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Background: Interstitial lung disease (ILD) is a serious complication of connective tissue disease (CTD)
with significant morbidity and mortality. Lung ultrasound (LUS) has been widely used in the diagnosis of a
variety of lung diseases. However, there is no standard ultrasound scanning method or scoring method for
connective tissue disease associated with interstitial lung disease (CTD-ILD); therefore, it is necessary to
establish a set of standard evaluation methods.

Methods: A total of 60 consecutive patients with clinically confirmed CTD and suspected ILD were
prospectively included in this study. LUS and high-resolution computed tomography (HRCT) were used
to examine all patients. The time between HRCT and LUS examinations was less than 2 weeks. The
ultrasonographic results were evaluated with the modified scoring method and the Buda scoring method.
The imaging results were evaluated with the HRCT Warrick scoring method. The primary aim was to
evaluate the diagnostic value of a modified ultrasound scoring method in CTD-ILD.

Results: The results of the Youden index for the diagnosis of CTD-ILD by the modified method, the Buda
method, and the HRCT method were 0.845, 0.711, and 0.911, respectively, with areas under the receiver
operating characteristic (ROC) curve (AUC) of 0.982 [95% confidence interval (CI): 0.945-1.000], 0.950
(95% CI: 0.851-0.990), and 0.985 (95% CI: 0.949-1.000), respectively. With a clinical diagnosis as the gold
standard, the consistency of the modified method and the HRCT method for CTD-ILD was high (Kappa
values =0.872 and 0.913, respectively). The values of the modified method and the Buda method consistently
and significantly increased with the increasing severity of CTD-ILD. For the former, there were significant
differences between the mild, moderate, and severe groups (P<0.05). The ROC curve used to calculate
the modified ultrasound score predicted the critical values of mild and severe pulmonary fibrotic lesions at
34 points (sensitivity, 100%; specificity, 92.9%; AUC =0.933; 95% CI: 0.807-1.000) and 64.5 points
(sensitivity, 92.0%; specificity, 85.3%; AUC =0.972; 95% CI: 0.929-1.000).

Conclusions: The modified ultrasound method has a higher diagnostic value than the Buda method for
CTD-ILD.
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Introduction

Connective tissue disease (CTD) is a group of heterogeneous
immune-mediated systemic diseases that can affect various
organs and systems. Interstitial lung disease (ILD) is one
of the pulmonary manifestations of CTD and can cause
significant morbidity and mortality (1,2). Lung ultrasound
(LUS) has been widely used to diagnose various lung
diseases (3-7). The diagnostic value of LUS in CTD-ILD
has been reported worldwide (8-11). However, there is no
standard scanning method or scoring method, rendering it
necessary to establish a set of standard evaluation methods.
Barskova er al. (12) showed that the B-line could appear
in the early stage of the disease, and that it had a high
sensitivity for the diagnosis of ILD and can be used as a
screening tool for ILD. Wang ez 4/. (13) found that the B-line
score was valuable in diagnosing CTD-ILD and correlated
well with the high-resolution computed tomography
(HRCT) score. Autopsy studies have shown that up to 70%
of rheumatoid arthritis (RA) patients have at least slight
pleural changes, which are the signs of lung involvement,
and 17% of RA patients without dyspnea have signs of
ILD (14). Therefore, the evaluation of CTD-ILD should be
based on the number of B-lines as well as a comprehensive
evaluation of its possible ultrasonic signs. Buda et al. (15)
developed a semiquantitative scoring method to
comprehensively evaluate the LUS signs that may appear
in ILD patients. However, their scoring method had the
lowest score in the white lung, which was not consistent
with the idea that the white lung was the most seriously
affected. Moreover, the whole lung was only divided into
3 regions: upper, middle, and lower; the scanning scope
was not sufficiently refined; and the grade score of the
B-line and the pleural line was not adequately detailed.
Therefore, existing reports have developed a modified LUS
scoring method by referring to the Buda ultrasound scoring
method (15) and the HRCT Warrick scoring method (16).
In our previous study (17,18), 28 intercostal spaces (ICS)
scan of anterior chest wall, 72 ICS scan of anterior and
posterior chest wall and modified 14 ICS scan of anterior
and posterior chest wall, which are the most commonly used
at home and abroad, were used to examine ILD patients,
and the feasibility and diagnostic efficiency of each method
were analyzed. Finally, it was found that 72 ICS scan
had the best diagnostic performance. We combined this
approach with the modified LUS scoring method. Then, we
inspected patients with CTD-ILD, analyzed the diagnostic
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values of the evaluation, and compared those values with the
Buda ultrasound scoring method to find a new evaluation
scheme for the ultrasonic diagnosis of CTD-ILD. We
present the following article in accordance with the STARD
reporting checklist (available at https://qims.amegroups.
com/article/view/10.21037/qims-22-153/rc).

