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Time Required to Obtain Endobronchial Biopsies in
Children During Fiberoptic Bronchoscopy
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Summary. Background: Endobronchial biopsies are an important tool for the study of airway

remodeling in children. We aimed to evaluate the impact of performing endobronchial biopsies as a

part of fiberoptic bronchoscopy on the length of the procedure. Methods: Clinically indicated

fiberoptic bronchoscopy at which endobronchial biopsy was attempted as a part of a research

protocol was performed in 40 children (median age 6 years, range 2 months–16 years). Time

needed for airway inspection, bronchoalveolar lavage (BAL) with three aliquots of 1 ml/kg of 0.9%

saline, sampling of three macroscopically adequate biopsies, teaching, and other interventions

(e.g., removal of plugs) was recorded. The bronchoscopist was not aware that the procedure was

being timed. Results: Median (range) duration (min) was 2.5 (1.0–8.2) for airway inspection,

2.8 (1.7–9.4) for BAL, 5.3 (2.5–16.6) for biopsy sampling, 2.4 (1.5–6.6) for teaching and 4.1

(0.8–18.5) for other interventions. Three adequate biopsies were obtained in 33 (83%) children.

Use of 2.0 mm biopsy forceps (via 4.0 and 4.9 mm bronchoscopes) rather than 1.0 mm (via 2.8 and

3.6 mm bronchoscopes) significantly reduced biopsy time (4.6 min vs. 8.4 min, P<0.001).

Conclusions: It takes a median of just over 5 min to obtain three endobronchial biopsies in children,

which we consider an acceptable increase in the duration of fiberoptic bronchoscopy for the

purpose of research. Pediatr Pulmonol. 2009; 44:76–79. � 2008 Wiley-Liss, Inc.
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INTRODUCTION

Until recently, airway remodeling was considered to be
a secondary phenomenon, developing late in the process
of various chronic respiratory diseases as a consequence of
repeated cycles of acute and acute on chronic inflamma-
tion. However, epidemiological studies have shown that at
least in asthma, progressive decrease in lung function
is already present in early childhood and tracks until
adulthood, suggesting that remodeling may start early in
life.1,2 Pediatric studies have demonstrated that tissue
remodeling is an early and consistent feature of chronic
airway diseases including asthma, cystic fibrosis (CF) or
non-CF bronchiectasis.3–6 It has therefore been suggested
that the preschool years may represent a window of
opportunity before remodeling is established, during
which an intervention might have long-term benefit.7,8

Thus, identification of the early structural changes and
understanding of the basic mechanisms driving airway
remodeling may be central to future therapy and modi-
fication of the natural history of chronic airway disease.

Endobronchial biopsies are currently the gold standard
of airway remodeling studies.9–11 We have previously
shown that the performance of endobronchial biopsy in
children is safe and yields material of sufficient quality.12–15

However, the extra-time needed for the procedure has

never been reported. The aim of the present study, which
was carried out in the context of a larger study investi-
gating the relationship between inflammation, infection
and structural airway wall changes in CF,6,16 was to
evaluate the impact of performing endobronchial biopsy
as a part of fiberoptic bronchoscopy on the length of
the total procedure. We hypothesized that performance
of endobronchial biopsy for the purpose of research
would result in an acceptable increase in the duration of
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fiberoptic bronchoscopy. Some of the results of this study
have been previously reported in abstract form.17

MATERIALS AND METHODS

Subjects

Children who had a clinically indicated flexible bron-
choscopy performed between May 2006 and February
2007, and in whom an attempt was made to take
endobronchial biopsies as part of a research protocol6,16

were prospectively enrolled. They either (i) had cystic
fibrosis (CF), or (ii) were being investigated for recurrent
wheeze or difficult asthma, or (iii) were being investigated
for other chronic respiratory symptoms, with negative
tests for CF and no history of wheeze or atopy. Diagnoses
of CF and asthma were made according to standard
criteria.18,19 Children with known bleeding disorders
or considered to be at-risk for complications by the
consultant bronchoscopist or the anesthetist in charge of
the procedure (e.g., risk of bronchospasm in an unstable
child with brittle asthma) were not included in the research
protocol. The study was approved by the local Research
Ethics Committee. Biopsy was a routine part of the
bronchoscopy in each of the patients included in the study,
and informed consent for this research procedure had been
obtained from the parents of all children.

