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BACKGROUND: Lung ultrasound is an examination that allows the assessment of pulmonary involve-
ment by analyzing artifacts. Our primary aim was to correlate our lung ultrasound findings with
pulmonary function and the modified Bhalla score in patients with cystic fibrosis. METHODS: Subjects
with cystic fibrosis were evaluated based on the results of lung ultrasound, pulmonary function exams
(ie, spirometry before and after the use of a bronchodilator and SpO2

), and the modified Bhalla score.
The partial correlation set by age between lung ultrasound, pulmonary function, and modified Bhalla
score was carried out. Lung ultrasound was graded according to a new score, ranging from 0 to 36, with
a higher score being associated with a greater degree of involvement. We performed Bland-Altman and
linear regression analysis to identify bias between lung ultrasound and modified Bhalla score. Al-
pha � 0.05. RESULTS: 18 subjects with cystic fibrosis were included. In partial correlation controlled
by age, we observed significant ultrasound score values with weight (partial correlation � �0.579), body
mass index (partial correlation � �0.609), SpO2

(partial correlation � �0.728), FVC% (pre-broncho-
dilator: partial correlation � �0.538; post-bronchodilator: partial correlation � �0.560), FEV1%
(pre-bronchodilator: partial correlation � �0.536; post-bronchodilator: partial correlation � �0.546),
and modified Bhalla score (partial correlation � 0.607). We did not identify bias between lung ultra-
sound and modified Bhalla score measured by z-score. CONCLUSIONS: Lung ultrasound seems to be
effective and corroborates with high-resolution computed tomography when evaluated by the modified
Bhalla score. At the same time, lung ultrasound had significant correlation with pulmonary function and
nutritional status. Key words: CFTR; cystic fibrosis; diagnostic imaging; pulmonary disease; tomography;
ultrasonic diagnosis; ultrasound. [Respir Care 2020;65(3):293–303. © 2020 Daedalus Enterprises]

Introduction

Cystic fibrosis is caused by mutations in the CFTR
gene (cystic fibrosis trasmembrane conductance regulator,

7q31.2).1 In cystic fibrosis, electrolyte imbalance affects lung
secretions, which leads to chronic lung disease and is char-
acterized by a cyclical process of inflammation and infection,
culminating in bronchiectasis, progressive deterioration of the
lung parenchyma, and progression to chronic respiratory fail-
ure, cor pulmonale, and often death.1-6 Several tools have
been used to evaluate pulmonary function and structure and
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to determine the severity and progression of cystic fibrosis.7

Among the methods in use to evaluate the structure and evo-
lution of lung deterioration in cystic fibrosis, there is high-
resolution computed tomography (HRCT), which is consid-
ered the accepted standard option and is been recommended
every 2 years throughout a patient’s life.8 However, HRCT
has numerous limitations, such as the use of radiation, re-
stricting periodic reproduction of the exam, and anesthesia in
infant and preschooler children, as well as the high cost of the
procedure.9 In this context, there is a need to search for new
methods to evaluate pulmonary damage in cystic fibrosis,
such as lung ultrasound (see the supplementary materials at
http://www.rcjournal.com).

We found no studies on the use of lung ultrasound to eval-
uate or compare lung deterioration in cystic fibrosis.10 How-
ever, it is known that the presence of air in the lungs and
calcium in the bone structure hinder pulmonary evaluation
and the use of ultrasound treatment for respiratory disease
because it limits the reach of the ultrasound beam, producing
images with artifacts.11 Technological advances in ultrasound
transducer geometry, along with an understanding of artifacts
that allows the evaluation of mediastinal and pleural lung
lesions with acoustic anatomical windows (ie, supraclavic-
ular, suprasternal, parasternal, and intercostal spaces) allow
better evaluation of lung structures.12-14 Until now, the most
widely used request for lung ultrasound is to detect pleural
effusion.15

Lung ultrasound has several benefits. It is safe and free of
any adverse effects, thus allowing serial evaluation. Lung
ultrasound reduces radiation exposure and hospital cost (see
the supplementary materials at http://www.rcjournal.com).16

In addition, lung ultrasound does not require sedation, and it
is possible to conduct it while a patient is in bed. These
characteristics have encouraged training and studies on the
use of lung ultrasound in cystic fibrosis.

