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SUMMARY - This study aimed to assess the diagnostic efficacy of ultrasound (US) and shear wave
elastography (SWE) in distinguishing benign and malignant axillary lymph nodes in patients with breast
cancer. A total of 121 axillary lymph nodes from 61 breast cancer patients (mean age, 52.4+14.6 years)
were enrolled between May 2019 and August 2020. Lymph nodes were histopathologically diagnosed
through core needle biopsy or surgical excision. B-mode US features (short axis diameter, short-to-long
axis diameter ratio, presence of echogenic hilum, presence of asymmetric cortical thickening, cortex
thickness) were assessed and SWE measurements (maximum shear wave velocity (SWV__), minimum
SWV (SWV__), median SWV (SWV___ ), mean SWV (SWV__)) were performed. There were 45
(37.2%) benign and 76 (62.8%) malignant lymph nodes. The short axis diameter, short-to-long axis di-
ameter ratio, and mean cortical thickness of malignant lymph nodes were significantly higher compared

to benign lymph nodes (p<0.001 all). SWV__  SWV SWV_ ,and SWV__ of malignant lymph

median’

nodes were significantly higher than those of bemgn lymph nodes (p<0 001 for all) Both US and SWE

were useful in discriminating between benign and malignant axillary lymph nodes.
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Introduction

Breast cancer stands as the most prevalent form of
cancer among women and remains the leading cause
of cancer-related fatalities’. The Breast Imaging-Re-
porting and Data System (BI-RADS), created by the
American College of Radiology, serves as a cornersto-
ne for radiological evaluation of breast lesions. This
system provides a standardized language and reporting
scheme for lesion evaluation. Lesions with a high risk
of malignancy are classified into BI-RADS category 4
and category 5.

Axillary lymph node involvement stands as the most
important prognostic factor in breast cancer. Nodal
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involvement affects staging and subsequently alters
treatment approach. The presence of nodal metastasis
reduces the five-year survival rate by approximately
40% compared to patients without nodal metastasis®.
Due to the reduced morbidity associated with axillary
lymph node dissection, sentinel lymph node biopsy
is preferred in patients with low risk of axillary no-
dal metastasis. The status of the sentinel lymph node
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serves as an indicator of the overall axillary lymph
node involvement. However, false-negative results are
possible with sentinel lymph node biopsy*”.

Noninvasive radiological imaging techniques are
commonly used to assess axillary lymph node involve-
ment in the preoperative period. Ultrasound (US) has
higher diagnostic accuracy in detecting axillary lymph
node metastasis compared to other imaging modali-
ties®®. US assessment includes long and short axis dia-
meter of lymph node, presence of echogenic hilum, and
measuring cortical thickening®'2. However, axillary US
alone may not be sufficient as a standalone examinati-
on modality and can determine benign and malignant
lymph node diagnoses with moderate sensitivity".

Elastography is a US-based imaging modality that
measures tissue stiffness. It has been developed and
widely used in recent years to provide quantitative eva-
luation of tissue stiffness'. Several studies have shown
that malignant lesions in organs such as the breast,
thyroid and parathyroid glands, lymph nodes, and
prostate are stiffer than benign lesions' . Metastatic
axillary lymph nodes are stiffer compared to benign
inflammatory lymph nodes'?. In this study, we aimed
to investigate diagnostic value of US and elastography
in differentiating benign and malignant axillary lymph
nodes in patients with breast cancer.

Materials and Methods

'This prospective study was approved by the Ondo-
kuz Mayis University Clinical Research Ethics Com-
mittee, protocol number B.30.2.0DM.0.20.08/686.
Wiritten and verbal consent was obtained from all
participating patients.

Study design, US and SWE examinations

Between May 2019 and August 2020, a total of 121
lymph nodes from 61 patients (mean age: 52.4+14.6
years) were examined.

