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SUMMARY: 

In my thesis I have been able to show important results from 

the clinical application of lung function testing in young 

children. Following children with congenital diaphragmatic 

hernia, we have shown that many survivors of CDH have 

significant respiratory problems. However, the continual 

growth of airways and lung corrects the initial pulmonary 

function deficit. In our study, we reported on exhaled nitric 

oxide in CDH survivors and found normal, non-elevated 

levels.  

Studying children with inflammatory bowel disease, unlike as 

a single published study in adults, we found elevated exhaled 

nitric oxide also in children with non-active inflammatory 

bowel disease. 

The fact that conventional analysis of spirometric parameters 

failed in predicting the course of asthma has motivated our 

group to next study. It was an intriguing observation, that the 

subjective analysis of clinical severity of obstructive lung 

disease can be correlated to the measurement of curvature by 

using a mathematical equation.  

Nitric oxide is an important mediator of inflammation in 

several pathological conditions and the tendency to measure 

exhaled nitric oxide under different conditions has reached the 

neonatal medicine also. The multiple-breath method allows 

sampling of exhaled air via side stream during tidal breathing 
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of daytime on the levels of exhaled nitric oxide. Similarly to 

other groups, we could not show any systemic effect of 
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INTRODUCTION: 

 

The pathophysiology of asthma and other chronic respiratory 

diseases in children is only imprecise understood. The most 

important components are airway obstruction, bronchial 

hyperreactivity, and chronic airway inflammation. In asthma, 

cystic fibrosis and bronchopulmonary dysplasie, airway 

remodelling, a number of complex structural changes, was 

being recognised over the last few years to be an important 

factor of the natural course of these diseases. Based on the 

understanding of the pathophysiology it would make sense, 

that measuring the degree of airway obstruction, restrictive 

ventilatory impairment, bronchial hyperreactivity, airway 

inflammation and airway remodelling would be the main 

measure to diagnose and to monitor respiratory disease in 

childhood. 

Congenital diaphragmatic hernia (CDH) refers to a 

defect in the diaphragm that depending on the timing of the 

herniation and the volume of abdominal organs involved 

disrupts the normal lung development. Many studies (1-3) 

report a high incidence (>60%) of chronic lung disease 

initially, but with improvement in most children during the 

first year of life. Several studies looking at outcome in 

children surviving congenital diaphragmatic hernia found 

various degrees of ventilatory impairment in 50 % of the 
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patients. Interstitial emphysema, increased airway 

collapsibility and, decreased compliance of chest wall or 

diaphragm may be responsible for these functional changes. 

No data about exhaled nitric oxide, a marker of chronic airway 

inflammation, was published before our study.  

The inflammatory bowel diseases (IBD), e.g., Crohn's 

disease and ulcerative colitis are idiopathic inflammatory 

disorders of the intestine and/or colon. They are both 

associated with a variety of systemic manifestations. 

Respiratory abnormalities including bronchial hyperreactivity 

have been reported in asymptomatic children also. In patients 

with chronic respiratory diseases such as asthma bronchiale or 

bronchiectasis the level of exhaled nitric oxide (eNO) 

correlates with airway inflammation. Nitric oxide pathway is 

involved in mucosal inflammation in IBD (4, 5). However, no 

data about exhaled nitric oxide in children with IBD was 

published till now.   

Asthma guidelines (6, 7) recommend an initial 

evaluation of lung function for the assessment of disease 

severity followed by regular re-evaluation for the assessment 

of disease control. Spirometry is considered the standard tool 

for objective assessment of lung function. In particular, FEV1 

(Forced Exhaled Volume in 1 second) is used not only in the 

assessment of disease severity and disease control but also as 

the primary outcome in clinical studies. However, most 



asthmatic children have FEV1 values in the normal range 

independent of disease severity and/or disease control. It is 

hypothesized that some other spirometry parameters (Maximal 

Expiratory Flow at 50% and 25%, MEF50 and MEF25, 

respectively), thought to represent smaller airways, correlate 

better with asthma symptoms. Furthermore, clinicians will 

“eyeball” the flow-volume curve to assess asthma severity, 

where a concave pattern may be observed despite possibly 

normal PEF and FEV1 values. An assessment of clinical 

usefulness of such non-numerical evaluation of spirometric 

curves was not done.  

