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ABSTRACT: Chronic interstitial lung disease (ILD) is a rare disorder in the pae-
diatric age group, with a poor prognosis. The diagnostic approach to ILD is based on
more or less invasive methods. This study was implemented to verify which methods
are the most often used in children.

Questionnaires (333) were sent to members of the European Respiratory Society
Paediatric Assembly belonging to 187 European and non-European centres. Ques-
tions concerned the use of noninvasive diagnostic methods, e.g. history taking, phy-
sical examination, routine laboratory tests, respiratory function tests and radiology
(chest radiography, high-resolution computed tomography (HRCT)), and the use of
invasive techniques such as bronchoalveolar lavage (BAL), transbronchial biopsy
(TBB), open lung biopsy (OLB), video-assisted thoracoscopic biopsy (VAT) and
HRCT with fine-needle aspiration biopsy (FNAB).

Thirty eight centres returned the questionnaires and 131 children with ILD were
studied. A diagnosis of ILD was achieved in five (3.8%) patients using noninvasive
techniques alone. Using the various biopsy methods, histological assessment was per-
formed on a total of 98 (74.8%) children. The most frequently used invasive technique
both alone and in combination was BAL (83, 63.3%), followed by OLB (64, 48.8%),
TBB (26, 19.8%) and VAT (11, 8.4%); FNAB was used in one patient.

In conclusion a diagnosis of interstitial lung disease was reached on the basis of
aetiological and/or histological findings in 117 (89%) of the 131 patients studied.
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Chronic interstitial lung disease (ILD) is a generic term
indicating a rare group of chronic pulmonary disorders that
cause breathlessness and/or cough, bilateral abnormal
opacities on chest radiography or computed tomography
(CT), common features of restrictive lung disease, disor-
dered gas exchange, and high morbidity and mortality. The
histological findings include derangement of the alveolar
wall, loss of alveolar capillary unity and often also in-
volvement of the alveolar air spaces and distal airways [1,
2]. The term "chronic" is used to indicate disease lasting
$1 month [3].

The prevalence of these disorders in children is not
known. Possible causes in immunocompetent patients vary
from collagen vascular/connective tissue diseases to granu-
lomatous diseases (e.g. sarcoid, histiocytosis X and hyper-
sensitivity pneumonitis), inherited causes (e.g. familial,
neurofibromatosis and metabolic storage disorders), inhal-
ational causes (e.g. environmental gases, fumes, vapours,
oil, and inorganic and organic dust), specific entities (bron-
chiolitis obliterans, bronchiolitis obliterans organizing
pneumonia), eosinophilic pneumonia, idiopathic pulmon-
ary haemosiderosis, alveolar proteinosis, lymphatic pul-
monary disorders and vascular pulmonary disorders) and
idiopathic forms whose aetiology remains unknown [4].

How all these different causes take effect remains to be
established. Some authors claim that genetic factors can
have a predisposing effect in an apparently normal lung:

when the patient is exposed to environmental fibrogenetic
stimuli, the alveolar wall cells produce cytokines that trig-
ger an inflammatory process, fibroblastic proliferation, the
deposition of new collagen and fibrosis [2, 5, 6].

The approach to diagnosis includes various steps, in-
cluding taking a history of the onset of signs and symptoms
[7, 8], with or without any correlation with environmental
causes or other diseases, and physical examination [9],
noninvasive techniques, such as pulmonary function tests
[2, 7, 10±12] and radiological examination [2, 13, 14],
and invasive techniques, such as bronchoalveolar lavage
(BAL) and biopsy [15, 16].

In order to assess which approach is most often used to
diagnose ILD in children, the Paediatric Bronchology
Group of the European Respiratory Society (ERS) sent out
a questionnaire to all members of its Paediatric Assembly.

Materials and methods

All members of the Paediatric Assembly, belonging to
187 European and non-European centres, listed in the ERS
Roster (of July 1995) were sent a total of 333 question-
naires. The questions concerned the different techniques
used to diagnose ILD in children, both the noninvasive
techniques (e.g. clinical history taking, physical examina-
tion, routine laboratory tests, radiological techniques and
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pulmonary function tests) and the invasive techniques (e.g.
BAL, transbronchial biopsy (TBB), percutaneous biopsy
(fine needle aspiration biopsy - FNAB) with or without
high-resolution CT (HRCT), and video-assisted thoraco-
scopic biopsy (VAT)). There were also questions regarding
the possible causes of ILD, such as infectious agents, con-
nective tissue diseases, granulomatous diseases, inherited
causes, inhalational causes or idiopathic forms.

