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Objectives The purposeof this study was to evaluate the
diagnostic accuracy of transthoracic ultrasound in patients
with bronchiectasis and compare it with high-resolution
computed tomography (HRCT) chest.

Patients and methods Sixty-one patients with
bronchiectasis underwent transthoracic ultrasound.
Radiological severity of bronchiectasis was assessed using a
modified Reiff score (number of lobes involved in six lobes
multiplied by the degree of bronchial dilatation) (tubular=1,
varicose=2, cystic=3). Transthoracic findings were compared
with that of the HRCT and pulmonary function tests.

Results Two patterns of sonographic abnormalities were
detected: B-line pattern and c-profile (consolidation) pattern.
The first was detected in 42 (68.8%) patients and the later was
detected in seven (11.1%) patients. Twelve (19.7%) patients
had normal sonographic examination. There was significant
positive correlation between severity of bronchiectasis by the
modified Reiff score pattern. The highest score correlated
with the c-profile pattern and the lower score correlated with
the B-line pattern (P≤0.001), while patients with very low

score (≤20) had normal examination. There was a negative
correlation between HRCT score, ultrasound pattern, and
Partial pressure of oxygen tension (PO2) (P≤0.001).

Conclusion Bronchiectasis can be assessed by chest
ultrasound; pattern of sonography is correlated to the
radiological severity and functional impairment of the disease.
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Introduction
Bronchiectasis is a pathologic description of a disease
process that has a number of possible causes. The
characteristic features are abnormally dilated thick-
walled bronchi that carry the criteria of inflammation
and are colonizedbybacteria. Symptoms include chronic
cough, mucopurulent sputum production, hemoptysis,
breathlessness, and tiredness. The incidence is perceived
to have declined over recent decades, but significant
numbers of patients continue to present to respiratory
physicians.

The chest high-resolution computed tomography
(HRCT) signs of bronchiectasis include dilatation of
the peripheral bronchi, bronchial wall thickening tree-
in-bud appearance, air-fluid levels in the distended
bronchi, and grape-like clusters in the peripheral
airways [1,2].

Recent literature has reported that variations of the
pulmonary content and balance between air and fluids
in the lung can be detected by chest ultrasound with
high sensitivity [1].

Ultrasound abnormalities have been studied mainly in
the alveolar, interstitial syndromes and in extra lung
water overload. To our knowledge, the presence of
sonographic abnormalities in bronchiectasis and its
correlation with severity has not been yet established.

The simplicity and high feasibility of ultrasound make
it an attractive and easy-to-use diagnostic tool at the
bedside for the pulmonologist in the diagnosis of
different lung diseases and bronchiectasis [2].

The aim of this study was to investigate the abnormal
findings during ultrasound examination of a group of
patients diagnosed radiologically as bronchiectasis with
different degrees.

Patients and methods
This analytic cross-sectional study was done in Assiut
University Hospital during the period from January
2017 to February 2018 on 61 patients diagnosed as
suffering from bronchiectasis.

Diagnosis was based on history, clinical examination,
chest HRCT, and all required immunological and
laboratory investigations. Transthoracic ultrasound,
pulmonary function tests (PFTs), and HRCT chest
were performed for all patients at the Chest and
Radiology Departments, Assiut University Hospital.
An informed consent was obtained from each patient
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and the study was approved by the Faculty of Medicine
Ethics Committee.

Radiological assessment (high-resolution computed
tomography)
The chest HRCT was done in the supine position
using an Aquilion 64 Helical Scanner (Toshiba,
Otawara, Japan), without intravenous contrast with
thin sections obtained at 10-mm interval and 1mm
collimation sections. The tube current was
180–260mA and the average tube voltage was
120–140 kV. Radiological severity of bronchiectasis
was assessed using the modified Reiff score, we
assessed the number of lobes involved (with the
lingula considered to be a separate lobe) and then
multiplied it by the degree of dilatation of bronchi
(tubular=1, varicose=2, and cystic=3). The maximum
score is 18 and the minimum score is 1 [3–5]. HRCT
scans were interpreted and graded for bronchiectasis
score by two consultant radiologists who were blind to
the clinical details.

Pulmonary function test
Assessmentof forced expiratory volume in the first second
(FEV1), forced vital capacity (FVC), andFEV1/FVCwas
done in all patients by using Cosmed SrL (Quark PFTs
ergo, P/N Co9035-12-99, Italy). partial pressure of
oxygen tension (PO2) was measured by a blood gas
analyzer (Rapid Lab 850; Chiron Diagnostics,
Halstead, UK) by taking an arterial sample from radial
artery under room air condition.

