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ABSTRACT
Aims and Objectives: Aim of this study was to assess the clinical usefulness of Acoustic Radiation Force Impulse (ARFI) elastography 
imaging in differentiating benign and malignant/metastatic superficial nodes. 

Methods and Materials: ARFI elastography (Siemens Medical Solutions, Mountain View, CA) using Virtual touch Tissue Imaging (VTI) 
technique was performed and Shear wave velocity (m/sec) was measured in 85 patients (mean age, 49 years; range, 16–72 years) with 126 
lymph nodes (96 axillary, 21 cervical and 9 inguinal nodes) which were biopsied and histo‑pathologically correlated. 

Results: Of 126 nodes, 71 were benign (64 reactive and 7 koch’s) and 55 were malignant (40 metastases and 15 lymphoma). The mean 
ARFI value of malignant nodes ±SD (4.42 ± 2.60) were significantly higher than the benign nodes (1.76 ± 0.44), with P <0.001. With the use 
of Receiver Operating Characteristic (ROC) curve, the cut off SWV was estimated to be 2.45m/s with sensitivity of 83.6%, specificity of 91%, 
and accuracy of 93.7 % while the conventional US based short axis diameter (SAD) measurement with cut off value of 10mm, showed the 
sensitivity of 62 %, specificity of 87% and accuracy of 87%. 

Conclusion: Acoustic radiation force impulse elastography is feasible for superficial lymph nodes and provides quantitative elasticity measurements, 
which may complement B‑mode ultrasound and potentially improve the differentiation of benign and malignant/metastatic lymph nodes.  
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INTRODUCTION

An enlarged lymph node in the body can be due to reactive 
hyperplasia, granulomatous or nongranulomatous lymphadenitis, 
lymphoma or metastasis. Identification of malignant or 
metastatic lymph node is extremely important because it helps 
in the diagnosis, nodal staging of a known malignant disease, 
prognosis, and determination of optimal therapeutic options. 
Conventional ultrasonography (US) is an effective method for 
identifying abnormal lymph nodes based on gray‑scale and 
color Doppler imaging. However, the US criteria for detecting 
malignant or metastatic nodes are still controversial.[1‑3]

Sonoelastography is a promising US‑based imaging modality, 
which is being used to assess the stiffness of the tissue 
examined. Strain elastography has been used to assess the 
elasticity of various organs including lymph nodes, but it is 
a qualitative or semiquantitative way of assessing elasticity 
with freehand compression technology. Acoustic radiation 

force impulse (ARFI) is a recent US‑based technology, which 
noninvasively provides numeric value of tissue stiffness 
without applying external compression. Hence, it is a 
less operator‑dependent method of assessing stiffness of 
the tissue. In this imaging method, a specially designed 
transducer is used, which produces focused acoustic impulses 
of high intensity, called push pulses, which are transmitted 
to the tissue and causing shear wave formation within 
the region of interest. The velocities of the induced shear 
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waves are tracked by the ARFI imaging using ultrasound 
correlation methods. The velocity of shear wave propagation 
is proportional to the square root of the tissue elasticity, 
based on Young’s modulus formula: E = 3 ρc2 where E is 
stiffness (kPa), c is the shear wave velocity (SWV) (m/s), and ρ is 
the density (kg/m3) of the tissue. The density of the soft tissue 
is almost same as the density of water (1000 kg/m3). Thus, by 
measuring SWV, tissue stiffness is measured quantitatively.[4] 
ARFI elastography based on SWV measurement has been used 
earlier for many other organs, for example, breast, thyroid, 
liver, prostate, kidney, spleen, and pancreas.[5‑12]

To the best of our knowledge, very few studies have been 
done to evaluate the diagnostic performance of ARFI 
elastography for cervical nodes,[12] and yet, there is no study 
done including all superficial nodes (cervical, axillary and 
inguinal nodes) of different histopathologies. Hence, this 
study was done to assess the clinical usefulness of ARFI 
imaging in differentiation of benign and malignant/metastatic 
superficial lymph nodes of various histopathologies.

MATERIALS AND METHODS

This is a prospective study which was carried out to assess 
the clinical usefulness of ARFI elastography imaging in 
differentiating benign and malignant/metastatic lymph 
nodes. One hundred consecutive patients who underwent 
conventional US and ARFI elastography evaluation followed by 
pathological diagnosis of cervical, axillary, or inguinal nodes 
at our center between January 2015 and September 2015 
were enrolled in this study. Lymph nodes with at least one 
abnormal sonographic feature, which were sent for fine needle 
aspiration or core biopsy or underwent excision biopsy, were 
included in this study. Ten patients who previously underwent 
chemotherapy were excluded, and 5 patients were excluded 
due to lack of histopathological correlation. So, finally, a total 
of 85 patients with 126 nodes were included in this study.

