Diagnostic value of supersonic shear
impulse elastography for malignant
cervical lymph nodes: a Bayesian analysis
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Purpose: This study aimed to assess the diagnostic performance of supersonic impulse (SSI)
elastography in differentiating malignant and benign cervical lymph nodes.

Methods: The Medline, Embase, and Cochrane Central databases were searched until December 1,
2020. Two different reviewers checked the studies and extracted the data. The diagnostic yields
were quantitatively synthesized using a Bayesian bivariate model with an integrated nested
Laplace approximation in R.

Results: In total, 590 patients with 892 cervical lymph nodes who underwent SSI elastography
were included. The total prevalence of malignancy was 33.7% (301/892), and the four elastic
modulus values (mean, maximum, minimum, and standard deviation) were significantly different
between malignant and benign lymph nodes. For the mean elastic modulus, the summary
estimates for sensitivity and specificity were 0.720 (95% credible interval [Crl], 0.592 to 0.824)
and 0.877 (95% Crl, 0.727 to 0.969), respectively. The estimated area under the curve (AUC)
was 0.845 (95% Crl, 0.672 to 0.914). For the maximum elastic modulus, the sensitivity and
specificity were estimated to be 0.809 (95% Crl, 0.698 to 0.899) and 0.816 (95% Crl, 0.643
to 0.924), respectively. The estimated AUC was 0.834 (95% Crl, 0.579 to 0.938). The minimum
and standard deviation of the elastic modulus and the outcomes of the positive and negative
likelihood ratio, diagnostic odds ratio, and risk difference were also calculated.

Conclusion: SSI elastography is an acceptable imaging technique for diagnosing malignant
cervical lymph nodes, and it can play a complementary role today. Both maximum and mean
elastic modulus values should be taken into consideration to make a clinical judgment.

Keywords: Elasticity imaging techniques; Neck; Lymph nodes; Thyroid

Key points: Mean and maximum elastic modulus values have distinct advantages in supersonic
impulse (SSI) elastography examinations, presenting different sensitivity and specificity. The four
elastic modulus values of SSI elastography (mean, maximum, minimum, and standard deviation)
were significantly different between malignant and benign lymph nodes.

Introduction
The assessment of the status of cervical lymph nodes is critical in clinical decision-making, especially
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in terms of whether they are malignant or benign. Cervical lymph
node assessment can predict the prognosis and contribute to
the management plans of patients with primary tumors in other
places [1]. Conventional ultrasonography (US) is the first choice of
imaging modality for diagnosing malignant cervical lymph nodes
preoperatively. It can characterize the distribution and morphology
of superficial lymph nodes, including their shape, border, internal
structure, and vascularity [2]. However, there are no standardized
criteria for US in the diagnosis of malignant lymph nodes with
satisfactory sensitivity and specificity [3,4].

In recent years, US elastography has been introduced to measure
the elasticity of lymph nodes, which is a parameter based on the
strain or deformation in response to a physical force related to
the degree of malignancy, as most malignancies reliably exhibit
reduced elasticity and increased stiffness due to the nature of
neoplastic growth [5]. Elastography can be divided into quasi-static
elastography and shear wave elastography, including supersonic
shear impulse (SSI) elastography and acoustic radiation force
impulse (ARFI) elastography. Quasi-static elastography involves
collecting numerical data with a quasi-static method, such as
the elasticity score, which is a qualitative classification, and the
strain index or the muscle-to-lymph node strain ratio, which are
often considered as semiquantitative; this technique is widespread
and has been extensively studied. A meta-analysis of quasi-
static elastography demonstrated that the summary sensitivity
and specificity for diagnosing superficial malignant lymph nodes
were 0.74 and 0.90 for the elasticity score and 0.88 and 0.81 for
the strain ratio, respectively [1]. SSI elastography is an objective
and quantitative modality, which is less operator-dependent. SSI
elastography analyzes tissue stiffness using the elastic modulus (kPa),
which provides absolute quantification of lymph node elasticity [6],
while ARFI uses the shear wave speed (m/s) for the quantitative
analysis. In addition, SSI elastography does not require freehand
compression, making it independent of the compression technique [6].

A previous systematic review reported that the sensitivity and
specificity of shear wave elastography in the diagnosis of cervical
lymph nodes were 0.81 and 0.85, respectively [3]. However, that
study used the maximum elastic modulus for SSI and shear wave
velocity (m/s) for ARFI as a cutoff value, and did not systematically
provide results for the maximum, mean, minimum, and standard
deviation (SD) values of the elastic modulus. Furthermore, studies
of SSI elastography for evaluating cervical lymph nodes have
been carried out in small and selected patient samples, and have
had observational designs. Therefore, this study was conducted
to provide new clinical evidence regarding differences in elastic
modulus values using SSI elastography between malignant and
benign cervical lymph nodes and the diagnostic performance of SSI
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elastography for diagnosing malignant cervical lymph nodes.

