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Abstract:

BACKGROUND AND AIM: Imaging techniques play a crucial role in assessing lung structure and
function, particularly in diagnosing respiratory diseases. Among these, ultrasound strain elastog-
raphy (SE) presents a promising method for evaluating peripherally located lung parenchymal
lesions and distinguishing between benign and malignant pathologies. This study aims to explore
the applicability and reliability of ultrasound elastography (USE) in tissue differentiation and to
establish a strain ratio (SR) cutoff value for accurate classification.

METHODS: A diagnostic accuracy study was conducted on a cohort of 138 patients aged 18
years and older to assess the efficacy of SR analysis in determining optimal cutoff points for
differentiating between benign and malignant lesions. Sensitivity, specificity, negative predictive
value (NPV), positive predictive value (PPV), area under the curve (AUC), and accuracy were
determined using receiver operating characteristic (ROC) analysis.

RESULTS: Tissue stiffness was assessed using SE, revealing that malignant lesions exhibited a
stiffer pattern compared to benign ones. An SR cutoff value of =21.75 was determined for diagnos-
ing malignant peripheral lesions. The sensitivity, specificity, PPV, and NPV were 98.67%, 82.54%,
87.1%, and 98.1%, respectively.

CONCLUSIONS: The use of SE can assist in classifying a peripheral parenchymal lung lesion as
benign or malignant based on the SR.
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Introduction

Lung ultrasonography (LUS) has gained prominence
in emergency rooms and critical care units, overcom-
ing traditional limitations posed by air-filled lung tissue.
Recent advancements, such as high-frequency transduc-
ers and sophisticated image processing, have revolution-
ized lung examination, enabling a detailed assessment of
the pleural line and pleural space. The development of
ultrasound elastography (USE) in the 1990s has further
enhanced diagnostic capabilities by providing precise
measurements of tissue stiffness, aiding in the differenti-
ation between soft and hard lesions.!'-!

Conventional LUS is highly sensitive for detecting tu-
mors; however, it does not provide reliable information
about tissue firmness. USE, on the other hand, is an ultra-
sound-based technique designed to visualize the elasticity
characteristics of different tissue types. It was developed
as a non-invasive method to assess tissue stiffness./**!

Tissue stiffness is typically represented as tissue strain,
which can be a subjective measurement due to variations
in the compression applied by the ultrasound probe. The
SR, however, provides an objective semi-quantitative
measurement, reflecting the difference in tissue strain
compared to the surrounding tissue on USE images.?4

The SR is calculated as the relative difference in strain
between a lesion and reference normal tissue at the same
depth, under the same stress applied by compression.
Elastography and the SR have been extensively used in
imaging the breast, liver, and thyroid gland, primarily
for diagnosing malignancies. However, only a few stud-
ies have explored the use of elastography and the SR for
diagnosing peripheral lung lesions.l>”#l

Study Objective

This research aims to assess the efficacy and reliability
of non-invasive USE in distinguishing between different
tissue types by analyzing the varying strain patterns of
soft and hard lesions. The study focuses on determining
an optimal cutoff value for the strain ratio (SR) to achieve
accurate classification using USE.

Materials and Methods

This is a prospective diagnostic accuracy study with
comparisons to gold standard tests. All patients, select-

ed through cross-sectional sampling, provided informed
consent before participation, and the study protocol was
approved by the Ethics Committee of Alexandria Uni-
versity (Approval Number: 0201692, Date: 16.06.2022).
The sample size was calculated by the Medical Research
Institute and the Biomedical Informatics and Medical
Statistics Department. This study was conducted in ac-
cordance with the Declaration of Helsinki. This work was
produced without the assistance of artificial intelligence
(AD)-assisted technologies, including large language
models (LLMs), chatbots, or Al-based image creators.

The study included 138 cases with peripheral subpleural
lesions. A thorough history was obtained from the par-
ticipants, including personal data, symptoms relevant to
underlying respiratory disorders, and a history of previ-
ous malignancy. A complete physical examination, rou-
tine laboratory tests, and imaging modalities, including
chest X-ray and computed tomography (CT) chest scan,
were conducted.

