Hafez et al. Egypt J Radiol NuclMed ~ (2022) 53:263
https://doi.org/10.1186/543055-022-00947-1

Egyptian Journal of Radiology
and Nuclear Medicine

Added value of a chest multidetector

®

Check for
updates

computed tomography scoring system
in the assessment of chronic lung disease
among pediatric patients

Mona Ahmed Fouad Hafez'"®, Chandan Kumar Singh', Yasmin Saied Aly Sayed? and

Reham Osama Mahmoud'

Abstract

Bhalla score.

Background: Pediatric chronic lung disease (CLD) represents a heterogeneous group of several distinct clinical enti-
ties, with its prevalence increasing over the last decade. The current study aimed to identify the role of chest multi-
detector computed tomography (MDCT) using modified Bhalla scoring for the early diagnosis of CLD in pediatric
patients and determine the most common chest MDCT findings. This prospective study involved 45 pediatric patients
with chronic respiratory symptoms, all of whom underwent MDCT. Thereafter, data were analyzed using the modified

Results: Chronic lung diseases were classified according to their radiological and clinical criteria. The total CT score,
which was the most significant factor for chronic inhalation and chronic recurrent inflammatory lung diseases, varied
between 2 and 21 points, with those having autoimmune diseases exhibiting the largest value for the mean CT score.
The clinical severity of symptoms was not correlated with CT score.

Conclusion: Our findings showed that MDCT was a useful tool for diagnosing pediatric CLD and assessing disease
extent, severity, and superimposed complications. The modified Bhalla CT scoring system allowed for systematic
primary and follow-up assessments of various lung lesions in cases with varying CLD etiologies.

Keywords: Computed tomography, Multidetector, Pediatric chest, Chronic lung disease

Background

Pediatric chronic lung disease (CLD) represents a het-
erogeneous group of several distinct clinical entities.
The prevalence of CLD has increased over the last dec-
ade due to more advanced and intensive respiratory sup-
port provided to at-risk infants, as well as the overall
improvement in the survival of premature infants. The
most common causes of CLD in children include cystic
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fibrosis (CF), with other causes including bronchiecta-
sis (e.g., immunodeficiency in third-world countries and
postinfectious bronchiectasis, for instance after mea-
sles), bronchopulmonary dysplasia (BPD), chronic gas-
troesophageal reflux disease, aspiration pneumonitis,
obstructive bronchiolitis disease, and childhood intersti-
tial lung disease (chILD) [1, 2].

With the advances in multidetector computed tomog-
raphy (MDCT), it is now possible to image the lung for
<10 s and visualize the bronchial tree, lobes, and airways
from the fifth -to the seventh-generation bronchi, as well
as lung regions. This allows the accurate characteriza-
tion of attributes, such as density, texture, aeration, and
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distribution of the lungs [3]. MDCT can cover large vol-
umes during simple breath-holding, with good longitudi-
nal, intrinsic spatial resolution and temporal resolution.
The results obtained from the dataset allow the genera-
tion of enhanced multi-surface and three-dimensional
images of the airway, including those obtained from tech-
niques developed specifically for airway imaging, such as
virtual bronchography and virtual bronchoscopy [4]. CT
can reveal lung damage, such as bronchial wall thicken-
ing, bronchiectasis, mucus obstruction, and areas of con-
solidation or atelectasis of the lung, which are difficult
to detect using a pulmonary function test (PFT). Recent
studies in children with CF have shown that structural
damage visible on MDCT precedes changes revealed via
PET [5].

Since 1991, several chest MDCT scoring systems have
been developed to observe the extent and severity of CF.
This system had originally been introduced by Bhalla
et al. and has since been modified by several authors [6,
7]. The images are scored using a modified Bhalla scor-
ing system, which includes an evaluation of acinar nod-
ules, interlobular septa thickening, ground glass and
mosaic perfusion on inspiratory images, and air trap-
ping on expiratory images. These changes are commonly
observed and included in present scoring systems for CF
lung disease. The total score is then derived by adding the
scores for each abnormality and can range from 0 to 37
[8].

The current study aimed to identify the role of chest
MDCT using a modified Bhalla scoring for the early
diagnosis of CLD in pediatric patients and determine the
most common chest MDCT findings and their correla-
tion with clinical severity.