The US and shear wave elastography (SWE) evalu-
ations were conducted by a radiologist (I.K.B., 17 years
of experience in breast radiology) and senior radiology
resident (C.K.). The US and SWE evaluations were
performed using Siemens ACUSON 52000 (Siemens
Medical Solutions, Mountain View, CA, USA) equi-
pped with 9 MHz and 18 MHz linear probes.
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During B-mode US evaluation, the following fea-
tures of the lymph nodes were assessed: long and short
axes of lymph nodes, and short axis to long axis dia-
meter ratio, presence of echogenic hilum, presence of
asymmetric cortical thickening in lymph nodes with
echogenic hilum, and cortex thickness of the lymph
node. In lymph nodes without echogenic hilum, the
short axis of the lymph node was considered as corti-
cal thickness.

Elastography examination was performed using
the Virtual Touch Tissue Imaging Quantification
(VTIQ) function of the device. A sufficient amount
of gel was applied to the area where the lymph node
would be examined to prevent compression by the
operator. After activating the VTIQ_function of the
device, the region of interest (ROI) box was placed to
cover the entire lymph node and a small portion of the
surrounding tissue, and a shear wave velocity (SWV)
map was generated. In this map, the stiff areas of the
lymph node were color-coded in red, whereas the soft
areas were color-coded in green. The SWV measure-
ment range was set at 0-10 meters per second (m/s).
Shear wave quality maps were also generated for each
evaluation, and SWV measurements were performed
from the green areas representing high-quality SWV
measurements. Within the cortex of the examined
lymph node on the SWV maps, 5-7 small ROIs mea-
suring 2x2 mm were placed, and SWV measurements
were noted. The ROIs were positioned in the color-co-
ded areas representing the stiffest parts of the cortex
on the SWV map. Subsequently, a single 2x2 mm ROI
was placed in the neighboring fatty tissue, selected as
a reference at the same level, and measurement was
taken (Fig. 1). The maximum SWV (SWV_ ), mi-
nimum SWV (SWV_ ), median SWV (SWV__ ),
mean SWV (SWV__ ) of the lymph nodes, and the
ratio of SWV__ to the SWV of the reference fatty
tissue (SWV_ ) were used on statistical analysis.

To assess the interobserver validity of the SWE
examination, the measurements of 50 randomly sele-
cted lymph nodes were repeated by a second observer

(LK.B.).

Histopathologic examination

Pathologic diagnosis was established through
either core needle biopsy (tru-cut biopsy) or surgical
excision of the measured lymph nodes. Core needle
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Fig. 1. Ultrasound examination of the right axillary region in a 67-year-old female patient: (a) a lymph node
19.2x11.7 mm characterized by an asymmetrically thick cortex and an echogenic hilum; () the shear wave elastography
(SWE) quality map revealed the region of interest (ROI) box interior in a homogeneous green color, indicating a high-
quality measurement; (c) during the SWE examination, the lymph node showed a mean shear wave velocity (SWV)
value of 2.61 m/s, with maximum SWV value measured at 2.69 m/s. The histopathologic examination results were
indicative of a malignant lymph node.

biopsies were performed using a 14-18 gauge automa-
tic biopsy needle (22 mm; Geotek, Maxicore, Ankara,
Turkey). Surgical excisions were carried out by the ge-
neral surgery professional from our hospital, experien-
ced in breast surgery. Pathologic examination of the
specimens was performed by experienced pathologists
in our center.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics for Windows, version 22.0 (IBM Corp., Ar-
monk, NY, USA). Normal distribution of continuous
variables was assessed using the Kolmogorov-Smirnov
test. Data yielded by descriptive statistics were expre-
ssed as mean and standard deviation, and median
and range as appropriate. Pearson y*-test was utilized
for comparison of categorical variables. Independent
samples t-test and Mann-Whitney U test were used to

compare independent continuous variables. Diagno-
stic performance of SWE examination in differentia-
ting malignant and benign lymph nodes was evaluated
using receiver operating characteristics (ROC) curve.
Pearson correlation was used to assess inter-observer
variability. The level of statistical significance was set

at p<0.05.