In the last few years there has been an increasing 

interest in measuring exhaled nitric oxide also in newborns (8, 

9), as it might provide a useful tool to study airway 

inflammation early in life. In school-age children ATS/ERS 

guidelines recommends measurement during a single, slow 

exhalation from total lung capacity at a constant flow. This 

method is unsuitable in young uncooperative children.. 

Consequently, eNO measurements in infants have been tried 

during quiet, regular tidal breathing using multiple-breath 

method. No data about normal values in healthy newborn were 

published, however it has been shown that factors like male 

sex, ambient nitric oxide and different environmental factors 

influence eNO as well (10). No data has been published about 

possible diurnary pattern of NO production in newborn.  
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AIMS OF THE PRESENTED STUDIES 

 

Study “Lung function in children with congenital 

diaphragmatic hernia, long-term outcome” 

 

In this descriptive study we aimed to evaluate the long-term 

pulmonary morbidity, particularly lung function and exhaled 

nitric oxide, in children, who had undergone repair of a CDH 

during a ten years period in a tertiary centre in Switzerland. 

 

Study “Lung function and markers of inflammation in 

exhaled air in pediatrics patients with inflammatory 

bowel disease” 

 

The primary aim of the study was to measure level of eNO 

and nitrite concentration in exhaled breath condensates (EBC) 

in pediatrics patients with clinical stable inflammatory bowel 

disease (IBD). Our hypothesis was that exhaled nitric oxide is 

elevated in subjects with IBD as a sign of subclinical airway 

inflammation. Furthermore, we have screen for pulmonary and 

allergic symptoms and using skin prick test we have evaluated 

the prevalence of atopy in the group of patients with IBD. 

Standard lung function tests were performed to screen for 

obstructive or restrictive/interstitial lung disease.  



Study “Novel approach in Childhood Asthma 

Assessment: Quantitative Determination of Curvature of 

Flow-Volume Curves” 

 

In this study, our primary aim was to evaluate the clinical 

usefulness of single lung function parameters (FEV1, MEF50 

and MEF25), as well as post-bronchodilator changes in these 

parameters, in the assessment of childhood asthma severity. 

We then evaluated the usefulness of the subjective 

“eyeballing” method by introducing a novel quantitative 

approach.  

 

Study “Exhaled nitric oxide in newborns measured by 

multiple-breath method. Is there any diurnal rhythm” 

The primary aim of the study was to answer the question if the 

production of nitric oxide in the airway of newborn show 

some rhythmic diurnal changes. For this purpose we measured 

repetitively mixed (oral and nasal) tidal exhaled NO (tFENO) 

and NO-output (V’NO) in a group of ten newborn without 

lung disease during 24 hours.  
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PATIENTS AND METHODS 

 

Study “Lung function in children with congenital 

diaphragmatic hernia, long-term outcome” 

 

Patients 

46 children born between 1991 and 2001 with the diagnosis of 

CDH and referred to the University Children’s Hospital 

Zurich represented the studied group. Mean (SD) age at 

follow-up was 8.2 (2.8) years. 

 

Methods 

Retrospective review of data included gestational age, gender, 

birth weight, Apgar score, duration of assisted ventilation, age 

at surgery, and length of hospitalization. A questionnaire 

referring respiratory symptoms in the first three years of life, 

history of asthma and allergy, gastroesophageal reflux and 

parental smoking was given to patient’s parents. A physical 

examination, including growth assessment was performed in 

all children. As the next step the patients underwent 

pulmonary function testing in the following order: nitric oxide 

measurement, spirometry and body-plethysmography, 

measurement of airway impedance using forced oscillation 

technique and finally a methacholine bronchial provocation 



test. Exhaled nitric oxide was measured on-line and 

spirometry and whole bodyplethysmography were performed 

according to standardized criteria. The bronchial provocation 

test with methacholine (MCH) was performed and evaluated 

as positive if the FEV1 value had fallen from baseline by at 

least 20%. The impedance of total respiratory system was 

measured using an oscillometry system. Three reproducible 

measurements were selected for the analysis, to calculate a 

mean for resistance of respiratory system at 8 Hz (Rrs 8).  

 

 

Study “Lung function and markers of inflammation in 

exhaled air in pediatrics patients with inflammatory 

bowel disease” 

 

Patients 

Twenty children with mean age of 13.9 years with IBD (17 

with Crohn´s disease and 3 with ulcerative colitis), were 

studied. For the comparison of values of exhaled nitric oxide 

and values of nitrite in exhaled breath condensates we have 

used two age-matched control groups: The first one control 

group comprised 19 non-smoking volunteers, without history 

of lung disease or allergy. 20 children with mild persistent, 

currently untreated, asthma represented the second one. The 
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mean duration of disease in IBD patients was 20 months. 

