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ABSTRACT

TITLE: Role of Ultrasound Acoustic Radiation Force Impulse in Differentiating

Benign from Malignant Palpable Lymph Nodes

OBJECTIVE:
The purpose of this study was to evaluate the diagnostic performance of acoustic
radiation force impulse imaging in differentiating benign from malignant peripheral

lymphadenopathy.

METHODS:

This was a prospective study approved by the Institutional Review Board with financial
grant for the same. Ultrasound and ARFI imaging of peripheral lymph nodes were
performed and correlated with pathological results, which were used as the reference
standard. The virtual touch tissue imaging and virtual touch tissue quantification
parameters of ARFI were analysed in 86 lymph nodes of which 78 were included in the
study. Using receiver operating characteristic curve analysis, the diagnostic usefulness
of ARFI values were evaluated with respect to their sensitivity, specificity, and area

under the curve.

RESULTS:
The mean area ratio of benign lymph nodes was 0.88 (+ 0.2) and that of malignant lymph
nodes was 1.17 (x 0.14). The mean shear wave velocities (SWV) of benign and

malignant lymph nodes were 2.02 m/s (x 0.94) and 3.7 m/s (£ 2.27) respectively. The

2



sensitivity, specificity, PPV, NPV & AUC of VTI area ratio was 97%, 77%, 77% 97%
& 0.86, of SWV lymph node was 71%, 70%, 66%, 75% & 0.78, and of SWV ratio was

68%, 79%, 72%, 75% and 0.82, respectively.

CONCLUSION:
ARFI has a superior diagnostic performance over conventional ultrasound and colour

Doppler in differentiating malignant from benign lymph nodes.



INTRODUCTION

The presence of a palpable lymph node is a commonly picked up finding during clinical
examination. The aetiology behind this enlargement can range from mere reactive
changes to inflammatory or infective conditions to more sinister causes such as

malignancy or metastasis.

With the assumption that malignant tissue is harder than normal tissue, clinical

examination uses palpation as a tool to discern how firm a node is.

Sonographic examination of lymph nodes is more sensitive than clinical palpation.
Ultrasound elastography is yet another technique that works on similar principles of
clinical palpation to determine the stiffness of a tissue. However, the amount of manual
compression applied on the tissue becomes a reducible but not removable factor that

can cause erroneous measurements.

Here comes the role of Acoustic Radiation Force Impulse (ARFI) elastography in
measuring tissue stiffness. ARFI can perform both qualitative and quantitative
measurements of tissue stiffness and is independent of the amount of manual

compression.



AIM

This study is aimed at assessing the diagnostic accuracy of ARFI elastography in
differentiating benign and malignant palpable lymph nodes in patients by means of
‘Area Ratio’ of lesions on conventional ultrasound and virtual touch imaging,
calculation of shear wave velocity ratios between the lymph node and surrounding
normal tissue, and also to compare the performance of ARFI to that of conventional
ultrasound in the characterization of palpable lymph nodes, using histopathologic

diagnosis as the gold standard.



OBJECTIVES

To assess the diagnostic values of virtual touch quantification and virtual touch imaging
of ARFI elastography and ultrasound imaging in differentiating benign from malignant
palpable lymph node enlargement, using histopathological diagnosis as the reference

standard.

The variables studied will include:

1. Ultrasound characteristics of lymph node

2. Arearatio and brightness pattern of lymph node on virtual touch imaging
3. Shear wave velocity of lymph nodes using virtual touch quantification

4. Ratio of the shear-wave velocity between lesion and surrounding normal tissue



LITERATURE REVIEW

The lymphatic system is a part of the circulatory pathway that provides an accessory

route for fluid to circulate from the interstitium into blood (1).

The first full description of the human lymphatic system was given by Thomas
Bartholin, a Danish physician, in December 1652. The word ‘lymph’ is derived from

the Latin word ‘lympha’ meaning water.

Lymph nodes are small, oval organs that are widely distributed throughout the body,
lying along the course of lymphatic vessels. They contain B and T lymphocytes and

other cells of the immune system.