Results

Demographic characteristics and histopathologic

results of the study population

Pathologic diagnoses were established through
percutaneous biopsy (n=61), axillary dissection (n=43)
or sentinel lymph node biopsy (n=17). Among the
examined lymph nodes, 45 (37.2%) were diagnosed as

Table 1. Comparison of B-mode ultrasound features between benign and malignant lymph nodes

Variable Alllymph nodes Benign lymph nodes Malignant lymph nodes | p value

Short diameter (mm) 9.48+3.96 7.12+2.34 10.88+4.06 <0.001

Diameter ratio 0.58+0.17 0.49+0.15 0.63+0.16 <0.001

Cortex diameter 6.65+4.18 4.48+1.41 8.52+4.15 <0.001
Present | 87 (71.9%) 44 (50.6%) 43 (49.4%)

Echogenic hilum: <0.001
Absent | 34 (28.1%) 1 (2.9%) 33 (97.1%)

Asymmeric | Present | 73 (83.9%) 31 (42.5%) 42 (57.5%) 0001

cortical thickening: | Absent | 14 (16.1%) 13 (92.9%) 1(7.1%)
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benign and 76 (62.8%) were diagnosed as malignant.
Of these, 57 (47.1%) were located in the right axilla
and 64 (52.9%) in the left axilla. Malignancy rates
were 59.6% for the right axilla and 65.6% for the left
axilla, with no significant relationship between locati-
on and malignancy (p=0.497).

Among the lymph nodes diagnosed with core
needle biopsy, 45 (73.8%) were malignant, whereas
among those diagnosed with surgery 31 (51.7%)
were malignant. Malignancy was significantly more
common in lymph nodes diagnosed with core needle

biopsy (p=0.012).

B-mode US features of lymph nodes

Table 1 shows comparison of B-mode US chara-
cteristics between benign and malignant lymph nodes.
Malignant lymph nodes exhibited a significantly lar-
ger mean short-axis diameter (10.88+4.06 mm) than
benign lymph nodes (7.12+2.34 mm, p<0.001). A
short-axis cutoff value of 8.25 mm showed sensitivity
of 72.4%, specificity of 77.8%, and accuracy of 74.4%
(area under the curve, AUC=0.785, p<0.001).

The short axis to long axis ratio of malignant lymph
nodes (0.63+0.16) was significantly higher than that
of benign lymph nodes (0.49+0.15, p<0.001), with a
cutoff value of 0.51 yielding sensitivity of 73.7%, spe-
cificity of 66.7%, and accuracy of 70.25% (AUC=0.743,
p<0.001).

The mean cortex thickness of malignant lymph
nodes (8.52+4.15 mm) was significantly higher than
that of benign lymph nodes (4.48+1.41 mm, p<0.001).
A cutoff value of 4.5 mm resulted in sensitivity of
89.5%, specificity of 80.0%, and accuracy of 86.0%
(AUC=0.913, p<0.001).

Ultrasound and shear wave elastography of axillary nodes

Lymph nodes with echogenic hilum had a lower
probability of malignancy (49.4%) compared to those
without echogenic hilum (97.1%), showing a signifi-
cant difference (p<0.001). Similarly, asymmetric corti-
cal thickening was more frequent in malignant lymph

nodes (p<0.001).

Shear-wave elastography

characteristics of ymph nodes

Table 2 illustrates comparison of SWV values
between benign and malignant lymph nodes. Ma-
lignant lymph nodes showed significantly higher
SWV__(3.22+0.65 m/s), SWV_ . (3.26+0.7 m/s),
SWV_ (2.94+0.56 m/s), SWV__ (3.530.77 m/s),
and SWV__ (1.66+0.47 m/s) compared to benign
lymph nodes (p<0.001 for all).

Assessment of the reliability of shear-
wave elastography measurements
There was a very strong correlation between the

SWV_ ,SWV_ . ,and SWV__ values observed by

the observers (Pearson correlation: r=0.986, p<0.001;
r=0.981, p<0.001, and r=0.967, p<0.001, respectively).

Diagnostic performance of shear-

wave elastography in distinguishing

malignant and benign lymph nodes

Table 3 displays diagnostic efficacy of SWE mea-
surements in distinguishing between malignant and
benign lymph nodes. When employing a SWV__
cutoft value of 2.447 m/s, diagnostic parameters were
as follows: sensitivity 92.1%, specificity 88.9%, posi-
tive predictive value 93.3%, negative predictive value

87.0%, and accuracy 90.9% (AUC=0.960, p<0.001).

