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Abstract
Objective To study the utility of diagnostic flexible bronchos-
copy and bronchoalveolar lavage (BAL) in children with non-
resolving pneumonia.
Methods This was a cross-sectional study conducted in a ter-
tiary care hospital from July 2015 through June 2016. Fifty-
two consecutive children of both genders from 1 mo to 14 y of
age with a diagnosis of non-resolving pneumonia were includ-
ed. Flexible bronchoscopy was done in all patients with or
without bronchoalveolar lavage (BAL). BAL was sent for
gram staining, culture, gene expert™ and lipid laden macro-
phages examination.Main outcomemeasures were to find any
morphological abnormality in the tracheobronchial tree and
organism profile of a positive BAL culture.
Results During the period of 12 mo, 52 consecutive patients
of non-resolving pneumonia were enrolled. Median (IQR) age
of the study population was 12 (68.8) mo. Mean ± SD dura-
tion of illness was 22.7 ± 5.6 d. Flexible bronchoscopy was
found to be very safe and effective tool that directly led to
definitive diagnosis in 30.7% of cases. It was positive for
different organisms in 22 (52.3%) children. Neglected foreign
body was seen in five patients.
Conclusions Non-resolving pneumonia is often an area of clin-
ical dilemma. Bacterial infections are the commonest etiology.
Non-infectious causes like tracheobronchomalacia and foreign
body aspiration are other important etiologies to be looked for.

Early bronchoscopy and bronchoalveolar lavage analysis can
play a crucial role in the evaluation of these patients and may
provide an important clue or strongly support the specific
diagnosis.
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Introduction

Childhood pneumonia continues to be the single largest killer
worldwide. Although the implementation of safe, effective
and affordable interventions has reduced pneumonia mortality
from 4 million in 1981 [1] to just over one million in 2013 [2,
3], it still accounts for nearly one-fifth of childhood deaths
worldwide.

Non-resolving pneumonia/slowly resolving pneumonia is
a common entity in hospital practice and can pose a significant
challenge to the treating doctor. Although there is no standard
definition for this entity, it may be defined as failure of radio-
graphic resolution by 50% in 2 wk or failure of complete
resolution by one month despite adequate antibiotic therapy
[4]. This can be due to defects in local or systemic immune
defense mechanisms, the presence of unusual organism, resis-
tant bacteria or diseases that mimic pneumonia, like neglected
foreign body. As there is no universally accepted definition,
the true incidence of non-resolving pneumonia in children is
not known. The disease carries high mortality and more ag-
gressive evaluation is required to find its etiology. Diagnostic
flexible bronchoscopy with broncho alveolar lavage (BAL)
has been found to be very effective in the evaluation of adult
patients with this condition. The present study was conducted
to find the utility of flexible bronchoscopy in establishing the
etiological diagnosis of Non-resolving pneumonia.
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Material and Methods

This cross-sectional study was conducted in the pediatric de-
partment of a tertiary care hospital in northern India from
July 2015 through June 2016. Fifty two children of both gen-
ders from 1 mo to 14 y of age with the diagnosis of non-
resolving pneumonia were enrolled in the study after
obtaining written informed consent from the parents. Non-
resolutionwas defined by the persistence of clinical symptoms
and signs and failure of resolution of the radiographic features
by 50% in 2 wk in spite of appropriate antibiotic therapy for a
minimum duration of 10 d.

Flexible bronchoscopy was done in all patients with or
without BAL. BAL was sent for gram staining, culture, gene
expert™ and lipid laden macrophages examination.