Methods
Patient group

A total of 60 patients with clinically confirmed CTD
and suspected ILD in the Respiratory Department
and Immunology Department of the Second Affiliated
Hospital of Fujian Medical University from June 2019
to October 2020 were included in the present study.
Among the participants, 20 had RA, 19 had systemic lupus
erythematosus, 10 had Sjogren’s syndrome, 6 had systemic
sclerosis, and 5 had polymyositis. There were 18 males
and 42 females, aged 27-89 years, with a quartile of 61.0
(range, 50.0-69.0) years (Table 1). The general inclusion and
exclusion processes are shown in Figure 1. The diagnosis
of CTD was based on respective international standards
(19-25). The diagnosis of ILD followed the 2018 Clinical
Guidelines for ILD issued by the American Thoracic
Society/European Respiratory Society (ATS/ERS) (26).
Patients were included if they had been diagnosed with
CTDj had a cough, chest tightness, labored shortness
of breath, and other symptoms; and had undergone an
HRCT examination. Patients were excluded if they had
other lung diseases, such as lung infection, lung tumor,
and previous lung surgery; had heart failure, diastolic
dysfunction, asthma, pulmonary edema, and other issues
caused by interstitial fluid; were unable to cooperate with
clinical examination, such as HRCT and ultrasound, had
incomplete clinical data; or had poor image quality. All
participants underwent HRCT and LUS examinations.

The examinations were performed by 2 sonographers
and imaging physicians who had received 3 years of training
and had 2 years of experience in pulmonary imaging
diagnostic studies. Radiographers used HRCT Warrick
scoring. Sonographers used Buda ultrasound scoring and
modified ultrasound scoring in a double-blind setting. The
study was conducted in accordance with the Declaration
of Helsinki (as revised in 2013). The study was approved
by the Ethics Committee of the Second Affiliated Hospital
of Fujian Medical University (No. 2018-24), and informed
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Table 1 The clinical information of the recruited patients
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LUS scores
Parameters Value of number
0-34 34-64.5 >64.5

Gender”

Female 42 (70.0) 19 (45.2) 5(11.9) 18 (42.9)

Male 18 (30.0) 6 (33.3) 5(27.8) 7 (38.9)
Age (years)"

<30 3(5.0) 2 (66.7) 1(33.3) 0(0.0)

30-49 12 (20.0) 6 (50.0) 3(25.0) 3(25.0)

50-70 38 (63.3) 16 (42.1) 3(7.9) 19 (50.0)

>70 7(11.7) 1(14.3) 3 (42.9) 3 (42.9)
BMI" (kg/m?)

Female 20.52+1.75 19.98+1.54 20.98+1.21 20.89+2.12

Male 21.09+1.82 20.65+1.93 19.82+0.58 22.37+1.61
Body temperature' (°C) 36.73+0.49 36.60+0.29 36.91+0.60 36.79+0.57

Respiratory rate* (bpm)

21.0 (19.0-26.0)

19.0 (17.0-20.0)

21.0 (20.0-23.0)

27.0 (24.0-28.0)

Sa0," (%) 96.62+1.15 97.00+0.91 96.20+1.32 96.40+1.22
Primary diagnosis”
Rheumatoid arthritis 20 (33.3) 8 (40.0) 3(15.0) 9 (45.0)
Systemic lupus erythematosus 19 (31.7) 9(47.4) 2(10.5) 8 (42.1)
Sjogren’s syndrome 10 (16.7) 3(30.0) 3(30.0) 4 (40.0)
Systemic sclerosis 6 (10.0) 3(50.0) 1(16.7) 2 (33.3)
Polymyositis 5(8.3) 2 (40.0) 1(20.0) 2 (40.0)
Respiratory symptoms*
Cough 58 (96.7) 23 (39.7) 10 (17.2) 25 (43.1)
Chest tightness 42 (70.0) 15 (35.7) 7 (16.7) 20 (47.6)
Labor shortness of breath 51 (85.0) 17 (33.3) 9(17.6) 25 (49.0)

Data in this table are presented as mean + standard deviation (), median (interquartile range) (*), and number (frequency) (). LUS, lung

ultrasound; BMI, body mass index; Sa0O,, oxygen saturation of blood.

consent was provided by all participants.