Corticosteroid therapy was terminated at least 4 wks before 

the study visit. None of the IBD patients had previously 

undergone bowel surgery. Only these patients, selected by the 

gastroenterologist as patients with IBD in remission, were 

included in the study.  

 

Methods 

A standardized questionnaire was administered to patients 

with IBD and their parents to obtain personal and family 

history of respiratory disease and allergic symptoms. Clinical 

examination was performed and blood samples were collected 

for determination of CRP and hemoglobin levels. The patients 

underwent following tests in order: skin-prick testing using 

common aeroallergens, online nitric oxide measurement, 

spirometry and bodyplethysmography, measurement of TLCO 

as diffusion parameter and sampling of exhaled breath 

condensates. Nitrite concentration in the breath condensate 

was measured by a colorimetric assay based on the Griess 

reaction.  



Study “Novel approach in Childhood Asthma 

Assessment: Quantitative Determination of Curvature of 

Flow-Volume Curves” 

 

Patients 

35 asthmatic patients with mean age of 10.2 years were 

recruited for this study.  

 

Methods 

Spirometry was performed in each subject and symptom 

scores were obtained when a symptom score of 0 

corresponded to no asthma symptoms (normal). Three levels 

of asthma severity were characterized with respect to 

symptom score values: values in the range of 1 to 5 reflected 

mild asthma, values in the range 6 to 10 moderate asthma and 

values between 11 and 16 characterized severe asthma. Lung 

function parameters were obtained from the expiratory loop of 

the flow-volume curves (FEV1, MEF50 and MEF25) as well 

as post-bronchodilator changes in these parameters. In 

addition, the expiratory loop of the flow-volume curves were 

subjectively qualified as normal, mild, moderate or severe 

“obstructed” by three independent pediatric pulmonologists, 

by “eyeballing” the curve with respect to its concavity.  

A mathematical translation of the “eyeballing” method then 

corresponds to the quantitative evaluation of the average 

mucosa damage. The most conclusive data about a role of 

nitric oxide in pulmonary involvement in IBD patients would 

be acquired by means of bronchoscopy, bronchoalveolar 

lavage and, probably, using biopsy of bronchial mucosa. 

Because of concern about invasivity and safety of 

bronchoscopy in pediatric population, new elucidated data 

about exhaled nitric oxide will be reported in the future from 

adult respiratory specialist.  

The quantitative assessment of the average curvature 

of the expiratory loop should be used as an objective 

parameter in the assessment of asthma severity and asthma 

control. In summary, based on our recent findings, 

quantitatively determined average curvature is likely to 

provide a marker to look retrospectively or prospectively at 

the outcome of clinical studies and is prone to be used in the 

assessment of disease severity and disease control in pediatric 

asthma.  

Multiple-breath method allows reliable measurement 

of exhaled nitric oxide also in newborns. In the present study, 

tFENO values were independent of feeding. Analyse of diurnal 

profile revealed elevated tFENO levels between 10am and 3pm. 

Toghether with gestational age, birth weight, intrauterine 

nicotine exposure and parental history of allergy/asthma, this 

has to be taken into account, when tFENO and or V’NO are 

measured in newborns. 



CONCLUSION 

 

In conclusion, the presented results of follow-up assessments 

are in agreement with other published studies and show a good 

general prognosis of CDH patients. Children, who survived 

CDH repair, have reduced functional lung volumes but normal 

TLC. Exhaled nitric oxide is in non-atopic CDH survivor’s 

normal. FOT can be used as a screening method to detect 

CDH survivors with abnormal spirometry parameters. Even in 

the absence of clear clinical significance, the incomplete 

functional recovery of the lung in CDH survivors and risk of 

neurodevelopmental and nutrition morbidity require a long-

term follow-up in a paediatric centre. This follow-up should 

include a multidisciplinary team formed by paediatric 

surgeons, neonatologists, paediatric pulmonologists, paediatric 

orthopaedics, gastroenterologists, dieticians and cardiologists. 