Methods
This prospective cohort study involved 45 patients
referred from the Department of Pediatrics who under-
went CT of the chest at the radiology department. The
planned study duration was 6 months. This study was
conducted according to the guidelines of the Ethical
Committee and was approved by its institutional review
board.

The inclusion criteria were pediatric patients who had
a history of chronic respiratory symptoms throughout a
period of 6 months, from January 2021 to June 2021; all
cases with an acceptable quality of current chest CT; and
those diagnosed with chronic lung injury after follow-
ing up on previous diagnostic test. The exclusion criteria
were patients with the chronic respiratory disorder who
were unable to hold their breath during MDCT scanning.

Patients were clinically assessed at the pediatric chest
clinic where they underwent comprehensive history
taking, clinical examination, and relevant laboratory
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examinations (e.g., complete blood count, C-reactive
protein, sputum culture). MDCT of the chest was per-
formed using a GE Brightspeed Elite 16 MDCT scan-
ner, with the following parameters: helical scan; 100 kV;
199 mA,; field of view, 320 mm from the root of the neck
to level of the renal arteries; slice thickness, 1.25 mm;
slice interval, 5 mm. The total exposure time was 16 s,
with a matrix size of 512 x 512.

Patients were positioned supine, with fixed inspira-
tion and arms extended overhead. The area from the
top of lungs through the bottom of lungs was scanned
while instructing cooperative patients to hold their
breath at inspiration. However, for uncooperative chil-
dren, quiet respiration was determined after adminis-
tering a light universally approved sedative, such as
chloral hydrate.

All volumetric chest CT images were assessed at a lung
window of WW 1500, WL 500 and a mediastinal window
of WW 400, WL 40.

Data analysis

Two radiologists, both having 16 years of experience
in chest and pediatric imaging, reviewed all the chest
MDCT images separately along with the clinical data,
laboratory data, and previous radiology reports. The
location of the lesions was assessed for each chest CT.
Chest CT assessment was based on the Bhalla scoring
system described by Judge et al. [8] (Table 1), which eval-
uates the severity of bronchiectasis, peribronchial thick-
ening, extent of bronchiectasis (number of pulmonary
segments), the extent of mucus plugging, sacculations
or abscesses, generation of bronchial divisions involved,
number of bullae, emphysema, and collapse/consolida-
tion. The total score for each item ranged from 0 to 3
except for emphysema, consolidation/collapse, mosaic
attenuation, air trapping, and acinar nodules, which
have a total score ranging from 0 to 2. All scores for each
patient were then added in order to obtain the overall
Bhalla score, which ranged up to 40.

Etiological diagnoses were classified as bronchopul-
monary dysplasia (none throughout this study), inha-
lation lung disease (e.g., hypersensitivity pneumonitis,
toxin inhalation), chronic recurrent inflammatory disease
(e.g., recurrent viral/bacterial/fungal disease second-
ary to chronic disease, granulomatous, and aspiration),
autoimmune disease, chronic airway disease (including
suppurative lung syndrome and asthma), ILD (e.g., neu-
roendocrine hyperplasia of infancy, idiopathic pulmonary
hemorrhage, usual interstitial pneumonia, Langerhans
cell histiocytosis, and edema), hereditary malformations
(e.g., congenital lobar emphysema, CF, and ciliary dyski-
nesia), and vascular disease (e.g., post-infarction).
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Table 1 Modified Bhalla CT scoring system, described by Judge et al. [8]

CT abnormalities CT score
0 1 2 3
Severity of bronchiectasis Absent Lumen slightly greater than Lumen 2-3 times adjacent vessel  Lumen more than 3 times adjacent

adjacent vessel
Peribronchial thickening

Extent of bronchiectasis Absent 1-5 BPS

Generation of bronchial division ~ Absent Up to 4th generation
Extent of mucus plugging Absent 1-5BPS

Emphysema Absent 1-5 BPS

Bullae Absent  Unilateral
Sacculation/abscesses Absent 1-5 BPS
Collapse/consolidation Absent Subsegmental

Mosaic perfusion Absent 1-5BPS

Air trapping Absent 1-5BPS

Acinar nodules Absent Subsegmental/segmental

Thickening of intralobular septa- ~ Absent

tion

Subsegmental/segmental

Ground glass Absent Subsegmental/segmental

Absent Thickness equals adjacent vessel

vessel

Thickness more than 2 times
adjacent vessel

Thickness less than 2 times
adjacent vessel

6-9 BPS More than 9 BPS

Up to 5th generation Up to 6th generation
6-9 BPS More than 9 BPS
More than 5 BPS

