-
tion of the pressure plateau with respect to equilibrium,
relaxation and evidence of any leak (fig. 2). 4) During
on-line analysis, acceptable breaths/manoeuvres should
be displayed on screen according to the technique used.
5) A further window should display either the -1
plot (SOT) or a cumulative plot of the V-P data
(MOT), with a final window summarizing the results.
6) For the MOT, it is useful to display the V-P plot
indicating how many successful occlusions have been
performed, with automatic calculation of Crs once at
least five acceptable occlusions have been performed.
The ability to toggle between the time based trace and
the corresponding point on the V-P plot is essential.
7) To assist quality control and manual checking of
results displayed, factors such as the amplitude,
duration and variability of the pressure plateau and
the stability of the end expiratory level (EEL) should be
tabulated.

Data acquisition
Sampling

Data acquisition requirements are in keeping with
those described previously [11, 12]. In summary: 1)
recommended sampling rate is 200 Hz, although in
slowly breathing older infants, a rate of 100 Hz will
suffice when only measuring the MOT; 2) inspired }"
and V should be converted to body temperature,
pressure, and saturated (BTPS) conditions; this can
be performed at driver level in an attempt to minimize
drift during data collection or during replay prior to
presentation of results; 3) any drift of the VT signal
prior to occlusions should be minimized; and 4) a
representative end expiratory level must be established
(see Analysis section).

Measurement protocol

General procedures. The general principles of infant
respiratory testing, including the importance of stan-
dardizing measurement conditions and the use of
sedation have been discussed previously [10]. In
general: 1) the infant should be lying supine with the
neck and/or shoulders supported in the midline in
slight extension. The position should be stabilized by
using neck roll or head ring. If an alternative posture
is used this should be stated clearly in any publi-
cation; 2) attach face mask, using a thin ring of sili-
cone putty to achieve mask seal if desired); 3) check
mask seal by performing an occlusion test [18]. To do
this, record tidal breathing for approximately 30 s,
followed by a high-volume (end-inspiratory) occlusion
and at least 5 breaths following the occlusion to allow
stabilization of the EEL. Loss of Pao during the oc-
clusion and/or a step up in V following release of the
occlusion usually indicates a leak around the face
mask (or tracheal tube). This will be indicated by the
percentage change in EEL (d%EEL), which is cal-
culated as:
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d%EEL=100 x (EELpre occlusion - EELpost occlusion)/ V'T

Values >10% or 1 mL-kg" usually indicate a leak. In
this case the mask seal should be adjusted and the
occlusion test repeated. 4) Flow through the PNT
during the occlusion may indicate a leak through the
occlusion valve (or an inadequately balanced PNT).
In this case, try to adjust or recalibrate the PNT. 5)
Record approximately 30 s of tidal breathing prior to
the first manoeuvre and repeat later if necessary to
provide a measure of resting tidal breathing, stability
of EEL and some indication regarding sleep state.

Data collection. An option to accept/discard mano-
euvres at time of data collection must be included.

Single occlusion technique. Verify tidal V-V loops are
stable (i.e. regular breathing pattern, absence of drift
or leaks). Perform a minimum of five technically accep-
table end-inspiratory occlusions. Occlusions should
occur within 3 mL (or 5% of V'T) from start of expi-
ration, and should be held for a minimum of 400 ms.
The latter is important to ensure that true pressure
equilibration has occurred in the majority of infants
when using an automated shutter. While default
values should be adjustable by experienced users, if
this value is set too low there is a real danger of false
plateau recognition by any automated system and
hence premature opening of the shutter, with loss of
potentially useful data. Occlusions should be rele-
ased after a Pao plateau of 100 ms has been recorded
(a plateau being defined as that period over which
maximum change in pressure from start to end is 20
Pa, with a sD of <10 Pa), or a maximum of 1,500 ms
have elapsed. If an infant fails to relax upon airway
occlusion (i.e. continuing rise of Pao) the valve should
be released after a maximal occlusion time of 1,500
ms or as soon as any inspiratory effort against the
closed valve is detected (i.e. negative pressure swing).
The breath is suitable for further analysis if expi-
ration is relaxed and continues to the previously
established EEL (+1 mL-kg"), if not data collection
should continue.