Table 2. Comparison of SWV values of benign and malignant lymph nodes

SWYV measurement (m/s) Whole lymph nodes E::;i%n lymph Malignant lymph nodes p value
SWv__ 2.82x0.77 2.1320.34 3.22+0.65 <0.001
SWV__ 2.84:0.80 2.13:0.33 3.26+0.7 <0.001
SWV_ 2.58:0.67 1.98+0.35 2.940.56 <0.001
SWV__ 3.07+0.88 2.320.38 3.53+0.77 <0.001
SWV_ 1.48+0.46 1.1620.20 1.66+0.47 <0.001

Data are presented as mean and standard deviations; SWV = shear wave velocity

Acta Clin Croat, Vol 64, No 2, 2025

357



C. Kalkan e al.

Ultrasound and shear wave elastography of axillary nodes

Table 3. Diagnostic performance of SWV parameters in differentiating benign and malignant axillary lymph nodes

Parameter Cutoff AUC Sensitivity Specificity PPV NPV Accuracy
SWv__ 2.447 0.960 92.1% 88.9% 93.3% 87.0% 90.9%
SWv__ 2.460 0.959 92.1% 91.1% 94.6%  |87.2% | 91.7%
SWV 2.415 0.938 86.8% 91.1% 94.3% 80.4% 88.4%
SWV_ 2,620 0.960 93.4% 86.7% 922% [ 88.6% | 90.9%
SWV_ 1.238 0.858 82.9% 73.3% 84.0%  |717% | 81.8%

SWYV = shear wave velocity; AUC = area under the curve; PPV = positive predictive value; NPV = negative predictive value

In the assessment of diagnostic performance of
SWV_ in discriminating malignant from benign
lymph nodes, an optimal cutoff value of 2.620 m/s
yielded sensitivity of 93.4%, specificity of 86.7%, po-
sitive predictive value of 92.2%, negative predictive
value of 88.6%, and accuracy of 90.9% (AUC=0.960,
p<0.001) based on ROC curve analysis. Similarly,
for SWV_ . with a cutoff value of 2.460 m/s, the
sensitivity, specificity, positive predictive value, nega-
tive predictive value, and accuracy were found to be
92.1%, 91.1%, 94.6%, 87.2%, and 91.7%, respectively
(AUC=0.959, p<0.001).

Discussion

Differentiation of benign and malignant lymph
nodes often proves challenging with conventional
imaging methods, including US, contrast enhanced
US, and magnetic resonance imaging. Histopatho-
logic examination remains necessary for a definitive
diagnosis. This study investigated the potential con-
tribution of SWE, in conjunction with grayscale US
findings, to enhance differentiation of malignant and
benign lymph nodes.

In a cohort of 65 axillary lymph nodes in breast
cancer patients, US examination demonstrated 69%
sensitivity and 100% specificity”’. In contrast, Bonne-
ma et al. report lower sensitivity (36%) and high
specificity (95%) in their study of 150 axillary lymph
nodes®. Another study by Holwitt ez a/. with 256 pa-
tients found 79% sensitivity and 81% specificity®.

Various threshold values for maximum short-axis
diameter of lymph nodes, such as 5 mm, 8 mm, and
10 mm, have been proposed in previous studies for
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distinguishing between malignant and benign no-
des?»?, However, there is still no consensus on whi-
ch threshold value should be used. In this study, the
mean short-axis diameter in malignant lymph nodes
was 10.88+4.06 mm, compared to 7.12+2.34 mm in
benign lesions. ROC curve analysis revealed 72.4%
sensitivity, 77.8% specificity, and 74.4% accuracy for
a threshold value of 8.25 mm (AUC=0.785, p<0.001).
Seo et al. examined 54 axillary lymph nodes and found
the mean short-axis length to be 5.49+1.55 mm for
benign lymph nodes and 11.09+4.50 mm for mali-
gnant lymph nodes. In this study, a threshold value of
7.55 mm was determined for the short-axis diameter,
resulting in 79% sensitivity and 95% specificity*. Si-
milarly, in a study conducted by Choi ez a/. with 425
breast cancer patients, the mean short-axis diame-
ter was 5.75+1.87 mm for benign lymph nodes and
7.77+4.14 mm for malignant lymph nodes. When a
threshold value of 7.1 mm was used, 41% sensitivity
and 84% specificity were obtained’.