The primary objective of this study was to compare the
effectiveness of lung ultrasound versus HRCT in evaluat-
ing pulmonary function in children, adolescents, and young
adults with cystic fibrosis. Secondary objectives were to
verify the description of the images of lung ultrasound

considering the B-lines pattern, consolidation, pleural ef-
fusion, and recent findings; to verify the pairing of the
findings of lung ultrasound with pulmonary function (ie,
spirometry and SpO2

); to verify the modified Bhalla score
values and its association with lung ultrasound data; and to
verify subject demographics and clinical data.

Methods

Study Design

We conducted a cross-sectional non-randomized non-
blinded study involving patients from a Brazilian cystic
fibrosis reference center at the University of Campinas,
Cidade Universitária Zeferino Vaz, São Paulo, Brazil.
All subjects signed informed consent terms prior to study
initiation. The study was carried out according to the
Declaration of Helsinki. The study was approved by the
ethics committee of the University of Campinas
(64515817.4.0000.54.04). The study included subjects with
2 positive sweat chloride tests with values � 60 mEq/L,
monitoring at the reference center, and a HRCT exam
within, or close to, the same time period as lung ultrasound
for the purpose of data associations. Subjects who did not
perform both exams (ie, lung ultrasound and HRCT) were
excluded. We chose to include only subjects with cystic
fibrosis who attended the out-patient clinic periodically
(ie, � 4 times/y) and had controlled digestive and pulmo-
nary disease.

Chest HRCT was used as the reference test because it is
the accepted standard for evaluating lung structures in pa-
tients with cystic fibrosis. Patients with cystic fibrosis un-
dergo periodic tomographic evaluations, according to the rou-

Supplementary material related to this paper is available at http://
www.rcjournal.com.

Correspondence: Andressa O Peixoto MD MSc, Department of Pediat-
rics, School of Medical Sciences, University of Campinas, Tessália Vieira
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QUICK LOOK

Current knowledge

Among the methods available to evaluate the structure
and evolution of lung deterioration in individuals with
cystic fibrosis, high-resolution computed tomography
(HRCT) has been considered the accepted standard,
despite numerous limitations. There is a need to iden-
tify new methods to evaluate pulmonary damage in
individuals with cystic fibrosis, such as lung ultrasound.

What this paper contributes to our knowledge

Lung ultrasound, which is a noninvasive and radiation-
free procedure, is an effective method to evaluate pul-
monary damage in subjects with cystic fibrosis, corrob-
orating findings with HRCT and correlating significantly
with pulmonary function and nutritional status.
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tine of the referral service, which consists of chest HRCT
every 2 years during periods of respiratory disease stability.
All examinations were performed on the Multislice Aquillion
64-channel device (Canon Medical Systems, Tustin, Califor-
nia), with acquisition thickness of 1 mm, with parameters of
100 mA/s, from 100 kV to 120 kV. Tomographic evaluations
were performed according to the protocol of the radiology
department of the institution.

Cystic fibrosis is diagnosed in patients with compatible
symptoms or a family history of cystic fibrosis after conduct-
ing 2 sweat tests with chloride values of � 60 mEq/L in at
least 2 samples or 2 pathogenic variants of the CFTR gene.17-19

For the study design, we adopted the PICO strategy:
Population � subjects with cystic fibrosis who were mon-
itored at our center with both HRCT and lung ultrasound;
Intervention � lung ultrasound; Control � use of HRCT
to validate lung ultrasound findings; and Outcome � to
determine the effectiveness and correlation of lung ultra-
sound to HRCT and pulmonary function, and to assess
associations with other demographic, clinical, and labora-
tory data.

Lung Ultrasound

Lung ultrasound was performed by the first author
(AOP), who is a pediatric pulmonologist trained in point-
of-care ultrasound. The findings were assessed by a sec-
ond member of the team, who is a radiologist with expe-
rience in lung ultrasound. The images assessed by both
researchers were then recorded. Researchers reached con-
sensus about their findings.

The areas indicated by international consensus20 on lung
ultrasound were assessed, and the standards of pulmonary
involvement, when present, were reported as A pattern, B
pattern, consolidation, pleural effusion, and, if relevant,
possible new findings (ie, pleural irregularities) (Fig. 1).
The pulmonary involvement standard and ultrasound pro-
tocol have been described in the supplementary material
(available at http://www.rcjournal.com).20-28

According to the involvement standard, lung ultrasound
was classified as interstitial syndrome: � 2 regions with bi-
lateral B-pattern involvement; lung consolidation: � 1 region
withconsolidationinvolvement;combined:B-patternandcon-
comitant consolidation; normal: presence of A-pattern.

