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The correct identification of distended lymph nodes (LNs) is difficult but essential and 
aids in patient prognosis and treatment options (1, 2). Conventional ultrasonography 
(US) has been used extensively for preoperative imaging and diagnosing malignant 

cervical lymph nodes (CLNs). Since the clinical application of ultrasound elasticity, it was 
used for distinguishing malignant and benign lesions at many sites. Several studies have 
shown that this technique positively correlates with histopathologic data (3–5).

Presently, quantitative techniques for elasticity include elastic tissue diffusion and acous-
tic radiation force impulse (ARFI) imaging (6). Virtual touch tissue imaging quantification 
(VTIQ) was developed and based on ARFI. VTIQ can be used to record multipoint shear wave 
velocity (SWV) with a wider range and a smaller region of interest (ROI) sampling frame 
(7–9). Studies evaluating CLNs with VTIQ shear wave elastography (SWE) and B-mode US 
are present in the literature (10–12). However, to our knowledge, Doppler US, VTIQ, and de-
tailed B-mode features have not been evaluated altogether prospectively for distinguishing 
enlarged CLNs. The goal of the present study was to prospectively examine VTIQ SWE and 
B-mode and Doppler US, individually and combined, for their ability to differentiate benign 
and malignant CLNs.

Methods
Study population

Subjects were incorporated into this prospective study based on their referral to our ra-
diology department between February 2018 and April 2018 for US examination and SWE 

PURPOSE 
We aimed to prospectively examine virtual touch tissue imaging quantification (VTIQ) shear wave 
elastography (SWE) and conventional (B-mode and Doppler) ultrasonography (US), individually and 
combined, for their ability to differentiate benign and malignant cervical lymph nodes (CLNs).

METHODS
One hundred enlarged lymph nodes (LNs) from 72 patients, confirmed by histopathologic diagno-
ses, were included in the present study. B-mode US, Doppler US, and SWE were performed before 
histopathologic sampling of the LNs. The LN shear wave velocity (SWV, m/s) was assessed by VTIQ.

RESULTS
Using a 3.03 m/s cutoff value, the sensitivity, specificity, positive predictive value (PPV), negative 
predictive value (NPV), and accuracy of SWVmax for differentiating benign and malignant CLNs 
were 93%, 59%, 68%, 91%, and 75%, respectively. B-mode and Doppler had a sensitivity, spec-
ificity, PPV, NPV, and accuracy of 79.2%, 71.2%, 71.6%, 78.7%, and 75%, respectively. B-mode, 
Doppler, and VTIQ SWE combined had 87.5%, 75%, 76.3%, 86.6%, and 81% for the same param-
eters, respectively.

CONCLUSION
VTIQ SWE is a promising noninvasive diagnostic imaging technique for differentiating benign 
and malignant CLNs. VTIQ SWV can improve the diagnostic performance of conventional US for 
differentiating benign and malignant CLNs.
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before US-guided fine-needle or excision-
al biopsy. Exclusion criteria were LNs with 
nondiagnostic cytopathologic results. One 
hundred enlarged LNs from 72 consecutive 
patients (36 males and 36 females; mean 
age, 45.9±21.3 years; range, 2–91 years) 
were recruited for the study. Our reference 
standard was the cytopathologic results. 
Written informed consent was obtained 
from the patients before the start of the 
study. Our institution’s ethics committee 
approved the study in accordance with 
the Declaration of Helsinki (decision no.: 
2018/26).

US examination
The subjects were positioned supine-

ly, while the neck was rested on a pillow. 
The examination started with B-mode and 
Doppler US, followed by VTIQ SWE. US and 
SWE were both performed using an Acu-
son S2000 US System (Siemens Medical). 
Conventional US imaging was done by us-
ing a 5.5–18 MHz 18L6 HD probe. LN level, 
short-axis diameter, axial ratio (short to long 
axis), presence or absence of the echogenic 
hilus, calcification, or cystic change, as well 
as LN vascularity pattern, were assessed in 
conventional examination. LN locations 
were classified as anatomic levels 1, 2, 3, 4, 
5, and 6. According to this classification, lev-
el 1 LNs were submental and submandibu-
lar; level 2 LNs were upper internal jugular 
chain nodes; level 3 LNs were middle inter-
nal jugular chain nodes; level 4 LNs were 
lower internal jugular chain nodes; level 5 
LNs were spinal accessory chain nodes and 
transverse cervical chain nodes; and level 6 
LNs were anterior cervical nodes (13).