Flexible Bronchoscopy

All bronchoscopies were performed under general
anesthesia as previously described.12 Olympus BF-XP40
(2.8 mm external diameter), BF-3C20 or 3C40 (3.6 mm),
BF-MP60 (4.0 mm videobronchoscope) or BF-P20D
(4.9 mm) bronchoscopes (KeyMed, Southend-on-Sea,
Essex, UK) were used, depending on the size of the child.
Up to five biopsies were taken under direct vision from a
standardized site (sub-segmental bronchi of the right
lower lobe). Small re-usable forceps (FB-56D, oval cup
with rat tooth jaw, KeyMed) were used with the 2.8 or
3.6 mm bronchoscope (both with a 1.2 mm working
channel). Large single use forceps (FB-231D, oval cup
standard, KeyMed) were used with the 4.0 or 4.9 mm

bronchoscope (both with a 2.2 mm working channel). A
research assistant was in charge of liberating the tissue
from the forceps into the fixation media. He immediately
assessed visually the quality of the sample and informed
the bronchoscopist about the number of macroscopically
adequate pieces obtained so far, with the aim of obtaining
at least three macroscopically adequate pieces per patient.
Bronchoalveolar lavage (BAL) was performed using
three aliquots of 1 ml/kg of room temperature 0.9%
saline, instilled separately into the right middle lobe,
unless otherwise indicated, and the return pooled. Without
the knowledge of the bronchoscopist, time needed for
inspection of the airways, BAL, sampling of three macro-
scopically adequate biopsies, teaching (e.g., manipulation
of the bronchoscope by a specialist registrar), and other
interventions (e.g., removal of plugs, video recording,
sampling of additional biopsies) was recorded.

RESULTS

Fiberoptic bronchoscopy with endobronchial biopsy
was performed in 40 children (median age 6 years, range
2 months to 16 years): 14 with CF, 6 investigated for
recurrent wheeze or difficult asthma and 20 investigated
because of other chronic respiratory symptoms (Table 1).

Median (range) bronchoscopy duration was 13.2
(8.2–29.5) min: 2.5 (1.0–8.2) for airway inspection, 2.8
(1.7–9.4) for BAL, 5.3 (2.5–16.6) for biopsy sampling,
2.4 (1.5–6.6) for teaching and 4.1 (0.8–18.5) for other
interventions (Fig. 1). The median (range) duration
needed for biopsy sampling was similar in disease groups:
6.0 min (3.4–16.6) for CF children, 4.9 min (3.3–7.3) for
children with recurrent wheeze or difficult asthma and
4.8 min (2.5–12.8) for children investigated because
of other chronic respiratory symptoms. Use of 2.0 mm
biopsy forceps (with 4.0 and 4.9 mm bronchoscopes)
rather than 1.0 mm (with 2.8 and 3.6 mm bronchoscopes)
significantly reduced biopsy time: 4.6 (2.5–9.0) min
versus 8.4 (4.4–16.6) min, P< 0.001 (Mann–Whitney
U-test).

Three macroscopically adequate biopsies were obtained
in 33 (83%) children. In five cases, only two adequate

TABLE 1— Subject Characteristics (n¼ 40)

CF (n¼ 14) Asthma/wheeze (n¼ 6) Chronic respiratory symptoms (n¼ 20)

Sex (female/male) 9:5 2:4 11:9

Age (year; range) 4.3 (0.6–10.7) 10.5 (1.5–16.3) 7.3 (0.2–15.2)

Indication for

bronchoscopy (n)

Routine microbiological surveillance

at the time of new CF diagnosis (7)

Clinical assessment of

difficult-to-control asthma (5)