Bilateral

6-9 BPS More than 9 BPS
Segmental/lobar

More than 5 BPS
More than 5 BPS

Lobar Diffuse
Lobar Diffuse
Lobar Diffuse

BPS Bronchopulmonary segment

Statistical analysis

Data were coded and entered using the Statistical Pack-
age for the Social Sciences version 26 (IBM Corp.,
Armonk, NY, USA). Categorical data were expressed
as numbers and percentages. Spearman’s correlations
were determined, with P values <0.05 indicating statis-
tical significance.

Results

Demographics

A total of 45 patients were included in our final anal-
ysis, among whom 34 (75.6%) and 11 were males and
females (24.4%), respectively. The patients had a mean
age of 7.17 +4.56 years (range, 1-18 years).

Bhalla CT score

The total CT score varied between 2 and 21 points
among the included patients, with a mean score of
6.7 +4.66. The largest proportion of patients (20%) had
a score of 3, whereas 17.8%, 11.1%, and 11.1% had a
score of 5, 2, and 4, respectively (Fig. 1).

Chronic lung disease distribution in the studied cases:
correlation between disease extent and chest CT
components of the Bhalla score

Bilateral disease was present in 75.6% of the cases. The
most affected lung lobes were the lower zone (84.4%),
followed by the upper zone (73.3%) (Fig. 2).

After determining the correlation between various
chest CT findings and different etiological diagnosis,
we found that the severity, extent, and generalities of
bronchial division involvement of bronchiectasis were
correlated with disease bilaterality (P=0.013, 0.006,
and 0.007, respectively). Moreover, the bilateral disease
was significantly correlated with collapse/consolida-
tion, which has been mainly noted in chronic recurrent
infection (P=0.008). Furthermore, the increase in the
total CT score was positively correlated with disease
bilaterality and negatively correlated with unilateral
disease (P=0.004 and 0.025, respectively).

Acinar nodules were significantly correlated with
upper and middle lung lobe localization (P=0.048 and
0.003, respectively).

Chest CT components of the modified Bhalla CT score

The most commonly encountered CT chest finding
was mild peribronchial thickening (46.7%) and mild
ground-glass opacities (44.4%), followed by mild bron-
chiectasis (33.3%) and segmental or lobar collapse
(31.1%) (Fig. 3).

Etiology of chronic lung disease in the studied cases

The most commonly encountered chronic lung disease
(CLD) was chronic recurrent inflammatory diseases
(66.7%), which had the highest total CT score, followed
by interstitial lung disease and chronic airway disease
(20% for each). The sub-etiology for each etiological
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Fig. 2 Pie chart showing the distribution of all studied diseases

diagnosis throughout the study duration is illustrated in
Table 2. Associated etiologies encountered here included
CF with chronic airway disease, infection with chronic
airway disease, autoimmune disease with chronic
inflammatory disease in a case, and ILD in another, as
well as aspiration pneumonitis with sequestrated lung.
The calculated mean and total modified Bhalla CT score
for various etiologies are displayed in Table 3, and the
correlation for their significance is displayed in Table 4.

Correlation between etiological diagnosis and chest CT
components of the Bhalla score

Inhalation lung disease was significantly correlated with
mosaic attenuation, acinar nodules, and mean CT score

(P=0.023, 0.004, and 0.006, respectively). Meanwhile,
chronic recurrent inflammation was significantly cor-
related with collapse/consolidation, mosaic attenuation,
and fibrosis/interlobular septal thickening (P=0.01,
0.008, and 0.004) but was negatively correlated with
mean CT score (P=0.006). Moreover, autoimmune dis-
ease was significantly correlated with the presence of air
bubbles and emphysema (P=0.001 and 0.001, respec-
tively), while hereditary lung disease was significantly
correlated with the severity of bronchiectasis and bron-
chial wall thickening (P=0.007 and 0.016, respectively).
Interstitial lung disease was significantly correlated with
emphysema, fibrosis, and honeycombing (P=0.044, 0.00,
and 0.044, respectively). Chronic airway disease was sig-
nificantly correlated with air trapping (P=0.026), while
chronic vascular disease was significantly correlated with
abscess/sacculation (P=0.001).