Multiple occlusion technique. 1) Perform a minimum of
five end-inspiratory or early expiratory occlusions.
Occlusions should occur within 3 mL (or 5% of V'T)
from start of expiration. 2) Occlusions should be held
for a minimum of 400 and maximum of 1,500 ms to
ensure adequate time for equilibration. This time can
vary greatly even within an individual infant on the
same occasion. 3) Occlusions should be released once
the Pao plateau is stable over at least 100 ms (a
plateau being defined as that period over which maxi-
mum change in pressure from start to end is 20 Pa,
with a sp of <10 Pa). 4) A plateau duration of at
least 200 ms gives greater confidence in complete relaxa-
tion and is easily achieved in older infants and when the
respiratory rate is <50 min™'. However, in rapidly bre-
athing infants, and during the SOT where it is more
crucial to release the occlusion as soon as possible if
a complete expiration is to be achieved, 100 ms
should suffice. Hence, the duration of the plateau
can be set to 100 ms by default, but needs to be

adaptable by the user. 5) At least 10 breaths should
elapse between occlusions to allow stabilization of the
EEL. In infants with a low respiratory rate and stable
EEL it may be sufficient to allow slightly fewer bre-
aths between occlusions to avoid undue prolongation
of the measurement. 6) Ideally, an automated occlu-
sion valve would be programmed to trigger at diffe-
rent predefined intervals during the expiration. 7)
Continue until on-line analysis of the V-P data gives
at least 10 technically satisfactory occlusions over a
pressure range of >0.4 kPa and a value of Crs with
°>0.95. 8) If the infant wakes up before data collec-
tion is complete, or if the EEL is unstable, it may be
necessary to repeat the entire sequence of data
collection for MOT in order to minimize the spread
of data on the V-P scatter plot. 9) Optional: once
data collection for MOT is complete, inspect data
from end-inspiratory occlusions to assess whether any
are also suitable for analysis using the SOT (see
Criteria for technically acceptable data section).

Analysis

The ability to exclude (but not delete) manoeuvres
during final analysis is required. Definitions are cal-
culations required are shown in table 2.

A weight corrected display of VT, Vic and Crs is very
helpful during on line analysis, but this ratio should not
be calculated for Rrs where the relationship between Rrs
and body weight is neither linear nor passes close to the
origin. No infant respiratory function test parameters
should ever be expressed per cm body length for the
same reason.

Quality control parameters

Parameters to determine quality of end expiratory
level. EELs (mL): sp of EEL - measured relative to
the baseline EEL calculated over 5 breaths prior to
each occlusion manoeuvre after drift correction of the
volume signal; EELs%: stability of EEL prior to the
occlusion, i.e EELs expressed as a percentage of the
VT prior to each occlusion manoeuvre: EELs% = 100
x EELs/VT; d%EEL(%): change in EEL (end expi-
ratory level) post-pre occlusion after drift correction,
expressed as percentage of mean VT prior to occlu-
sion (V'T), calculated as ((VEEL,pre-occ - VEEL,post-occ)/
V'T) x 100.

Pre-occlusion value is the mean EEL over the last five
breaths before the occlusion. Post-occlusion value is the
mean EEL of 34 breaths once this has stabilized after
release of the occlusion. Since this may take several
breaths to occur, the initial breaths should be ignored
when making this calculation. Thus, if 10 breaths are
recorded after releasing the occlusion in order to allow
the EEL to restabilize, then the EEL should be based on
that from breaths 8, 9 and 10 post-occlusion. This
parameter can only be calculated if there are at least five
breaths before and after the occlusion.

Parameters to assess adequacy of pressure plateau. tocc
(ms): duration of occlusion; #plat (ms): length of plateau
during occlusion; Pao-s (Pa): standard deviation of
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Table 2. — Definitions and calculations

Parameter Definition

VT mL Mean tidal volume of at least 5 breaths prior to occlusion

RR min’! Mean respiratory rate of at least 5 breaths prior to the occlusion calculated as (60/total breath time)

Pao kPa Mean pressure at the airway opening over the plateau obtained during airway occlusion. During the
MOT, multiple measures of Pao will be obtained (P1, P2, etc)

VEEL mL Mean volume at baseline end expiratory level from previous 5 breaths, after the baseline has been
adjusted for any drift

Voce mL Difference between the mean end expiratory level (VEEL) prior to the occlusion and the volume
during the occlusion (calculated as V1- VEEL). The volume during the occlusion is taken as the mean
overall samples from 50-200 ms after start of occlusion. Labelled as Vocc,1,2,..n to relate to
corresponding P1, P2,.n data when applying the MOT (figs. 2 and 3)

V1 mL Volume in the lung at time of occlusion (Vocc- VEEL); see figure 2. The number represents the volume
at serial occlusions. Thus 1=volume at first occlusion and so forth

Vext mL Extrapolated volume, i.e. the volume in the lung at time of occlusion above the elastic equilibrium
volume

ViesO mL Volume intercept for the SOT. The volume difference between Vx and mean VEEL prior to the
occlusion, calculated as VEEL-Vx. Note: Vic is calculated with respect to the mean EEL prior to
airway occlusion and not to the actual EEL from the occluded breath since infants frequently inspire
early following release of occlusion (fig. 1). NB. volume intercept must not be negative and is
generally <3 mL-kg™!

