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Paediatric lung function
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1. Could you tell me whether the plethysmograph-measured functional residual capacity reference
values measured by HÜLSKAMP et al. are still widely accepted?
J. Sulc, Prague, Czech Republic

HÜLSKAMP et al. found significantly lower values for functional residual capacity (FRC) in healthy
infants when measured using the "new" Jaeger/Viasys MasterScreen BabyBody infant plethysmo-
graph (FRCp) than had previously been published using older equipment. To my knowledge, there are
no larger collections of reference data for FRCp using modern equipment. Therefore, for that particu-
lar equipment the reference range (not reference values) suggested by HÜLSKAMP et al. is still accepted.
However, the authors emphasise that the choice of reference data will always depend on the equip-
ment used, the protocol applied and the population studied. So, ideally, in a research setting it is rec-
ommended to concomitantly study an appropriate healthy control group; or at least to check the ref-
erence data you want to use in your own laboratory by studying some healthy control subjects.

2. What is the pathophysiological mechanism explaining the worsening of spirometry after bron-
chodilators in some paediatric patients? We sometimes get a plateau in the flow-volume curve
just after the peak, a little bit like the "boot leg appearance" seen in COPD adults.
I. Rochat, Geneva, Switzerland

A paradoxical worsening of the forced expiratory flow-volume curve after administration of a bron-
chodilator has been described, for instance in patients with cystic fibrosis; this is attributed to increased
airway compliance due to loss of muscle tone during a forced expiration. Relaxation of the bronchial
wall muscle may result in both an increase in airway diameter and an increase in airway wall com-
pliance. Depending on the anatomy of the individual airway, one of these two mechanisms will dom-
inate the response. If the effect on airway wall compliance is greater with a decrease in the airway
diameter during a forced expiration, a worsening of spirometry will result. In children with a chronic
obstructive pulmonary disease such as cystic fibrosis you may see a similar appearance of the expira-
tory flow–volume loop as in adults.

3. Do you carry out 'fitness to fly tests' in children? 
E. Benz, Santiago, Chile 

No, currently we do not perform fitness-to-fly-tests in children. However, as the number of people,
including children, travelling on commercial flights is increasing, there will be an increasing demand
for assessing fitness to fly, which will include children with chronic respiratory disease.
For passenger safety, during commercial flights cabin pressure is maintained at an equivalent of up to
2,440 m altitude. Breathing air at 2,438 m (8,000 ft) is equivalent to breathing 15.1% oxygen at sea
level. In healthy subjects, the arterial oxygen saturation as measured by pulse oximetry (Sp,O2) is likely
to fall to 85–91% under these conditions, but this is usually not accompanied by symptoms. However,
in the presence of chronic lung disease, such as cystic fibrosis or neonatal chronic lung disease,
patients may develop hypoxia with respiratory distress, altitude-related illness or even death.
In 2002, the British Thoracic Society published recommendations for patients with lung disease plan-
ning air travel. These were updated in 2004.
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For children, these can be summarised as follows: neonates should not travel by air within the first
week of life; and where an infant has pre-existing respiratory problems, a paediatrician should be con-
sulted and a hypoxic challenge test considered. In children with cystic fibrosis, spirometry is a better
predictor for maintenance of oxygen saturation at altitude, but if the forced expiratory volume in one
second (FEV1) falls below 50% predicted, a hypoxic challenge test should be performed.
The ideal hypoxic challenge test entails exposing a subject to hypoxia in a hypobaric chamber; how-
ever, this is not widely available. Alternatively, the maximum cabin altitude of 2,438 m (8,000 ft) can
be simulated at sea level with a gas mixture containing 15% oxygen in nitrogen. Subjects are usually
asked to breathe the hypoxic gas mixture for 20 min or until equilibration. Oxygen saturation is mon-
itored throughout, and blood gases measured before and on completion. In infants and young chil-
dren, this can either be achieved using a body box, or by applying high-flow 15% oxygen via a face
mask. 
If the oxygen saturation falls below 90% during the hypoxic challenge test, in-flight oxygen should be
prescribed.
Recently, a number of publications have supported these recommendations. These include a retro-
spective review of ex-preterm infants with normal oxygen saturations in room air, 81% of whom
became hypoxic during the challenge. However, the currently recommended cut-off level (Sp,O2 <90%)
has been challenged for infants.

