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Evaluation of long-term lung capacity using spirometry in patients who
underwent bronchoscopy due to foreign body aspiration

Yabanci cisim aspirasyonu nedeniyle bronkoskopi yapilan hastalarin uzun dénem
akciger kapasitelerinin spirometri ile degerlendirilmesi
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Abstract

Purpose: The purpose of the present study was to
evaluate the long-term lung status using spirometry in
patients who underwent rigid bronchoscopy in acute
period due to foreign body aspiration.

Materials and Methods: Records of 142 children who
underwent bronchoscopy due to foreign body aspiration
between March 2013 and April 2018 were retrospectively
reviewed. The data of 20 patients who cooperated with the
spirometry process were included in this study (Group 1).
Twenty patients who were admitted to the routine
pediatric surgeon polyclinic without any lung problem and
pain complaints were included in the study as a control
group (Group 2). Forced expiratory flow rate (FEV1),
forced vital capacity (FVC), FEV1/FVC, and forced
expiratory flow at 25-75% of forced vital capacity (FEF
25-75) parameters were recorded in the first second.
Results: Based on the statistical analysis results, there was
no significant effect of age, sex, and BMI on FEV1, FVC,
and FEF 25-75 values. The effect of bronchoscopy
procedure on the same values, the difference between
FEV1 and FVC values was statistically significant, whereas
the difference between FEV1/FVC and FEF 25-75 values
was not statistically significant for Groups 1 and 2.
Conclusion: There was no long-term negative effect on
lung capacities assessed using spirometry in our patients
who received early-diagnosis and intervention within 24 h.
Keywords: Foreign body aspiration, bronchoscopy,
spirometty, children

Oz

Amag: Bu calismada yabanci cisim aspirasyonu nedeniyle
akut dénemde rigid bronkoskopi ile yabanci cisim ¢tkarilan
hastalarin uzun dénem akciger durumlarinin spirometri ile
degerlendirilmesi amaglanmustir.

Gereg ve Yontem: Mart 2013 — Nisan 2018 tarihleri
arasinda yabanci cisim aspirasyonu icin bronkoskopi
yapilan 142 ¢ocuga ait kayitlar retrospektif olarak incelendi.
Spirometti islemine kooperasyon kurabilen 20 hastanin
verileri ¢alismaya dahil edildi (Grup 1). Rutin ¢ocuk
cerrahisi poliklinigi’'ne bagvuran akciger problemi ve agri
sikayeti olmayan bes yastan biiyitk 20 hasta kontrol grubu
olarak caligmaya dahil edildi (Grup 2). Degerlendirme icin;
1. Saniyedeki zorlu ekspiratuar akim hizt (FEV1), zorlu
vital kapasite (FVC), FEV1/FVC ve zotlu ckspirasyon
ortast akim hizt (FEF 25-75) parametreleri kaydedildi.
Bulgular: FEV1, FVC ve FEF 25-75 gibi degerlerin
tzerinde yas, BMI ve cinsiyetin anlamli bir etkisi olmadigt
gorildi. Aynt degerler tlizerinde bronkoskopi isleminin
etkisi incelendiginde Grup 1 ve Grup 2 icin FEV1 ve FVC
degerleri arasindaki fark istatistiksel olarak anlamu,
FEV1/FVC ve FEF 25-75 arasindaki fark ise anlamlt
degildi.

Sonug: Erken dénemde tespit edilen ve 24 saatten énce
miidahale  edilen  hastalarimizin  spitometre  ile
degerlendirilen akciger kapasitelerinde uzun dénem
olumsuz bir etkilenme tespit edilememistir.
Anahtar  kelimeler: Yabanct cisim
bronkoskopi, spirometri, cocuklar
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INTRODUCTION

Foreign body aspiration (FBA) is an avoidable serious
clinical problem that is responsible for numerous
mortalities and morbidities, particularly in children
aged <3 years!-3.Many different foreign bodies, such
as organic materials (peanuts, nuts, etc.) and, most
frequently, plastic or metal toy pieces, pins, can be
aspirated % 3.Although foreign bodies are usually
aspirated into the right main bronchus, they can be
found in any region, including terminal bronchioles
on both sides ! 2.Acute airway obstruction with
clinical manifestations of suffocation and coughing
after aspiration is alleviated as the foreign body drifts
distally*. Rigid bronchoscopy is a safe and effective
means for the diagnosis and removal of a foreign
body*. Spirometry is a physiological test that
measures the proportion of varying lung volumes
during forced breathing maneuvers and is used to
diagnose, manage, and monitor various respiratory
diseases >°. The purpose of the present study was to
evaluate the long-term lung status using spirometry in
patients who underwent rigid bronchoscopy in acute
period due to FBA.