With color Doppler, the vascular pattern 
of the LN was evaluated as avascular, hilar, 
peripheral, and mixed (peripheral and hi-
lar). The avascular and hilar patterns were 
defined as LNs with normal vascularity pat-
tern, and the peripheral or mixed pattern as 
LNs with abnormal vascularity pattern.

Shear wave elastography
An image was generated using a 4–9 

MHz 9L4 probe combined with VTIQ. On 
the VTIQ, the probe was situated on the 
skin vertically and administered using 
minimal pressure. This was done to gen-
erate LN contact while the patient held 
his/her breath without swallowing. In the 
image, high-quality sections presented 
as green, low-quality sections presented 
as orange, and marginal-quality sections 
presented as yellow (14). Following this, 
the VTIQ velocity mode was switched. In 
the new mode, hard sections presented as 
red, medium-hard sections presented as 
yellow or green, and soft region sections 
presented as blue. A ROI was placed at the 
cortex of the LN (avoiding calcifications 
and cystic regions) on the color-coded 
map to acquire SWV. In the highest quality 
regions, SWV was measured using a fixed 
dimension ROI of 1.5×1.5 mm in the stiff-
est area within the LN. The highest veloc-
ity was defined as SWVmax. The arithmetic 
mean of three SWV values was defined as 
the SWVmean.

Pathologic diagnoses
After US elastography, all LNs were con-

firmed histopathologically by fine-needle 
and/or excisional biopsy.

Statistical analysis
All analyses were performed using SPSS 

v.22 (SPSS Inc.). Measurements were ex-
pressed as mean±SD. Fisher’s exact test 
and χ2 test were used to determine the 
significant gray scale features and vascu-
lar patterns. Shapiro–Wilk test was used to 
evaluate data normality. Mann–Whitney U 
test was used to compare the non-normal 
distributed data between malignant and 
benign LNs. The ability of the SWV values, 
short-axis diameter, and axial ratio to dis-

tinguish malignant versus benign LNs was 
assessed using a receiver operating char-
acteristic (ROC) curve. Cutoff values were 
acquired by Youden’s index from the ROC 
curve. The sensitivity, specificity, positive 
predictive value (PPV), negative predictive 
value (NPV), and accuracy value were calcu-
lated for each predictor. A P value <0.05 was 
accepted as significant.

Results
Of 100 LNs, 52 were benign (24 reac-

tive lymphoid hyperplasia, 16 tuberculous 
lymphadenitis, 9 chronic inflammation, and 
3 foreign body reaction), and 48 were ma-
lignant (33 metastases and 15 lymphomas). 
Metastases were classified as squamous 
cell carcinoma (n=10), papillary thyroid 
carcinoma (n=10), adenocarcinoma (n=9), 
malignant mesenchymal tumor (n=2), neu-
roendocrine tumor (n=1), and malignant 
histiocytic neoplasm (n=1).

Of the LNs, 18 were diagnosed only by 
fine-needle biopsy, 39 by fine-needle and ex-
cisional biopsy, and 43 by excisional biopsy.

B-mode US findings demonstrate most 
(42.3%) of the benign LNs at level 1, and 
some (31.3%) malignant LNs at level 2. The 
distribution of the LNs based on the Amer-
ican Joint Committee on Cancer LN classifi-
cation is shown in Table 1.

The benign LNs’ diameter of the short-axis 
varied from 4 to 29 mm (mean, 10.19±5.13 
mm). The malignant LNs’ short-axis diameter 
was from 7 to 30 mm (mean, 14.83±5.30 mm).

Using the ROC curve obtained from our 
data, the cutoff value for short-axis diame-
ter was 10.5 mm for predicting malignant 
LNs at all LN levels. The sensitivity, speci-
ficity, PPV, NPV, and accuracy were 75%, 
71%, 70%, 75%, and 73%, respectively (P 
< 0.001). The area under the curve (AUC) 
was 0.76 (95% confidence interval [CI], 
0.67–0.86).

Main points

• The SWV value of malignant lymph nodes was 
significantly higher than that of benign lymph 
nodes.