Correlation between CT score and clinical severity

Among the included cases, seven had type I, II, and III
respiratory distress, the CT scores of whom varied from
2 to 21, with a mean score of 7.5. One case had known
cardiac disease.

Discussion

Noticeable confusion has existed regarding the nomen-
clature, classification, and management of pediatric dif-
fuse lung diseases [9]. In this study, CLD was classified as
inhalation lung disease, chronic recurrent inflammatory,
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Fig. 3 Column chart showing the distribution of the components of the Bhalla scores for chest CT among the included children

Table 2 Various etiological diagnoses of studied cases with
pediatric chronic lung disease

Chronic lung disease in pediatrics

Inhalation lung disease:
Hypersensitivity pneumonitis,
Toxin inhalation

Chronic recurrent inflammatory:
Recurrent viral/bacterial/fungal infection,
Granulomatous disease,

Aspiration

Autoimmune disease

Chronic airway disease:
Suppurative lung syndrome,
Asthma

ILD:

NEHI,

Pulmonary hemorrhage,

NSIP,

UIP,

Langerhans cell histiocytosis and edema

Hereditary malformations:

Congenital lobar emphysema,

CF,

Ciliary dyskinesia

Chronic vascular disease with recurrent infarction

ILD Interstitial lung disease; NEHI Neuroendocrine hyperplasia of infancy; NSIP
Non-specific interstitial pneumonia; UIP Usual interstitial pneumonia; CF Cystic
fibrosis

autoimmune disease, chronic airway disease, ILD, hered-
itary malformations, and vascular disease.

The Bhalla score, first proposed by Bhalla et al., was
created to adjust for pulmonary structural damage
observed on MDCT in pediatric cases diagnosed with
CF in the year 1991 [6]. Thereafter, Judge et al. proposed
modifications to the score by including more CT features
described in the disease, namely mosaic attenuation/per-
fusion, air trapping, acinar nodule, intralobular septal
thickening, and ground-glass infiltrate [8]. In the current
study, the significance of CT scores in inflammatory and
inhalation lung diseases suggests the utility of this scor-
ing system for such entities as well.

The American Thoracic Society classified Childhood
interstitial lung disease (chILD) by the age-group from
infancy to later childhood presentation [10]. In the cur-
rent study, 34 patients (75.6%) were diagnosed as chILD
with mainly later childhood presentation, including inha-
lation, post-inflammatory, aspiration pneumonitis, auto-
immune diseases, and ILD (including infants with NEHI
and children with UIP, NSIP, and hemosiderosis). Clinical
evaluation through further tests, such as high-resolution
CT, spirometer tests, bronchoalveolar lavage, and biopsy,
is needed [10].

Aspiration syndrome (Fig. 4) is a common finding in
children with recurrent lower respiratory tract infec-
tions and is predicted to be present in 26—49% of chil-
dren with chILD. One study showed consolidation or
airway changes in the dependent and basal portions of
both lungs on CT [11]. In the current study, aspiration
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Table 3 Number of cases, total and mean CT scores for each etiological diagnosis

Total number of cases Total CT score Mean CT score P value
Inhalation 5 48 9.6 0.006*
Inflammatory 30 183 6.1 0.030%
Autoimmune 4 43 10.75 0.523
Hereditary 4 33 8.25 0.523
ILD 9 71 7.88 0335
Chronic airway diseases 9 72 8 0473
Vascular 3 12 4 0.508

ILD Interstitial lung disease, *Significant

syndrome was reported in 7 (11%) of the cases and 20.6%
of chILD cases. Moreover, variable CT features had been
observed among those with aspiration syndrome, which
ranged from patchy ground-glass densities in 66.7%,
bronchiectasis in 66.7%, and collapse in 33.3%. Moreo-
ver, those with aspiration syndrome had a disease located
in the apical segment of both lower lobes (LL), with 50%
showing diffuse LL involvement and 33.3% showing mid-
dle lobe and lingula involvement. Regarding disease inci-
dence, a study by Deutsch et al. showed that only 1.7%
of chILD cases were diagnosed with aspiration syndrome.
However, the CT chest findings presented herein were
consistent with those presented in a study conducted by
Tanaka et al. wherein MDCT in 85 children diagnosed
with aspiration syndrome revealed no significant corre-
lation between aspiration syndrome and all CT features,
except for bronchial wall thickening and atelectasis [12].