There is increasing evidence that IBD-associated 

respiratory disease could develop also in childhood. Exhaled 

nitric oxide was found to be elevated in adults, and as shown 

in our study in pediatric patients with IBD. Although the 

clinical relevance and therapeutic consequences of this result 

are unknown, we can speculate that airway inflammation co-

exists in patients with Crohn’s disease and Colitis ulcerosa and 

nitric oxide pathway plays an important role in gut and airway 

curvature of the concave pattern. Raw data were obtained 

from the spirometer and characterized with uniform 

equidistant discrete points (measures are obtained with 

uniform 0.04L volume incremental). The expiratory loop of 

flow-volume curve may then be described by a discrete 

function f(V ) in [L/s], consisting of n points, where V is the 

volume in liters [L]. Based on Taylor series expansion, we 

approximate first and second derivatives, denoted f′ and f′′ 

respectively, using second order difference schemes. Looking 

at the behavior of f′′ indicates that the expiratory loop, f(V), 

largely consists of two distinct regions. The first region on the 

left hand side, which contains PEF, is characterized with a 

concave (i.e. concave downward) behavior, i.e. f′′ < 0. The 

region of interest on the right-hand side is convex (i.e. 

concave upward) with f′′ > 0. Concave and convex regions of 

the flow-curve are separated by an inflection point given by f′′ 

= 0 (18). At each discrete point of the convex region of the 

curve, we compute the mathematical definition of curvature, κ 

= |f′′| /(1 + (f′)2)3/2. To obtain a description of the overall 

curvature over the convex region, which coincides with the 

“subjective” eyeballing method, we compute the average 

curvature, κ¯  = ∫ κ ds/L, over the length, L, of the convex 

portion of the curve, where ds describes the arc length of the 

convex curve. Raw data from the flow-volume curve is 

intrinsically noisy (coughing, lack of child compliance, etc.) 



and an objective measure of the average curvature, κ, would 

require a smooth function f(V ). For such reason, the raw data 

is first filtered with a running average. Looking at the behavior 

of f′′ over the convex region, our results for all patients 

suggests that the second derivative remains approximately 

constant over the convex region. This important result implies 

that the convex portion of the flow-volume curve may 

adequately be described with a quadratic model. Thus, we 

approximate the convex portion with a smooth least-square 

quadratic fit and then compute the average curvature. 

 

 

Study “Exhaled nitric oxide in newborns measured by 

multiple-breath method. Is there any diurnal rhythm” 

 

Patients 

The studied group consists of 10 newborns with mean 

gestational age of 38.1 weeks and mean birth weight of 2820 

grams. Exclusion criteria included prematurity, history of 

assisted ventilation or prolonged oxygen therapy, and known 

chronic respiratory or cardiac disease.  

 

Methods 

Data regarding mother’s history, pregnancy, maternal drug use 

and smoking as well as gestational age, birth weight and 

in most cases as follow: the respiratory frequency and tidal 

flow raised and NO output consequently also elevated.  

Analysing our data with regards to family history of atopy or 

asthma we did not find any effect of paternal atopy on mean 

tFENO values. This might be due to the small sample size. Two 

larger studies (26, 27) reported higher FeNO levels in infants 

from atopic mothers. In addition, Wildhaber et al. (28) using 

single-breath technique found significantly higher levels of 

exhaled NO in infants with both maternal and paternal atopy. 

Analysed for effect of prenatal tobacco exposure there was as 

well no effect on tFENO and NO-output values, which fact is 

again most likely explained by the small sample size. Hall et 

all. (29), for example, shown that prenatal tobacco exposure 

was associated with significantly lower tFENO in infants.  

Limitation of our study represents the relatively small number 

of infants, which make a presence of alfa-type error possible. 

Because the EEG signal was not registred during tFENO 

measurement, we could not separately analyse for tFENO and 

NO-output at sleep, at awakening in the night, compared to 

daytime awake levels.   

 



and analyzing tFENO over 24 hours we did not find any diurnal 

rhythm. Few recently published studies suggest an existence 

of circadian rhytm in nitrix oxide methabolism. Borgonio et al 

(21) shown that nitrix oxide matabolits in urine are subject of 

circadian rhytm. O’Hearn et al. (22) described significantly 

reduced exhaled nasal NO output at night during sleep. 