Histopathological biopsies were obtained through flex-
ible bronchoscopy, and when indicated, image-guid-
ed biopsies were performed trans-thoracically using a
semi-automatic needle biopsy. Benign lesions, such as
consolidation, bronchiectasis, and distal atelectasis, were
documented and monitored until clinical resolution
and/or radiological improvement (Table 1).1%

Ultrasound imaging was performed before biopsy, and
all examinations were conducted by the same examiner
using a SonoScape machine (M22EXP, China) equipped
with a curvilinear probe operating within a frequency
range of 2-5 MHz.

After applying ultrasound gel to ensure optimal con-
tact between the transducer and the skin, B-mode so-
nography was initially performed to locate the tumor.
For cases confirmed by biopsy, this also facilitated the
identification of the needle entry point and insertion
path. Elastography was then conducted using freehand
manual compression, with the radiologist applying
light vertical pressure to the mass using the transducer.
During imaging, the strain indicator on the screen was
monitored. The images were displayed in dual mode,
showing both the B-mode sonogram and the elastogra-
phy image, with elasticity represented on a color scale
from red (softest) to blue (hardest). Patient movement
was minimized during the procedure [Fig. 1].1!
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Table 1: Distribution of malignant tissue types and

computed tomography (CT) findings of pulmonary lesions

Lesion classification n %

n=75

A) Types of malignant tissues
Adenocarcinoma 23 30.6
Metastatic lesions 15 20.0
Small cell lung carcinoma (SCLC) 12 16.0
Squamous cell carcinoma (SCC) 10 13.3
Non-small cell lung carcinoma (NSCLC) 9 12.0
Undifferentiated carcinoma (UC) 5 6.7
Lymphoma 1 1.3

n=63

A) CT features of benign lesions
Consolidation 34 54.0
Cavitary lesions 11 17.5
Distal atelectasis 9 14.3
Bronchiectasis 7 111
Progressive massive fibrosis 1 1.6
Thymoma 1 1.6

Distribution of lesions based on types of malignant lesions and computed
tomography (CT) features of benign lesions. n: Number

Using the strain elastography (SE) approach, a region of
interest (ROI) was selected and compared to a manually
selected surrounding reference tissue, denoted as the ref-
erence (Ref) tissue.

The SE characteristics were classified into three types based
on elasticity and the proportion of the blue component:

e Typel: Indicates very soft tissue with high elasticity, char-
acterized by a predominantly red color, with the blue
component covering less than 25% of the lesion area.

Figure 1

e Type II: Represents moderately soft tissue with mod-
erately high elasticity, showing an increasing blue
content within the lesion.

e Type III: Describes very hard tissue with low elastic-
ity, predominantly blue (>75% of the total ROI area),
with only a few small red regions.>!!

The SR value was calculated and correlated with the final
diagnosis. Sensitivity, specificity, negative predictive val-
ue (NPV), positive predictive value (PPV), area under the
curve (AUC), and accuracy were determined using receiv-
er operating characteristic (ROC) analysis for all lesions.

The performance of the SR cutoff value was assessed by
splitting the final dataset into two equal halves: one half
for determining the SR cutoff values and the other half for
validating the SR. The performance of the SR was evalu-
ated based on sensitivity, specificity, NPV, PPV, and accu-
racy, with their respective 95% confidence intervals (Cls).
The AUC was also computed for continuous variables.!'?

Statistical analysis

Data were entered into a computer and analyzed us-
ing IBM SPSS software version 20.0 (Armonk, NY: IBM
Corp). Qualitative data were described using numbers
and percentages. The Kolmogorov-Smirnov test was ap-
plied to verify the normality of distribution. Quantita-
tive data were presented using the range (minimum and
maximum), mean, standard deviation, median, and in-
terquartile range (IQR). The significance of the obtained
results was determined at the 5% level.