LUS examination and scoring method

The tests were carried out using the Voluson E8 system
(GE, Chicago, IL, USA) with the use of a linear probe (4.0-
13.0 MHz) and a convex probe (1.0-7.0 MHz). The convex
probe was used to observe the B-line and chest condition
of the lungs. The linear probe was used to observe the
pleural line. The anterior, lateral, and posterior chest wall
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72 ICS scan method was used to carefully scan and evaluate
each participant, including anterior, lateral, and posterior
aspects of the chest wall (Figure 2) (27). The whole chest of
the patient was scanned by positioning the probe sagittal
to the chest wall in the ICS. The probe was moved from
medial to lateral, from anterior to posterior along the
anatomic reference line, including the bilateral parasternal
line, midclavicular line, anterior axillary line, midaxillary
line; bilateral spinal paravertebral line, scapula line, and
posterior axillary line. Each chest wall point was observed
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Figure 1 Flow chart of this study. CTD, connective tissue disease; ILD, interstitial lung disease; HRCT, high-resolution computed

tomography.

3 times. Patients were in a supine position to scan the
anterior lung area and a sitting position to observe the
posterior lung. We appropriately adjusted the grayscale
imaging parameters to obtain the maximum contrast
between all inspected structures.

Patients were evaluated using the modified ultrasound
scoring method and the Buda ultrasound scoring method
(Tuble 2) (15). Values for the Buda ultrasound scoring
method were assigned as follows: the different signs of
the lung were scored 1 for a white lung, 2 for an irregular
pleural line, 3 for <3 B-lines, 4 for <4 B-lines, 5 for a blurred
pleural line, and 6 for Am-lines. The lungs were divided
into 3 regions: involvement of 1 lung area was counted as
1 point, involvement of 2 lung areas was counted as
2 points, and involvement of 3 lung areas was counted as
3 points. Finally, the lung region scores and sign scores were
added. Patients were considered to have mild pulmonary
fibrosis when the score was 3-14 points, moderate fibrosis
when the score was 15-20 points, and severe fibrosis when
the score was 21-35 points.

The modified ultrasound scoring method, which
divided the entire chest wall into 16 regions (Figure 2), was
developed based on the HRCT Warrick scoring method (16)
and the Buda ultrasound scoring method. This new

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

method divided all ultrasound signs that may appear in
CTD-ILD into 2 types: the typical manifestation with
the appearance of the B-line (Figure 34) and pleural line
changes (Figure 34); and an ultrasound manifestation of
possible complications, such as pleural effusion and the
Am-line (Figure 3B). The lowest score was 1 point, and the
highest was 240 points. Considering the positive diagnosis
of the Buda scoring method (15) and another study (28),
the positive diagnosis of the modified ultrasound scoring
method (no less than 4 points) was defined if there was
a positive B-line sign and a positive pleural line sign in
2 sections respectively, with or without any complications.

HRCT examination and scoring method

Chest CT was carried out for all patients in this study in
accordance with the standard protocol with a Siemens
dual-source CT scanner (Somatom Definition; Siemens,
Erlangen, Germany). The patients lay on the examination
bed with their hands raised above their head, and the scan
was performed from the base of the lungs to the apex of the
lungs at a scanning interval of 1 mm and a layer thickness
of 1 mm. The lung imaging findings of all patients were
recorded. The Warrick scoring criteria were used to score
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Figure 2 A 72 ICS scan of bilateral anterior, lateral, and posterior chest wall, in which we divided the entire chest into 16 zones as shown.

ICS, intercostal space.

the HRCT scores of patients (16). The severity and lesion
range scores were assigned as follows: 1 point for a ground
glass shadow, 2 points for an irregular pleural margin,
3 points for a thickened lobular septum or subpleural line
signs, 4 points for a honeycomb shadow, and 5 points for
a subpleural cyst(s). In addition, 1 point was assigned for
the involvement of 1-3 lung segments, 2 points for 4-9
lung segments, and 3 points for >9 lung segments, up to
30 points. Finally, we used a semiquantified grading system
to assign the Warrick score. A patient was considered normal
if they were assigned 0 points, mild if they were assigned
<8 points, moderate if they were assigned 8-15 points,
and severe if they were assigned >15 points (16).