Regarding the short-to-long axis ratio, our study
identified a ratio of 0.51 as having the highest sensiti-
vity, specificity, and accuracy in distinguishing between
malignant and benign lymph nodes. This aligns with
the findings reported by Choi ez a/. and Yang e al®?".

Deurloo e# al. determined optimal threshold value
for cortical thickness of lymph nodes as 2.3 mm in pa-
tients with breast cancer, achieving sensitivity of 95%
and specificity of 44%%. In the study by Choi ez al., a
threshold value of 3 mm for cortical thickness resulted
in 68% sensitivity and 72% specificity in distinguis-
hing metastatic disease’.

In our study, 73 out of 87 selected lymph nodes
with an echogenic hilum exhibited asymmetric cortical

thickening (83.9%). Among these nodes, 42 (57.8%)
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were identified as malignant and 31 (42.5%) as benign.
In contrast, among the lymph nodes without asymme-
tric cortical thickening, 13 (92.9%) were benign and
one (7.1%) was malignant (p<0.001). Seo e al. obser-
ved asymmetric cortical thickening in 20% of benign
and 26.9% of malignant lymph nodes in their study
of 54 axillary lymph nodes®. In our study, combining
evaluation of lymph nodes without an echogenic
hilum and those with observed asymmetric cortical
thickening resulted in 88% sensitivity and 75% speci-
ficity in differentiating between malignant and benign
lymph nodes. The study by Choi ez a/. on 313 axillary
lymph nodes found asymmetric cortical thickening in
42.2% of malignant and 28.3% of benign nodes, with
sensitivity of 55% and specificity of 70%’.

The presence of an echogenic hilum in a lymph
node is a significant indicator of benign status. Pre-
vious studies have shown that echogenic hilum is ob-
served in 84%-92% of benign lymph nodes compared
to 4%-51.5% of malignant lymph nodes****. In our
study, among the 87 lymph nodes with echogenic hi-
lum, 43 (49.4%) were malignant, whereas among the
34 lymph nodes without echogenic hilum, 33 (97.1%)
were malignant (p<0.001).In the study by Choi ez al,
the absence of an echogenic hilum alone showed a
sensitivity of 24% and specificity of 95% in distingu-
ishing between benign and malignant lymph nodes’.
Seo et al. report that only 5% of benign lymph nodes
lacked an echogenic hilum, while 61.8% of malignant
lymph nodes did not show an echogenic hilum?.

In our study, the SWV__ SWV_ . SWV_,
and SWV _ values of malignant lymph nodes were
significantly higher than those of benign lymph nodes.
Azizi et al., in their study involving 236 patients and
270 cervical lymph node measurements using VITIQ_
functional SWE found that maximum SWV values
were significantly higher in malignant lymph nodes
(3.96+0.96 m/s) compared to benign lymph nodes
(2.71%0.65 m/s). They determined an optimal cutoff
value of maximum SWV as 2.93 m/s, yielding a sensi-
tivity of 92% and specificity of 75%"". In our study, the
optimal cutoff value of maximum SWV was determi-
ned to be 2.62 m/s, aligning with these findings.

Our study had several limitations. Firstly, a limited
number of cases were included (n=61), but the number
of lymph nodes subjected to measurement and histo-
pathologic confirmation in our study is comparable to

Acta Clin Croat, Vol 64, No 2, 2025

Ultrasound and shear wave elastography of axillary nodes

those reported in the literature (n=121). Interobser-
ver agreement statistics could only be conducted on
randomly selected 50 lymph nodes and could not be
evaluated for all lymph nodes.

Conclusion

Our findings suggest that VTIQ function of SWE
can significantly contribute to distinguishing between
benign and malignant axillary lymph nodes. B-mode
US findings also provide valuable information for
detecting metastatic disease. The integration of SWE
with grayscale US examination is believed to improve
diagnostic accuracy in distinguishing benign and ma-
lignant axillary lymph nodes. This implies a potential
reduction in the necessity of invasive procedures such
as biopsy or surgery for patients.