A standardized data extraction form was used to obtain the
demographic and clinical data including age, sex, weight and
duration of symptoms. Laboratory data, including complete
blood count, blood culture, chest radiograph, chest computer-
ized tomography, if available and Mantoux test were also re-
corded from the study population. Flexible bronchoscopy
(Olympus video bronchoscope) was done in all the patients.
The authors used a BF-XP160F™ scope with channel size
1.2 mm in children less than four years of age and BF-MP-
160F™ scope with a channel diameter of 2 mm in children
above four years of age. Written informed consent was taken
from all patients before undertaking the procedure. The proce-
dure was done under sedation using IV midazolam either alone
or in combination with ketamine/fentanyl boluses. Continuous
oxygen was provided to all patients through nasal prongs dur-
ing the procedure. ECG and oxygen saturation were also mon-
itored during the procedure. Complications of the procedure
were recorded in a standard format. Macroscopic appearance/
abnormality of the bronchial tree during flexible bronchoscopy
(Tracheomalacia, bronchomalacia, any foreign body, presence
of secretions/pus, the appearance of the bronchial mucosa, etc.)
was noted. BAL was collected from the affected lobe or from
the right middle lobe bronchus in case of a diffuse disease. BAL
was performed with the use of normal saline warmed to body
temperature with a volume of 3 ml/kg administered in three
divided doses. It was sent for gram staining, lipid laden macro-
phages examination, bacterial culture, fungal culture, Acid fast
bacillus (AFB), and gene expert™ for Mycobacterium
tuberculosis. Two patients also underwent Functional endo-
scopic evaluation of swallowing (FEES) in addition to routine
bronchoscopy and lavage to diagnose aspiration pneumonia.
Finally, efficacy of flexible bronchoscopy as a diagnostic tool
to determine etiology of the pneumonia was assessed.

Statistical analyses were performed using SPSS 20. The
normality of the data was checked by using the Shapiro-
Wilk test. Parametric data are expressed as mean ± SD and
non-parametric test as median (IQR). Categorical variables
are presented as percentages.

Results

During the period of 12 mo 52 patients of both genders
having clinical and/or radiological diagnosis of Non-
resolving pneumonia were enrolled in this study; of
these 32 were boys and 20 girls. Median (IQR) age of
the study population was 12 (68.8) mo. The age ranged
from 25 d to 14 y. Mean ± SD duration of illness was
22.7 ± 5.6 d. Median weight (IQR) of the study popu-
lation was 9(13) kg. Four (2.08%) patients had pre-
existing cystic fibrosis. Baseline investigations in the
studied population did not point towards any primary
or secondary immune deficiency; however, one patient
was a known case of nephrotic syndrome and was on
low dose long term steroids. Mantoux was positive in
four patients. Flexible bronchoscopy was done in all 52
patients and BAL in 42 patients. Functional abnormali-
ties of the tracheobronchial tree like bronchomalacia
were seen in seven patients. All these children were less
than one y of age. Neglected foreign body was seen in
five patients. It was found in the right intermediate
bronchus in four patients and left lower lobe bronchus
in one patient (Fig. 1). Two patients from this group were
already put on empiric anti-tubercular drugs with no im-
provement in symptoms. In two patients hydatid cysts were
directly visualized on bronchoscopy, which was later con-
firmed by the presence of scolices in BAL fluid. FEES were
done in two patients using methylene blue dye. Both the
patients were known cases of cerebral palsy. FEES was pos-
itive for both the patients, which indicated oromotor inco-
ordination as a cause of their persistent symptoms.

Fig. 1 Bronchoscopy showing a foreign body in the left lower bronchus
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Bronchoscopic findings are shown in Table 1. BAL was
positive for microorganisms in 22 (52.3%) patients.
Table 2 shows organism profile of BAL fluid. Gene ex-
pert™ was positive for Mycobacterium tuberculosis in two
patients. Both patients had a history of contact with TB
patients. One patient with underlying diabetes was infected
with Zygomycetes. Foamy macrophages in BAL fluid were
seen in five patients, which indicated gastro esophageal re-
flux as a cause of their persistent symptoms.