Oppositely, ten Hacken et al. (23) measured orally exhaled 

NO in awake normal and asthmatic subjects and found no 

significant temporal pattern over a 24 h period. The 

simultaneously registered tidal flows and NO output values 

showed the same trend allowing speculation, that exhaled 

mixed NO concentration and nitric oxide output are decreased 

at early morning. Interestingly, in the same period when the 

tFENO levels in our study reached their nadir, the secretion of 

cortisol physiologically peaks. Analogous to the group of de 

Jongste (24) we could not demonstrate any systemic effect of 

feeding on tFENO values in healthy infants. This issue has been 

previously investigated and guidelines recommend refraining 

from eating and drinking before NO analysis. An increase in 

FeNO measured by single-breath technique has been found 

after the ingestion of nitrate or nitrate-containing foods, such 

as lettuce (25). In our study, infants after feeding were more 

likely to cooperate and to maintain a tidal quiet breathing 

during the tFENO measurement, especially if awake. However, 

after feeding, the breathing pattern of studied babies changed 

Apgar score at 1 and 5 minutes of life were recorded.  

In supine position, mostly during quiet sleep, mixed exhaled 

nitric oxide was measured. Flow–volume loops were inspected 

for leak and NO-filter ensured that all infants inhaled NO-free 

air. Tidal gas flow, tidal volume, tidal eNO (tFENO) and CO2 

levels were registered for approximately 2 minutes. tFENO 

measurement was performed repetitively, at least every hour 

in each baby for a total of 24 hours. NO output was calculated 

by multiplying tidal flow by tFENO. Each child received 

minimally one reliable tFENO measurement one hour before as 

well as one, two and three hours after each feeding.  



RESULTS 

 

 

Study “Lung function in children with congenital 

diaphragmatic hernia, long-term outcome” 

 

During the ten years period, 46 children with congenital 

diaphragmatic hernia (CDH) were admitted to the University 

Children’s Hospital Zurich. Thirty (65 %) children survived to 

discharge from the hospital. 19 children (63%) were recruited 

to attend the long-term follow-up. Mean age at follow-up was 

8.2 years. In the group of survivors, 17/30 (57%) children 

were operated within 96 hours of presentation. The median for 

duration of artificial ventilation in the group of survivors was 

12 days. Neither gestational age nor Apgar score at five 

minutes correlated with intubations length. 

A review of questionnaires revealed that respiratory problems 

occurred commonly in the first three years of life. At least one 

wheezy episode requiring bronchodilators was present in 8/19 

(42%) children during this period. Recurrent wheezing 

episodes (≥ 3/year) in the first three years of live were 

reported by parents of 4/19 (21%) children. The duration of 

artificial ventilation, ICU-hospitalization length and total 

hospitalization length did not correlate with recurrent 

appropriate model (e.g. quadratic, etc.) to predict their 

interdependence. In addition, the numerical computation of κ¯  

is directly dependent on two governing factors: the goodness 

of the quadratic fit of the concave pattern of the flow-volume 

curve (for all patients, our fits yield r2 > 0.98) as well the 

correct determination of the location of the inflection point 

separating the two main regions of the expiratory loop. Noisy 

data may significantly deteriorate the objectiveness of the 

computed average curvature, κ¯ , and compromise accurate 

assessment of asthma severity. More robust algorithms need 

further development with the aim of integrating them within 

spirometric hardware to obtain real-time measures of average 

curvature as opposed to a current post-processing approach.  

 

 

Study “Exhaled nitric oxide in newborns measured by 

multiple-breath method. Is there any diurnal rhythm” 

 

Aim of the presented study was to identify a possible diurnal 

rhythm of tFENO in healthy newborns and to analyse the 

influence of feeding on tFENO . Our main finding was that 

feeding has no systemic effect on the tFENO measurements 

(only nitric oxide output was higher short after feeding, <1 h), 



Study “Novel approach in Childhood Asthma 

Assessment: Quantitative Determination of Curvature of 

Flow-Volume Curves” 

 

It is surprising that measurement of airway obstruction by lung 

function parameters in childhood asthma do not correlate with 

asthmatic symptom scores (19). It may be explained in part by 

the fact that asthma is not solely an obstructive disease (20), 

and observing functional changes may not be enough. On the 

other hand, it may well be that the way we currently look at 

and measure airway obstruction in asthmatic children may not 

be appropriate. 