The data referred to patients aged 0±18 yrs and diag-
nosed between July 1, 1995 and June 30, 1997.

Data presentation

Replies given as percentages are presented as median,
mean and range.

Results

Of the 187 centres contacted, 38 (20.3%) completed and
returned the questionnaires, which provided data on a total
of 155 patients.

The 38 centres involved in the study are listed in the
Appendix; 22 of them are university hospitals and 16
general hospitals and all of them are at tertiary level. It is
estimated that each centre deals with ~1 million people,
but, being tertiary centres, they draw patients from other
areas.

When the answers returned by a given centre were in-
complete (this happened in 20% of cases), the centre was
contacted by fax or e-mail and asked to provide any mis-
sing information.

From the analysis of the answers regarding the 155
patients, 24 cases were excluded for the following reasons:
eight had human immunodeficiency virus-related immu-
nodeficiency; seven had acquired immunodeficiency of
unspecified cause; four had received antiblastic therapy;
and two had pulmonary tuberculosis; information was
lacking on three.

Of the 131 children who were consequently included in
the study, 84 (64%) were male, and 47 (36%) were female,
with a mean age of 6.5 yrs (range 0.75±17.8 yrs). For 118
children, the questionnaires gave the date of birth and the
date of ILD diagnosis, whereas, for 13, only the date of
birth was specified.

The diagnostic methods used are listed in table 1. Using
noninvasive techniques alone, such as clinical history tak-

ing, physical examination, pulmonary function tests and
HRCT, a diagnosis of ILD was only reached in five
(3.8%) patients. Using noninvasive techniques and BAL,
a diagnosis was reached in 28 (21.3%) patients. A diag-
nosis of ILD was reached in 35 (26.7%) patients using
noninvasive techniques and open lung biopsy (OLB); in
the majority of cases (n=27), the diagnosis was idiopathic
interstitial pneumonia.

Using the various bioptic techniques, histological ass-
essment was performed for a total of 98 (74.8%) children:
in 10 cases an infectious agent was isolated, 38 patients
had an associated disease (AD), a bioptic diagnosis had not
been obtained in four and idiopathic interstitial pneumonia
was diagnosed in 46.

A chronic infection was demonstrated in 19 (14.5%)
patients with ILD. Figure 1 shows the age at diagnosis of
the 17 children in whom an infectious agent was iden-
tified as a potential cause of ILD. The age of greatest
incidence of ILD was 3±12 yrs (10 patients.). Adenovirus
was the most frequently isolated aetiological agent.

ADs were identified in 51 (38.9%) cases. Figure 2
shows the ADs involved and the age at diagnosis for a
total of 48 children. The age of greatest incidence was 6±
12 yrs. The most common ADs were allergic alveolitis
and aspiration syndrome, whereas the least common ADs
were vascular and lymphatic pulmonary disorders.

In 14 (10.6%) cases, no diagnosis was obtained: there
were four nondiagnostic biopsy cases, in which the patho-
logist could not clearly define a histological pattern, plus
10 cases in which the investigator was unable to identify
any specific cause of ILD. In 12 patients the age was
reported: 5 of them were between 6±12 yrs.

Idiopathic interstitial pneumonia was diagnosed in 46
(35.1%) children, including six cases of desquamative in-
terstitial pneumonia (DIP), six of usual interstitial pneu-
monia (UIP), four of nonspecific interstitial pneumonia
(NSIP) and two of lymphoid interstitial pneumonia (LIP).
The term nonclassified fibrosis was used to indicate the 28
patients with a clear histological pattern of inflammation
and interstitial fibrosis that the pathologist had been unable
to classify as DIP, UIP, NSIP or LIP. Figure 3 shows the 41
cases of idiopathic interstitial pneumonia whose age at
diagnosis was specified. The age of greatest onset of the
various forms of idiopathic interstitial pneumonia was 6±
12 yrs (13 patients), but there were also peaks at 2±12
months (eight patients) and 1±3 yrs (eight patients). Two
children with a diagnosis of idiopathic interstitial pneu-
monia were <2 months.