MATERIALS AND METHODS

After obtaining the approval of Ethics Committee
(2018/79), records of 142 children who underwent
bronchoscopy due to FBA between March 2013 and
April 2018 were retrospectively reviewed. The
patients, who were admitted to the pediatric
emergency  department and for whom a
bronchoscopy was scheduled under emergency
conditions due to acute symptoms after foreign body
aspiration, were included in the study. Bronchoscopy
decision was made in the presence of one or more
positive findings found in the medical history,
physical examination, and anterior-posterior chest x-
ray. Any of the following was accepted as a positive
finding, including a history of choking associated
with feeding; complaints of wheezing, coughing,
acute dyspnea; parents’ complaints that the child was
“not breathing right”, detection of wheezing in the
physical examination, a low level of oxygen saturation
(SpO2) (85-97%) in pulse oximetry; or visualisation
of unilateral lung emphysema, air trapping or foreign
body (if it is radio-opaque) in the anterior-posterior
chest x-ray.

Forty-two patients aged > 5 years who were thought

to be co-operative during the spirometry process
were invited by telephone. The data of 20 patients

933

Long-term lung capacity after foreign body aspiration

who cooperated with the spirometry process were
included in this study (Group 1). Patients with
negative bronchoscopy result, children aged < 5
years, the patients who underwent bronchoscopy
after 24 hours, with chronic diseases such as asthma
and reactive airway disease, using prophylactic
bronchodilators and those who could not cooperate
during the spirometry process regardless of age were
excluded from the study. Twenty patients aged > 5
years who were admitted to the routine pediatric
surgeon polyclinic without any lung problem and
pain complaints were included in the study as a
control group (Group 2). Because personal
information, such as height, weight, age, sex, and
racial group, may affect spirometry measurements,
data for both groups were separately recorded’.

Bronchoscopy procedures in all patients included in
the study had been performed under general
anesthesia in the operating room using a pediatric
bronchoscope (Karl Storz). All foreign bodies
detected in the tracheobronchial system had been
removed using a foreign body optical forceps
(10378KT or 10378L, Karl Storz).

Pulmonary function test (PFT) technique

PFT was performed by the same staff, between 10
and 11 am, after patients had rested for at least 15
min, while they were in a sitting position. The
procedure was explained in detail and then trial
measurements were taken. Age, sex, height, and
weight of the patients were measured and recorded in
the device. Cosmed Omnia 1.6 (COSMED Quark
PFT by OMNIA, Certificate No. SM94991) was used
for the spirometry process. At least three acceptable
tests were performed for each patient. Forced
expiratory flow rate (FEV1), forced vital capacity
(FVC), FEV1/FVC, and forced expiratory flow at
25-75% of forced vital capacity (FEF 25-75)
parameters were recorded in the first second.

Statistical analysis

Statistical analyses were performed using the SPSS
18.0 package software. Normal distribution of the
data was evaluated by the Shapiro—Wilks test, and the
result was normal. The chi-square test was used for
determining whether there were any differences in
the distribution of age, sex and BMI between the
study groups. The effect of age, sex, surgical
procedure, and body mass index (BMI) on the FEV1,
FVC, and FEF 25-75 values was analyzed by four-
way ANOVA at a significance level of p < 0.05.
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RESULTS

In the study, the patients were divided into two
groups: Group 1 (those who underwent
bronchoscopy) and Group 2 (control). The
demographic data of Group 1 and 2 are summarized

in (Table 1).

Table 1. Demographic data of group 1 and 2.

Group 1 Group 2
Female Male Female Male P

Sex 7 (35) 13(65) 8 (40) 12(60) 0.519
n(%)

Age 7.3 (5-15) 7.8 (5-16) 0.76
(year)

(mean)

BMI 17 14 0.29

Of the aspirated objects, 55% (n = 11) were in the
right main bronchus, 35% (n = 7) in the left main
bronchus, and 10% (n = 2) in the trachea. In terms
of foreign bodies, 75% (n = 15) peanuts (1—4 pieces),
10% (n = 2) pumpkin seeds (single piece), 10% (n =
2) pins, and 5% (n = 1) sunflower seeds (single piece)
were removed.