Materials and Methods

This systematic review and meta-analysis of diagnostic test
accuracy was conducted following the Preferred Reporting Items
for Systematic Review and Meta-Analyses (PRISMA) extension for
diagnostic test accuracy statement [7]. This systematic review and
meta-analysis was registered with PROSPERO (https://www.crd.york.
ac.uk/prospero/) with an ID of CRD42020165574.

Literature Search

A systematic search was conducted in PubMed, Embase, and
Cochrane Library Central Register of Controlled Trials databases
up to December 1, 2020. The search strategy employed Boolean
logic to merge discrepant concepts and synonyms. The search terms
were the following: (cervical lymph node OR neck lymph node OR
cervical lymphadenopathy OR neck node OR cervical node) AND
(elastography OR sonoelastography OR sonoelastography OR
supersonic imaging OR supersonic shear imaging OR supersonic
shear wave elastography OR supersonic shear-wave elastography).
Two independent investigators first screened the title and abstract
of each article. The references of the eligible articles and reviews
were then screened.

Eligibility Criteria

First, English studies or their subsets that reported SSI elastography
data as a predictor of malignant cervical lymph nodes, were eligible
for inclusion. Then, the final diagnoses of cervical lymph nodes were
determined based on histopathology reports after surgery or fine-
needle aspiration biopsy. The exclusion criteria were as follows: (1)
articles that did not fall within the scope of this review; (2) review
articles, editorials or letters, comments, and conference proceedings;
(3) case reports or case series.

Data Extraction

Descriptive data were extracted by one investigator and then
confirmed by another researcher. The extracted descriptive data
included the study characteristics (authors, year of publication,
region, study design, duration of patient recruitment, and sample
size), clinical characteristics (the number of lymph nodes, both
benign and malignant, patient age, type of primary tumor, elastic
modulus [kPa] and cutoff values), and diagnostic accuracy test
characteristics. Two reviewers independently extracted the numerical
data. Inconsistent extractions were resolved by consensus. When
the data were not extractable, an attempt was made to contact the
corresponding authors for additional data.
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Quality Assessment
Two reviewers independently assessed the risk of bias and concerns
about applicability based on the Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2) tool [8]. Discrepancies were
resolved by consensus.

Data Synthesis

For all mean, maximum, minimum, and SD values of the elastic
modulus, the mean difference (MD) with a 95% confidence interval
(Cl) was analyzed. Heterogeneity was examined using the Q-test
and the |* statistic. When studies were heterogeneous (P<0.1 or
1’>50%), a random effects model was used; otherwise, a fixed
effects model was applied [9].

For diagnostic characteristics, a Bayesian bivariate model was
implemented using integrated nested Laplace approximation (INLA)
[10]. Accurate posterior marginal distributions for sensitivity and
specificity, as well as all hyperparameters and covariates, were
directly obtained by a bivariate model with no need for conventional
Markov-chain Monte Carlo sampling [11,12]. Further, univariate
estimates of sensitivity and specificity with 95% credible intervals
(Crls), as well as the summary receiver operating characteristic
(SROC) curve, were directly available for interpretation. Moreover,
the area under the receiver operating characteristic curve (AUC)
values with 95% Crls were calculated. The summary positive
and negative likelihood ratios (LR+ and LR-, respectively) were
calculated from the summary sensitivity and specificity estimates,
and the same procedure was carried out for diagnostic odds ratios
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(ORs) and risk difference (RD). Alternative models were compared
using the deviance information criterion (DIC), with a lower DIC
considered to be better. In model 1, the sensitivity and specificity
were modeled in the bivariate model. Models 2, 3, and 4 indicate
that the sensitivity and false-negative rate (1-specificity), false-
positive rate (1-sensitivity) and specificity, false-positive rate
(1-sensitivity) and false-negative rate (1-specificity) were modeled
in the bivariate model, respectively. The threshold effect was tested
using Spearman correlations, and a P-value less than 0.05 was
considered to indicate a significant threshold effect. Funnel plot
asymmetry was also examined to enable a valid assessment of the
extent and impact of publication and selective reporting bias in
studies of diagnostic accuracy. Subgroup analyses were performed
according to the study design (prospective or retrospective), age of
included patients (over or less than the median age), histopathology
(papillary thyroid cancer or other carcinoma), and prevalence of
malignancy (over or less than the median rate).

All analyses were conducted using R software version 4.0.4 (R
Foundation for Statistical Computing, Vienna, Austria; https://www.
r-project.org) with the R package meta (4.18-2), metaddiag (2.0.8),
and INLA (21.02.23) with their required packages.