4. Do you always use visual feedback when assessing aspects of pulmonary function, and do you
recommend rewards to ensure compliance in children? 
E. Benz, Santiago, Chile 

We use visual feedback in some children, but not all. In my experience, the use of computer incentives
(spirometry programs) may increase the success rate, especially in pre-school children with no prior
experience in lung function testing. There are programs to encourage tidal breathing, deep inspiration,
rapid expiration and prolongation of expiration. However, the use of such incentives is not essential,
and some investigators find it easier without such computer programs; indeed, for older children, a
worsening of test results has been described when computer incentives were used. It is essential that
available incentives are used in the correct way: flow-driven incentives (e.g. candle blowing) may be
used for encouraging rapid exhalation (peak expiratory flow), but for a full expiratory manoeuvre, an
incentive that encourages prolonged expiration is required (e.g. bowling).
When performing lung function tests in children, the atmosphere in the laboratory should always be
friendly and supportive. We find encouragement and positive feedback following each test manoeu-
vre most helpful for motivating our young patients - and a successful test is usually most rewarding
for the child.

5. What tests would you use to assess pulmonary function in children with neuromuscular
disease? 
E. Benz, Santiago, Chile 

Neuromuscular disease may lead to inspiratory and expiratory muscle weakness with reduced lung
and chest wall compliance, alveolar hypoventilation and reduced cough efficacy. Measurement of res-
piratory function and respiratory muscle strength allow you to predict who will require assisted cough-
ing and ventilation. The current recommendations of the American Thoracic Society suggest that rou-
tine monitoring of respiratory function of patients with Duchenne's muscular dystrophy should include
pulse oximetry, spirometric measurements of forced vital capacity, FEV1 and maximal mid-expiratory
flow rate, maximum inspiratory and expiratory pressures and peak cough flow. In addition, awake car-
bon dioxide tension should be evaluated at least annually in conjunction with spirometry, either by
capnography or a venous or capillary blood gas analysis. These recommendations can be applied to
most other neuromuscular disease patients.
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Ask the expert

6. If you were developing a pulmonary function laboratory from scratch to monitor lung function
in children predominantly with asthma and cystic fibrosis, what equipment would you view as
essential, and what would be ideal?
E. Benz, Santiago, Chile 

Spirometry remains the most commonly used test of lung function in children. Therefore, a spirometer
suitable for use in children starting from approximately 4 years of age is essential. You should make
sure that the equipment you intend to buy has hardware (e.g. handling, mouth piece, dead space, bac-
terial filter/hygienic aspects) and software (e.g. adaptation of scales to paediatric requirements, com-
puter incentives, appropriate reference data) that comply with international standards and are
designed for use in children. However, spirometry and forced expiratory manoeuvres will not allow full
assessment of respiratory function and therefore will not allow detailed monitoring and differential
diagnosis. For a more advanced paediatric lung function testing laboratory, additional essential equip-
ment includes a whole-body plethysmograph and equipment for measuring diffusing capacity. For
monitoring and safety, you should have a pulse oximeter available, as well as resuscitation equipment.
If your patient population includes a large proportion of pre-school children, equipment to assess res-
piratory resistance during tidal breathing may be helpful (interrupter technique, forced oscillation tech-
nique).
The ideal equipment will always depend on your patient population and whether you intend to set
up a laboratory for clinical purposes only, or whether you want to perform lung function testing in
research projects. There will be no single answer to the question "Which test is best?" or "Which
equioment is best?".

Q

A

Further reading
Question 1

Hülskamp G, Hoo A-F, Ljungberg H, Lum S, Pillow JJ, Stocks J. Progressive decline in plethysmographic lung volumes in infants. Am J Respir Crit Care Med 2003; 168:
1003–1009.
Stocks J, Godfrey S, Beardsmore C, Bar-Yishay E, Castile R; ERS/ATS Task Force on Standards for Infant Respiratory Function Testing. European Respiratory Society/American
Thoracic Society. Plethysmographic measurements of lung volume and airway resistance. Eur Respir J 2001; 17: 302–312.