Transthoracic ultrasonography
Chest ultrasound was performed using an ultrasound
(Aloka Echo Camera SSD-3500; Aloka, Prosound,
Yokohama, Japan) equipped with a 3.5MHz convex
probe.

The site showing the ultrasound abnormality was
considered the site of interest. First, we examined
the anterior parts of the chest in the supine position
and then the posterior parts were examined in the
sitting position; the examination for each patient
included eight lung region ‘scans.’ During
examination, the number of positive scans and the
pattern of abnormality were evaluated precisely. The
sonographic findings were then classified into [6]:

(1) Normal: normal examination with no abnormal
findings.

(2) B-lines: defined as laser-like vertical reverberation
artifacts that arise from the pleural line and extends
to the end of the screen without fading, and moves
in synchrony with the lung movement.

(3) C-profile (consolidation): defined as the presence
of a subpleural echo-poor region with tissue-like
echo texture whose dimensions remained
unchanged throughout the respiratory cycle and
sometimes contains hyperechoic punctiform
images which represent air bronchogram.

Statistical analysis
Statistical Package for the Social Sciences (version 20,
Chicago, USA) software was used for analysis of the
results. The results were expressed as mean±SD or
number and percentage. The difference was
considered significant when P value less than 0.05.
Correlations were measured using Pearson’s test,
Spearman’s test, χ2 test, and Kruskal–Wallis test.

Results
Descriptive and clinical characteristics of the study
population are displayed in Table 1.

About 81% of patients had positive findings. Two
patterns were detected by chest sonography, B-line
pattern, and c-profile (consolidation) pattern in 42
(68.8%) and seven (11.5%) patients, respectively.
However, 12 (19.7%) patients’ showed normal
examination. By HRCT chest, cylindrical type of
bronchiectasis significantly correlated with the
presentation with B-lines (57.1%), while the cystic
type of bronchiectasis correlated with the presentation
with consolidation sonographically (100.0%).

Radiological score by the modified Reiff score
significantly correlated with chest ultrasonographic
pattern, where normal pattern, B-line pattern, and

Table 1 Demographic data of all study population

Variables Study population (N=61)

Age 54.32±13.42

Sex

Male 49 (80.3)

Female 12 (19.7)

Smoking

Smoker 16 (26.2)

Ex-smoker 6 (9.8)

Nonsmoker 39 (64)

Type of bronchiectasis as regards their etiology

Idiopathic bronchiectasis 33 (54.1)

Primary ciliary dyskinesia 2 (3.3)

ABPA 4 (6.6)

Posttuberculous 12 (19.6)

Postinfective 7 (11.4)

Rheumatoid arthritis 3 (5)

ABPA, allergic bronchopulmonary aspergillosis. Data are
expressed as mean±SD or n (%).
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consolidation pattern scores were 5.17±2.29, 9.79
±3.35, 16.71±1.60, respectively. P values are 0.000,
0.000, and 0.000, respectively (Table 2).

A negative significant correlation was found between
the degree of hypoxemia (PO2) and oxygen saturation
together and chest ultrasonographic pattern assessed by
the presence of B-lines and consolidation pattern
(P=0.000 and 0.007), respectively, as shown in Table 3.

As regards PFTs a significant correlation was found
between the presence of abnormal sonographic pattern
(normal pattern vs. B-lines vs. consolidation pattern)
and FEV1 (55.92 vs. 51.50 vs. 44.00) (P=0.014) and
FEV1/FVC ratio (65.25 vs. 55.77 vs. 51.43) (P=0.023)
as shown in Table 4. Figures 1 and 2 illustrate two cases
with comparable ultrasound and HRCT patterns.

Discussion
The role of chest sonography in the assessment of chest
diseases has gained wide acceptance in the last few
years [7].

Volpicelli et al. [6] reported different abnormal
sonographic patterns such as B-line pattern and
consolidation pattern which was found to correlate
with alveolo-interstitial syndromes and pneumonia,
respectively. This is the first study to evaluate the
presence of abnormal chest sonographic signs in
patients with bronchiectasis, in comparison with
gold-standard HRCT.