Results

Literature Search and Study Characteristics
After excluding duplicate results and abstract screening, the full
texts of potentially eligible publications were reviewed. After
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Fig. 1. PRISMA diagram of study selection.
SSI, supersonic shear imaging.
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applying the exclusion criteria, 10 studies were included in this

systematic review. The study selection process is described in Fig. 1.
Ten eligible articles with 590 patients (333 women and 257 men)

were included in the study [13-22]. Seven of them were designed

Table 1. Characteristics of the included studies

Yuxuan Qiu, et al.

prospectively, and three had retrospective designs. Of 892 cervical
lymph nodes, 301 (33.7%) were malignant. The prevalence of
malignancy ranged from 19.5% to 60.7%, with a median of 29.7%.
SSI elastography data included mean, maximum, minimum, and SD

No. of Prevalence (%)
. . ) patients of malignant ) Cutoff.value
Study  Region  Design Period (female/ (range, lymph nodes Primary tumors (no. of lymph nodes) of SSlindex
male) year) (malignant/total) (kpa)
Loetal. Taiwan  Prospective 2015 Aug— 109 46 220 Oral cancer (6), nasopharyngeal cancer (3), Mean: 42
(2019) [13] 2016 Jan (55/54)  (21-86) (24/109) oropharyngeal cancer (2), hypopharyngeal
cancer (2), lymphomas (2), endometrial
cancer (2), melanoma (1), laryngeal cancer
(1), esophageal cancer (1), lung cancer (1),
prostate cancer (1), unknown primary cancer
)
Kangetal. Korea Retrospective 2016 Mar— 127 504 315 Papillary thyroid cancer (14), Max: 54
(2019) [14] 2018 Jan (80/47)  (16-87) (41/130) lymphoproliferative malignancy (6), squamous
cell carcinoma (9), others (2)
You et al. China  Prospective 2014 Aug— 39 456 24.8 Papillary thyroid cancer (35) Mean: 22.1
(2018) [15] 2014 Nov (27/12)  (15-67) (35/141) Max: 40.2
Min: 12.4
SD: 4.1
Kim et al. Korea Retrospective 2016 Jan— 43 524 279 Papillary thyroid cancer (12) Mean: 23
(2018) [16] 2017 Sep (31/12)  (35-65) (12/43) Max: 37.5
Min: 11.7
SD: 6.9
Changetal. China Prospective 2017 Apr— 22 456 19.5 Papillary thyroid cancer (17) Max: 29.2
(2018) [17] 2017 May (17/5)  (25-70) (17/87) SD:3.45
Chenetal. China Prospective 2014 Jun— 62 435 22.8 Nasopharyngeal carcinoma (26) Mean: 18.4
(2018) [18] 2016 Mar (15/47)  (19-66) (26/114) Max: 20.6
Min: 15.5
Desmots et France Prospective 2010 Apr— 56 49 484 Squamous cell carcinoma (16), papillary Max: 31
al. (2016) 2013 Oct (25/31)  (25-84) (30/62) thyroid carcinoma (4), non-keratinizing
[19] nasopharyngeal carcinoma (1),
mucoepidermoid carcinoma (1), synovial
sarcoma (1), clear cell renal carcinoma (2),
angioimmunoblastic T-cell lymphoma (1),
diffuse large B-cell lymphoma (1), spindle
cell sarcoma (1), melanoma (1), malignant
paraganglioma (1)
Jungetal.  Korea Retrospective 2011 May— 66 452 60.7 Papillary thyroid cancer (51) Mean: 29
(2015) [20] 2012 Dec (50/16) (na) (51/84) Max: 57
Min: 24
Choietal.  Korea Prospective 2010 Oct— 15 54.2 50.7 Papillary thyroid carcinoma (10), salivary duct  Max: 19.44
(2013) [21] 2010 Oct (7/8) (38-73) (34/67) carcinoma (2), ex pleomorphic adenoma of
the submandibular gland (1), melanoma of
the scalp (1), squamous cell carcinoma of the
hypopharynx (1)
Bhatiaetal. Hong Prospective 2011 Jan— 46 585 56.4 Squamous cell carcinoma (11), Mean: 30.2
(2012) [22]  Kong 2011 Jun (23/23) (7-74) (31/55) nasopharyngeal cancer (5), non-Hodgkin's Max: 45

lymphoma (4), adenocarcinoma of the
lung (5), papillary thyroid cancer (5), poorly
differentiated cancer (1)

SSI, supersonic shear imaging; Max, maximum; Min, minimum; SD, standard deviation; na, not reported.
INumber of patients with various primary tumors.
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values of the elastic modulus, which were provided in six, nine, four,
and three articles, respectively. The detailed characteristics of the 10
included studies are summarized in Table 1.