8. 0cm =

Figure 1: Dual-mode ultrasonography of a soft tissue lesion — B-mode imaging and corresponding strain elastography. Figure 1 illustrates the visualization of a soft tissue
lesion using dual-mode ultrasonography with B-mode imaging alongside the corresponding SE image
SE: Strain elastography
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Table 2: Baseline characteristics of the study population

Table 3: Classification of lesions by transthoracic
elastography based on tissue stiffness

Patient characteristics n %
n=138 Lesion type (by elastography) n p %
Gender* Type | (soft lesion) 51 <0.001* 37.0
Male 102 73.9 Malignant 0
Female 36 26.1 Benign 51
Age (mean)* 55.1 years Type Il (intermediate lesion) 56 40.6
Smoking status*® Malignant 46
Smokers 91 65.9 Benign 10
Non-smokers 47 34.1 Type lll (hard lesion) 31 225
Malignant 29
n=66 Benign 2
Comorbldltles. P value calculated using the chi-square test. A p value <0.001 indicates a
Hypertension 36 261 gatistically significant difference in the distribution of lesion types between
Diabetes mellitus 28 20.3 malignant and benign cases.
CKD 1 0.7
Liver cirrhosis 8 58  Table 1, detailing the distribution of malignant and be-
Lymphoma 2 15 hign lesions along with their characteristic features.
Leukemia 3 2.2
Ischemic heart disease 11 8.0 ) . e . . . .
Systemic lupus 1 07 All les%ons identified through rad1010g1cal.examma.tm.ns,
Deep vein thrombosis 3 15  including X-ray, CT chest scans, and positron emission

Age is presented as the mean value. Comorbidity data reflect the total number
of patients with each condition, with some patients having multiple comorbidities.
CKD: Chronic kidney disease

Several statistical tests were applied based on the na-
ture of the data. The Chi-square test was used to com-
pare categorical variables across different groups. When
more than 20% of the cells had expected counts below 5,
Fisher’s Exact correction was applied to refine the Chi-
square results.

For comparing non-normally distributed quantitative
variables between the two study groups, the Mann-
Whitney test was used.

To investigate the SR cutoff value, a ROC curve was gen-
erated to illustrate the performance of the SR in diagnos-
ing malignant peripheral lung lesions based on its sensi-
tivity and specificity.

Results

A total of 138 patients (102 males and 36 females) were in-
cluded in the study, conducted between November 2022
and September 2023. The patients’ ages ranged from 18 to
95 years, with a mean age of 55.07+15.85 years. The base-
line characteristics of the patients are listed in Table 2.

The types of malignant tissues and the corresponding CT
findings of benign pulmonary lesions are illustrated in

tomography-computed tomography (PET-CT) scans,
were detected using elastography in the examined cases.
Tissue stiffness was assessed using SE, with the follow-
ing findings: 31 lesions exhibited a hard pattern (Type
I1I), 56 lesions showed an intermediate pattern (Type II),
and 51 lesions displayed a soft pattern (Type I).

Lesions classified as Type I (soft pattern on SE) were di-
agnosed as benign (n=51) based on histopathological di-
agnosis or clinical follow-up. Type II lesions (intermediate
pattern on SE, n=56) were diagnosed as malignant in 46
cases and benign in 10 cases. Type Il lesions (hard patterns
on SE, n=31) were diagnosed as malignant in 29 cases and
benign in two cases. SE values were significantly higher in
malignant lesions compared to benign lesions, with a sta-
tistically significant difference (p<0.001) (Table 3).

The optimal performance of the SR for diagnosing malig-
nant peripheral lesions was observed with a value set at
>2.2+0.45. However, an SR cutoff value of >1.75 achieved
the highest sensitivity (Table 4).

The following ROC curve illustrates the performance of
SR elastography based on sensitivity and specificity in
diagnosing malignant peripheral lung lesions [Fig. 2].

The range and median SR values for each lesion type
indicate distinct differences between benign and malig-
nant lesions. Benign lesions exhibited a lower strain ra-
tio, whereas malignant lesions had a higher strain ratio.
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Table 4: Prognostic performance of strain ratio for differentiating malignant (n=75) and benign (n=63) lesions

Strain ratio AUC P 95% ClI Cut-off Sensitivity Specificity PPV NPV Accuracy
Strain ratio (>2.65) 0.912 <0.001* 0.854-0.970 >2.65 38.67 93.65 87.9 56.19 63.8%
Strain ratio (>2.5) 0.912 <0.001* 0.854-0.970 >2.5 60.0 90.48 88.2 65.5 74.0%
Strain ratio (>1.75) 0.912 <0.001* 0.854-0.970 >1.75 98.67 82.54 87.1 98.1 91.3%

This table presents diagnostic performance metrics for different strain ratio cutoff values in detecting malignant lesions. Area under the curve (AUC) indicates the
accuracy of the test and p<0.001 confirms the statistical significance of the findings. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value
(NPV) are calculated based on the specified cutoff points for the strain ratio. Cl: Confidence interval

This contrast was statistically significant, suggesting that
strain ratio could serve as a useful parameter for differ-
entiating between benign and malignant lesions [Fig. 3].