Table 2. Compatrison of FEV1, FVC, FEV1/FVC, FEF
25-75 for Groups 1 and 2

Group 1 Grup 2 P
values
FEV1 91.8+19,8 84,5+14,6 0.007
FVC 93.2£16,1 86.2%21,1 0.009
FEV1/FVC 89.5+10,2 84.9+10,4 0.51
FEF 25-75 90£20 91%21 0.83

Based on the statistical analysis results, there was no
significant difference between group 1 and group 2 in
terms of sex (p=0,519), age (p=0,76) and BMI
(p=0,29) distributions. Furthermore, there was no
significant effect of age, sex, and BMI on FEVI,
FVC, and FEF 25-75 (p > 0.5) values. When we
examined the effect of bronchoscopy procedure on
the same values, the difference between FEV1 (p =
0,007) and FVC (p = 0,009) values was statistically
significant, whereas the difference between
FEV1/FVC (p = 0.51) and FEF 25-75 (p = 0.83)
values was not statistically significant for Groups 1
and 2. According to this, despite being normal,
contrary to our expectation, the FEV1 and FVC
values of the patients who underwent bronchoscopy
were significantly higher than the FEV1 and FVC
values of the control group. The mean + SD values
of FEV1, FVC, FEV1/FVC, FEF 25-75 and multiple
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comparison p values for Groups 1 and 2 are summarized

in (Table 2).
DISCUSSION

The prevalence of tracheal-bronchial foreign bodies
is higher in children than in adults owing to
anatomical and physiological features, such as poor
chewing capacity because of absence of molar teeth,
immature swallowing coordination, and high
respiratory rates.

During the time elapsed from aspiration to treatment,
foreign bodies cause irritation in the bronchial
mucosa, severe local inflammatory reaction and
edema, cell infiltration, and, if there is excessive delay,
formation of ulceration and granulation tissue and
consequently serious airway obstruction’*. The
bronchoscopic ~ procedure  itself leads to
postoperative complications, such as hemorrhage
and increased edema after manipulation®*. In
addition, organic pieces that tend to break into small
bits during bronchoscopy may not be noticed and
may migrate to the distal air space. Undiagnosed,
persistent foreign bodies lead to serious problems,
such as pneumonia, atelectasis, and bronchiectasis,
that can distupt lung functions'*. There were no
delayed cases among our patients. All patients had
been diagnosed within 4-24 h, and foreign bodies
had been removed. Negative effects of undiagnosed,
foreign bodies chronically affecting lung function are
known; however, to the best of our knowledge, our
study is the first to evaluate the effects of foreign
bodies that were diagnosed and successfully removed
in the acute period on long-term lung functions using
spirometry.

It is particularly difficult to perform quality and
reliable tests on pediatric patients because, compared
to adults, they complete forced expiration process in
a shorter time and have a smaller lung volume and a
larger air passage in proportion to the lung volume>”.

There are a number of indications for spirometry in
children, such as the identification of mechanical
dysfunction in the respiratory system; identification
of obstructive or restrictive patterns of the
dysfunction; diagnosis and follow-up of symptoms
and diseases such as chronic cough, persistent
wheezing, asthma, and cystic fibrosis; evaluation of
therapeutic  interventions  in  diseases; and
epidemiological and clinical investigations®”.

To perform a reliable spirometry test, children should
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not have a learning difficulty; mental status disorder;
or chest, abdomen, mouth, or facial pain. There were
no such conditions in our patients. Some studies have
reported that spirometry can be safely performed
even in children aged 2-5 years with the help of
adequate education and practice using a child-friendly
approach, which may include the use of visual and
verbal incentives prior to testing®’8. However, some
argue that the accuracy of the results of spirometry is
unclear in children aged <6 years®’. In our study,
children aged 4-5 years were not eligible for
spirometry. Approximately half of our patients were
aged 3-5 years, but they were excluded from this
study because a reliable spirometry could not have
been performed in them. Only patients aged >5 years
were included in the study.

The parameters that are commonly used to interpret
spirometry results are FEV1 (the volume of air
exhaled in the first second of forced expiration), FVC
(the sum of tidal volume, expiratory reserve volume,
and inspiratory reserve volume; it is the maximum air
volume that can be inhaled after a forced exhalation),
FEF 25-75 (the average air flow from the point of
25% of FVC, which is the forced expiratory flow
during the middle half of FVC, to the point of 75%
of FVC during the forced expiration), and
FEV1/FVC ratio678.10,

FEV1/FVC and FEF 25-75 are more sensitive and
specific indicators of airway obstruction®. In
particular, FEF 25-75, a value of the central
expiratory flow, was 60% lower than the predicted
value, which suggests an obstructive cause®!0,
However, in the present study, we found that FEF
25-75 and FEV1/FVC values were >80% in both
groups and that there was no statistically significant
difference between the two groups (Tables II).