Risk of Bias

Two reviewers independently assessed the risk of bias and concerns
about applicability based on the QUADAS-2 [8]. The results of the
quality assessment using the QUADAS-2 tool are shown in Fig. 2.
Overall, the applicability of the included studies was moderate to
high, and all the studies satisfied at least four of the seven items.

Diagnostic Accuracy of Different Elastic Modulus Values
Comparisons of the mean, maximum, minimum, and SD values
of the elastic modulus between malignant and benign lymph
nodes are displayed in Fig. 3. The pooled differences of all elastic
modulus values were statistically significant (P<0.05). However, the
heterogenicity between studies could not be ignored.

For the mean elastic modulus, the summary estimates for
sensitivity and specificity were 0.720 (95% Crl, 0.592 to 0.824)
and 0.877 (95% Crl, 0.727 to 0.969), respectively. The summary
estimates for LR+ and LR- were 5.79 (95% Crl, 4.02 to 12.49) and
0.31 (95% Crl, 0.23 to 0.47), respectively. The summary estimates
for the diagnostic OR and RD were 16.87 (95% Crl, 11.17 to 55.39)
and 0.58 (95% Crl, 0.47 to 0.72), respectively. The estimated AUC
was 0.845 (95% Crl, 0.672 to 0.914). There was no threshold effect
according to Spearman correlation analysis (P=0.064). For the
maximum elastic modulus, the summary estimates for sensitivity and
specificity were 0.809 (95% Crl, 0.698 to 0.899) and 0.816 (95%
Crl, 0.643 to 0.924), respectively. The summary estimates for LR+
and LR- were 5.78 (95% Crl, 3.15 to 11.82) and 0.24 (95% Crl,
0.13 to 0.34), respectively. The summary estimates for OR and RD
were 27.67 (95% Crl, 11.15 to 65.75) and 0.67 (95% Crl, 0.54 to
0.76), respectively. The estimated AUC was 0.834 (95% Crl, 0.579

Table 2. Estimates of diagnostic accuracy from the included studies
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to 0.938). No threshold effect was found (P=0.699). The details
regarding the minimum and SD values of the elastic modulus are
shown in Table 2. The corresponding forest and SROC plots are
displayed in Figs. 4 and 5, respectively.

Subgroup Analysis

Data for the mean and maximum values of elastic modulus were
divided into subgroups for further analysis. For thyroid cancer,
the summary estimates for sensitivity and specificity were 0.741
(0.616-0.834) and 0.870 (0.583-0.979), respectively. The
summary estimates for LR+ and LR- were 11.75 (95% Crl, 7.55 to
28.19) and 0.30 (95% Crl, 0.28 to 0.40), respectively. The summary

QUADAS-2
Study ID

Risk of bias Applicability concerns
O © 0o o D @ ©)

Lo 2019
Kang 2019
You 2018
Kim 2018
Chang 2018
Chen 2018
Desmots 2016
Jung 2015
Choi 2013
Bhatia 2012

& Low risk of bias or concern about applicability
4 Unclear risk of bias or concern about applicability
High risk of bias or concern about applicability

® Patients selection

@ Index text

® Reference standard

@ Flow and timing
Fig. 2. Quality assessment of the included studies according to the
Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2)
criteria.

Sl index. No.of studies”  AUC Sensitivity  Specificity LR+ LR- OR RD Z'f"'ffcsthtzg

' (95% Crl) (95% Crl) ©5%Cr)  (95%Cr)  (95%Cr)  (95%Cr)  (O5%Cr) oS-

Mean 6 0.845 0.720 0.877 5.79 031 16.87 0.58 0.064
(0672-0914)  (0.592-0.824) (0.727-0969) (402-1249) (023-047) (11.17-5539) (0.47-072)

Max 9 0.834 0.809 0.816 578 024 27.67 067 0.699
(0579-0938) (0.698-0.899) (0.643-0924) (3.15-11.82) (0.13-034) (11.15-65.75) (0.54-0.76)

Min 4 0519 0.440 0923 502 049 1213 047 0.200
(0101-0938)  (0299-0604) (0.769-0.991) (3.11-10.88) (0.37-070) (472-2049) (0.27-051)

sD 3 0816 0782 0.857 497 029 17.06 0.60 <0.001
(0477-0.891)  (0511-0921) (0.727-0958) (479-559)  (027-029) (16.72-2040) (0.60-063)