Image acquisition and measurement of shear wave velocity
Both conventional US and ARFI elastography using virtual 
touch tissue quantification (VTQ) technique were performed 
using  Siemens ACUSON S2000 US system  using linear array, 9 
L4 transducer with bandwidth of 4–9 MHz. On conventional US, 
size (short axis diameter [SAD]), short‑ and long‑axis diameter 
ratio, presence or loss of fatty hilum, presence of calcification 
of necrosis or calcification, and cortical thickness of each node 
were recorded. For ARFI imaging, the transducer was applied 
with the minimal pressure just enough to make a complete 
contact with the node without any breath hold. On B‑mode US, 
the area within the node to be evaluated for its elastic properties 
was defined by a fixed box measuring 10 mm × 6 mm [Figure 1]. 

Three measurements were obtained from each node, and 
the mean with standard deviation was calculated. All US 
examinations were performed by two experienced radiologists 
with more than 7 years of experience in sonomammography and 
adequate training in performing elastography.

Pathological diagnoses
All lymph nodes included in this study were pathologically 
examined and correlated with either fine needle aspiration 
cytology or histopathology of core biopsy or excision 
biopsy sample. All pathological examinations were done by 
experienced pathologists.

Statistical analysis
The mean SWV of malignant and benign lymph nodes were 
compared with unpaired Student’s t‑test. The receiving 
operating characteristic (ROC) curve analysis was done 
to measure and compare the efficacy of SWV and SAD in 
differentiating malignant from benign node. The best cutoff 
was obtained by Youden index (sensitivity + specificity‑1) 
from ROC curve analysis. The sensitivity and specificity values 
with 95% confidence interval were estimated. P < 0.05 was 
taken as statistical significant. All data were analyzed using 
SPSS software 20 version for Windows.

RESULTS

There were 126 nodes from 85 patients with mean age 
49 years (age range 18–72 years) included in this study, of which 
71 were benign (64 reactive hyperplasia and 7 tuberculous) and 

Figure 1: (a) Case of carcinoma breast with ipsilateral axillary node, 
20 mm × 10 mm with thickened cortex, acoustic radiation force impulse 
revealed shear wave velocity of 1.99 m/s and biopsy suggested reactive 
hyperplasia. (b) Cervical node, 20 mm × 13 mm with loss of fatty hilum, 
acoustic radiation force impulse showed shear wave velocity of 1.85 m/s 
and biopsy  suggested  tuberculous  lymphadenitis.  (c)  Submental node, 
11 mm × 5 mm with preserved fatty hilum, acoustic radiation force impulse 
image showed shear wave velocity of 2.67 m/s. and biopsy suggested 
Hodgkin’s lymphoma. (d) Case of carcinoma breast with axillary node, 
26 mm × 18 mm with thickened cortex, acoustic radiation force impulse 
showed shear wave velocity of 4.94 m/s and biopsy revealed metastases 
from ductal carcinoma breast
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Figure 2: Mean shear wave velocities of benign and malignant nodes

Figure 4: Receiving operating characteristic curve for conventional 
ultrasonography based on short axis diameter of lymph node

Figure 3: Receiving operating characteristic curve  to estimate  the cutoff 
value of acoustic radiation force impulse to detect malignant nodes
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dependent and did not show consistent results in various 
studies.[13,14]

55 were malignant (40 metastases and 15 lymphoma) [Table 1]. 
ARFI images with SWV of various histopathologies are shown 
in Figure 1a‑d.

On ARFI imaging, the SWV of malignant nodes ranged from 
1.3 to 9.1 m/s (mean 4.42 ± 2.60 m/s) was significantly 
higher than the benign nodes with SWV ranging from 
0.8 to 3 m/s (mean 1.76 ± 0.44 m/s), with P < 0.001 [Figure 2].

With the ROC curve analysis, the best cutoff value of the 
malignant nodes from benign nodes was estimated to be 
2.45 m/s with sensitivity of 83.6%, specificity of 91%, and 
area under the curve (AUC) equal to 0.937, whereas with the 
conventional US‑based SAD measurement, with cutoff value 
of 10 mm, the sensitivity was 62%, specificity 87%, and AUC 
0.870 [Figures 3 and 4].