With our study, we have proven this point and shown that 

single lung function parameters (FEV1, MEF50 and MEF25) 

do not sufficiently correlate with asthma symptom scores. In 

contrast, we have shown that the “eyeballing” of the concave 

pattern of the flow-volume curve and in particular the 

quantitative assessment of the average curvature, κ¯ , does 

correlate with symptom scores. Despite significant correlation 

between κ¯  and symptom score values, we observe a weak 

goodness in the linear fit. Such result suggests that using a 

linear regression scheme may not be an appropriate model to 

describe the dependence of symptom scores on average 

curvature. Further investigation is needed to reach an 

respiratory symptoms later in childhood. In two children was 

the diagnosis of allergic asthma established. Smoking 

occurred in 6/19 (30 %) of the households. 5 of 6 CDH 

patients, which were postnatal exposed to tobacco smoke have 

been using bronchodilators in the last year before follow-up 

(r2= 0.49). The family history (first degree) for an atopic 

disease was positive in 8/19 (42%) cases. GER required 

pharmacological treatment was present in 3/19 (16%) 

children, whereas one child underwent Nissen fundoplication. 

As a whole group, the CDH patients showed a mild reduction 

in the majority of measured parameters compared to predicted 

values. However, the individual analysis of measured 

parameters showed normal values in only 7/16 (44%) subjects. 

4 children had restrictive pulmonary disease, 4 had evidence 

of airflow limitation and one child showed a mixed pattern of 

pulmonary disease. 

The spirometric parameters (FVC, FEV1, FEV1/FVC, MEF 

75, MEF 50, MEF 25 and MEF 75/25), did not correlate with 

gestational age, birth weight, or 5 minute Apgar score. Neither 

duration of assisted ventilation nor the ICU-hospitalization 

length and total hospitalization length showed any significant 

correlation with spirometric parameters. Similar figures, i.e. 

no significant correlations, were found for plethysmographic 

parameters. Positive familial history of atopy or asthma and 

tobacco smoke exposition did not affect significantly the 



measured lung function parameters.  

Mean value of eNO for the whole group was 11 ppb. The 

highest eNO value, 58 ppb, was obtained from a child with 

bronchial asthma and allergy. The remaining patients had eNO 

levels between 2 and 15.2 ppb, which were considered within 

normal limits. No significant correlation was found between 

eNO on one side and family history of asthma or allergy, 

tobacco smoke exposition, history of GER or recurrent 

wheezing episodes in the first year of live on the other side. 

Similarly, the duration of assisted ventilation and total 

hospitalization time did not correlate with eNO.  

Only 8 patients correctly completed the bronchial challenge 

test. Inhalation of methacholine resulted in a 20% or more 

decrease of FEV1 in 6/8 (75%) children. All the patients with 

positive methacholine bronchial provocation test had normal 

eNO values.  

15 children successfully performed the FOT measurement. 

9/15 (60%) children showed increased resistance measured by 

8 Hz (Rrs 8). The duration of artificial ventilation, ICU-

hospitalization time and total hospitalization time did not 

correlate with the Rrs 8. Similarly, no significant correlation 

was found for Rrs 8 and family history of allergy or asthma, 

recurrent respiratory symptoms or eNO. Six children with 

increased Rrs 8 had also an abnormal lung function in 

spirometry. Two other children with increased Rrs 8 but 

many studies with asthmatic patients shown, regarding 

elevated FeNO levels, presence of atopy is an important 

compounder factor. In aspect of atopy presence, the FeNO 

levels did not differ significantly in our study, so we 

hypothesized that other condition - inflammatory bowel 

disease per se or in association with therapy - predispose to 

higher FeNO. 

Levels of nitrites in EBC did not differ significantly in IBD 

patients compared to healthy. However, a statistical significant 

difference was found in asthmatic patients compared to 

healthy children. We interpreted this result in terms of inferior 

diagnostic capacity of exhaled breath condensates analysis. It 

is important to consider whether therapy with sulphasalazine 

or azathioprine (15/19 IBD subjects in our study) may have 

been responsible for the pulmonary disease and elevated 

FeNO levels. This distinction may be difficult regarding lung 

involvement due to medications and IBD disease. None of the 

patients in this study had clinical or functional findings 

indicating interstitial lung disease or bronchiolitis obliterans, 

known adverse pulmonary reactions of sulphasalazine and 

azathioprine (18). However, there are no data about possible 

induction of NO synthesis in gut/airway mucosa by the 

aforementioned medication.   

 



pulmonary function tests. Only TLCO was significantly 

decreased during the active phase of the disease, and the 

authors suggested that latent pulmonary involvement is also 

present in a paediatric population with active Crohn's disease. 