Neuroendocrine cell hyperplasia (NEHI) has been
found to present more frequently among males in the first
2 years of life. MDCT, which has a sensitivity of 78% and
specificity of 100% for NEHI, typically shows a mosaic
attenuation pattern affecting at least four lobes with geo-
graphic ground-glass opacities that are most conspicu-
ous on the right middle lobe and lingula and areas of
hyperlucency associated with air trapping. Confirmatory
biopsy may not be necessary for patients with a classic
clinical presentation and characteristic radiologic find-
ings [10]. The study by Deutsch et al. showed that NEHI
was diagnosed in 10% of chILD cases [9]. These findings
were consistent with our clinical and radiological data on
confirmed NEHI cases, although they accounted for only
2.9% of our chILD cases (Fig. 5).

There are several causes of lung hemorrhage, includ-
ing vasculitis, good pasture syndrome, and systemic
lupus erythematosus. In the acute phase, CT findings
show an ill-defined fluffy appearing centrilobular ground
glass that represents diffuse alveolar hemorrhage. With
repeated hemorrhage, mild interstitial fibrosis has been
found to cause interlobular septal thickening [10]. In the
current study, similar changes were noted in a single case

with repeated hemorrhage, who developed pulmonary
alveolar hemosiderosis.

Langerhans cell histiocytosis is one of the chILD dis-
eases that is not specific to infancy, with portions of the
systemic disease with pulmonary involvement presenting
in 20-50% of the cases [10]. CT shows nodules of varying
size and bizarre pulmonary cyst shapes, with upper lobe
predominance [13]. This was consistent with our case
diagnosed with Langerhans cell histiocytosis (Fig. 6).

Our findings showed that ILD was significantly cor-
related with the presence of lung honeycombing
(P=0.044), similar to the case with usual interstitial
pneumonia (Fig. 7). This has been considered a common
finding in fibrotic lung disease that leads to traction of
bronchioles and formation of a honeycomb appearance.
Studies have shown a significant correlation between ILD
and honeycomb appearance on MDCT [14].

In the present study, 8.9% of the included cases pre-
sented with autoimmune disease, which was significantly
correlated with bilateral lung affection and a higher num-
ber of emphysematous bullae. These findings were con-
sistent with those presented in several studies including
children diagnosed with systemic autoimmune disease,
which found that autoimmune disease was significantly
correlated with bilateral lung pathologies [15-17]. The
presence of autoimmune lung disease had been com-
monly associated with pulmonary emphysema based on
the available literature [18].

In the present cohort, the severity of lung disease and
peribranchial thickening was significantly correlated with
overall hereditary lung anomalies. These findings were
consistent with those presented in studies conducted on
children diagnosed with cystic fibrosis, which revealed
that children with hereditary malformations of the bron-
chial tree and ciliary dyskinesia were predisposed to
severe manifestations of bronchiectasis [19, 20].

In the current study, the three cases (6.7%) who had CF
all presented with variable severity of bronchiectasis and
peribronchial thickening, with two showing air trapping,
one showing mucus plug formation, and another case
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Fig. 4 A 5-year-old male with recurrent chest infection secondary to chronic aspiration showing bilateral bronchial wall thickening mainly in the
lower lobes, centrilobular and peribronchial ground-glass densities, and hilar lymphadenopathy, with a CT score of 14

Fig.5 A 1.5-year-old male with dyspnea and persistent oxygen requirement since birth, diagnosed with NEHI. Axial and coronal CT lung windows
showed bilateral homogenous ground-glass densities mainly involving the medial lung fields with a well-defined lateral margin and a CT score of 5

showing collapse and ground-glass attenuation (Fig. 8).
Sasihuseyinoglu et al. showed that out of 36 patients,
96.4% exhibited peribronchial thickening, 50 showed
mucus plug formation, and 32.1% exhibited collapse/con-
solidation. Emphysema was identified in 18 patients [21].