The degree of changes in the analyzed lung regions
were numbered and classified with values ranging from 0
(minimum) to 3 (maximum), considering the presence or
absence of B-pattern and consolidation. In the presence of
B-pattern, the region scored 1 point; in the presence of
consolidation, the region scored 2 points. With this format,
the sum of both scores provided a maximum value of
3 points for each region. Because cystic fibrosis primarily
involves the airways, the presence of consolidation needed
to result in a higher number of points. In the analysis, the

lung was divided into 12 anatomical regions, which al-
lowed for a maximum score of 36 (Fig. 1). We did not
score the presence of pleural effusion because it was very
rare in this study. The presence of pleural irregularities
was only used when describing the findings. All subjects
had their lung ultrasound findings compared to HRCT.

Markers Used

The following cystic fibrosis severity markers were used
in the study: sex and age (in years); CFTR mutations;
modified Bhalla score (see the supplementary materials at
http://www.rcjournal.com), calculated per the work of
Folescu et al29 (ie, “the total score for each patient was
obtained by summing the scores for each morphologi-
cal change, which were attributed on the basis of the
severity/extent of the abnormality . . . [and] the total
score can range from zero (absence of abnormalities) to
36 (all abnormalities present and severe)”; body mass
index (kg/m2); pancreatic failure measured by fecal elas-
tase levels; and markers of pulmonary condition (ie,
spirometry, SpO2

, and isolated microorganisms associ-
ated with cystic fibrosis). A survey of the lung micro-
biota was carried out for the microorganisms mainly
associated with cystic fibrosis in our center: Staphylo-
coccus aureus, Pseudomonas aeruginosa (mucoid and
non-mucoid), Achromobacter xylosoxidans, Burkhold-
eria cepacia, and Stenotrophomonas maltophilia.

Pulmonary Function

Spirometry was carried out with the use of a spirometer
(CPFS/D, MedGraphics, Saint Paul, Minnesota). Data were
recorded using Breeze PF 3.8 (Breeze Software, Dallas,
Texas), according to the reference literature.30,31 The fol-
lowing parameters were evaluated: % of predicted FVC,
% of predicted FEV1%, relationship between FEV1 and
FVC, and FEF25–75% (see the supplementary materials at
http://www.rcjournal.com).

Statistical Analysis

Statistical analysis was conducted with SPSS (IBM, Ar-
monk, New York) and MedCalc Statistical Software ver-
sion 16.4.3 (MedCalc Software bvba, Ostend, Belgium).
In all analyses, alpha � 0.05 and a 2-tailed approach were
considered. All participant data were obtained in this study;
no compensation for missing data was necessary.

A descriptive analysis was performed with categorical
data presented as absolute and relative frequency, and nu-
merical data are presented as mean � SD; median and
range; and 95% CIs for the average. The normality of the
numerical data were evaluated with analysis of descriptive
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measures for central tendency, a graphical method (normal
Q-Q plot, Q-Q plot without trend and boxplot), and Kol-
morov-Smirnov and Shapiro-Wilk normality tests.

The association between categorical data were carried
out with the Fisher exact test, and when P � .05, data were
described with the odds ratio estimate and the conditional
maximum-likelihood estimate (cMLE) presentation. The
association between the numbered data of independent
groups was conducted with the Mann-Whitney U test of

independent samples, with data being presented as median
and range.

Bhalla score, spirometry, SpO2,
B-pattern, lung ultra-

sound score, and body mass index were compared using
partial correlation controlled by age. Additionally, we per-
formed the analysis of linear regression between the dif-
ferent measurements (y axis � [measurement 1 � mea-
surement 2]) and the measurement average (x axis �
[measurement 1 � measurement 2]/2) for bias analysis by

A-pattern B-pattern Consolidation

B-pattern + 
consolidation

Pleural 
effusion

Pleural 
irregularity

Right Left

RightRight LeftLeft

B+C=3

B=1

B=1 B=1

C=2

B+C=3

B+C=3
A=0

A=0

A=0B=1

B=1

Lung ultrasound score = (3 x 3) + (1 x 5) + (2 x 1) + (0 x 3) = 16

A

B

Fig. 1. A: International consensus on lung ultrasound representing the areas assessed in the study: anterior superior, anterior basal, lateral
superior, and lateral basal, plus zones delimited by parasternal and axillary lines (anterior and posterior); concomitantly, dorsal regions
(posterior, superior, and basal) and those delimited by paravertebral and parascapular lines. The figure is courtesy of an author [THS]. B:
Images of the main findings of the study, including B-pattern, consolidation, pleural effusion, and pleural irregularity.
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comparing the differences between the data in the Bland-
Altman plot, indicating the obtained values in the lung
ultrasound score and Bhalla score.