In our study group, at the time of investigation, only one child 

with IBD suffered on respiratory problem and received 

inhaled therapy for its asthma. The conventional spirometric 

and bodyplethysmographic parameters as well as TLCO data 

were in normal range. In respect to different published reports, 

there is no consensus if atopy is associated more frequently 

with inflammatory bowel disease. Louis et al. (15) observed a 

positive skin test in 42% of adult IBD patients and 21% of 

controls. In contrast, Troncone et al. (16) did not find any 

effect of IBD on prevalence of atopy. In our study, we 

observed at least one positive skin test to common 

aeroallergen in 45% of our patients with IBD and in 21% of 

the controls, even though this did not result in a statistically 

significant difference. Although nitric oxide is considered as 

important mediator/effector in pathophysiology of gut 

mucosal damage in inflammatory bowel disease, there is only 

single one study describing FeNO values in patients with IBD. 

Koek et al. (17) measured FeNO is 31 adult patients with 

Crohn disease and found a higher FeNO levels in patients with 

active disease. In our study, children with IBD had 

significantly higher FeNO compared to healthy children. As 

normal spirometry were already prenatal exposed to tobacco 

smoke and received bronchodilator therapy in the last year 

before follow-up visit. We found no correlation between 

oscillatory resistance and the specific airway resistance 

measured by body plethysmography.  

 

 

Study “Lung function and markers of inflammation in 

exhaled air in pediatrics patients with inflammatory 

bowel disease” 

 

A review of questionnaires revealed that respiratory problems 

occurred uncommonly in young patients with IBD. Only one 

child suffers from asthma bronchiale and a second one has had 

episode of viral wheeze in the pre-school age. The family 

history (first degree) for an atopic disease was positive in 6/20 

(30%) cases and 9 children with IBD was consider as atopic 

on behalf of positive skin prick testing.  

Normal cardiopulmonary status was present in all studied 

children. Height values were within normal range in all 

children, and only one child with IBD presents with body 

weight bellow the 3rd percentile.  

As a whole group, the IBD patients showed a normal lung 

function parameters compared to predicted values. However, 

in the individual analysis, 6 children with IBD (32%) showed 



at least one pathological (< 80% of predicted value) 

pulmonary function test. In 5/6 was the type of pulmonary 

dysfunction described as obstructive. In one case, there was a 

mixed, obstructive-restrictive pattern of pulmonary 

dysfunction. TLCO after correction for Hb was normal in all 

IBD patients.  

The median of FeNO in IBD group was 13.9 ppb, the median 

of FeNO in the group of healthy children was 6.2 ppb, and the 

median of FeNO in the group of asthmatics was 28.4 ppb. The 

difference in FeNO medians between IBD patients and healthy 

was herewith statistical significant. Comparing atopic versus 

nonatopic IBD children no significant difference in FeNO was 

found. The concentration of nitrites in EBC did not differ 

significantly in children with IBD compared with healthy; the 

group of asthmatic patients had significantly higher values as 

the group of healthy controls (P < 0.001). Regarding FeNO, 

the group of IBD patients with CRP <4 mg/l did not differ 

from the group of IBD patients with CRP ≥4 mg/l.  

 

 

Study “Novel approach in Childhood Asthma 

Assessment: Quantitative Determination of Curvature of 

Flow-Volume Curves” 

 

No correlation was found between FEV1 (r=-0.16, P=0.36, 

measurement of respiratory system resistance using forced 

oscillation technique and data on exhaled nitric oxide (eNO). 

9/15 (60%) of CDH patients had an increased resistance 

measured by 8 Hz and 6 from this children had also an 

abnormal spirometry pattern. This may suggest a rather 

symmetrical involvement of small and large airways. 

Analyzed as a whole group, we found normal values of 

exhaled nitric oxide. Exhaled NO is recognized as a marker of 

airway inflammation. Therefore we hypothesize other reasons 

than airway inflammation to be responsible for the bronchial 

hyper-responsiveness seen in CDH survivors.  

 

 

Study “Lung function and markers of inflammation in 

exhaled air in pediatrics patients with inflammatory 

bowel disease” 

 

Crohn’s disease and Colitis ulcerosa should be regarded as 

multisystem disorders. Bronchopulmonary manifestation in 

young children has been rarely described up to now (13). 