To validate the adoption of a SR of >1.75 as the optimal
cutoff value for sensitivity, the total of 138 patients was
divided into two equal groups to assess the accuracy,
sensitivity, and specificity of the selected cutoff value.

For the initial 69 lesions (Malignant:Benign = 40:29), the
optimal SR threshold for diagnosing malignant periph-
eral lesions was =1.75 (Table 5) [Fig. 4].

Using an SR cutoff value of =1.75 to predict malignant
lesions, the remaining 69 lesions demonstrated compa-
rable accuracy to the initial group, with an overall accu-
racy of 85.5% (Table 6, Figs. 5-7).
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Figure 2: Receiver operating characteristic (ROC) curve for the strain ratio in
diagnosing malignant (n=75) and benign (n=63) lesions. Figure 2 presents the ROC
curve for the strain ratio in diagnosing malignant (n=75) and benign (n=63) lesions. The
ROC curve demonstrates the test's diagnostic performance, with the AUC indicating
the accuracy of the strain ratio in distinguishing between malignant and benign cases
AUC: Area under the curve

T
100

Discussion

Real-time tissue elastography is an innovative technique
that converts echo signals into dynamic color images,
where the color spectrum shifts from red to blue, indi-
cating varying tissue softness and hardness. Malignant
tumors often exhibit increased firmness, a characteris-
tic that enables elastosonography to efficiently identify
these lesions.!>1%]

Among the patients enrolled in this study, 75 had malig-
nant peripheral lesions (54.3%), while 63 had benign le-
sions (45.6%). This finding is consistent with the study by
Lim et al.,'® where 38 out of 70 patients were diagnosed
with malignant peripheral lesions, accounting for 54% of
the total cohort.

In this study, consolidation was the most common-
ly observed benign lesion, while adenocarcinoma was
the most frequently diagnosed malignant lesion. These

Box plot for being and malignant lesions
2.5 7 %
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Figure 3: Median and range of strain ratio (SR) for benign and malignant lesions.
Figure 3 presents a box plot for benign and malignant lesions. It illustrates the range
and median strain ratio for each lesion type. The SR for benign lesions ranges from
0.1 to 0.24, with a median of 0.15, while for malignant lesions, it ranges from 2.33 to

2.80, with a median of 2.60 (p<0.001)
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Table 5: Prognostic performance of strain ratio (SR) in predicting malignant versus benign lesions (40 malignant, 29
benign) among the initial 69 cases

Results AUC p 95% CI Cutoff value Sensitivity Specificity PPV NPV Accuracy

Value 0.995 <0.001* 0.984-1 =1.75 97.50% 96.55% 97.50% 96.6% 97%

This table presents the prognostic performance of the strain ratio in predicting malignant and benign lesions among the initial 69 cases. Area under the curve (AUC)
represents the diagnostic accuracy of the test. Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) are reported for a strain ratio
(SR) cutoff value of =1.75. Cl: Confidence interval

Table 6: Agreement (sensitivity, specificity, and accuracy) for strain ratio validation in the remaining malignant (n=35)
and benign (n=34) cases

Diagnosis Sensitivity Specificity PPV NPV Accuracy
Benign Malignant
(n=34) (n=35)
No % No %
Strain ratio
<1.75 24 70.6 0 0.0 100.0 70.6 77.8 100.0 85.5
>1.75 10 29.4 35 100.0

This table presents the diagnostic performance of the strain ratio (SR) in predicting benign and malignant lesions for the remaining cases (n=69). Sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and accuracy are calculated based on a strain ratio cutoff value of <1.75 and =1.75. These values

represent the percentage of correctly diagnosed cases within each category

findings contrast with the study by Sperandeo et al.,["”
in which adenocarcinoma was most prevalent, followed
by squamous cell carcinoma and large cell carcinoma,
with small cell carcinoma exhibiting a higher prevalence
among all malignant peripheral lesions.