Data from Bhalla scores were called measurement 1,
and data from lung ultrasound were called measurement 2.
To compare the data, we opted to use the z-score, which
allowed testing with the same scale in both measures cal-
culated as [(absolute value � average)/standard deviation].
A Bland-Altman plot was used to analyze the agreement
between the lung ultrasound and modified Bhalla scores,
and this technique was also used with linear regression to
assess dose-dependent bias (Fig. 2). We also used the z-
score to promote the feasibility of running the test using
the same scale for the results of both examinations. The
horizontal lines were drawn at the mean difference and
limits of agreement, which were defined as the mean dif-
ference � 1.96 � the standard deviation of the differ-
ences. In addition, we used linear regression to assess
dose-dependent bias on a Bland-Altman plot.

Results

We performed lung ultrasound scans in 18 subjects.
Table 1 details the clinical, demographic and laboratory
data of all subjects. Most subjects were predominantly
colonized by S. aureus (14 of 18, 77.8%) and by P. aerugi-
nosa (8 of 18, 44.4%). At the same time, we observed that
14 of 18 (77.8%) subjects showed pancreatic failure, and

the same percentage showed pulmonary involvement pre-
senting with altered value of FEV1 (%). In the genetic
analysis, we observed a high prevalence (22 of 36, 61.1%)
of the p.Phe508del allele. In addition, the modified Bhalla
score ranged from 6 to 30 points, with a mean of 22 points.

For lung ultrasound, we classified subjects into the
following categories: combined involvement: 13 of 18
(72.2%); combined involvement � pleural effusion:
1 of 18 (5.6%); and interstitial syndrome: 4 of 18 (22.2%)
(Table 1). All subjects presented with the B-pattern,
which ranged from 5 of 12 to 12 of 12 affected lung
regions. However, consolidation occurred in 3 lung zones
of 5 subjects; 4 subjects showed no consolidation. The
lung ultrasound scores ranged between 6 and 18 out of
a total of 36 (Table 2).

There were no significant associations between the lung
ultrasound score and B-pattern with categorical data (ie,
bacteria or comorbidities). In addition, we compared lung
ultrasound classification of combined versus interstitial
with clinical, demographic, and laboratory markers, noting
greater severity in the combined pattern for:

(1) FEV1 (%) � 80% (P � .02), estimated odds ra-
tio � 25.76 (cMLE 95% CI for Fisher exact
test � 1.151–2,194.00) for combined pattern (13 of 14)
versus interstitial syndrome (1 of 14);

(2) SpO2
(P � .01) 3 combined pattern: 95.50 (88–97),

interstitial syndrome: 97.50 (96–99);
(3) post inhaled bronchodilator (BD) FEV1 (%) (P �

.035)3 combined pattern: 53.50 (25–106), interstitial
syndrome: 80.50 (57–102);

(4) post-BD FEF25–75% (P � .046) 3 combined pattern:
28.50 (15–122), interstitial syndrome: 79.50 (29–89);

(5) response to BD for FEV1 (%) (P � .046)3 combined
pattern: 0.5 ([minus10 to 11), interstitial syndrome:
3.5 (2–7);

(6) modified Bhalla Score (P � .046) 3 combined pat-
tern: 23.50 (7–30), interstitial syndrome: 14 (6–20).

Table 3 shows the individual data of subjects regarding
spirometry, democraphic, and clinical data. Table 4 pres-
ents the partial correlation for age between the lung ultra-
sound score and the anthropometric and pulmonary func-
tion data (ie, SpO2

and spirometry). In this correlation,
there was an association between the functional and struc-
tural values, respectively, measured with spirometry � SpO2

and the modified Bhalla score. The B-pattern showed par-
tial correlation controlled by age: weight: �0.610 (P � .01);
body mass index: �0.610 (P � .01); and SpO2

: �0.559
(P � .02) (Table 4). Using the total score, there was also
partial correlation controlled by age: weight: �0.579
(P � .02); body mass index: �0.609 (P � .01); SpO2