Investigation of chronic cough or

recurrent chest infections (12)

Microbiological surveillance at the

time of chest exacerbation (5)

Microbiological surveillance at the

Clinical assessment of recurrent

wheeze (1)

Microbiological surveillance at the

time of chest exacerbation of known

primary ciliary dyskinesia (2)

time of line insertion (1) Investigation of recurrent croup (3)

Reinflation of collapsed lobe (1) Investigation of congenital stridor (2)

Reinflation of collapsed lobe (1)
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biopsies were obtained, in one case only one biopsy and in
one case no biopsy at all. In these seven cases (four
CF children and three children investigated for chronic
respiratory symptoms), further biopsy sampling was not
performed at the decision of the individual bronchoscop-
ist, due to the procedure having lasted a considerable
amount of time (8.9 (7.1–16.5) min).

After fixation in formal saline and staining with
hematoxylin and eosin, 73 (66%) of 110 macroscopically
adequate biopsies were considered evaluable for morpho-
logical analysis according to predefined criteria (i.e.,
(i) presence of epithelium, reticular basement membrane
(RBM) and subepithelial tissue (no minimum require-
ment); (ii) good orientation; (iii) minimal crush, edema or
blood within the biopsy15). All children in whom three
macroscopically adequate biopsies were obtained had at
least one biopsy considered as evaluable for morpholog-
ical analysis. Success rate (i.e., obtaining at least one
biopsy considered as evaluable for morphological analy-
sis) was higher with the use of 2.0 mm biopsy forceps than
with the use of 1.0 mm forceps: 96% (27/28) versus 58%
(7/12), P¼ 0.006 (Fisher’s exact test). However, it did not
differ between disease groups: 71% (10/14) for CF
children, 100% (6/6) for children with recurrent wheeze
or difficult asthma and 90% (18/20) for children inves-
tigated because of other chronic respiratory symptoms.

None of the 40 children experienced complications
such as significant bleeding or pneumothorax during or
after the procedure.

DISCUSSION

This is the first study reporting the extra time needed
to perform endobronchial biopsy in children during

bronchoscopy. Without the bronchoscopist being aware
that the procedure was being timed, we found that the time
needed to obtain three macroscopically adequate biopsies
in children is just over 5 min, which compares with
the time needed for airway inspection and bronchoalveo-
lar lavage of approximately 2.5 min each. The duration
needed for biopsy sampling was similar between patient
groups but was affected significantly by the size of the
forceps used, as was the rate of obtaining at least one
biopsy considered as evaluable for morphological analy-
sis. The size of the forceps depends on the size of the
bronchoscope used, which is determined by the size of the
child. Bronchoscopes with small working channels, and
therefore small forceps, have to be used in children under
approximately 3 years of age, whereas in older children a
bronchoscope with a large working channel and therefore
large forceps can be used. Bronchoscopes with a small
external diameter/working channel ratio, such as that in
the 4.0-mm videobronchoscope used for some children in
this study, are therefore recommended for biopsy studies
in young children, as they allow faster and more efficient
sampling.15

In most cases, three macroscopically adequate biopsies
could be obtained within reasonable time, even in children
as young as 2 months of age. However, as depicted in
Figure 1, biopsy time exceeded 10 min in a few cases and
even 15 min in one child. This was a 3-year-old CF child,
in whom the sampling of biopsies was attempted with a
3.6-mm bronchoscope (with small forceps), and in whom
large amounts of mucus obscured the view through the
bronchoscope. Thus other factors than forceps size, such
as presence of mucus may affect duration and efficiency of
biopsy sampling.

We have previously shown that the probability of
obtaining at least one evaluable biopsy in children is
significantly increased if at least two biopsies are taken
(80% success rate vs. 44% if only one biopsy is taken).15

These findings are corroborated by the present study, in
which we found only 2/3 of the biopsies taken were
considered evaluable for morphological analysis. Fur-
thermore, there is variability in structural characteristics
between biopsies, and therefore multiple biopsies per
subject should ideally be analyzed.9,20 The sampling of
multiple biopsies has, however, to be balanced against the
risks and logistics of a longer period of general anesthesia.
Based on the present study and on our experience, we
would suggest researchers sample as many biopsies as
possible (at least 2, ideally 5–7) within a reasonable
amount of time which could be arbitrarily fixed as no
longer than 10 min.