SSI, supersonic shear imaging; AUC, area under the summary receiver operating characteristic curve; Crl, credible interval; LR+, positive likelihood ratio; LR-, negative likelihood
ratio; OR, diagnostic odds ratio; RD, risk difference; Max, maximum; Min, minimum; SD, standard deviation.
“Due to the absence of data, Chan et al's study [17] was omitted from SSI index of Mean and Min.
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Metastatic Benign Std. mean difference Std. mean difference
Study Mean+SD Total Mean+SD Total Weight IV, random (95% ClI) IV, random (95% CI)
Lo 2019 66.30+24.30 24 41.40+26.50 85 14.9% 0.95(0.481t0 1.42) =
You 2018 30.60+14.90 35 14.00+6.60 106 15.2% 1.77 (1.331t0 2.20) D
Kim 2018 37.10£19.50 12 11.80#5.30 31 11.5% 2.24(1.411t03.07) P —
Chang 2018 22.97+7.75 17 19.87+9.03 70 14.3% 0.35(-0.1810 0.88) -
Chen 2018 22.40+13.20 26 14.20+4.10 88 14.9% 1.13(0.67 to 1.59) .
Jung 2015 67.93+62.52 51 27.50+18.95 33 15.0% 0.80 (0.34to 1.25) —
Bhatia 2012 25.00+49.60 31 21.40+7.70 24 14.3% 0.09 (-0.44 t0 0.63) —
Total (95% CI) 196 437 100.0% 1.02 (0.53 to 1.51) -
Heterogeneity: Tau®=0.3602; Chi’=38.45, df=6 (P<0.01); I’=84% F T T

-3 -2 -1 0 1 2 3

Metastatic Benign Std. mean difference Std. mean difference
Study Mean+SD Total Mean+SD Total Weight IV, random (95% CI) IV, random (95% ClI)

Kang 2019 87.40+57.90 41 42.80+30.10 89 12.3% 1.08 (0.69 to 1.48

) :
You 2018 58.70+25.70 35 23.50+12.60 106 11.7% 2.09 (1.63 to 2.54) P
Kim 2018 50.50+35.60 12 23.70+6.50 31 8.8% 1.37 (0.63 t0 2.10) ——
Chang 2018 32.72+10.21 17 25.08+11.80 70 10.8% 0.66 (0.12 to 1.20) —
Chen 2018 31.60+22.70 26 20.70+7.80 88 11.7% 0.85 (0.40 to 1.30) ——
Desmots 2016 ~ 72.00+59.00 30 23.00+25.00 32 10.9% 1.08 (0.55 t0 1.62) _
Jung 2015 79.61+71.23 51 35.52+29.16 33 11.7% 0.75 (0.29 to 1.20) —=—
Choi 2013 41.06+36.34 34 14.22+4.19 33 11.1% 1.02 (0.51 to 1.53) —a
Bhatia 2012 42.20+72.50 31 30.20+11.80 24 10.9% 0.21 (-0.32t0 0.75) ——
Total (95% Cl) 277 506 100.0% 1.01 (0.67 to 1.36) -
Heterogeneity: Tau’=0.2112; Chi*=34.52, df=8 (P<0.01); I’=77% I I | I
-2 -1 0 1 2
B
Metastatic Benign Std. mean difference Std. mean difference
Study Mean+SD Total Mean+SD Total Weight IV, random (95% CI) IV, random (95% ClI)
You 2018 11.90£9.10 35 8.30+5.70 106 22.2% 0.53 (0.151t00.92) —_—
Kim 2018 11.30£22.60 12 5.10+6.80 31 16.8% 0.47 (-0.211t0 1.14) e
Chang 2018 13.29+8.41 17 14.88+7.25 70 19.5% -0.21(-0.74100.32) ——
Chen 2018 15.80£9.50 26 8.20+4.50 88 20.7% 1.26 (0.791t0 1.73) —
Jung 2015 48.49+47.21 51 18.70+11.82 33 20.9% 0.79 (0.33to0 1.24) —
Total (95% CI) 141 328 100.0% 0.58 (0.12to0 1.04) —
Heterogeneity: Tau®=0.2070; Chi’=17.48, df=4 (P<0.01); ’=77% T 1 T 1

-15-1 -050 05 1 15

C
Metastatic Benign Std. mean difference Std. mean difference
Study Mean+SD Total Mean+SD Total Weight IV, random (95% CI) IV, random (95% ClI)
You 2018 10.20+5.00 35 3.40+2.60 106 37.1% 2.02(1.57 to 2.47) —-‘——
Kim 2018 7.80+4.90 12 4.10+1.70 31 28.9% 1.24 (0.52t0 1.96) —+—
Chang 2018 4.75+2.83 17 2.55+1.81 70 34.0% 1.07 (0.511t01.62) ——l——
Total (95% Cl) 64 207 100.0% 1.47 (0.83 t0 2.12) —~