Statistics analysis

For statistical analysis, we used SPSS 22.0 IBM Corp.,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Armonk, NY, USA). Data with a normal distribution
were expressed as the mean = standard deviation (¥=s),
data with a nonnormal distribution were expressed as the
median (interquartile range), and categorical variables were
expressed as a count and percentage. Differences in the test
variables were compared using the chi-square test. The area
under the ROC curve and 95% CI were used to calculate
the diagnostic efficiency of CTD-ILD by the modified
ultrasound scoring method, Buda ultrasound scoring
method, and HRCT Warrick scoring method. The Kappa
consistency test was used to evaluate the consistency of the
3 scoring methods in the diagnosis of CTD-ILD. Pearson
correlation was used to analyze the correlation between the
3 scoring methods. The Mann-Whitney U test was used to
compare differences in test variables between the different
groups. The sensitivity, specificity, and optimal cutoff value
of the modified ultrasound score method for predicting
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Table 2 Modified scoring system for CTD-ILD

Scoring based on ultrasonic

Ultrasound signs . .
features in each section

B-line
None 0
<4 1
4-6 2
>6 or B-lines fully integrated 3
(white lung)

Pleural line
Normal 0
Thickening (=0.5 mm) 1
Irregular 2
Discontinuous, fragmented 3

Complications
Am-line (pulmonary bulla)
None 0
Exist 4
Pleural effusion
None 0

Exist 5

The score for each region was the sum of the three scores of
the B-line, pleural line and complications, and the score for the
entire lung was obtained by adding the scores of sixteen areas
(as shown in Figure 1). CTD-ILD, connective tissue disease-
associated with interstitial lung disease.

the severity of CTD-ILD were analyzed using ROC curve
analysis. P values less than 0.05 were considered statistically
significant.

Results
Diagnostic efficacy of the 3 scoring methods for CTD-ILD

Of the 60 patients, 45 were clinically confirmed to have
CTD-ILD, of whom 44 were classified as positive by the
modified ultrasound scoring method (no less than 4 points)
and the HRCT scoring method, and 41 were classified
as positive by the Buda ultrasound scoring method. The
sensitivity, specificity, positive predictive value, negative
predictive value, and Youden index of the 3 methods for
the diagnosis of CTD-ILD are shown in Table 3. There

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

was no significant difference in specificity among the 3
methods (P>0.05), and there was statistical significance in
sensitivity between the Buda ultrasound scoring method and
the other 2 methods (P<0.01). The areas under the ROC
curves (AUC) for the HRCT scoring method, the modified
scoring method, and the Buda scoring method were 0.985
(95% CI: 0.949-1.000), 0.982 (95% CI: 0.945-1.000), and
0.950 (95% CI: 0.851-0.990), respectively (Figure 4).

Consistency of 3 scoring methods to diagnose CTD-ILD

With a clinical diagnosis as the gold standard, the
consistency of the modified ultrasound scoring method and
the HRCT scoring method for CTD-ILD was high (Kappa
values =0.872 and 0.913, respectively). The consistency of
the Buda ultrasound scoring method for CTD-ILD was
general (Kappa value =0.710).

Modified ultrasound scove and Buda ultrasound score of
CTD-ILD with different severities

A comparison of the modified ultrasound score and the
Buda ultrasound score between the mild, moderate, and
severe groups is shown in Table 4. The mean values for the
modified ultrasound score and the Buda ultrasound score
consistently and significantly increased with the increasing
severity of CTD-ILD. The severity was scored according to
the HRCT score. Among them, 10 cases were mild, 10 cases
were moderate, and 25 cases were severe.

The calculation of the cutoff value of the modified
ultrasound score to predict different pulmonary fibrotic
lesions

The modified ultrasound score predicted the threshold
value of mild (Warrick score <8 points) and severe (Warrick
score >15 points) pulmonary fibrotic lesions, respectively,
at 34 points (sensitivity, 100%; specificity, 92.9%; AUC
=0.933; 95% CI: 0.807-1.000) and 64.5 points (sensitivity,
92.0%; specificity, 85.3%; AUC =0.972; 95% CI: 0.929-
1.000; Figure 5).