In this study, B-line pattern was the most common
pattern in patients with bronchiectasis (81%). B-lines
were reported to be observed in certain diseases

Table 3 Correlation between chest ultrasonographic pattern and blood gas parameters in all study population

Number of patients (N=61) Chest ultrasonographic pattern P valuea P valueb P valuec

Normal (N=12) B-lines (N=42) C-profile (consolidation) (N=7)

PaO2

Mean±SD 57.33±6.53 53.35±7.99 40.57±2.37 0.123 0.000* 0.000*

Median (range) 58.0 (46.0–66.0) 52.0 (40.0–71.0) 41.0 (38.0–45.0)

PaCO2

Mean±SD 52.08±14.54 55.23±12.28 72.29±6.42 0.492 0.007* 0.001*

Median (range) 52.0 (32.0–71.0) 55.5 (35.0–78.0) 71.0 (63.0–79.0)

pH

Mean±SD 7.41±0.06 7.38±0.07 7.37±0.14 0.056 0.832 0.977

Median (range) 7.4 (7.3–7.5) 7.4 (7.3–7.5) 7.4 (7.1–7.5)

HCO3

Mean±SD 32.07±6.81 31.38±4.22 30.86±3.13 0.369 0.345 0.886

Median (range) 33.5 (20.2–38.0) 30.5 (24.1–43.0) 32.0 (27.0–34.0)

SaO2

Mean±SD 85.91±6.30 84.11±5.36 74.57±6.53 0.110 0.007* 0.001*

Median (range) 88.0 (70.9–92.0) 86.0 (68.9–92.0) 78.0 (66.0–81.0)
aP value significance between normal pattern and B-lines pattern regarding blood gases. bP value significance between normal pattern and
consolidation pattern regarding blood gases. cP value significance between B-lines pattern and consolidation pattern regarding blood gases.
*Significant.

Table 2 Correlation between chest ultrasound and high-resolution computed tomography in patients with bronchiectasis

Number of patients (61) Chest ultrasonographic pattern P valuea P valueb P valuec

Normal (N=12) B-lines (N=42) C-profile (consolidation) (N=7)

Bronchiectasis type [n (%)]

Tubular 4 (33.3) 7 (16.7) 0 (0.0) 0.237 0.245 0.573

Cylindrical 6 (50.0) 24 (57.1) 0 (0.0) 0.661 0.044* 0.010*

Cystic 2 (16.7) 11 (26.2) 7 (100.0) 0.708 0.001* 0.000*

Bronchiectasis extent

Mean±SD 2.92±1.08 4.81±1.13 5.57±0.53 0.000* 0.000* 0.108

Median (range) 3.0 (1.0–4.0) 5.0 (3.0–6.0) 6.0 (5.0–6.0)

Radiological score (modified Reiff score)

Mean±SD 5.17±2.29 9.79±3.35 16.71±1.60 0.000* 0.000* 0.000*

Median (range) 4.0 (1.0–9.0) 9.5 (5.0–18.0) 18.0 (15.0–18.0)
aP value significance between normal pattern and B-line pattern regarding high-resolution computed tomography pattern. bP value significance
between normal pattern and consolidation pattern regarding high-resolution computed tomography pattern. cP value significance between B-line
pattern and consolidation pattern regarding high-resolution computed tomography pattern. *Significant.

Chest ultasonography in bronchiectasis Ghany et al. 305



involving the interstitium such as cardiogenic
pulmonary edema, pulmonary fibrosis, and ARDS [8].

The pathophysiology of sonographic B-lines has been
explained by thickening of the interlobular septae by
water in pulmonary edema and by collagen fibers in
pulmonary fibrosis which becomes reflected on the
lung pleural interface.

This previously described thickening creates a
phenomenon of resonance which results from a
difference in acoustic impedance between the
thickened interstitium and that of the air in the
surrounding lung, leading to the appearance of B-
lines or ‘comet-tail artifacts’ [9,10].

We suggest that bronchiectasis has the same
pathophysiology where the airway walls are
thickened and dilated due to inflammation,
peribronchial thickening, and mucus plugging, which
are all hallmarks of bronchiectasis; this leads to a
difference in acoustic impedance and in turn
generation of B-lines defined as (narrow-based laser-

like ray extending from the lung surface to the edge of
the screen).

The consolidation pattern was described in only seven
(11.5%) patients. Parlamento and colleagues and others
have previously reported a high accuracy of lung
ultrasound in the diagnosis of lung consolidation in
comparison with chest radiograph and HRCT
[11–15].

Consolidation seen by lung ultrasound in diseases such
as lobar pneumonia, lobar atelectasis, and pulmonary
contusion has been explained by loss of lung aeration
which leads to the appearance of an echo-poor tissue
structure that is wedge shaped and poorly defined,
sometimes containing hyperechoic punctiform
images representing the air-filled airways
‘consolidation’ [6].