Heterogeneity: Tau®=0.2383; Chi’=7.76, df=2 (P=0.02); I’=74% I I ! I l

D

Fig. 3. Mean differences between malignant and benign cervical lymph nodes according to the mean (A), maximum (B), minimum (C),
and standard deviation (SD) (D) of the elastic modulus. Cl, confidence interval.
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Study Sensitivity (95% Crl) Specificity (95% Crl)
Lo 2019 0.811 (0.688-0.911) — 0.659 (0.556-0.753) ——
You 2018 0.725 (0.605-0.829) —— 0.882 (0.816-0.933) —o
Kim 2018 0.657 (0.458-0.809) —e— 0.940 (0.839-0.989) —
Chen 2018 0.777 (0.661-0.890) —— 0.825 (0.742-0.892) —e—
Jung 2015  0.777 (0.672-0.862) o 0.705 (0.542-0.833) ——
Bhatia 2012  0.501 (0.323-0.662) P — 0.975 (0.889-0.999) —e
Estimate 0.720 (0.592-0.824) ——— 0.877 (0.727-0.969) e
0 02 04 06 08 1 0 02 04 06 08 1
A
Study Sensitivity (95% Crl) Specificity (95% Crl)
Kang 2019 0.691 (0.547-0.808) —— 0.767 (0.675-0.846) — -
You 2018 0.793 (0.659-0.895) —e— 0.926 (0.868-0.965) —o-
Kim 2018 0.802 (0.594-0.936) —e— 0.938 (0.829-0.988) — =
Chang 2018  0.749 (0.549-0.884) _ 0.720 (0.611-0.814) —_—
Chen 2018 0.931 (0.817-0.990) — e 0.508 (0.405-0.610) —
Desmots 2016 0.825 (0.691-0.920) — 0.754 (0.599-0.874) e
Jung 2015 0.843 (0.737-0.921) P 0.348 (0.201-0.513) —
Choi 2013 0.871 (0.750-0.954) o 0.937 (0.829-0.987) L
Bhatia 2012  0.552 (0.375-0.713) .’ 0.904 (0.760-0.976) o
Estimate 0.809 (0.698-0.899) - 0.816 (0.643-0.924) >
; 0 02 04 06 08 1 0 02 04 06 08 1
Study Sensitivity (95% Crl) Specificity (95% Crl)
You 2018 0.525 (0.386-0.675) T 0.786 (0.701-0.857) ——
Kim 2018 0.475 (0.305-0.667) _ 0.880 (0.7521-0.955) ——
Chen 2018  0.471 (0.334-0.639) —e 0.934 (0.873-0.973) —e-
Jung 2015 0.305 (0.185-0.432) — 0.978 (0.899-0.999) —o
Estimate 0.440 (0.299-0.604) ————— 0.923 (0.769-0.991) —
c 0 O.I2 O.I4 O.I6 0:8 1 O 0:2 0.I4 0:6 0:8 1
Study Sensitivity (95% Crl) Specificity (95% Crl)
You 2018 0.865 (0.738-0.956) —e—  0.797 (0.714-0.863) —e
Kim 2018 0.674 (0.391-0.853) _ 0.906 (0.806-0.984) —_—
Chang 2018  0.753 (0.544-0.883) e 0.848 (0.766-0.912) —a—
Estimate 0.782 (0.511-0.921) ——— 0.857 (0.727-0.958) ———
) 0 02 04 06 08 1 0 02 04 06 08 1

Fig. 4. Estimates of sensitivity and specificity for the mean (A), maximum (B), minimum (C), and standard deviation (D) of the elastic modulus.
Crl, credible interval.
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Table 3. Subgroup analysis of the differences in SSl index values between malignant and benign lymph nodes

Index Subgroups No. of studies D (95% Cl) > (%)

Mean  Prospective 5 11.24 (3.88 t0 18.60) 83
Retrospective 2 31.05 (16.66 to 45.44) 48
Thyroid cancer 4 19.10 (6.70to 31.51) 91
Other cancer 3 12.70 (0.62 to 24.78) 74
Mean age >50 2 15.58 (=5.56 10 36.73) 76
Mean age <50 5 15.77 (7.02 to 24.51) 88
Malignancy prevalence >29.7% 2 94 (-14.1510 58.03) 88
Malignancy prevalence <29.7% 5 14.43 (6.55 10 22.31) 87

Max  Prospective 6 2257 (10.13t0 35.01) 87
Retrospective 3 38.56 (26.89 t0 50.23) 0
Thyroid cancer 4 27.29 (8.21 t0 46.36) 91
Other cancer 5 27.76 (12.63 t0 42.89) 78
Mean age >50 4 28.90 (17.74 t0 40.06) 33
Mean age <50 5 2692 (11.61t042.23) 91
Malignancy prevalence >29.7% 5 35.28(23.12t0 47 .45) 48
Malignancy prevalence <29.7% 4 19.39 (5.08 to 33.69) 90

SSI, supersonic shear imaging; MD, mean difference; Cl, confidence interval; Max, maximum.