:
�0.728 (P � .01); pre-BD FVC (%): �0.538 (P �.03);
post-BD FVC (%): �0.560 (P � .02); pre-BD FEV1
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Fig. 2. Bland-Altman plot to verify the presence of bias between
modified Bhalla and lung ultrasound score (LUS) evaluated by
z-score. We calculated the z-score with the formula z � (absolute
value � mean)/SD. Linear regression analysis returned R � 0.001,
R2 � 0.001, R2 adjusted � 0.61, P � .99. Gray circles � presence
of pleural effusion. Black circles � B-pattern plus consolidation
(joint). Empty circles � B-pattern (interstitial syndrome). Center
line shows the bias, and dashed lines represent the upper and
lower limits of agreement.
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Table 1. Clinical Characteristics, Pulmonary Function, Modified Bhalla Score, and Lung Ultrasound Data of Subjects With Cystic Fibrosis

Marker Data*

Female 12/18 (66.7)
Bacteria

Achromobacter xylosoxidans 1/18 (5.6)
Staphylococcus aureus 14/18 (77.8)
Mucoid Pseudomonas aeruginosa 8/18 (44.4)
Non-mucoid P. aeruginosa 6/18 (33.3)
Stenotrophomonas maltophilia 1/18 (5.6)

CFTR 7/18 (38.9)
F508del/F508del
F508del/G542X 2/18 (11.1)
F508del/1716 � 18672A�G 1/18 (5.6)
F508del/2183AA�G 1/18 (5.6)
F508del/3272–26A�G 1/18 (5.6)
F508del/S549R 1/18 (5.6)
F508del/Y1092X 1/18 (5.6)
F508del/unknown† 1/18 (5.6)
R1162X/G542X 1/18 (5.6)
R1162X/R1162X 1/18 (5.6)
Unknown† 1/18 (5.6)

Pancreatic insufficiency, yes 14/18 (77.8)
Diabetes mellitus, yes 1/18 (5.6)
Age, y 15.33 � 4.42; 15 (9–22); (13.14–17.53)
Weight, kg 41.81 � 9.76; 42 (25.6–58); (36.95–46.66)
Height, m 1.52 � 0.009; 1.52 (1.35–1.72); (1.47–1.57)
Body mass index, kg/m2 17.88 � 2.91; 17.75 (13.44–23.53); (16.40–19.37)
Inhaled antibiotic, yes 2/18 (11.1)
SpO2

, % 95.22 � 2.58; 96 (88–99); (93.94–96.51)
Pre-BD FVC (% predicted) 72.78 � 18.57; 75 (34–105); (63.54–82.01)
Altered FVC � 80% of predicted 12/18 (66.7)
Post-BD FVC (%) 73.72 � 18.57; 74.50 (32–104); (64.49–82.96)
Pre-BD FVC (%) 60.22 � 20.36; 59 (26–103); (50.10–70.35)
Altered FEV1 � 80% of predicted 14/18 (77.8)
Post-BD FEV1 (% predicted) 61.50 � 20.68; 57 (25–106); (51.22–71.78)
Pre-BD FVC/FEV1 (%) 79.11 � 11.65; 80 (59–99); (73.32–84.91)
Altered FVC/FEV1 � 80% of predicted‡ 11/18 (61.1)
Post-BD FVC/FEV1 (%) 80.78 � 10.45; 82 (58–98); (75.58–85.98)
Pre-BD FEF25–75% (% predicted) 45.61 � 28.44; 42 (16–112); (31.47–59.75)
Altered FEF25–75% � 70% of predicted 15/18 (83.3)
Post-BD FEF25–75% (% predicted) 46.28 � 30.10; 30.50 (15–122); (31.31–61.24)
Modified Bhalla score 20.11 � 7.24; 22 (6–30); (16.51–23.71)
Classification of pulmonary disease

Joint 13/18 (72.2)
Joint � pleural effusion 1/18 (5.6)
Interstitial syndrome 4/18 (22.2)

Total score on lung ultrasound§ 12.06 � 3.92; 11.50 (6–18); (10.11–14)