1’0 Coefficient of determination for linear regression of frs over the selected portion of the descending

expiratory flow/volume loop. Regression should encompass at least 40% of expiration, start <65%
and extend to within at least 15% of end expiration. The suggested default for regression would be
between 55 to 5% of volume remaining in the lung during expiration (fig. 1)

Crsso mL-kPa’!
1rsSO s

Respiratory system compliance measured with the single occlusion technique calculated as (Vext/P1)
Time constant of the respiratory system calculated by linear regression of the relaxed descending

portion of the expiratory flow/volume curve (trs=V"/V=Crs X Rrs)

Rapp kPa'L_l'S_1
Rrsso kPa-L!s!
Grsso L-s!-kPa’!
technique
Vext mL-s™!
CrsMo mL-kPa™

Resistance of the apparatus calculated as P/V" at mid-flow point from #rs analysis
Respiratory system resistance derived from the single occlusion technique as Rrs=(trs/Crs)-Rapp
Respiratory system conductance (the reciprocal of resistance (1/Rrs) derived from the single occlusion

Pseudoflow at moment of occlusion, calculated by backward extrapolation of the trs
Respiratory system compliance measured with the multiple occlusion technique as the regression of

volume on pressure from acceptable occlusions

VieMO mL

crosses the volume axis (fig. 3)
1’MO

Volume intercept from MOT is the volume where the slope of the resulting volume-pressure plot

Coefficient of determination for V/P regression during MOT

plateau pressure during the occlusion; d%Pao (%0): %
change in pressure at the airway opening between
start and end of plateau phase.

Parameters to ensure adequate trs. r*: Coefficient of
determination; VicSO: Volume intercept.

Criteria for technically acceptable data

Single occlusion technigue. 1) Smooth expiration,
proceeding to within 10% of previous expiration, and
without evidence of glottic closure, braking or active
expiratory efforts. 2) Duration P1 >100 ms and vari-
ability <10 Pa. 3) Linearity of }J'-V curve over at least
40% of expiration with r*>0.99. Breaths meeting these
acceptance criteria should be stored; the mean, sD
and/or coefficient of variation for Crs-SO, Rrs-SO and
trs should be calculated from up to 5 (minimum 3)
technically acceptable manoeuvres. If MOT is
performed simultaneously, Crs-SO should fall within
95% confidence interval of Crs-MO [19].

Multiple occlusion technique. d%EEL: <10%; P1, P2 etc:
d%Pao <2% and Pao-s SD <10 kPa over at least 100 ms;
1 for V/P >0.95; n,occ: minimum of n=6 satisfactory
occlusions, over a range of >0.4 kPa.

Reporting
Major outcome variables

Routine report for clinical studies; parameters may
vary according to which technique has been applied: 1)

120+
100+
80+
601

Volume mL

0 0.2 0.4 0.6 0.8 1
Pressure kPa

Fig. 3. — Volume-pressure plot as obtained from the multiple
occlusion technique.
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Mean CrsSO, trsSO, and RrsSO; 2) CrsMO; 3) Print out of
a representative SO curve; and 4) Print out of V-P plot
with the regression line (MO).

Quality control parameters to be stored with data or
reported if indicated

1) 1%, coefficient of variation ((sD/mean) x 100), and
95% confidence intervals as appropriate according to
parameters measured. 2) Number of acceptable occlu-
sions (SOT and MOT separately). 3) Total number of
occlusions performed. 4) Apparatus dead space and
resistance. 5) Type of mask. 6) Mean tidal volume prior
to occlusions. 7) Mean respiratory rate at the beginning
of data collection. 8) Stability of EEL at the beginning
of data collection.

Reference data

For MOT and SOT, only limited data from healthy
infants, mostly neonates and healthy preterm infants,
are available. Because there have been no standards for
equipment, published data from healthy infants are
laboratory specific and should be interpreted with
caution.

For the MOT, data on 283 infants with an age range
of one day to 60 weeks have been reported with CrsMO
ranging from 9.1 mLkPa'kg! body weight to 16.2
mL-kPalkg! body weight. Similarly, for the SOT,
published normal data in 54 infants with an age
range from one day to 24 months, ranged 12.2-15.1
mL-kPa''kg! body weight [6, 20].

Respiratory system resistance is very variable with
higher volumes in preterm infants and those studied
during the first few months of life than during later
infancy. An upper limit of normality at any given age or
body size has still to be established. The challenges that
need to be addressed when establishing reliable
reference data for infant respiratory function tests
have been discussed recently [9, 12]. For practical
purposes: 1) data should be reported in relation to the
"normal range" rather than as "percent of predicted"; 2)
once appropriate reference values are available,
respiratory system compliance, respiratory system
resistance and the expiratory time constant of the
respiratory system could be reported as Z scores; 3) if
participating in multicentre trials, each individual
laboratory will need to ensure that appropriate
reference data are available for their population and
that their equipment produces appropriate values on
the Standard Equipment Assessment System that is
currently being developed by the Task Force.
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