Table 1. ± Techniques used to diagnose interstitial lung disease in 131 children

NITS BAL TBB OLB VAT HRCT
and

FNAB

BAL
+

TBB

BAL
+

OLB

BAL
+

TBB
+

OLB

BAL
+

VAT

BAL
+

TBB
+

VAT

Infection n 1 8 4 1 4 1
AD n 3 11 4 3 14 14 1 2
IIP n 27 2 1 4 8 1 1 2
ND n 1 9 2 1 1
Patients n 5 28 2 35 5 1 20 27 2 4 2

NITS: noninvasive techniques; BAL: bronchoalveolar lavage; TBB: transbronchial biopsy; OLB: open lung biopsy; VAT: video-
assisted thoracoscopic biopsy; HRCT: high-resolution computed tomography; FNAB: fine-needle aspiration biopsy; AD: associated
disease; IIP: idiopathic interstitial pneumonia; ND: no diagnosis obtained.
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Discussion

The purpose of this survey was to assess the diagnostic
approach adopted at different paediatric pulmonology cen-
tres in relation to a rare and severe pathology such as ILD,
which can pose considerable diagnostic and therapeutic
problems. Considering the rarity and severity of ILD (which
means that patients are often sent to major paediatric
pulmonology centres), the number of centres that answered
the questionnaire was reasonably high and amounted to
74.5% of those taking part in a previous survey [17]. How-
ever, the number of centres that took part is not sufficient
for this study to be considered representative of the situ-
ation in Europe.

All the centres that took part in the survey are tertiary
level units and so it can be assumed that they are all cap-
able of using the various diagnostic techniques considered
here; it is highly unlikely, therefore, that a given diagnostic
method was preferred due to the nonavailability of an

alternative, except for the case of VAT, which has only
recently been introduced into paediatric practice and was
used only 11 times in this survey.

The small number of patients diagnosed using non-
invasive techniques alone (3.8%) demonstrates that it is
generally difficult, without a histological assessment, to
arrive at a definite diagnosis of ILD and, consequently,
establish a suitable therapy.

As reported elsewhere [15], BAL gave a diagnostic
yield of 17%. In the present survey, BAL was the only
invasive method used in 28 (21.3%) children, whereas it
was used in a supporting role with various other biopsy
techniques (OLB, TBB, VAT and percutaneous biopsy
during HRCT) in another 55 patients.

The various biopsy techniques (OLB, TBB, VAT and
percutaneous biopsy during HRCT) revealed a high pro-
portion of correct diagnoses; a clear-cut diagnosis on
aetiological and/or histological grounds was obtained in all
but four of the 98 patients who underwent biopsy. This
finding is consistent with other reports in the paediatric
literature, in which OLB is considered the gold standard
for diagnosis and histopathological classification [6, 18],
whereas VAT is seen as the technique of the future be-
cause it is less invasive and enables a wider view and,
consequently, more accurate selection of the area of lung
for biopsy, reportedly achieving a diagnostic yield of 60%
[19]. Although it has a diagnostic yield of only 50% [19],
TBB is reported to be particularly useful in monitoring
children after lung transplantation [20] or in rare forms of
ILD, such as alveolar proteinosis [21]. The tissue samples
obtained with TBB are too small, however, and patho-
logists are critical of this technique.

In the present survey, percutaneous biopsy during HRCT
was used in only one case, since the risks related to this
diagnostic method are now well known [22, 23].

The known causes of ILD include chronic infections
in immunocompetent and immunocompromised children.
The present survey ruled out patients with acquired im-
munodeficiency, tuberculosis or neoplastic disease, but in-
cluded one case of congenital immunodepression (Bruton's
hypogammaglobulinaemia) and four systemic forms, i.e.
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Fig. 3. ± Age at diagnosis and histological patterns of idiopathic inter-
stitial pneumonia (u: usual interstitial pneumonia; p: nonspecific
interstitial pneumonia; r: lymphoid interstitial pneumonia; h: non-
classified fibrosis; h: desquamative interstitial pneumonia) in 41 chil-
dren.