In this study, all the seven cases presented
sonographically with the pattern of consolidation
having extensive cystic bronchiectasis characterized
by marked loss of aeration, reduced lung tissue,

Table 4 Correlation between chest ultrasound pattern and pulmonary function test in patients with bronchiectasis

Number of patients (N=61) Chest ultrasonographic pattern P valuea P valueb P valuec

Normal (N=12) B-lines (N=42) C-profile (consolidation) (N=7)

FEV1

Mean±SD 55.92±12.82 51.50±11.21 44.00±3.83 0.211 0.014* 0.072

Median (range) 58.0 (29.0–78.0) 52.0 (32.0–77.0) 45.0 (36.0–47.0)

FVC

Mean±SD 54.50±8.45 59.55±13.17 65.57±15.09 0.282 0.171 0.345

Median (range) 60.0 (35.0–60.0) 59.0 (38.0–80.0) 60.0 (53.0–92.0)

FEV1/FVC

Mean±SD 65.25±10.81 55.77±11.47 51.43±9.91 0.007* 0.023* 0.296

Median (range) 65.0 (44.0–82.0) 58.0 (27.0–78.0) 52.0 (38.0–66.0)

FEV1, forced expiratory volume in the 1stst second; FVC, forced vital capacity. aP value significance between normal pattern and B-lines
pattern regarding pulmonary function test. bP value significance between normal pattern and consolidation pattern according to pulmonary
function test. cP value significance between B-lines pattern and consolidation pattern regarding pulmonary function test. *Significant.

Figure 1

(a) Lung ultrasound showing the pattern of consolidation in the right infrascapular region. (b) High-resolution computed tomography (HRCT) of
the chest showing severe unilateral cystic bronchiectasis, some with air-fluid levels affecting the right middle and lower lobe.s
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honeycombing, and three cases with concomitant
fibrosis which represent a late irreversible stage of
the disease.

In the present study, cases presented with severe cystic
forms of bronchiectasis with high mean modified Reiff
score (16.71) displayed a consolidation pattern during
sonographic examination while cases with lower scores
(9.79) took the sonographic pattern of B-lines.
Moreover, the 12 patients with a modified Reiff
score of less than 5.17 had normal sonography and
did not show any abnormality during their
examination.

In the present study also, the pattern of consolidation
significantly correlated with the lowest measured mean
partial pressure of oxygen tension and saturation PO2

(40.57mmHg), oxygen saturation (74.57%) whichmay
represent the more advanced and severe forms of
bronchiectasis, as well; the B-line pattern
significantly correlated with better mean PO2 (53.35
mmHg) and oxygen saturation (84.11%), most of
which represented an early less severe extent form of
the disease.

Ooi and colleagues concluded that there were highly
significant correlations between FEV1 and the extent
of bronchiectasis, the severity of bronchiectasis, the
severity of bronchial wall thickening, and the extent of
decreased attenuation on expiration. Very similar
relationships (P<0.005) were observed between all
four CT variables and other indices of airflow
obstruction (negative correlations with FEV1/FVC,
MEF50, MEF25; positive correlations with RV,
RV/TLC) [16].In the current study also, when

analyzing the spirometric pattern of the studied
group, a significant correlation was found between
the sonographic patterns and the corresponding
spirometric pattern, as well as with the radiological
score in all studied patients. The wide different
pathology of bronchiectasis from inflammatory
bronchiolitis as a cause of obstruction to retained
secretions as a cause of restriction in bronchiectasis
explains the wide variation of sonographic patterns and
the corresponding spirometric patterns [17,18].

A limitation of the present study is the small sample
size; therefore, additional studies with a larger number
of patients representing more different types and
degrees of bronchiectasis are required to validate our
results. Moreover; the observation and analysis of chest
ultrasound signs are subjective and experience
dependent; therefore, clear indexes of quantitative
interpretation are needed to be established.

Conclusion
Chest ultrasound is a valuable tool for the assessment of
bronchiectasis; the pattern of chest ultrasonography
[normal pattern, B-line pattern, and c-profile
(consolidation) pattern] is correlated not only to the
radiological severity defined by type and extent of
bronchiectasis, but also to functional impairment
assessed by spirometry.
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Figure 2

(a) Lung ultrasound showing a pattern of B-lines in the right infrascapular region. (b) High-resolution computed tomography (HRCT) of the chest
showing mild cystic bronchiectasis affecting mainly the left lingula and the left lower lobe.
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