Early involvement of the lung in children with Crohn’s disease 

was observed in the study from Munck et al (14). He 

investigated the incidence of pulmonary abnormalities in 26 

children with acute or quiescent Crohn's disease in terms of 

clinical pulmonary symptoms, chest roentgenograms and 



DISCUSSION 

 
 
Study “Lung function in children with congenital 

diaphragmatic hernia, long-term outcome” 

 

The overall mortality rate of 35 % in our study was similar to 

that reported from other tertiary centre-based studies (11). The 

limited number of patients (63% of all survivors) who 

underwent follow-up assessment is a potential weakness of the 

study. However, there was only minimal difference in the 

most descriptive parameters compared to CDH survivors, 

whose were lost from follow-up. Many studies report a high 

incidence (>60%) of chronic lung disease initially, but with 

improvement in most children with CDH repair during the 

first year of life. In the present series, we found various 

degrees of ventilatory impairment in 50 % of the patients, a 

figure comparable with results from other studies. We 

typically observed lowering of functional lung volumes 

common with the tendency for hyperinflation. In our study 

sample, lung function parameters were not predicted by 

perinatal factors. Contrary to other, larger studies (12), we did 

not find any significant correlation for lung function 

parameters and duration of artificial ventilation.  

This is the first follow-up study in CDH including the 

Figure 2), MEF50 (r=-0.04, P=0.82) and MEF25 (r=-0.19, 

P=0.28) respectively and symptom scores. In addition, no 

correlation was found in changes in FEV1 (r=-0.19, P=0.37) 

and MEF50 (r=0.04, P=0.87) respectively and symptom 

scores. The subjective “eyeballing” method leads to 

significant discrepancy in the results obtained from each 

pulmonologist. Observer 1 distinguished 5 normal, 15 mild, 12 

moderate and 3 severe cases of asthma. Observer 2 

distinguished respectively, 15 normal, 14 mild and 2 moderate 

cases of asthma. Observer 2 found no severe cases of asthma 

and could not conclude on asthma severity from “eyeballing” 

the flow-volume curves in 4 patient cases. Observer 3 

distinguished respectively, 14 normal, 19 mild, 2 moderate 

cases of asthma and no severe cases. To test the usefulness of 

the subjective “eyeballing” method, we then associated each 

asthma group (normal, mild, moderate, severe) with a 

quantitative value representing increasing asthma severity 

such that normal=1, mild=2, moderate=3, and severe=4 (we 

set the “normal” group at an arbitrary starting value of 1 and 

each subsequent group followed with an incremental of 1). We 

tested for possible correlation between the sets of subjective 

asthma groups, as determined respectively by each observer, 

and symptom score values (Figure 3).  A weak correlation 

pattern was found for each observer (r= 0.27, P= 0.11; r=0.28, 

P= 0.12; r= 0.22, P= 0.21, respectively for observer 1, 2 and 



3). Significant correlation was found between numerically 

determined average curvatures, κ¯ , and symptom scores (r= 

0.53, P=0.001; Figure 4). Comparing results obtained from the 

subjective “eyeballing” method with results obtained from our 

quantitative “eyeballing” scheme we found significant 

correlation between the sets of subjective asthma groups, as 

determined respectively by each observer, and the average 

curvature values (r=0.61, P= 0.0001; r= 0.52, P= 0.003; 

r=0.48, P= 0.003, respectively for observers 1, 2 and 3). 

 

 

Study “Exhaled nitric oxide in newborns measured by 

multiple-breath method. Is there any diurnal rhythm” 

 

Mean tFENO in subjects ranged between 11.0 and 29.2 ppb. 

The mean of all tFENO and V'NO measurements in all patients 

from all measurements was 15.6 ppb and 47.6 ηl/min, 

respectively. There was no influence of the measurement time 

point on the tFENO (p=0.62) and V’NO values. However, 

when analysed tFENO, tidal flows and NO-output in 4 different 

‘day time zones’ (zone I:10pm-3am, zone II: 4-9am, zone III: 

10am-3pm, and zone IV: 4pm-9pm), there were significant 

differences. Tukey test showed significantly higher tFENO 

levels (p=0.027) and NO-output values (p=.019) in time 

period from 10am to 3pm compared to 4am to 9am. No 

significant difference was found for tFENO values when nitric 

oxide was measured within 1 hour, between 1 and 2 hours, 

between 2 and 3 hours, or more than 3 hours after feeding 

(p=0.79). For V’NO values, there was a statistic significant 

difference with lowest V’NO values measured 1 hour after 

feeding. 

In our study, tFENO and V’NO mean values were independent 

of gestational age, birth weight, intrauterine nicotine exposure 

and parental history of allergy/asthma.  

 