Question 2
Landau LI, Phelan PD. The variable effect of a bronchodilating agent on pulmonary function in cystic fibrosis. J Pediatr 1973; 82: 863–868.
Zach MS, Oberwaldner B, Forche G, Polgar G. Bronchodilators increase airway instability in cystic fibrosis. Am Rev Respir Dis 1985; 131: 537–543.
Eber E, Oberwaldner B, Zach MS. Airway obstruction and airwall instability in cystic fibrosis: the isolated and combined effect of theophylline and sympathomimetics.
Pediatr Pulmonol 1988; 4: 205–212.
Hellinckx J, De Boeck K, Demedts M. No paradoxical bronchodilator response with forced oscillation technique in children with cystic fibrosis. Chest 1998; 113: 55–59.
R. Pellegrino, G. Viegi, V. Brusasco, et al. ATS/ERS Task Force: Standardisation of lung function testing. Interpretative strategies for lung function tests. Eur Respir J 2005;
26: 948–968.

Question 3
British Thoracic Society. Managing passengers with respiratory disease planning air travel. www.brit-thoracic.org.uk/Portals/0/Clinical%20Information/Air%20Travel/
Guidelines/FlightRevision04.pdf Date last updated: 2004. Date last accessed: August 29, 2008.
Martin AC, Verheggen M, Stick SM, et al. Definition of cut-off values for the hypoxia test used for preflight testing in young children with neonatal chronic lung disease.
Chest 2008; 133: 914–919.
Hall GL, Verheggen M, Stick SM. Assessing fitness to fly in young infants and children. Thorax 2007 ; 62: 278–279.
Udomittipong K, Stick SM, Verheggen M, Oostryck J, Sly PD, Hall GL. Pre-flight testing of preterm infants with neonatal lung disease: a retrospective review. Thorax 2006;
61: 343–347.

Question 4
Gracchi V, Boel M, van der Laag J, van der Ent CK. Spirometry in young children: should computer-animation programs be used during testing? Eur Respir J 2003; 21:
872–875.
Vilozni D, Barker M, Jellouschek H, Heimann G, Blau H. An interactive computer-animated system (SpiroGame) facilitates spirometry in preschool children. Am J Respir Crit
Care Med 2001; 164: 2200–2205.
Vilozni D, Barak A, Efrati O, et al. The role of computer games in measuring spirometry in healthy and "asthmatic" preschool children. Chest 2005; 128: 1146–1155.
Beydon N, Davis SD, Lombardi E, et al. American Thoracic Society/EuropeanRespiratory Society Working Group on Infant and Young Children Pulmonary Function Testing.
An official American Thoracic Society/European Respiratory Society statement: pulmonary function testing in preschool children. Am J Respir Crit Care Med 2007; 175:
1304–1345.

Question 5
Finder JD, Birnkrant D, Carl J, et al. American Thoracic Society. Respiratory care of the patient with Duchenne muscular dystrophy: ATS consensus statement. Am J Respir
Crit Care Med 2004; 170: 456–465.
American Thoracic Society/European Respiratory Society. ATS/ERS Statement on respiratory muscle testing. Am J Respir Crit Care Med 2002; 166: 518–624.
Nicot F, Hart N, Forin V, et al. Respiratory muscle testing: a valuable tool for children with neuromuscular disorders. Am J Respir Crit Care Med 2006; 174: 67–74. 
Fauroux B. Respiratory muscle testing in children. Paediatr Respir Rev 2003; 4: 243–249. 
Fauroux B, Aubertin G. Measurement of maximal pressures and the sniff manoeuvre in children. Paediatr Respir Rev 2007; 8: 90–93.
Bianchi C, Baiardi P. Cough peak flows: standard values for children and adolescents. Am J Phys Med Rehabil 2008; 87: 461–467.

Question 6
Beydon N, Davis SD, Lombardi E, et al. American Thoracic Society/EuropeanRespiratory Society Working Group on Infant and Young Children Pulmonary Function Testing.
An official American Thoracic Society/European Respiratory Society statement: pulmonary function testing in preschool children. Am J Respir Crit Care Med 2007; 175:
1304–1345.
Miller MR, Hankinson J, Brusasco V, et al. ATS/ERS Task Force. Standardisation of spirometry. Eur Respir J 2005; 26: 319–338. 
Derom E, van Weel C, Liistro G, et al. Primary care spirometry. Eur Respir J 2008; 31: 197–203. 

Background picture ©Dr Graham
Hall

ask the expert.qxd  29/08/2008  18:19  Page 3