Table 4. Subgroup analysis of the differences in SSl index values between the diagnostic accuracy (sensitivity and specificity)

Malignancy prevalence >29.7%

0.762 (0.590-0.892

0.778 (0.488-0.951

Index Subgroups No. of studies Sensitivity (95% Crl) Specificity (95% Crl)
Mean  Prospective 4 0.727 (0.533-0.873) 0.877 (0.675—-0.983)
Retrospective 2 0.739 (0.539-0.867) 0.863 (0.170—0.998)

Thyroid cancer 3 0.741 (0.616—-0.834) 0.870 (0.583—-0.979)

Other cancer 3 0.721 (0.436—0.909) 0.892 (0.466—1.000)

Mean age >50 2 0.509 (0.276—-0.774) 0.975 (0.892—-0.999)

Mean age <50 4 0.788 (0.703-0.861) 0.673 (0.620—0.883)
Malignancy prevalence >29.7% 2 0.601 (0.253-0.876) 0.811(0.343-0.992)
Malignancy prevalence <29.7% 4 0.781 (0.670-0.869) 0.842 (0.681-0.950)

Max  Prospective 6 0.836 (0.647-0.953) 0.838 (0.667—-0.940)
Retrospective 3 0.771 (0.608—-0.894) 0.753 (0.179-0.984)

Thyroid cancer 4 0.808 (0.711-0.878) 0.814 (0.372-0.975)

Other cancer 5 0.841(0.561-0.977) 0.807 (0.607—-0.936)

Mean age >50 4 0.734 (0.507-0.907) 0.908 (0.788—-0.981)

Mean age <50 5 0.845 (0.756—-0.922) 0.673 (0.402-0.875)

5 ( ) ( )

4 ( ) ( )

Malignancy prevalence <29.7%

0.856 (0.657-0.984

0.814 (0.535-0.964

SSI, supersonic shear imaging; Crl, credible interval; Max, maximum.

estimates for the OR and RD were 41.68 (95% Crl, 19.22 to 94.96)
and 0.67 (95% Crl, 0.55 to 0.69), respectively. The estimated AUC
was 0.768 (95% Crl, 0.381 to 0.859). A threshold effect was found
(P<0.001). For the maximum elastic modulus value, the summary
estimates for sensitivity and specificity were 0.808 (0.711-0.878)
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and 0.814 (0.372-0.975), respectively. The summary estimates for
LR+ and LR- were 6.14 (95% Crl, 5.59 to 12.65) and 0.16 (95%
Crl, 0.14 to 0.25), respectively. The summary estimates for the OR
and RD were 39.04 (95% Crl, 22.35 to 87.87) and 0.72 (95% Crl,
0.64 to 0.80), respectively. The estimated AUC was 0.913 (95%
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Fig. 5. Summary receiver operating characteristic (SROC) curves for the mean (A), maximum (B), minimum (C), and standard deviation (D)

of the elastic modulus.

The SROC curve shows individual study posterior-point estimates (the size of each circle is proportional to the sample size for each study).
The dashed elliptical boundary represents the 95% credible region for the summary estimates (closed diamond). The standard (black) and
latent-class model analyses based on the conditional dependence model (blue) and the conditional independence model (red) are presented.

Crl, 0.889 to 0.959). No threshold effect was found (P=0.800).
Additional subgroup analyses regarding study design, other cancers,
age, and malignancy prevalence are shown in Tables 3 and 4.

Discussion

The rising incidence of head and neck cancers requires better
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operative imaging assessments of the neck region to facilitate
surgical decision-making. As an emerging technology, SSI is a shear
wave-based elastography technique that is based on the use of
an acoustic radiation force to generate a shear wave [23]. ARFl is
another technique in this category; however, these techniques are
different in terms of the frame rate and the strength of the acoustic
radiation force [23]. SSI generates superior impulses that induce and
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amplify shear waves, which are then tracked throughout the entire
window using ultrafast US tracking impulses, while ARFI generates
an impulse with a single pushing beam [5,6]. As mentioned in a
previous meta-analysis, shear wave elastography (including SSI and
ARFI) is an acceptable imaging method for diagnosing malignant
cervical lymph nodes, with a sensitivity of 0.81 (95% Cl, 0.72 to
0.88) and a specificity of 85% (95% Cl, 0.70 to 0.93) [3]. However,
the results of SSI elastography from the subgroup analysis showed
a sensitivity of 0.80 (95% Cl, 0.69 to 0.91) and a specificity of 0.84
(95% Cl, 0.67 to 1.00), although only four original articles were
included. In addition, the previous meta-analysis only considered the
diagnostic performance of the maximum elastic modulus value.