* Categorical data are presented as n/N (%), and numerical data are presented as mean � SD; median (range); and (95% CI) for the mean.
† One subject presented only on allele identified in the CFTR gene, while another subject had no allele despite both subjects presenting with chloride � 60 mEq/L in at least 2 sweat tests.
‡ For individuals under 14 y, the value of 90% was used as cutoff point.
§ Values obtained by applying the score described in our study, considering the lung was divided into 12 regions, and for each region the involvement evidenced by the B-pattern was quantified as
value 1, and the one with consolidation with value 2. This way, the maximum score for pulmonary alteration in the ultrasound was of (	12 � 2
 � 	12 � 1
) � 36 points. The higher the score, the
more serious the subject’s condition.
CFTR � cystic fibrosis transmembrane regulator
F508del � p.Phe508del, c.1521_1523delCTT, rs113993960, class II
G542X � p.Gly542X, c.1624G�T, rs113993959, class I
1716 � 18672A�G � c.1584 � 18672A�G, rs397508229, class V
2183AA�G � p.Lys684SerfsX38, c.2051_2052delAAinsG, rs121908799, class I
3272–26A�G � c.3140–26A�G, rs76151804, class V
S549R � p.Ser549Arg, c.1647T�G, rs121909005, class III
Y1092X � p.Tyr1092X, c.3276C�A, rs121908761, class I
R1162X � p.Arg1162X, c.3484C�T, rs74767530, class I
BD � inhaled bronchodilator
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(%): �0.536 (P �.03); post-BD FEV1 (%): �0.546
(P � .02); and modified Bhalla score: 0.610 (P � .01)
(Table 4). Table 4 also shows the partial correlation con-
trolled by age between the modified Bhalla score and spi-
rometry data: post-BD FVC (%): �0.551 (P � .02); pre-BD
FEV1 (%): �0.490 (P � .046); and post-BD FEV1 (%):
�0.504 P � .039).

Discussion

In our study, there was a correlation between lung ul-
trasound data with the structural and functional evaluation
of the lung indicated by the modified Bhalla score and
with pulmonary function (spirometry and SpO2

). All sub-
jects showed pulmonary involvement characterized by B-
pattern. We also identified consolidation, although in a
smaller proportion. To our knowledge, this is the first
study to describe the correlation between lung ultrasound
and structural and functional changes in children and ad-
olescents with cystic fibrosis.

The HRCT is considered the accepted standard test for
evaluating pulmonary structural involvement in cystic fi-
brosis.8,10 However, the ionized radiation exposure at the

HRCT exam is the major limitation to its use. Thus, there
is a need to develop and validate new tools that can eval-
uate structural abnormalities and that can be carried out
concurrently with pulmonary function analysis. Within this
context, we highlight the use of lung ultrasound as a viable
way to monitor and follow up lung disease in cystic fibro-
sis, given that this tool has been validated for other dis-
eases.20,24,32

A notable feature of lung ultrasound is its utility in
evaluating changes in the pleura and its surrounding areas,
in which it is possible to note interstitial abnormalities at
an early stage.33 In our study, the presence of alterations in
the lung parenchyma was evident because it was closely
associated with the B-pattern in lung ultrasound, which
is a symptom of diffuse parenchymal lung disease.34 How-
ever, understanding the ultrasound scan and the B-pattern
as a parameter still requires investigation.

In our data, lung ultrasound indicated interstitial lung
disease in all subjects. This suggests alterations in the
pleural line, which can include irregularities, fragmen-
tation, thickening, subpleural abnormalities, and the het-
erogeneous distribution of the B-lines. Among these
signals, we can characterize the cystic fibrosis pheno-

Table 2. Main Findings in Lung Ultrasound in Subjects With Cystic Fibrosis Describing the Assessed Regions of the Lung and the Proportion
Between B-Pattern and Consolidation for the Categorization of Pulmonary Involvement

Subject
Lung Regions Examined

B-Pattern* Consolidation Score* Classification
1 2 3 4 5 6 7 8 9 10 11 12

1 A C�I B B�I A�I B A B A�I B A B 6/12 1/12 8/36 Joint
2 B B�C B B B B�C B B B�C B�I B B 12/12 3/12 18/36 Joint
3 B�C B B B C B�C B B B B B B 11/12 3/12 18/36 Joint
4 A B B B�C B B�C B B B�I B B B 11/12 2/12 15/36 Joint
5 B�C B�C A A A A A A B A B B 5/12 2/12 9/36 Joint
6 B B A B�C B B A A�I A B A B 7/12 1/12 9/36 Joint
7 B B B B B B�I B B B�I B B B 12/12 0/12 12/36 Interstitial syndrome
8 B A A B B�C B�I A B B B B B 9/12 1/12 11/36 Joint
9 B�I A A B B B A B A A A B 6/12 0/12 6/36 Interstitial syndrome
10 B B B�C B B B A A B A A B 8/12 1/12 10/36 Joint
11 B B�C B B B�C B B B B B B�C B 12/12 3/12 18/36 Joint
12 B B�C B B A A B B B�C B B B 10/12 2/12 14/36 Joint
13 B B B B B B B B�C B�C B B B�C�PE 12/12 3/12 18/36 Joint � pleural