There was no significant difference in the SWV of reactive 
and granulomatous nodes which were between 0.8–2.6 m/s 
(mean 1.72 ± 0.4 m/s) and 1.5–3 m/s (mean 2.12 ± 0.59 m/s), 
respectively. The different histopathological features of 
malignant nodes also did not show significant difference which 
ranged between 1.3–9.1 m/s (4.1 ± 2.45 m/s) for lymphoma and 
1.5–9.1 m/s (4.54 ± 2.67 m/s) for metastatic nodes [Figure 5].

DISCUSSION

In last few years, conventional elastography (strain or 
real‑time elastography) has shown promising results for 
measuring the stiffness of the tissue inside a region of 
interest. However, the measurement methods of conventional 
elastography were semiquantitative in which the stiffness 
was given in the form of scores and patterns after applying 
appropriate amount of mechanical pressure on the tissue 
of interest through transducer which is highly operator 

Table 1: Pathological diagnoses of lymph nodes (n=126)



Figure 5: Shear wave velocities of different histopathological lymph nodes
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ARFI is a relatively new imaging method which uses the VTQ 
technique to measure the velocity of horizontal shear wave 
induced in the region of interest after sending longitudinal 
acoustic push pulse from the transducer. The faster the shear 
wave propagates, the harder is the tissue. VTQ technique does 
not rely on the operator’s skills to apply appropriate amount 
of mechanical pressure to the target tissue. It provides more 
accurate elasticity of the nodes as it does not get affected 
by the surrounding hard or soft areas in the vicinity allowing 
better assessment of the mechanical properties of the tissue 
than the conventional elastography where entire tissue in the 
region of interest moves simultaneously under the external 
stress applied through the transducer.

In general, malignant lymph nodes are stiffer than the 
benign nodes due to the biological characteristic of tumor 
infiltration.[13‑18] In a recent meta‑analysis done by Zhang et al., 
discriminated 1084 benign and malignant lymph nodes from 
9 studies based on ARFI cutoff values with pooled sensitivity, 
specificity, and AUC were 0.87, 0.88, and 0.93, respectively. 
In this meta‑analysis, majority of the studies were included 
from China and one each from Japan, South Korea, and USA.[19] 
However, there are no studies done yet from India. In our 
study, ARFI imaging method revealed significantly higher 
mean SWV of malignant nodes (lymphoma and metastases) 
as compared to benign nodes [Figure 3]. With the cutoff SWV 
value of 2.45 m/s, the sensitivity and specificity were 83.6% 
and 91%, respectively, with area under the ROC curve was 
0.937. Our study also revealed that there was a significant 
difference between the cutoff SWV value of tuberculous 
nodes (mean SWV 2.13 m/s) and lymphomatous nodes (mean 
SWV 4.10 m/s) though studies done by Lenghel et al., 2012 
revealed that lymphomatous nodes are softer nodes and 
Teng et al., 2012 showed that tuberculous lymph nodes 
may show stiffer areas or heterogeneous stiffness due to 
fibrosis, calcification, or necrosis. Similar to studies done by 

Bhatia et al., 2012 and Choi et al., 2015, we also found that 
tuberculous nodes were stiffer than the reactive nodes (mean 
SWV 1.72 m/s), and metastatic nodes (mean SWV 4.54 m/s) 
were the hardest nodes in comparison to the reactive, 
tuberculous, and lymphomatous nodes. In this study, all 
lymph nodes with SWV of <1.3 m/s were found to be 
nonmalignant suggesting that ARFI imaging is very useful 
in excluding malignant or metastatic nodes. Fujiwara et al., 
2013 found negative likelihood ratio of 0.06, and all lymph 
nodes with SWV <1.4 m/s were found to be reactive; thus, 
it may be very useful in reducing the number of unnecessary 
nodal biopsies or dissection.

Limitations
There are few limitations with this study. First, there are still 
no clear‑cut guidelines regarding placement of ROI within the 
node and number of values to be taken for the calculation 
of mean SWV. Second, nodes with calcification or necrosis 
may give false values. Third, distance of the node from the 
transducer and intervening different tissues may produce 
variable results. Fourth, there is no clear cutoff SWV values 
for different manufacturing US machines, even different 
machines used of same manufacturing company give slightly 
different cutoff values for the same organ. Fifth, metastatic 
nodes are not specified in this study to compare the SUV 
values of different histopathological primaries.

CONCLUSION

ARFI elastography is a promising noninvasive technique which 
further increases the specificity of US in differentiation of 
benign and malignant/metastatic lymph nodes and thus helps 
in selecting the most appropriate lymph node to biopsy in 
a given clinical situation and also in reducing the number of 
unnecessary nodal biopsies and excisions.
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