References

1. Ferlay ], Colombet M, Soerjomataram I, Mathers C, Parkin
DM, Pifieros M, et al. Estimating the global cancer incidence
and mortality in 2018: GLOBOCAN sources and methods.
IntJ Cancer. 2019;144(8):1941-53. doi: 10.1002/1jc.31937.

2. Liberman L, Menell JH. Breast imaging reporting and data
system (BI-RADS). Radiol Clin North Am. 2002;40(3):409-
30. doi: 10.1016/50033-8389(01)00017-3.

3. Carter CL, Allen C, Henson DE. Relation of tumor size,
lymph node status, and survival in 24,740 breast cancer
cases. Cancer. 1989;63(1):181-7. doi: 10.1002/1097-0142
(19890101)63:1<181::aid-cncr2820630129>3.0.c0;2-h.

4. Lyman GH, Giuliano AE, Somerfield MR, Benson AB,
Bodurka DC, Burstein HJ, e al. American Society of
Clinical Oncology guideline recommendations for sentinel
lymph node biopsy in early-stage breast cancer. ] Clin Oncol.
2005;23(30):7703-20. doi: 10.1200/JC0O.2005.08.001.

5. Sato K,Uematsu M, Saito T, Ishikawa H, Yamasaki T, Tamaki K,
et al. Indications and technique of sentinel lymph node biopsy
in breast cancer using 99m-technetium labeled tin colloids.
Breast Cancer. 2000;7(1):95-8. doi: 10.1007/BF02967196.

6. Nori J, Vanzi E, Bazzocchi M, Bufalini FN, Distante V,
Branconi F, ez a/. Role of axillary ultrasound examination in the
selection of breast cancer patients for sentinel node biopsy. Am
J Surg.2007;193(1):16-20. doi: 10.1016/j.amjsurg.2006.02.021.

359



C. Kalkan e al.

10.

11.

12.

13.

14.

15.

16.

17.

360

Sato K, Tamaki K, Tsuda H, Kosuda S, Kusano S, Hiraide
H, ez al. Utility of axillary ultrasound examination to select
breast cancer patients suited for optimal sentinel node
biopsy. Am ] Surg. 2004;187(6):679-83. doi: 10.1016/.
amjsurg.2003.10.012.

Chae BJ, Bae JS, Kang BJ, Kim SH, Jung SS, Song BJ.
Positron emission tomography-computed tomography in the
detection of axillary lymph node metastasis in patients with
early stage breast cancer. Jpn J Clin Oncol. 2009;39(5):284-9.
doi: 10.1093/jjco/hyp019.

Choi Y], Ko EY, Han BK, Shin JH, Kang SS, Hahn SY.
High-resolution ultrasonographic features of axillary lymph
node metastasis in patients with breast cancer. Breast.
2009;18(2):119-22. doi: 10.1016/j.breast.2009.02.004.

Bedi DG, Krishnamurthy R, Krishnamurthy S, Edeiken
BS, Le-Petross H, Fornage BD, ez al. Cortical morphologic
features of axillary lymph nodes as a predictor of metastasis
in breast cancer: in vitro sonographic study. AJR Am J
Roentgenol. 2008;191(3):646-52. doi: 10.2214/AJR.07.2460.
Esen G, Gurses B, Yilmaz MH, Ilvan S, Ulus S, Celik V, ez
al. Gray scale and power Doppler US in the preoperative
evaluation of axillary metastases in breast cancer patients
with no palpable lymph nodes. Eur Radiol. 2005;15(6):1215-
23. doi: 10.1007/s00330-004-2605-9.