In line with our study, He et al.”! examined central lesions 1007
using endoscopic ultrasound (EBUS) elastography in 57 90 - J
patients. Among them, 36 were diagnosed with malignan-
cies (63%), with small cell carcinoma being more prevalent 807
than squamous cell carcinoma. Similarly, consolidation 70 4
was the most common benign lesion, followed by cavitary
lesions, findings that are consistent with our study. E‘ 60

2 50-
Tissue stiffness was assessed using SE. Parenchymal le- 05, 40
sions were classified into Type L II, and III based on the
proportion of the blue component observed in the SE 30
color-coding system. The correlation between color cod- 20 -
ing and final lesion diagnosis was statistically significant
(p<0.001).1" 10

0 -

Similarly, Boccatonda et al.™ conducted a study involving 10 20 30 40 20 8 70 8 9 100
14 patients, where nine had Type III (hard) lesions, three 100 - Specificity
had Type II lesions, and two had Type I (soft) lesions. The

diagnostic performance of SE for identifying malignant
lesions demonstrated an area under the ROC curve of 0.7.
Furthermore, Park et al.’! showed that SE is an effective
technique for assessing superficial soft tissue lesions, em-
phasizing that malignant lesions tend to be stiffer on SE.

In an alternative retrospective study conducted by Wei et
al. " the diagnostic efficacy of SE was evaluated in 91 pe-
ripheral lung lesions identified via CT chest scan or chest
X-ray. Among these, 36 were diagnosed as benign lesions,

Figure 4: Receiver operating characteristic (ROC) curve for strain ratio in predicting
malignant and benign lesions among the initial 69 cases (40 malignant, 29 benign).
Figure 4 displays the ROC curve for the strain ratio in differentiating malignant and
benign lesions among the initial 69 cases (40 malignant, 29 benign). The curve
illustrates the diagnostic ability of the strain ratio, with the area under the curve (AUC)
reflecting the test's accuracy
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(b)

()

Figure 5: Computed tomography (CT) chest of a consolidation pre- and post-antimicrobial therapy with ultrasound elastography examination of the same lesion. Figure 5 describes
a patient presenting with high-grade fever, productive cough with hemoptysis, and right-sided chest pain. (a) Initial chest CT scan (lung window) upon admission showed extensive
right upper consolidation with air bronchogram. (b) A follow-up CT scan after antimicrobial therapy demonstrated significant regression of the consolidation, aligning with clinical
improvement and a marked decrease in C-reactive protein (CRP) levels. (c) Ultrasound elastography (USE) with a strain ratio (SR) of 0.12 and B-mode ultrasound imaging
revealed an echogenic air bronchogram, while the corresponding elastography image displayed no blue component, indicating that the lesion was relatively soft, represented in red

while 55 were malignant, confirmed through histopatho-
logical validation. The study concluded that relying solely
on color coding in SE was insufficient for differentiating
between malignant and benign peripheral lung lesions.

Within the scope of our study, histopathological biopsy
served as the gold standard for patient diagnosis. Howev-
er, 15 patients were found to have metastatic lesions that
did not require biopsy confirmation. These lesions exhib-
ited increasing size during follow-up, with diagnoses cor-
roborated by both oncologists and radiologists. Addition-
ally, one patient was diagnosed with lymphoma, which
showed a regressive course following chemotherapy.

Similarly, Lim et al."® aimed to evaluate the SR in rela-
tion to different pulmonary morphologies, relying on
both radiological evidence and histopathological diag-
nosis. For patients ultimately diagnosed with benign

peripheral lesions without histopathological analysis,
rigorous clinical and radiological follow-up was con-
ducted until complete resolution.*¢l

Zhou et al.¥! used histopathological final diagnosis as
the gold standard for evaluating EBUS elastography in
all examined subjects. Additionally, Sperandeo et al.*"!
and Wei et al.'"¥ relied on transthoracic tissue biopsy as
the gold standard to assess the efficacy of ultrasound
elastography. Similarly, Sperandeo et al."”) Boccatonda
et al,"™ and Wei et al." all utilized a transthoracic guid-
ed biopsy approach as the gold standard for thoracic ul-
trasound SE examination.!"”!