Discussion

There is a lack of uniformity regarding definitions for non-
resolving pneumonia, but in many studies, the entity of
Bslow resolution^ has been defined as failure of radiograph-
ic resolution by 50% in 2 wk or failure of complete reso-
lution by one month despite adequate antibiotic therapy [4].
It is a diagnostic challenge for a pediatrician. These patients
are often subjected to costly and inappropriate investiga-
tions with no much benefit and in the majority of patients
the condition still remains undiagnosed. Eigen et al. found
definite etiology in only 20 of 81 children evaluated for
recurrent/persistent pneumonia [5]. The use of flexible
bronchoscopy has become a safe and effective tool to eval-
uate Non-resolving pneumonia in pediatric patients [6]. The
diagnostic yield is increased by the information obtained
from BAL. There are many published studies on the etiol-
ogy of Non-resolving pneumonia; however flexible bron-
choscopy was rarely involved as a diagnostic tool in these
studies [7, 8]. The current study is the first study from the
region, evaluating the role of flexible bronchoscopy in chil-
dren with Non- resolving pneumonia. The authors found
flexible bronchoscopy to be very safe and effective tool,
that directly led to definitive diagnosis in 30.7% of cases
on mere visualization of the tracheobroncheal tree.
Gokdemir et al. in a large study on 434 patients found that
flexible bronchoscopy diagnosed 33% of patients with non-
resolving pneumonia [9]. Tracheobronchomalacia is an im-
portant cause of chronic respiratory symptoms, especially in
young infants; flexible bronchoscopy is the main diagnostic

modality to diagnose the above condition. The authors
found a 13% incidence of tracheobronchomalacia in their
studied patients. Baets, et al. [10] found a 47% incidence of
tracheobronchomalacia in their study population. However,
they only included children less than 2 y of age, which
could explain the apparent high prevalence of above disor-
der in his study group.

The authors collected BAL in 42 of their patients.
BAL was positive for different organisms in 52.4% of
patients. It resulted in a change in antibiotic regimen in
74% of BAL positive patients based on culture sensitiv-
ity reports. Baets et al. reported the diagnostic yield of
56% of BAL in children with persistent respiratory
symptoms [10].

A foreign body is an important cause of non-
resolving consolidation in young children and an early
diagnosis is important. A large numbers of patients get
treated for weeks and months due to persistent respira-
tory symptoms before the suspicion of foreign body
aspiration. Late diagnosis results in respiratory compli-
cations such as lung abscess, atelectasis, bronchiectasis,
and obstruction of the airway, which can be fatal [11].
The authors documented foreign body in 9.6% of pa-
tients with non-resolving consolidation. All these pa-
tients improved completely after removal of the foreign
body.

Flexible bronchoscopy in children is a very safe pro-
cedure [12]. The authors also did not find any major
complication during the procedure in the present study
population. Minor complications in the form of transient
de-saturation (5.7%), tachycardia (1.9%), transient apnea
(1.9%), and transient epistaxis (1.9%) were seen in 6
patients only, making this procedure safe for routine
evaluation of non-resolving pneumonia.

Table 1 Bronchoscopic
findings in the study
population

Bronchoscopic Findings No. (%)

Neglected Foreign body 5 (9.6)

Left bronchomalacia 5 (9.6)

Right bronchomalacia 2 (3.8)

Hydatid lung disease 2 (3.8)

FEES positive 2 (3.8)

FEES Functional endoscopic evaluation of
swallowing

Table 2 Organism profile of bronchoalveolar lavage fluid (N = 42)

Organism Frequency (%)

Sterile 20 (47.63)

Staphylococcus aureus 4 (9.52)

Pseudomonas aeruginosa 3 (7.14)

Klebsiella pneumoniae 3 (7.14)

Acinetobacter 2 (4.76)

Candida 2 (4.76)

Tuberculosis 2 (4.76)

Hydatid disease 2 (4.76)

E-coli 1 (2.40)

Enterococcus 1 (2.40)

Gram-positive cocci 1 (2.40)

Zygomycetes 1 (2.40)
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Conclusions

To summarize, non-resolving pneumonia is often an area of
clinical dilemna; bacterial infections are the commonest etiolo-
gy. Non-infectious causes like tracheobronchomalacia and for-
eign body aspiration are other important etiologies to be looked
for. Early bronchoscopy and BAL analysis can play a very
crucial role in the evaluation of these patients and may provide
an important clue or strongly support a specific diagnosis.
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