Moore A, Hester M, Nam MW, Brill YM, McGrath
P, Wright H, e al. Distinct lymph nodal sonographic
characteristics in breast cancer patients at high risk for
axillary metastases correlate with the final axillary stage. Br J
Radiol. 2008;81(968):630-6. doi: 10.1259/bjr/21933846.
Alvarez S, Afiorbe E, Alcorta P, Lopez F, Alonso I, Cortés J.
Role of sonography in the diagnosis of axillary lymph node
metastases in breast cancer: a systematic review. AJR Am J
Roentgenol. 2006;186(5):1342-8. doi: 10.2214/AJR.05.0936.
Gennisson JL, Deffieux T, Fink M, Tanter M. Ultrasound
elastography: principles and techniques. Diagn Interv
Imaging. 2013;94(5):487-95. doi: 10.1016/.diii.2013.01.022.
Giriif A, Oztirk M, Bayrak IK, Polat AV. Shear wave versus
strain elastography in the differentiation of benign and
malignant breast lesions. Turk J Med Sci. 2019;49(5):1509-
17. doi: 10.3906/sag-1905-15.

Polat AV, Ozturk M, Akyuz B, Celenk C, Kefeli M, Polat
C. The diagnostic value of shear wave elastography for
parathyroid lesions and comparison with cervical lymph nodes.
Med Ultrason. 2017;19(4):386-91. doi: 10.11152/mu-1089.
Turgut E, Celenk C, Tanrivermis Sayit A, Bekei T, Gunbey
HP, Aslan K. Efficiency of B-mode ultrasound and strain
elastography in differentiating between benign and malignant

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Ultrasound and shear wave elastography of axillary nodes

cervical lymph nodes. Ultrasound Q. 2017 ;33(3):201-7. doi:
10.1097/RUQ.0000000000000302.

Lyshchik A, Higashi T, Asato R, Tanaka S, Ito J, Mal JJ, ez a/.
Thyroid gland tumor diagnosis at US elastography. Radiology.
2005;237(1):202-11. doi: 10.1148/radiol.2363041248.
Balleyguier C, Canale S, Ben Hassen W, Vielh P, Bayou EH,
Mathieu MC, e al. Breast elasticity: principles, technique,
results: an update and overview of commercially available
software. Eur ] Radiol. 2013;82(3):427-34. doi: 10.1016/.
ejrad.2012.03.001.

Choi J], Kang BJ, Kim SH, Lee JH, Jeong SH, Yim HW, ¢ a/.
Role of sonographic elastography in the differential diagnosis
of axillary lymph nodes in breast cancer. ] Ultrasound Med.
2011;30(4):429-36. doi: 10.7863/jum.2011.30.4.429.

Jain A, Haisfield-Wolfe ME, Lange ], Ahuja N, Khouri N,
Tsangaris T, ez al. The role of ultrasound-guided fine-needle
aspiration of axillary nodes in the staging of breast cancer. Ann
Surg Oncol. 2008;15(2):462-71. doi: 10.1245/510434-007-
9623-1.

Bonnema J, van Geel AN, van Ooijen B, Mali SP, Tjiam SL,
Henzen-Logmans SC, ef al. Ultrasound-guided aspiration
biopsy for detection of nonpalpable axillary node metastases
in breast cancer patients: new diagnostic method. World J
Surg. 1997;21(3):270-4. doi: 10.1007/5002689900227.
Holwitt DM, Swatske ME, Gillanders WE, Monsees
BS, Gao F, Aft RL, e al. Scientific Presentation Award:
The combination of axillary ultrasound and ultrasound-
guided biopsy is an accurate predictor of axillary stage in
clinically node-negative breast cancer patients. Am J Surg.
2008;196(4):477-82. doi: 10.1016/j.amjsurg.2008.06.006.
Lyshchik A, Higashi T, Asato R, Tanaka S, Ito J, Hiraoka
M, et al. Cervical lymph node metastases: diagnosis
at sonoelastography — initial Radiology.
2007;243(1):258-67. doi: 10.1148/radiol.2431052032.
Shozushima M, Suzuki M, Nakasima T, Yanagisawa Y,
Sakamaki K, Takeda Y. Ultrasound diagnosis of lymph node
metastasis in head and neck cancer. Dentomaxillofac Radiol.
1990;19(4):165-70. doi: 10.1259/dmfr.19.4.2097226.