We aimed to establish SR cutoff values by comparing
various lesions identified as the ROI with normal healthy
surrounding tissue, denoted as the Ref region. Initially, a
median cutoff value was determined from a cohort of 138
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Figure 6: Computed tomography (CT) chest of a left soft tissue lesion with corresponding ultrasound elastography examination. Figure 6 describes a patient presenting with
significant weight loss over two months and progressively worsening dyspnea. Transthoracic ultrasound-guided biopsy confirmed small cell lung carcinoma with a strain ratio
(SR) of 2.34. (a) CT chest (mediastinal window) reveals a right peripheral soft tissue lesion. (b) B-mode ultrasound depicts an irregular, ill-defined hypoechoic lesion, while
elastography highlights a hard lesion with a blue component

patients, followed by validation on two separate cohorts
of 69 patients each. Similarly, in a study by Verhoeven
et al.,"? participants were randomly assigned, with 80%
providing visual analog scores for SE, followed by per-
formance evaluation on the remaining 20%."!

A wide range of SR values was observed, varying from
0.06 to 3.75 for patients with benign peripheral parenchy-
mal lesions and from 1.75 to 5.0 for those with malignant
lesions. This distribution suggests a statistically aberrant

pattern, supporting the preference for median values
over arithmetic means for improved accuracy in inter-
pretation. The high SR values detected in benign periph-
eral lesions were attributed to either lung atelectasis or
long-standing lung abscess, indicating underlying tissue
alterations. Additionally, the presence of hard elastogra-
phy patterns and high SR values in cavitary lesions and
distal lung atelectasis contributed to the right-skewed
statistical distribution observed in patients diagnosed
with benign peripheral lesions.

84 Eurasian Journal of Pulmonology - Volume 27, Issue 2, May-August 2025
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(b)

A SR =1.75 suggests a higher likelihood of malignancy,
with sensitivity of 98.67%, specificity of 82.54%, PPV of
87.1%, and NPV of 98.1%. The chosen cutoff value opti-
mally balances sensitivity and specificity, as demonstrat-
ed by ROC curve analysis, yielding an area under the
curve of 0.91 (95% CI: 0.85-0.97, p<0.0001).

The results align with the findings of Okasha et al., who
identified an optimal SR cutoff value of 4.2 for assessing
solid pancreatic lesions. Their approach demonstrated
sensitivity of 97%, specificity of 63%, PPV of 89%, NPV of
88%, and accuracy of 89%. Notably, these outcomes closely
resemble the performance metrics observed in our study.

Our study faced technical limitations, as it was conduct-
ed at a single center with a single operator, preventing an
assessment of interobserver variability. Additionally, the
absence of standardized elastography software resulted

© O
Figure 7: Computed tomography (CT) chest showing right lower lobe atelectasis with corresponding ultrasound elastography examination. (a) CT chest (lung window) and
(b) mediastinal window reveal right lower lobe atelectasis. (c) B-mode ultrasound depicts a static air bronchogram, while elastography identifies the lesion as hard, despite

the benign nature of the distal atelectasis. This case highlights a false positive in our study, as peripheral atelectasis can exhibit a hard component on elastography despite its
benign nature, with a strain ratio (SR) of 1.92

in SR variations, preventing the establishment of a defin-
itive cutoff value for lesion differentiation.

Alternatively, Ozgokce et al.® investigated the use of
shear-wave elastography (SWE) in distinguishing tran-
sudative from exudative pleural effusions, correlating
their findings with Light’s criteria. They reported excel-
lent intraobserver reliability, with a reliability coefficient
exceeding 85%, demonstrating strong consistency in
SWE measurements when performed by the same ob-
server across different sessions.

Challenges encountered during the study included fre-
quent image freezing due to respiratory and vascular in-
fluences, particularly in overweight patients. Visualizing
deeper pathologies proved difficult, and chronic inflam-
matory lesions exhibited increased stiffness, impacting
specificity. Conversely, some malignant lesions demon-
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strated lower stiffness, affecting sensitivity. Variability in
establishing gold standard diagnoses across subjects was
also noted, with criteria ranging from histopathology to
clinical and radiological findings.

Conclusion

In conclusion, bedside ultrasound is highly valued for its
accessibility and cost-effectiveness. Elastography tech-
niques, such as SE and SR, are emerging approaches that
play a crucial role in differentiating between hard and soft
tissues, thereby enhancing tumor detection and diagnosis.
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