Age yrs

0 0.17- 0.17 1- 1 3- 3 6- 6 12- >12

P
at

ie
nt

s
n

6

5

4

3

2

1

0

aaaaaaaa
aaaaaaaa
aaaaaaaa
aaaaaaaa
aaaaaaaa
aaaaaaaa
aaaaaaaa

bbbbbbbb
bbbbbbbb
bbbbbbbb
bbbbbbbb
bbbbbbbb
bbbbbbbb
bbbbbbbb aaaaaaaa

aaaaaaaa
aaaaaaaa
aaaaaaaa
aaaaaaaa
aaaaaaaa
aaaaaaaa

Fig. 1. ± Age at diagnosis in 17 children in whom an infectious agent
(u: Chlamydia; p: Mycoplasma; r: Pneumocystis; g: Epstein-Barr
virus; h: respiratory syncytial virus; k: influenza A; h: adenovirus) was
identified as a possible cause of interstitial lung disease.
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Fig. 2. ± Age at diagnosis in 48 children with interstitial lung disease
caused by an associated disease (u: sarcoidosis; p: aspiration
syndrome; r: alveolar proteinosis; g: bronchiolitis obliterans graft-
versus-host disease; h: chronic disease; k: metabolism disorder; h:
systemic lupus erythematosus; &: histiocytosis; u*: granulomatosis;
p*: haemosiderosis; r*: vascular pulmonary disorder; g*: lymphatic
pulmonary disorder; h*: bronchiolitis obliterans; k*: rheumatoid
arthritis; h*: allergic alveolitis).
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systemic lupus erythematosus [24], rheumatoid arthritis
[25], graft-versus-host disease [26] and a case of chronic
mucocutaneous candidiasis. The most common chronic
infectious agents in this survey were viral [27], particu-
larly adenovirus [28], which was detected in 10 children;
however, bacterial infections (Mycoplasma) have also
been reported by other authors [2].

Concerning the diseases found in association with ILD,
the present survey revealed cases of extrinsic allergic al-
veolitis [29], aspiration syndrome [30] and, less fre-
quently, vascular pulmonary disorders [31].

Among the idiopathic interstitial pneumonia cases, the
pathologist was often unable to use the same classification
as for adults [6, 32], confirming that this classification is
more difficult to apply to children, although DIP was the
form most often described in children up to 1 yr of age
[33, 34].

In the present survey, UIP was reported in six cases,
although the diagnosis of UIP in children is questioned by
some authors [6] and confirmed by others [35]. This
means, in the authors' opinion, that a difference exists in
the interpretation of histological findings by pathologists
and, in future studies, it might be feasible to have his-
tological material from a number of centres assessed by
the same pathologist.

In conclusion, this survey demonstrates that the gold
standard for the diagnosis of interstitial lung disease in
children is always lung biopsy, even if the diagnostic ap-
proach most often adopted was an association of nonin-
vasive and invasive techniques. This association enabled
the diagnosis of interstitial lung disease to be made on the
basis of aetiological and/or histological findings in 117
patients, whereas no clear-cut aetiological and/or histolo-
gical definition of the disease was achieved in only 14
cases.

Centres participating in the survey. Australia:
Victoria, Monash Medical Centre; Austria: Graz
(UniversitaÈt Kinderklinik), Vienna (Sozialmedizini-
sches Zentrum Ost, Kinderinterne Abteilung); Bel-
gium: Louvain (Dept of Paediatric Pulmonology),
Yvoir (Cliniques Universitaires de-Mont Godinne);
Czech Republic: Prague (Division of Paediatric Pul-
lmonology, 2nd Paediatric Dept, University Hospi-
tal, Motol and Paediatric Clinic of the Institute for
Postgraduate Medical Studies); Finland: Kuopio
(Dept of Paediatrics, University Hospital); France:
Le Havre (Centre Hospitalier Du Pneumo-Allergo-
logie Infantile), Paris (Service de Pneumologie et
Allergologie Pediatriques, Hospital-Necker-Enfants
Malades); Germany: Berlin (Virchow-Klinikum),
Bochum (Kinderklinik der Ruhr-UniversitaÈt), Munich
(Kinderpoliklinik), Oldenburg (Klinik fuÈr Kinder und
Jugendliche); Hungary: Budapest (Paediatric Institute
"SvaÁbhegy" and Semmelweis Medical University),
Munkacsy (Pneumological Institute ToÈroÈkbalint); It-
aly: Padua (Dept of Paediatrics, University), Perugia
(Clinica Pediatrica, University), Trieste (Burlo Chil-
dren's Hospital); Latvia: Riga (Latvian Medical
Academy's Children Hospital); the Netherlands:
Groningen (Beatrix Children's Hospital); Norway:
Oslo (Children's Clinic National Hospital); Poland:
Rabka (National Research Institute for TB and lung
disease); Portugal: Porto (Paediatrics Division, Hos-
pital de S. JoaÄo); Republic of Macedonia: Skopije
(Institute for Respiratory Diseases in Children);

Slovenia: Ljubljana (Paediatric Clinic, University
Clinical Centre); South Africa: Johannesburg (Chil-
dren's Hospital); Spain: Gerona (Hospital de Girona),
MaÂlaga (Materno-Infantil Hospital), San SebastiaÂn
(Hospital Materno-lnfantil N.S. Aranzazu), Valencia
(Paediatric Clinic-Hospital Clinic Universitari); UK:
London (Respiratory Unit, Great Ormond Street Hos-
pital), Bristol (Children's Hospital); USA: Columbus,
Ohio (Children's Hospital), Anchorage, AK (Chil-
dren's Hospital); Yugoslavia: Belgrade (Mother and
Child Institute, and Centre for Paediatric Pulmonol-
ogy and Tuberculosis).
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