• A single cutoff value of 3.03 m/s was deter-
mined for distinguishing benign and malig-
nant cervical lymph nodes using ROC curves.

• The combined use of VTIQ and conventional 
US had higher overall values than the conven-
tional US.

Table 1. Lymph node levels based on the American Joint Committee on Cancer classification

Level Benign (n=52), n (%) Malignant (n=48), n (%)

1 22 (42.3) 11 (22.9)

2 13 (25) 15 (31.3)

3 2 (3.8) 4 (8.3)

4 4 (7.7) 7 (14.6)

5 11 (21.2) 9 (18.8)

6 0 (0) 2 (4.2)



The axial ratio of the benign LNs was 
0.25 to 1.0 (mean, 0.57±0.17). The malig-
nant LN axial ratio was 0.34 to 0.92 (mean, 
0.67±0.14).

A cutoff value of 0.56 had the best sen-
sitivity of 83.33%, which was based on the 
ROC curve. AUC was 0.70 (95% CI, 0.60–
0.80). The specificity, PPV, NPV, and accu-
racy were 53.85%, 62%, 77%, and 68%, re-
spectively (P < 0.001).

Echogenic hilus was observed in 30 of 52 
benign LNs (57.7%) and 8 of 48 malignant 
LNs (16.7%). The sensitivity, specificity, PPV, 
NPV, and accuracy of the echogenic hilus 

were determined to be 83.3%, 57.6%, 64.5%, 
78.9%, and 70%, respectively (P < 0.001).

Calcification of benign and malignant 
LNs was not found to be significant (P = 
0.83). The sensitivity, specificity, PPV, NPV, 
and accuracy of calcification for predict-
ing malignancy were 22.9%, 78.8%, 50%, 
52.5%, and 52%, respectively.

The sensitivity, specificity, PPV, NPV, and 
accuracy of cystic changes to distinguish 
benign and malignant LNs were deter-
mined as 58.3%, 80.7%, 73.6%, 67.7%, and 
70%, respectively (P < 0.001). All B-mode US 
findings are detailed in Table 2.

Doppler US showed avascular pattern in 
13 LNs, of which 9 (69.2%) were benign and 
4 (30.8%) were malignant. Hilar pattern was 
seen in 26 LNs, of which 24 (92.3%) were 
benign and 2 (4.2%) were malignant. With 
color Doppler, the vascularity pattern of the 
LN for predicting malignancy had 87.5% 
sensitivity. The specificity, PPV, NPV, and ac-
curacy were 63.4%, 68.8%, 84.6%, and 75%, 
respectively (P < 0.001).

VTIQ SWE determined the SWVmean value 
of malignant LNs (4.18±1.10 m/s; range, 
1.99–6.16 m/s) to be significantly higher 
than that of benign LNs (2.96±1.15 m/s; 
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Table 2. The distribution of findings according to benign/malignant lymph nodes and statistical data for conventional US characteristics and VTIQ SWV 
for predicting malignant lymph nodes

Variable
Benign LN 

(n=52), n (%)
Malignant LN 
(n=48), n (%) Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%) P

Short-axis diameter

<10.5 mm 37 (71.1) 12 (25) 75 71 70 75 73 0.001

≥10.5 mm 15 (28.8) 36 (75)

Axial ratio

<0.56 24 (46.1) 8 (16.6) 83.3 53.8 62 77 68 0.001

≥0.56 28 (53.84) 40 (83.3)

Echogenic hilus

Present 30 (57.7) 8 (16.7) 83.3 57.6 64.5 78.9 70 0.001

Absent 22 (42.3) 40 (83.3)

Calcification

No 41 (78.8) 37 (77.1) 22.9 78.8 50 52.5 52 0.83

Yes 11 (21.2) 11 (22.9)

Cystic changes

No 42 (80.8) 20 (41.7) 58.3 80.7 73.6 67.7 70 0.001

Yes 10 (19.2) 28 (58.3)

Vascularity pattern

Normal 33 (63.4) 6 (12.5) 87.5 63.4 68.8 84.6 75 0.001

Abnormal 19 (36.5) 42 (87.5)

SWVmean

<3.03 m/s 33 (63.7) 4 (8.4) 91.6 63.4 69 89 77 0.001

≥3.03 m/s 19 (36.3) 44 (91.6)