The use of endobronchial biopsies in children for the
purpose of research has been critically discussed else-
where.21–26 Therefore, safety of the procedure and ethical
considerations are not discussed in detail in the present
study. As a note of caution, however, it has to be clearly

Fig. 1. Time needed during flexible bronchoscopy for airway

inspection, bronchoalveolar lavage (BAL), sampling of three

macroscopically adequate biopsies (Bx), teaching (e.g., driving

of the bronchoscope by a specialist registrar), and other

interventions (e.g., removal of plugs, video recording, sampling

of additional biopsies; others) in 40 children. Horizontal bars

show medians.
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stated that these investigations need to be performed in a
specialist center, by an experienced team of pediatric
pulmonologists and anesthetists, in particular if biopsies
are performed in children at higher risk for complications
such as laryngo- or bronchospasm (e.g., children with
severe asthma or infants with congenital stridor).

In conclusion, we show that it takes a median of
just over 5 min to obtain three endobronchial biopsies
in children, which we consider an acceptable increase
in the duration of fiberoptic bronchoscopy for the
purpose of research. Our data should allow parents to
give more fully informed consent for this ‘‘added extra’’
procedure.

ACKNOWLEDGMENTS

We thank Chloe Dunn, Bernie Ortega, Carmen Lacruz,
Eleanor Singh, Gemma Moody and the staff of the Depart-
ment Anesthesia, Royal Brompton Hospital, for their
assistance with bronchoscopies and Andrew Nicholson
and the Department of Pathology, Royal Brompton
Hospital for their preparation of biopsy material. We also
gratefully acknowledge the patients and families that
agreed to take part in the study. Funding: Nicolas
Regamey is the recipient of a European Respiratory
Society Fellowship (Nr. 64) and of a grant of the Swiss
National Science Foundation (Nr. 1172/05b).

REFERENCES

1. Xuan W, Peat JK, Toelle BG, Marks GB, Berry G, Woolcock AJ.

Lung function growth and its relation to airway hyperresponsive-

ness and recent wheeze. Results from a longitudinal population

study. Am J Respir Crit Care Med 2000;161:1820–1824.

2. Sears MR, Greene JM, Willan AR, Wiecek EM, Taylor DR,

Flannery EM, Cowan JO, Herbison GP, Silva PA, Poulton R. A

longitudinal, population-based, cohort study of childhood asthma

followed to adulthood. N Engl J Med 2003;349:1414–1422.

3. Payne DN, Rogers AV, Adelroth E, Bandi V, Guntupalli KK, Bush

A, Jeffery PK. Early thickening of the reticular basement mem-

brane in children with difficult asthma. Am J Respir Crit Care

Med 2003;167:78–82.

4. Barbato A, Turato G, Baraldo S, Bazzan E, Calabrese F,

Panizzolo C, Zanin ME, Zuin R, Maestrelli P, Fabbri LM, Saetta

M. Epithelial damage and angiogenesis in the airways of children

with asthma. Am J Respir Crit Care Med 2006;174:975–981.

5. Saglani S, Payne DN, Zhu J, Wang Z, Nicholson AG, Bush A,

Jeffery PK. Early detection of airway wall remodeling and

eosinophilic inflammation in preschool wheezers. Am J Respir

Crit Care Med 2007;176:858–864.

6. Regamey N, Ochs M, Hilliard TN, Muhlfeld C, Cornish N,

Fleming L, Saglani S, Alton EW, Bush A, Jeffery PK, Davies JC.

Increased airway smooth muscle mass in children with asthma,

cystic fibrosis and bronchiectasis. Am J Respir Crit Care Med

2008;177:837–843.