effusion
14 B�I B�C A B B B A B�C B A�I B A 8/12 2/12 12/36 Joint
15 A C A B A B A B B�C B�I A B�I 6/12 2/12 10/36 Joint
16 B B�I B B B�I B B B�I A A B A 9/12 0/12 9/36 Interstitial syndrome
17 B B B B�I A B B B A B A A 8/12 0/12 8/36 Interstitial syndrome
18 B B B B A B�I B B B B�C A B 10/12 1/12 12/36 Joint

Lung ultrasound score was done as follows: in the presence of a B-pattern, the region scored 1 point; in the presence of consolidation, the region scored 2 points. In this way, the concomitance of
both scores provided the value of 3 for each region. The lung was divided into 12 anatomical regions, and thus the highest involvement score was 36.
* The higher the ratio, the higher the lung involvement area. Figure 1 describes the regions.
A � A-pattern
B � B-pattern
C � consolidation
I � irregularity
PE � pleural effusion
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type, in which we observed inflammatory disease with
predominance of the B-pattern. Of note is the impor-
tance of monitoring inflammation, which is related to
decreased lung function and a higher risk of bronchiec-
tasis, and in most cases it is directly associated with

chronic lung infection. In this context, lung ultrasound
is a tool that could be used to evaluate inflammation
mainly demonstrated by B-lines and other artifacts of
pleural irregularities. In addition, when evaluating in-
terstitial commitment in cystic fibrosis, we found greater

Table 4. Partial Correlation Controlled by Age Between Lung Ultrasound Score, B-Pattern,* Anthropometric Data, and Pulmonary Function in
Subjects With Cystic Fibrosis

Weight, kg Height, m
Body Mass

Index, kg/m2 SpO2
, %

Pre-BD FVC
(%)

Post-BD FVC (%)

Ultrasound score
Correlation �0.579 �0.043 �0.609 �0.728 �0.538 �0.560
P .02 .87 .009 .001 .03 .02

B-pattern
Correlation �0.610 0.007 �0.701 �0.559 �0.432 �0.413
P .009 .98 .002 .02 .08 .10

FVC (Post–
Pre BD)

Pre-BD FEV1

(%)
Post-BD
FEV

1
(%)

FEV1

(Post–Pre BD)
Pre-BD

FEV1/FVC (%)
Post-BD

FEV1/FVC (%)

Ultrasound score
Correlation �0.084 �0.536 �0.546 �0.070 �0.146 �0.285
P .75 .03 .02 .79 .58 .27

B-pattern
Correlation 0.067 �0.479 �0.434 0.189 �0.132 �0.234
P .78 .051 .08 .47 .61 .37

FEV1/FVC
(Post–Pre BD)

Pre-BD
FEF25–75% (%)

Post-BD
FEF

25–75%
(%)

FEF25–75%

(Post–Pre BD)
Bhalla

Ultrasound score
Correlation �0.282 �0.386 �0.370 �0.015 0.607
P .27 .13 .14 .96 .01

B-pattern
Correlation �0.200 �0.419 �0.333 0.168 0.358
P .44 .09 .19 .52 .16

Weight Height BMI SpO2
Pre-BD FVC (%) Post-BD FVC (%)

Modified Bhalla score
Correlation �0.377 �0.409 �0.015 �0.449 �0.472 �0.551
P .14 .10 .95 .07 .06 .02

FVC (Post–
Pre BD)

Pre-BD FEV1

(%)
Post-BD
FEV

1
(%)

FEV1 (Post–
Pre BD)

Pre-BD FEV1/
FVC (%)

Post-BD FEV1/
FVC (%)

Modified Bhalla score
Correlation �0.286 �0.490 �0.504 �0.085 �0.319 �0.249
P .27 .046 .039 .75 .21 .34

FEV1/FVC
(Post–Pre BD)

Pre-BD
FEF25–75% (%)

Post-BD
FEF

25–75%
(%)

FEF25–75%

(Post–Pre BD)

Modified Bhalla score
Correlation 0.236 �0.413 �0.423 �0.087
P .36 .10 .09 .74

Lung ultrasound score was done as follows: in the presence of a B-pattern, the region scored 1 point; in the presence of consolidation, the region scored 2 points. In this way, the concomitance of
both scores provided the value of 3 for each region. The lung was divided into 12 anatomical regions, and thus the highest involvement score was 36. Alpha � 0.05.
* The number of regions where B-pattern was used in the partial correlation. To identify the presence of B-pattern in a region, at least 3 B-lines were identified in this region.
BD � inhaled bronchodilator
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visibility (ie, sensitivity and specificity) using lung ul-
trasound compared to the HRCT.