The current study showed that the total CT score was
significantly correlated with the severity and extent of
bronchiectasis, along with peribronchial thickening.
These findings were consistent with those presented in a
multicenter prospective observational study by Martinez-
Garcia et al. in 99 consecutive patients with moderate-
to-severe bronchiectasis, who showed that the severity
of CLD was significantly correlated with the Bhalla CT
score [22]. Similarly, another study on the Bhalla score
showed an almost ninefold increase in the risk of hav-
ing malacia/obliterative-like combination lesions in the
bronchial tree [23].

Mosaic perfusion/attenuation and intralobular septal
thickening was significantly correlated with the presence
of inflammatory processes in lungs (P=0.008 and 0.004,
respectively). These findings were confirmed by Teufel
and his team, who stated that mosaic attenuation was
significantly correlated with the presence of lung inflam-
mation [24]. However, this was inconsistent with another
study conducted on patients with wet cough, which
showed that inflammation was not significantly associ-
ated with the total Bhalla score [25].

The present study showed that chronic airway dis-
ease was associated with bronchial disease in 77.8%,
mucous plugging in 22.2%, mosaic attenuation in 33.3%,
and centrilobular nodules in 55.6% and was significantly
correlated with air trapping (P=0.026) (Fig. 9). These
findings were consistent with those presented in several
studies conducted to evaluate the extent of expiratory air
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trapping on MDCT and spirometry, which concluded
that air trapping was a prominent feature of chronic
airway diseases, such as asthma and chronic bronchitis
[26-28].

Thickening of the interlobular septa was found more
frequently in cases with CLD mainly secondary to
inflammatory and interstitial lung disease. One study
showed that the prominent inflammatory infiltration into
the submucosa of patients with idiopathic bronchiectasis
might lead to lymphatic congestion and thus thickening
of the interlobular septa [29].

The current study showed that 17.8% of cases exhibited
respiratory distress, with a severity score ranging from 2
to 21, and that the clinical severity of symptoms was not
correlated with the CT score. Douros et al. [23] stated
that MDCT scanning detected airway wall thickening
and bronchiectasis, with the severity of the findings cor-
Fig. 6 A known case of Langerhans cell histiocytosis in a 16-year-old relating positively with the length of clinical symptoms.

male with chronic progressive dyspnea showing bilateral, bizarrely Moreover, they found that the clinical picture was incom-
shaped, thin wall cysts predominantly in the upper lobe and nodules; patible with MDCT findings.
estimated CT score was 5

Fig.7 A 10-year-old female diagnosed with usual interstitial pneumonia (IPF) complaining with progressive dyspnea, HRCT chest a axial cut
and b minimum intensity projection (MinIP) showed bilateral fairly symmetric mainly lower lobes reticulations, with traction bronchiolectasis,
bronchiolectasis and honeycombing (arrow), CT score 18

._\\\‘ \ Sy FNeE .‘t,‘#- =, //7 ‘ t 4 & - T _,./,'/(_. 4
Fig. 8 Axial (@) and sagittal (b) reformatted chest CT images (lung window) showing total left upper lobar collapse, right posterior segment UL mild
bronchiectasis, bronchial wall thickening, and bilateral ground-glass centrilobular nodules. Axial mediastinal window (c) showing left upper lobar
dense internal contents of mucoceles (blue arrow), right posterior segment UL mild bronchiectasis and bronchial wall thickening (black arrows). A

diagnosis of cystic fibrosis with secondary infection was established, estimated CT score was 11
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diagnosed as infectious bronchiolitis, estimated CT score was 14

Fig.9 A 11-year-old male, known tuberculous with a history of recurrent infection, CT chest mid and lower cuts showed bilateral bronchial
wall thickening (arrowhead), left air trapping, centrilobular nodules (arrow), and tree in bud pattern, note fullness of both hila by lymph nodes,

It is important for clinicians and radiologists to work
collaboratively in the radiological assessment of the rising
number of children with CLD in order to provide contin-
uous management and utilize the most optimal radiologi-
cal procedures to ensure accurate clinical diagnosis and
appropriate management pathways [2].

This study was limited by the limited number of cases
which is hindered by the available cases over the study
timing.

Conclusion

MDCT is a useful tool for diagnosing pediatric chronic
lung disease (CLD) and assessing disease extent, sever-
ity, and superimposed complications. The modified
Bhalla CT scoring system was allowed for primary and
follow-up systematic radiological assessment of various
lung lesions in cases with varying CLD etiologies and
was not correlated with clinical severity.
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