SWVmax

<3.03 m/s 31 (56.7) 3 (6.25) 93 59 68 91 75 0.001

≥3.03 m/s 21 (40.3) 45 (93.75)

US, ultrasonography; VTIQ, virtual touch tissue imaging quantification; SWV, shear wave velocity; LN, lymph node; PPV, positive predictive value; NPV, negative predictive value.
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range,  1.25–6.21 m/s). The SWVmax value 
of malignant LNs (4.51±1.16 m/s; range, 
2.1–6.41 m/s) was higher than that of be-
nign LNs (3.21±1.23 m/s; range, 1.33–6.25 
m/s) (P<0.001). Using ROC curves, 3.03 m/s 
was determined as a single cutoff for dif-
ferentiating benign and malignant CLNs. 
AUCs for SWVmean and SWVmax were 0.792 
(95% CI, 0.702–0.883) and 0.788 (95% CI, 
0.697–0.879), respectively. Fig. 1 shows 
the ROC curve of SWVmax. Using a 3.03 m/s 
cutoff value, the sensitivity, specificity, PPV, 
NPV, and accuracy of VTIQ SWVmean for dis-

tinguishing benign and malignant CLNs 
were 91.6%, 63.4%, 69%, 89%, and 77%, 
respectively. Using a 3.03 m/s cutoff value, 
the sensitivity, specificity, PPV, NPV, and ac-
curacy of SWVmax for distinguishing benign 
and malignant CLNs were 93%, 59%, 68%, 
91%, and 75%, respectively. The details are 
shown in Table 2.

The sensitivity, specificity, PPV, NPV, and 
accuracy of conventional US (B-mode and 
Doppler) for distinguishing benign and 
malignant LNs were calculated as 79.2%, 

71.2%, 71.6%, 78.7%, and 75%, respective-
ly. The same parameters mentioned above 
for the combined evaluation of VTIQ SWE 
and conventional US for distinguishing be-
nign and malignant LNs were calculated 
as 87.5%, 75%, 76.3%, 86.6%, and 81%, re-
spectively. These results are shown in Table 
3. Figs. 2–4 show the examples of conven-
tional US and VTIQ SWE findings.

Discussion
The VTIQ SWV value of malignant LNs 

was significantly higher than that of be-
nign LNs. A single cutoff value of 3.03 m/s 
was determined for distinguishing benign 
and malignant CLNs using ROC curves. 
AUCs for SWVmean and SWVmax were 0.792 
(95% CI, 0.702–0.883) and 0.788 (95% CI 
0.697–0.879), respectively. Using a 3.03 
m/s cutoff value, the sensitivity, specifici-
ty, PPV, NPV, and accuracy of VTIQ SWV for 
distinguishing benign and malignant CLNs 
were 91.6%, 63.4%, 69%, 89%, and 77%, 
respectively. Using the same cutoff value, 
the sensitivity, specificity, PPV, NPV, and ac-
curacy of SWVmax for distinguishing benign 
and malignant CLNs were 93%, 59%, 68%, 
91%, and 75%, respectively. The combined 
use of VTIQ and conventional US had higher 
sensitivity, specificity, PPV, NPV, and accura-
cy values (87.5%, 75%, 76.3%, 86.6%, and 
81%, respectively) than the conventional 
US (79.2%, 71.2%, 71.6%, 78.7%, and 75%, 
respectively).

In previous studies, several cutoff values 
(5 mm, 8 mm, and 10 mm) were reported 
for the short-axis diameter in the differentia-
tion of benign and malignant LNs (15–17). In 
our study, the best cutoff value determined 
by ROC analysis for all LNs was calculated as 
10.5 mm (AUC, 0.764; 95% CI, 0.671–0.858). 
For the 10.5 mm cutoff value, the sensitivity, 
specificity, PPV, NPV, and accuracy were 75%, 
71%, 70%, 75%, and 73%, respectively.