The current systematic review and meta-analysis first summarized
the differences of elastic modulus values (mean, maximum,
minimum, and SD) between malignant and benign cervical lymph
nodes. Although all elastic modulus values were significantly
different, heterogeneity was also obvious. No difference was found
between malignant and benign cervical lymph nodes in 28.6%
(2/7) of the articles for the mean elastic modulus, 11.1% (1/9) for
the maximum elastic modulus, 60% (3/5) for the minimum elastic
modulus, and 0% (0/3) for the SD of the elastic modulus. These
findings indicate that not all parts of malignant lymph nodes were
always significantly stiffer than benign lymph nodes, especially for
the softest parts. Of course, according to these results, the fact that
the maximum elastic modulus of malignant and benign lymph nodes
was significantly different should be undisputed, and this finding
aligns with the hypothesis that the heterogeneous histology of
lymph node metastasis is more accurately reflected by the maximum
value for detecting focal cortical metastasis or metastasis where
the lymph node is entirely replaced by tumor cells [19,21]. It can
also be concluded that the variation in the elastic modulus inside
the malignant lymph nodes was significantly larger than that in the
benign lymph nodes. Bhatia et al. also found that malignant lymph
nodes were more likely to have heterogeneous elasticity, even when
the nodes appeared uniform on US [22]. Nonetheless, the present
results for the MD between malignant and benign cervical lymph
nodes regarding each elastic modulus value could be helpful for
building a future consensus about cutoff values.

According to the present meta-analysis, the mean elastic
modulus showed potential superiority relative to the maximum
elastic modulus regarding AUC (0.845 vs. 0.834), but the mean
elastic modulus had lower sensitivity (0.720 vs. 0.809) and higher
specificity (0.877 vs. 0.816). However, this difference might have
resulted from a different number of included articles and different
tumors, and more importantly, no direct evidence was provided.
Many previous articles reported comparisons between the mean
and maximum elastic modulus values. Bhatia et al. [22] reported the
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same AUC 0.77 for both mean and maximum elastic modulus values;
however, they had distinct advantages regarding sensitivity (0.484
vs. 0.419) and specificity (0.918 vs. 1.000). Chen et al. [18] found
the same trend as in the present study; that is, the AUC of the mean
elastic modulus was higher than that of the maximum value (0.879
vs. 0.819), but the sensitivity and specificity were possibly lower
(0.846 vs. 1.000) and higher (0.830 vs. 0.500), respectively. Another
article by Jung et al. [20] also reported data supporting the findings
of the present study that the mean elastic modulus had a higher
AUC (0.748 vs. 0.738), lower sensitivity (0.7647 vs. 0.8431), and
higher specificity (0.6667 vs. 0.3030). Therefore, the choice between
different elastic modulus should depend on the situation and actual
primary carcinoma. According to the present results, the mean
elastic modulus might be more suitable for usual screening while
the maximum elastic modulus might be more useful in preoperative
evaluations. Meanwhile, the European Federation for Ultrasound in
Medicine and Biology guidelines and recommendations suggest that
elastography is unlikely to be suitable for the differential diagnosis,
but is more likely to be useful for targeting malignant lymph nodes
for fine-needle aspiration if multiple lymph nodes are present [24,25].
The heterogeneity inside metastatic lymph nodes, represented
as the SD of the elastic modulus, was also a good parameter for
distinguishing malignant and benign lymph nodes; however, further
assessments should be conducted in the future, since only three
articles reported this value.

A subgroup analysis showed that the diagnostic performance
of SSI for lymph node metastasis from thyroid cancer was not
significantly different from its performance for other cancers. The
intrinsic curvature of the neck and the superficial location of cervical
lymph nodes can cause an inhomogeneous stress distribution in the
field of observation, although primary thyroid cancer would have
advantages in SSI due to its hardness [14,22]. In addition, the older
subgroups showed a trend for lower sensitivity, but higher specificity
for both mean and maximum elastic modulus values. Older age is
usually a risk factor for early metastasis or recurrence, especially for
head and neck cancers [26], and elderly patients were more likely to
have been selected for fine-needle biopsy at an early stage, which
could have contributed to a higher false-negative rate [26,27].
Differences in trends in diagnostic performance according to age
could be further investigated by direct comparisons.

Considering that the available studies were all studies with small
samples and potential selection bias, a summarized meta-analysis
is necessary to elicit results close to the truth. The use of Bayesian
theory rather than the I method to assess heterogeneity is more
precise according to the PRISMA extension for diagnostic test
accuracy statement [7]. However, the present meta-analysis has the
following limitations. First, only 10 articles were included, and not
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all articles provided data for all four elastic modulus values, which
made it impossible to compare the outcomes directly. Secondly,
mixed primary carcinomas still contributed to the bias in the present
analysis, and it is hoped that further studies will focus on a single
tumor type to improve the better validity.

SSlis an acceptable imaging technology for diagnosing malignant
cervical lymph nodes and can play a complementary role currently.
Both maximum and mean elastic modulus values should be taken
into consideration to make a clinical judgment.
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