Discussion

Assessing pulmonary interstitial fibrosis is an important
aspect of autoimmune diseases. An accurate assessment of
the condition and prognosis of the patient can help with the
clinical adjustment of the treatment plan.
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Figure 3 Lung ultrasonogram of CTD-ILD. (A) The thick arrow shows the B-line, and the thin arrow shows the fragmented pleural line. (B)

The arrow indicates the Am-line. CTD-ILD, connective tissue disease-associated with interstitial lung disease.

Table 3 Diagnostic efficacy of three scoring methods in CTD-ILD

Diagnosis method Se”(i/i:;Vity Spe((‘:/i:;City predFi);)tT\i/t;v\?alue pre(l;lii’gjtei\ililue Yicr):jiin AUC

Modified ultrasound scoring method 97.8% 86.7 0.957 0.929 0.845  0.982 (95% CI: 0.945-1.000)
Buda ultrasound scoring method 91.1 80.0 0.932 0.750 0.711 0.950 (95% ClI: 0.851-0.990)
HRCT scoring method 97.8° 93.3 0.978 0.933 0.911  0.985 (95% CI: 0.949-1.000)

“, P<0.01 versus Buda scoring method. P>0.05 among other groups. CTD-ILD, connective tissue disease-associated with interstitial
lung disease; AUC, areas under the receiver operating characteristic curve; Cl, confidence interval; HRCT, high-resolution computed

tomography.

In this study, we developed a modified LUS scoring
method that included 3 types of ultrasound performance:
typical B-line manifestations of the lungs, abnormal pleural
lines, and complications. In contrast to a previous study, the
white lung score was adjusted from 1 point to 3 points (15).
This new ultrasonic method includes various ultrasonic
signs with different degrees of severity, facilitating the
accurate diagnosis ability. Evaluation of CTD-ILD should
be based on a comprehensive evaluation of possible
ultrasound signs. Therefore, the pleural line, pulmonary
parenchyma, and complications were comprehensively
observed. Furthermore, there were more details in the
modified scoring method, such as the more grades of
B-line and the addition of pleural thickness, more possible
complications as the abnormal manifestations to diagnose

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

CTD-ILD.

The 72 ICS scanning method is a comprehensive LUS
scanning scheme used to scan the whole lung of patients
and observe all abnormal signs that may appear in CTD-
ILD patients (27). In addition, during the scan, the 2 lungs
were divided into 16 areas in the modified scoring system.
Compared with the previous 12 divisions, the lateral chest
wall was subdivided further. The anterior axillary line and
the midaxillary line were combined. The posterior axillary
line was disassembled. The first reason for this was that the
scan of the ICS in the anterior and midaxillary lines differed
from the scan of the ICS in the axillary lines. The second
reason was that patients with severe ILD often had diffuse
lesions in both lungs. Not having an average score for
each division may cause a low score and underestimate the
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Figure 4 ROC curves of the 3 scoring methods to diagnose
CTD-ILD. ROC, receiver operating characteristic; HRCT, high-
resolution computed tomography; CTD-ILD, connective tissue

disease-associated with interstitial lung disease.

severity of severe patients. Each area was carefully observed,
scored independently, and summed to obtain the total score.

The new and modified ultrasound scoring method is
more detailed, and the ultrasound evaluation of ILD is
more comprehensive. Therefore, LUS could be used for the
preliminary diagnosis of CTD-ILD. This is beneficial for
prompt diagnosis and effective treatment of CTD patients
suspected to have ILD, especially those with ILD-related
symptoms, such as dry cough, shortness of breath, and
other lung symptoms. Comparing the modified ultrasound
scoring method and the Buda ultrasound scoring method
and their respective zoning range, in the examination of
confirmed CTD patients, the modified ultrasound scoring
method was found to be more often positive than the
Buda ultrasound scoring method, consistent with HRCT
diagnosis. This may be because the Buda ultrasound scoring
method is based on lung fiber index scores as a positive
diagnostic standard, and the lung fiber index score does

Table 4 Comparison of modified ultrasound score and Buda ultraosund score of CTD-ILD with different severity

Groups

Modified ultrasound score*

Buda ultrasound score*

Mild group (n=10)
Moderate group (n=10)
Severe group (n=25)