LN morphology is a useful criterion for 
distinguishing benign and malignant LNs. 
LN shape is determined by the axis ratio 
(short-axis/long axis). Different cutoff val-
ues have been reported for different re-
gions of the neck with 0.5 being the most 
commonly used cutoff value for benign 
and malignant LN discrimination (18, 19). In 
our study, the best cutoff value for the axial 
ratio determined by ROC analysis was 0.56 
(AUC, 0.70; 95% CI, 0.60–0.80), yielding 68% 
diagnostic accuracy. In the study by Ying et 
al. (19), the accuracy reported for 0.5 axial 
ratio of different neck levels in distinguish-

Table 3. Conventional US, VTIQ SWE, and combined evaluation parameters

Modality
Sensitivity 
(%)

Specificity 
(%)

PPV 
(%)

NPV 
(%)

Accuracy 
(%) P 

Conventional US 79.2 71.2 71.6 78.7 75 0.001

VTIQ SWE 91.6 63.4 69 89 77 0.001

Conventional US+VTIQ 
SWE

87.5 75 76.3 86.6 81 0.001

US, ultrasonography; VTIQ, virtual touch tissue imaging quantification; SWE, shear wave elastography; PPV, 
positive predictive value; NPV, negative predictive value.

Figure 1. The ROC curve of SWVmean. AUC was 0.792 (95% CI, 0.702–0.883).
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ing malignant and benign LNs ranged from 
66% to 90%, and sensitivity ranged from 
22% to 93%. Alam et al. (20) reported 56% 

accuracy for 0.6 axial ratio, and Lyshchik et 
al. (21) reported 79% accuracy for 0.5 axial 
ratio.

The occurrence of a central echogenic 
hilus in the LNs is generally thought to be a 
benign feature (22). In the studies performed 
by Ahuja et al. (23–28), metastatic, lympho-
matous, and tuberculosis LNs did not have a 
hilus, whereas normal LNs typically had one. 
In our study, the accuracy of the echogenic 
hilus was calculated as 70%, and having an 
echogenic hilus was a statistically significant 
feature for distinguishing benign and ma-
lignant LNs (P < 0.001). In the present study, 
the echogenic hilus was observed in 16.7% 
(n=8) of malignant LNs and 57.7% (n=30) of 
benign LNs. Of the LNs, 68% (15/22) without 
an echogenic hilus were histopathologically 
reported as granulomatous lymphadenitis. 
The precision of the echogenic hilus for dis-
tinguishing benign and malignant LNs was 
reported as 62% in the report by Lyshchik et 
al. (21) and 86% in the report by Alam et al. 
(20). However, the echogenic hilus has been 
observed in both benign and malignant LNs. 
The occurrence of the echogenic hilus can-
not be the only benchmark for evaluating 
CLNs.

Nodal calcification commonly occurs in 
the metastatic thyroid nodes from papillary 
and medullary carcinoma (29). In our study, 
the accuracy of calcification for predicting 
malignancy was 52%. We found that the 
occurrence of calcification in the LN for 
distinguishing benign and malignant LNs 
was not statistically significant (P = 0.83). In 
the study performed by Lyshchik et al. (21), 
the accuracy of calcification for predicting 
malignancy was reported as 59%, and this 
value is similar to the value in our study.

Cystic changes are usually seen in squa-
mous cell carcinoma metastases (30), pap-
illary thyroid carcinoma metastases (26), 
and tuberculous adenitis (24). Regardless of 
the nodal size, the LNs with intranodal ne-
crosis should be considered pathologic. In 
the study by Azizi et al. (11), cystic content 
predicted malignant LN with a sensitivity 
of 22.22% and specificity of 98.1%. In our 
study, the sensitivity and specificity of cys-
tic changes to distinguish benign and ma-
lignant LNs were determined to be 58.3% 
and 80.7%, respectively (P < 0.001). His-
topathologic identification of benign LNs 
with cystic change (n=10) was reported as 
granulomatous lymphadenitis in our study.

Normal and reactive LNs appear to exhib-
it hilar vascularity or avascularity (31). Nev-
ertheless, malignant nodes appear to be of 
peripheral or mixed vascularity (32). In our 
study, the avascular and hilar patterns were 
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Figure 2. a–d. A 56-year-old woman with reactive LN. B-mode US image (a) reveals a 17×10.5 mm 
ovoid nodule with fatty hilus and 0.58 axial ratio at level 1. Normal hilar vascularization is seen on 
color Doppler (b). The VTIQ quality map (c) is green, indicating decent VTIQ estimates. VTIQ velocity 
mode image (d) shows the SWVs (m/s) of three different points.