Seo M, Sohn YM. Differentiation of benign and metastatic

experience.

axillary lymph nodes in breast cancer: additive value of shear
wave elastography to B-mode ultrasound. Clin Imaging.
2018;50:258-63. doi: 10.1016/j.clinimag.2018.04.013.

Yang WT, Chang ], Metreweli C. Patients with breast
cancer: differences in color Doppler flow and gray-scale
US features of benign and malignant axillary lymph
Radiology. 2000;215(2):568-73. doi: 10.1148/
radiology.215.2.r00ap20568.

nodes.

Acta Clin Croat, Vol 64, No 2, 2025



C. Kalkan e al.

28.

29.

Deurloo E, Tanis P, Gilhuijs K, Muller S, Kroger R, Peterse
J, et al. Reduction in the number of sentinel lymph node
procedures by preoperative ultrasonography of the axilla
in breast cancer. Eur J Cancer. 2003;39(8):1068-73. doi:
10.1016/50959-8049(02)00748-7.

Alam F, Naito K, Horiguchi J, Fukuda H, Tachikake T, Ito
K. Accuracy of sonographic elastography in the differential

diagnosis of enlarged cervical lymph nodes: comparison with

conventional B-mode sonography. AJR Am ] Roentgenol.

2008;191(2):604-10. doi: 10.2214/AJR.07.3401.

30.

31.

Sazetak

Ultrasound and shear wave elastography of axillary nodes

Teng DK, Wang H, Lin YQ, Sui GQ, Guo F, Sun LN. Value
of ultrasound elastography in assessment of enlarged cervical
lymph nodes. Asian Pac J Cancer Prev. 2012;13(5):2081-5.
doi: 10.7314/apjcp.2012.13.5.2081.

Azizi G, Keller JM, Mayo ML, Piper K, Puett D, Earp
KM, ez al. Shear wave elastography and cervical lymph
nodes: predicting malignancy. Ultrasound Med Biol. 2016
;42(6):1273-81.

ULTRAZVUK I ELASTOGRAFIJA S POSMICNIM VALOM ZA RAZLIKOVANJE
DOBROCUDNIH I ZLOCUDNIH LIMFNIH CVOROVA U BOLESNICA S RAKOM DOJKE

C. Kalkan, I. K. Bayrak, M. Ozturk i A. V. Polat

Ovo istrazivanje imalo je za cilj procijeniti dijagnosticku ué¢inkovitost ultrazvuka (UZ) i elastografije s posmi¢nim valom
(shear wave elastography, SWE) u razlikovanju dobrocudnih od zlo¢udnih aksilarnih limfnih évorova u bolesnica s rakom
dojke. Ukupno 121 aksilarnih limfnih ¢vorova od 61 bolesnice s rakom dojke (srednja dob, 52,4+14,6 godina) ukljuéeno je
izmedu svibnja 2019. i kolovoza 2020. Limfni &vorovi histopatoloski su dijagnosticirani biopsijom core iglom ili kirurskom
ekscizijom. Procijenjena su UZ obiljezja B-moda (promjer kratke osi, omjer promjera kratke i duge osi, prisutnost ehogenog
hiluma, prisutnost asimetri¢nog kortikalnog zadebljanja, debljina korteksa) i mjerenja SWE (maksimalna brzina smicanja vala

(SWV__ ), minimalna SWV (SWV_ ), medijan SWV (SWV_ ), srednji SWV (SWV__)). Bilo je 45 (37,2%) dobrocudnih

176 (62,8%) zlo¢udnih limfnih évorova. Promjer kratke osi, omjer promjera kratke i duge osi i srednja kortikalna debljina

zlo¢udnih limfnih &vorova bili su znacajno veéi u usporedbi s dobrocudnim limfnim &vorovima (p<0,001 svi). SWV

Swv

median’

mean’

SWV__iSWV__ zlo¢udnih limfnih &vorova bili su zna¢ajno visi od onih dobro¢udnih limfnih ¢vorova (p<0,001

svi). 1 US 1 SWE bili su korisni za razlikovanje dobrocudnih od zlo¢udnih aksilarnih limfnih ¢vorova.

Klju¢ne rije¢i: Rak dojke; Limfni cvorovi; Elastografija; Ultrazvuk
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