HRCT is indicated every 2 years, and it is initiated on
the basis of varying clinical and laboratory criteria, al-
though in many cases structural changes occur prior to
functional alterations. Many patients with cystic fibrosis
present with clinical changes, such as chronic cough, hy-
persecretion, mucus thickening, lung auscultation altera-
tions, and structural changes, in the presence of normal or
minimally altered pulmonary function.

Lung ultrasound allows for frequent patient evaluation,
and the procedure can be performed during all consults or
interventions, which allows for the diagnosis and follow-up
of the progressive and chronic nature of cystic fibrosis
using various ultrasound markers. Contributing to this need
is the increased life expectancy of individuals with cystic
fibrosis, which is associated with more cystic fibrosis–
related comorbidities, as well as comorbidities that are not
associated with the disease.35 We predict an increase in the
number of patients with other diseases, including cancer,
in the future, therefore we should avoid the use of proce-
dures that might serve as triggers for other diseases, such
as the use of radiation in HRCT.

The literature clearly outlines the high correlation be-
tween spirometry and lung structure markers obtained with
radiography and HRCT, especially in severe lung dis-
ease.36-39 However, the use of lung ultrasound can enable
a better understanding of the intrinsic association between
function and structure, considering that, in our findings,
we observed a significant correlation between the results
of lung ultrasound, modified Bhalla score, spirometry, SpO2

,
and body mass index.

The applicability of lung ultrasound extends to the iden-
tification of areas with high secretion accumulation, which
may be addressed by the health care team. We believe that
lung ultrasound results might be used as a new biomarker
in clinical studies, mainly regarding the investigation of
treatment response to new antibiotics or anti-inflammatory
drugs in patients experiencing an exacerbation. The use of
lung ultrasound in clinical research is of high clinical im-
portance, it is low cost, it is easy to implement and inter-
pret, and it is associated with functional and structural
damage, the absence of collateral effects, and high repro-
ducibility. In addition, lung ultrasound can be conducted
serially, with numerical and categorical analyses, which
corroborates with the intense search for new markers.

In summary, we believe that lung ultrasound is feasible
and can provide evidence of artifacts associated with the
presence and severity of lung disease in patients with cys-
tic fibrosis. However, artifact interpretation requires fur-
ther investigation among researchers to understand whether
an artifact represents the presence of interstitial involve-
ment, as shown in other lung diseases using the same
imaging technique. We also realize that interstitial involve-

ment is not widely discussed as a pathologic feature in
cystic fibrosis, and thus our findings may run counter to
this theory. In support of our findings, we observed some
HRCT images with evidence of early-stage intralobular
septal thickening as evaluated by the modified Bhalla score,
which represents a feature of interstitial lung involvement.

Our study had two primary limitations. We evaluated a
small and heterogeneous sample, and our statistical anal-
ysis was exploratory in nature due to the low power of the
sample, raising the risk of type-2 error. As strengths, we
have noted that lung ultrasound is a noninvasive and ra-
diation-free exam, which is important information for the
management of cystic fibrosis. In addition, there currently
is no consensus on when to conduct the first HRCT, so
early identification of interstitial involvement on lung ul-
trasound could indicate the best time to perform an initial
HRCT. Furthermore, lung ultrasound can improve the care
and monitoring of patients with cystic fibrosis. Finally,
despite being an operator-dependent technique, short-term
training on lung ultrasound could contribute to a better
understanding of the tool.

Conclusions

In this study, lung ultrasound appeared to have concor-
dance with HRCT when evaluated using the modified
Bhalla score. In our results lung ultrasound had a signifi-
cant correlation with pulmonary function and nutritional
status. In addition, lung ultrasound was feasible for iden-
tifying the B-pattern in all participants, and we were able
to determine the presence of consolidation, combined in-
volvement (ie, B-pattern � consolidation), pleural effu-
sion, and other pleural irregularities. Further studies should
be conducted to validate and expand our findings.
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