c d

a b

Figure 3. a–d. A 69-year-old man with metastatic LN from squamous cell carcinoma. B-mode US 
image (a) reveals a 17.3×10.3 mm lymph node with cystic changes, loss of echogenic hilus, and 0.59 
axial ratio at level 2. Avascular pattern is seen in color Doppler (b). The VTIQ quality map (c) is green, 
indicating decent VTIQ estimates. VTIQ velocity mode image (d) shows the SWVs (m/s) of three 
different points.

c d

a b
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defined as LNs with normal vascularity pat-
tern, and the peripheral or mixed pattern as 
LNs with abnormal vascularity pattern. Of 
19 benign LNs with abnormal vascularity, 
tuberculous lymphadenitis was diagnosed 
in 73.6% (n=14), chronic inflammation was 
diagnosed in 15.7% (n=3), and foreign body 
reaction was diagnosed in 10.7% (n=2). 
Doppler ultrasonography evaluation of 
nodal vascular pattern has been reported 
to have increased sensitivity (83%–89%) 
and specificity (87%–100%) for differentiat-
ing metastatic and reactive nodes (33–35). 
In the study performed by Lyshchik et al. 
(21), the sensitivity and specificity of vascu-
larity to distinguish benign and malignant 
LNs were 47% and 99%, respectively. In our 
study, the vascularity pattern of the LN for 
predicting malignancy had a sensitivity of 
87.5% and a specificity of 63.4%. The lower 
specificity value determined in our study 
was thought to be due to granulomatous 
LNs showing variable vascular pattern char-
acteristics.

In our study, the SWVmean value of malig-
nant LNs (4.18±1.10 m/s; range, 1.99–6.16 
m/s) was significantly higher than that of 
benign LNs (2.96±1.15 m/s; range, 1.25–6.21 

m/s). The SWVmax value of malignant LNs 
(4.51±1.16 m/s; range, 2.1–6.41 m/s) was 
significantly higher than that of benign LNs 
(3.21±1.23 m/s; range, 1.33–6.25 m/s) (P < 
0.001). In our study, similar statistical meth-
ods were used with other studies evaluat-
ing VTIQ, and similarly, the ROC curve was 
generated to determine the optimal SWV 
cutoff value for differentiating benign and 
malignant CLNs (9–12). In a single cutoff 
analysis for predicting malignancy, 3.03 m/s 
was determined to be the threshold to dis-
tinguish benign and malignant CLNs using 
ROC curves. AUCs for SWVmean and SWVmax 
were 0.792 (95% CI, 0.702–0.883) and 0.788 
(95% CI, 0.697–0.879), respectively. Using a 
3.03 m/s cutoff value, the sensitivity, speci-
ficity, PPV, NPV, and accuracy of SWVmean for 
distinguishing benign and malignant CLNs 
were 91.6%, 63.4%, 69%, 89%, and 77%, 
respectively. Using the same cutoff value, 
the sensitivity, specificity, PPV, NPV, and ac-
curacy of SWVmax for distinguishing benign 
and malignant CLNs were 93%, 59%, 68%, 
91%, and 75%, respectively. Cheng et al. 
(9) showed that a cutoff value of 3.34 m/s 
results in benign and malignant discrimi-
nation (AUC, 0.855; 95% CI, 0.770–0.917), 

with 78.9% sensitivity and 74.7% specificity. 
In the study by Zhang et al. (36), AUC was 
0.838 with a 3.14 m/s cutoff value; sensitivi-
ty and specificity for benign and malignant 
discrimination were found as 77.1% and 
85.7%, respectively. Azizi et al. (11) reported 
92.5% sensitivity, 75.4% specificity, 48.5% 
PPV, and 97.6% NPV with a cutoff value 
of 2.93 m/s (AUC, 0.88; 95% CI, 0.82–0.93). 
The 3.03 m/s cutoff value determined in 
our study is near these cutoff values. In the 
meta-analysis by Zhang et al. (37) about the 
overall performance of ARFI for classifying 
LNs, they found that ARFI has a high accura-
cy for the identification of benign and ma-
lignant LNs with a pooled sensitivity of 87% 
and specificity of 88% and a corresponding 
AUC of 0.93. In the meta-analysis study con-
ducted by Suh et al. (38), in which SWE tech-
niques (ARFI and supersonic shear imaging) 
were evaluated, SWE showed a sensitivity 
and specificity of 81% and 86%, respective-
ly (AUC, 0.85; 95% CI, 0.81–0.88). Compared 
with these values, the specificity and AUC 
for SWV was lower in our study, but the sen-
sitivity was higher (especially for SWVmax).