7. Baena-Cagnani C, Rossi GA, Canonica GW. Airway remodelling

in children: when does it start? Curr Opin Allergy Clin Immunol

2007;7:196–200.

8. Bush A. How early do airway inflammation and remodeling

occur? Allergol Int 2008;57:11–19.

9. Jeffery P, Holgate S, Wenzel S. Methods for the assessment of

endobronchial biopsies in clinical research: application to studies

of pathogenesis and the effects of treatment. Am J Respir Crit

Care Med 2003;168:S1–S17.

10. Bergeron C, Tulic MK, Hamid Q. Tools used to measure airway

remodelling in research. Eur Respir J 2007;29:596–604.

11. Boulet LP, Sterk PJ. Airway remodelling: the future. Eur Respir J

2007;30:831–834.

12. Payne D, McKenzie SA, Stacey S, Misra D, Haxby E, Bush A.

Safety and ethics of bronchoscopy and endobronchial biopsy in

difficult asthma. Arch Dis Child 2001;84:423–426.

13. Saglani S, Payne DN, Nicholson AG, Scallan M, Haxby E, Bush

A. The safety and quality of endobronchial biopsy in children

under five years old. Thorax 2003;58:1053–1057.

14. Molina-Teran A, Hilliard TN, Saglani S, Haxby E, Scallan

M, Bush A, Davies JC. Safety of endobronchial biopsy in

children with cystic fibrosis. Pediatr Pulmonol 2006;41:1021–

1024.

15. Regamey N, Hilliard TN, Saglani S, Zhu J, Scallan M, Balfour-

Lynn IM, Rosenthal M, Jeffery PK, Alton EW, Bush A, Davies

JC. Quality, size, and composition of pediatric endobronchial

biopsies in cystic fibrosis. Chest 2007;131:1710–1717.

16. Hilliard TN, Regamey N, Shute JK, Nicholson AG, Alton EW,

Bush A, Davies JC. Airway remodelling in children with cystic

fibrosis. Thorax 2007;62:1074–1080.

17. Regamey N, Rosenthal M, Balfour-Lynn I, Scallan M, Hogg C,

Bush A, Davies J. How much extra time is required to obtain

endobronchial biopsies in children undergoing fibreoptic bron-

choscopy? Implications for research protocols. Eur Respir J 2007;

51:A1566.

18. Rosenstein BJ, Cutting GR. The diagnosis of cystic fibrosis: a

consensus statement. Cystic Fibrosis Foundation Consensus

Panel. J Pediatr 1998;132:589–595.

19. Standards for the diagnosis and care of patients with chronic

obstructive pulmonary disease (COPD) and asthma. Am Rev

Respir Dis 1987;136:225–244.

20. Gamble E, Qiu Y, Wang D, Zhu J, Vignola AM, Kroegel C,

Morell F, Hansel TT, Pavord ID, Rabe KF, Barnes NC, Jeffery PK.

Variability of bronchial inflammation in chronic obstructive

pulmonary disease: implications for study design. Eur Respir J

2006;27:293–299.

21. Mallory GB, Jr. Pitfalls in non-therapeutic research in children.

Pediatr Pulmonol 2006;41:1014–1016.

22. Bush A, Davies J. Rebuttal: you are wrong. Dr. Mallory. Pediatr

Pulmonol 2006;41:1017–1020.

23. Mallory GB, Jr. Re: pitfalls in non-therapeutic research in

children. Pediatr Pulmonol 2007;42:656–657; author reply 658.

24. Payne D. The ethics of bronchoscopic research in children.

Allergy 2007;62:577–578.

25. Colin AA, Ali-Dinar T. Endobronchial biopsy in childhood. Chest

2007;131:1626–1627.

26. Regamey N, Hilliard TN, Saglani S, Zhu J, Balfour-Lynn IM,

Rosenthal M, Jeffery PK, Alton EW, Bush A, Davies JC. Endo-

bronchial biopsy in childhood. Chest 2008;133:312; author reply

313.

Endobronchial Biopsies in Children 79

Pediatric Pulmonology