19.00 (14.50-28.50)
49.00 (47.00-58.00)°
89.00 (71.00-96.00)*°

8.50 (0.00-12.50)
17.50 (15.50-23.00)
27.00 (23.00-32.00)*"

Data in this table are presented as median (interquartile range) (*). ?, P<0.05 versus mild group; °, P<0.05 versus moderate group. CTD-

ILD, connective tissue disease-associated with interstitial lung disease.
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Figure 5 Cutoff results of modified ultrasound scores for predicting the severity of pulmonary fibrosis. (A) Mild. (B) Severe. ROC, receiver

operating characteristic.
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not include the white lung score. This score may lead to a
misdiagnosis as negative in some patients with no obvious
ultrasound signs or only a few white lung signs. However,
we defined white lung as 3 points in each section.

Furthermore, Buda er 4l.’s (15) study found a new
sign, called the Am-line. An Am-line artifact was defined
as reverberation artifacts in the subpleural region,
characterized by numerous horizontal lines. An Am-line
usually arises from the pleural line (narrow) and reaches the
edge of the screen (wide). An Am-line might result from the
multiple reflections of ultrasound waves between 2 border
surfaces, such as a pulmonary bulla or cavitation (28). The
first border surface would be that of the pleural line and
the second surface would be the wall of the emphysematous
bulla or subpleural cyst. In this study, Am-lines were
also found; they often appeared in patients with severe
CTD-ILD, which may be the ultrasonic manifestation of
subpleural pneumocysts caused by severe ILD. Therefore,
we believe that the Am-line is also an important ultrasonic
sign of ILD.

The diagnostic efficacy of the modified ultrasound
scoring method, Buda ultrasound scoring method, and
HRCT scoring method for CTD-ILD was calculated by
ROC curve analysis. This assay indicated that the modified
LUS scoring method was more accurate and reliable than
the Buda ultrasound scoring method, but with values similar
to those of HRCT. Then, the consistency of the 3 methods
for the diagnosis of CTD-ILD was analyzed. The results
suggested that the modified ultrasound scoring method
and HRCT scoring method were highly consistent in the
diagnosis of CTD-ILD and were better than the Buda
ultrasound scoring method.

In the clinical diagnosis of ILD, there are no classification
criteria for the severity of ILD. The international
classification of the severity of ILD patients that is the most
used is the HRCT Warrick scoring method (16). We used
the HRCT scoring method to divide the patients with the
diagnosis of CTD-ILD into mild, moderate, and severe,
and the corresponding modified score and Buda score of
different degrees of illness were compared. The results
showed that the modified ultrasound score increased with
the exacerbation of CTD-ILD, and the modified LUS
score had the same value as the Buda ultrasound score in
identifying mild/moderate and severe CTD-ILD. It is worth
noting that the results of this study also suggest that the
modified ultrasound scoring method is more advantageous
than the Buda ultrasound scoring method in identifying
mild and moderate CTD-ILD. Therefore, we believe that

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

the modified ultrasound scoring method is more valuable in
evaluating the severity of CTD-ILD.

We used ROC curves to calculate the cutoff values
of CTD-ILD with different severities as assessed using
modified ultrasound scoring. It was found to be mild,
below 34 points, and severe, below 64.5 points, with
high sensitivity and specificity. This result shows that the
modified ultrasound score can predict the severity of CID-
ILD well, and it has a certain value for the judgment of
CTD-ILD patients and the follow-up of their prognosis.
Thus, it seems that the modified ultrasound scoring method
can allow a preliminary and effective diagnosis of CTD-
ILD and be used to judge the severity of the disease and
as an effective semiquantitative tool for diagnosing and
treating CTD-ILD and its follow-up observation.

This study has some limitations. The evaluation of
signs such as B-line number, pleural line shape, and the
identification of false positive areas (such as pulmonary
edema) mainly depended on the subjective judgment of
the examiners, which inevitably led to errors. In addition,
the sample size of this study was small, and the modified
ultrasound scoring method and HRCT scoring method
might vary with the different CTD. Consequently, the
results of large-sample and multicenter studies are needed
for further verification.

Conclusions

Compared with the Buda ultrasound scoring method,
our modified ultrasound scoring method is more
comprehensive, more consistent with HRCT diagnosis, and
can better distinguish the severity of CTD-ILD.
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