In the present study, the false positive 
results based on SWVmax and SWVmean val-
ues were 21 (40.3%) and 19 (36.5%), re-
spectively. Thirteen (61.9%) false positive 
LNs according to SWVmax and 13 (68.4%) 
false positive LNs according to SWVmean 
were reported as granulomatous LNs. The 
three false positive LNs (SWVmax 14.2% and 
SWVmean 15.7%) were foreign body reaction 
with dense fibrosis; two (SWVmax 9.5% and 
SWVmean 10.5%) were chronic inflamma-
tion. Three (14.2%) SWVmax and one (5.2%) 
SWVmean false positive LN measurements 
were reactive hyperplasia. In the study by 
Cheng et al. (9), 50% of tuberculous lymph-
adenitis and approximately 10% of reactive 
hyperplasia cases contributed to false posi-
tive outcomes based on VTIQ SWE. Similar 
to Cheng et al. (9), we also suggest that 
various structures, such as calcification and 
fibrosis, may yield false positivity. The low 
specificity values determined in our study 
were thought to be due to a large num-
ber of granulomatous LNs mimicking ma-
lignant tissue features in our study. There 
were 3 false negative results for SWVmax and 
4 false negative results for SWVmean, which 
were histopathologically diagnosed as 
Hodgkin lymphoma mixed cellularity type. 
Desmoplastic reaction that is observed in 
nodular sclerosing lymphoma and mixed 
cellular type lymphoma occurs predomi-
nantly in the late stages of the disease (39). 

Figure 4. a–d. A 49-year-old man with Hodgkin lymphoma. B-mode US image (a) reveals a 33.2×19.3 
mm lymph node with heterogeneous internal structure, loss of echogenic hilus, and 0.58 axial ratio at 
level 3. Abnormal mixed type vascularity pattern is seen on color Doppler (b). The VTIQ quality map 
(c) is green, indicating decent VTIQ estimates. VTIQ velocity mode image (d) shows the SWVs (m/s) 
of three different points. Histopathologic diagnosis was made after excisional lymph node biopsy 
because the lymph node could not be diagnosed by fine-needle aspiration biopsy.

c d

a b



The LNs that yielded false negative results 
had not developed fibrosis tissue associat-
ed with desmoplastic reaction as confirmed 
by pathologic findings.

VTIQ does not depend on the ability of 
the operator to maintain optimal pressure. 
For evaluating the CLNs, VTIQ achieves in-
termediate to excellent interobserver and 
intraobserver reproducibility (9, 40). In addi-
tion, since VTIQ provides quantitative infor-
mation about tissue stiffness, it has a clear 
superiority than strain elastography, which 
provides semiquantitative information.

In our study, the combined use of VTIQ 
and conventional US had higher overall 
values than the conventional US. In parallel 
with most of the studies in the literature, 
our study also showed that SWE is a highly 
sensitive technique for correct characteriza-
tion of the enlarged CLNs especially when 
combined with conventional US. We think 
that the routine use of SWE may provide 
information about the LN characterization, 
reduce fine-needle biopsies, and the num-
ber of surgical excision cases. We also think 
that SWE will provide additional informa-
tion to assess suspicious LNs and in cases 
where histopathologic evaluation is need-
ed in the prognosis and staging of head and 
neck malignancies.

The present study has some limitations. 
First, we had a relatively small sample size. 
Second, a small variety of LNs were studied. 
The usefulness of VTIQ in LNs with diverse 
histology must be evaluated in further stud-
ies. Third, confirmation by histology was a 
part of our inclusion criteria. Similar to other 
studies, this may lead to a selection bias.

In conclusion, the SWV value of malig-
nant LNs was significantly higher than that 
of benign LNs. In a single cutoff analysis, 
the best SWV for distinguishing benign and 
malignant CLNs was 3.03 m/s with a sensi-
tivity of 93%. VTIQ could be used to evalu-
ate the enlarged LNs and provide additional 
information to conventional US. Additional-
ly, patients could avoid the possible compli-
cations of biopsy and surgery. We think that 
further studies with larger sample size and 
greater variety of LNs are required to vali-
date our findings.
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