Early diagnosis and treatment is very important and
lifesaving in the case of FBA. There was no long-term
negative effect on lung capacities assessed using
spirometry in our patients who received early-
diagnosis and intervention within 24 h. It would be
useful to evaluate an adequate number of chronic
cases of FBA with late diagnosis (>24 h) in this
regard.

Yazar Katkilart: Calisma konsepti/Tasarimi: AA, MEC, ND, CE, BA;
Veri toplama: AA, ND, CE, MEC, BA; Veri analizi ve yorumlama: AA,
MEC, ND, CE, BA; Yaz taslagr: AA, MEC, ND, BA, CE; Igcrigin
elestirel incelenmesi: AA, MEC, ND, BA, CE; Son onay ve sorumluluk:

935

Long-term lung capacity after foreign body aspiration

AA, ND, MEG, CE, BA; Teknik ve malzeme destegi: AA, ND, MEC,
CE, BA; Supervizyon: AA, BA, ND, CE, MEC; Fon saglama (mevcut
ise): yok.

Hakem Degerlendirmesi: Dis bagimsiz.

Cikar Catigmast: Yazatlar ¢ikar catismasi beyan etmemislerdir.
Finansal Destek: Yazarlar finansal destek beyan etmemislerdir.

Author Contributions: Concept/Design : AA, MEC, ND, CE, BA;
Data acquisition: AA, ND, CE, MEC, BA; Data analysis and
interpretation: AA, MEC, ND, CE, BA; Drafting manuscript: AA,
MEC, ND, BA, CE; Critical revision of manuscript: AA, MEC, ND,
BA, CE; Final approval and accountability: AA, ND, MEC, CE, BA;
Technical or material support: AA, ND, MEC, CE, BA; Supervision:
AA, BA, ND, CE, MEC; Securing funding (if available): n/a.
Peer-review: Externally peer-reviewed.

Conflict of Interest: Authors declated no conflict of interest.
Financial Disclosure: Authors declared no financial support

REFERENCES

6.

10.

Amer HS, El-Anwar MW, Raafat A, Alshawadfy M,
Sobhy E, Ahmed SA et al. Laryngo-tracheo-bronchial
foreign bodies in children: clinical presentations and
complications. Iran | Otorhinolaryngol. 2017;29:155.

Karatzanis AD, Vardouniotis A, Moschandreas ],
Prokopakis EP, Michailidou E, Papadakis C et al. The
risk of foreign body aspiration in children can be
reduced with proper education of the general
population. Int ] Pediatr  Otorhinolaryngol.
2007;71:311-15.

Mohammad M, Saleem M, Mahseeri M, Alabdallat I,
Alomari A, Za’atreh A et al. Foreign body aspiration
in children: a study of children who lived or died
following aspiration. Int ] Pediatr Otorhinolaryngol.
2017;98:29-31.

Hui H, Na L, Zhijun CJ, Fugao ZG, Niankai Z, Yan
S et al. Therapeutic experience from 1428 patients
with pediatric tracheobronchial foreign body. ] Pediatr
Surg. 2008;43:718-21.

Aurora P, Stocks ], Oliver C, Saunders C, Castle R,
Chaziparasidis G et al. Quality control for spirometry
in preschool children with and without lung disease.
Am J Respir Crit Care Med. 2004;169:1152-59.

Hall JE. Respiration. Guyton and Hall Texbook of
Medical Physiology.12th ed. Saunders Elsevier. 2011.

Masckela R, Gray D, Verwey C, Halkas A, Jeena PM.
Pacdiatric spirometry guideline of the South African
Thoracic Society: part 1. S Afr Med J. 2013;103:1036-
41.

Jat KR. Spirometry in children. Prim Care Respir J.
2013;22:221.

Stanojevic, S, Wade A, Stocks J. Reference values for
lung function: Past, present and future. Eur Respir J.
2010;36:12-9.

Chhabra SK, Vijayan VK, Rahman M, Mittal V, Singh
PD. Regression equations for spirometry in children
aged 6 tol7 years in Delhi region. Indian ] Chest Dis
Allied Sci. 2012;54:59-63.



	ARAŞTIRMA / RESEARCH
	INTRODUCTION
	MATERIALS AND METHODS
	Pulmonary function test (PFT) technique
	Statistical analysis

	RESULTS
	DISCUSSION
	REFERENCES