As lymph circulates through the lymph nodes, the resident immune system gets
activated and filters foreign antigens and cancer cells, attempting to destroy or almost

entirely remove these particles.

Activation of this resident immune system causes morphological changes within the

lymph nodes causing them to get enlarged due to a tumor or inflamed due to infection

(2).

ANATOMY OF LYMPH NODE

Lymph nodes are encapsulated structures that lie along the course of lymphatic vessels.

They are small, measuring ~ 0.1 — 2.5 cm in length, oval or reniform in shape with a

small indentation on the hilum.



e s » Afferent lymphatics

< seemessmsnsansessessssesseasssezess * Capsuld
», \} ~~~~~~~~~~~~~~~~~~~~~~ » Germinal centre of]
¥ ; ,.: 3y & secondary lymphoid folliclg
- "':“/"\ """"""""""""""" * Trabeculag
AT T » Subcapsular sinus

--» Cortey

-----------3 Paracortex

> Medullary sinug
Hilum

% B R e » Efferent lymphatic vesse

Fig. 1. Structure of a lymph node. Adapted from (3).

A lymph node consists of two parts, a cortex that is highly cellular and a medulla which
contains a network of minute sinuses. At the hilar region, the cortex is absent and the

medulla reaches the surface.

The capsule is made of collagen, elastin and few fibroblasts. Dense connective tissue
extend radially from the capsule interiorly into the node. Reticulin fibrils are fine type
I11 collagen which are continuous with the dense connective tissue. Reticulin forms a

fine network that interconnects and supports the lymphoid tissue (3).

LYMPH NODE MICROSTRUCTURE
In the cortex, cells are densely packed, forming lymphoid follicles in the outer cortical

area. B cells and specialized follicular dendritic cells populate these follicles.



Fig. 2. Lymph node section showing lymphoid follicles (F), with germinal centres

(G), and connective tissue trabeculae (T). 40x, H&E stain.

Fig. 3. Lymph node section showing CD-20 staining the follicles.

A primary follicle is one which is uniformly populated by quiescent lymphocytes,
whereas a follicle containing a germinal centre is termed as a secondary follicle.

Germinal centres provide a microenvironment for B cell maturation.

The paracortex or deep cortex lies in between the cortical follicles and the medulla. It
contains mainly T cells which are in a non-follicular arrangement. Interdigitating

dendritic cells are also present in the paracortex.



Fig. 4. Lymph node section showing CD-3 staining the paracortical cells.

Lymphocytes are less tightly packed in the medulla, forming irregular branching

medullary cords between the reticulin networks (3).

LYMPHATIC AND VASCULAR SUPPLY
Vascular supply to the lymph node passes through the hilum. The arteries and veins
give off straight branches as they course through the medulla, forming dense arcades

and anastomosing loops at the cortex.

Afferent lymphatic channels enter the cortex, through which lymph permeates within
the lymphoid tissue, reaching the medulla. The medullary sinuses filter lymph which

is then collected at the hilum by the efferent lymphatic vessel (3).

LOCATION OF LYMPH NODES
There are up to 450 lymph nodes in an adult human body, predominantly in the neck,

proximal regions of the limbs, mediastinum and abdomen.
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Node Group, No. . Drainage

__.-rSupraclavicular (2-4)  Right: Mediastinum, lungs
Left: Abdomen

[ »Cervical (60— 70) Head & neck

’Deltopectoral 1-2) Arm

‘..\"Axillary (20-30) Arm, breast, thorax
%””"Epitrochlear (1-2) Medial arm, forearm
""""""""""""""""" *Inguinal (12-20) Lower limb, genitalia, buttocks,
infra umbilical abdominal wall
""""""""""""""" *Popliteal (6-7) Lower leg

Fig. 5. Lymph node regions in the body. Adapted from (4).

CAUSES OF LYMPHADENOPATHY

‘Lymphadenopathy’ is a term used to describe disease of the lymph nodes. It can occur
due to a myriad of causes. A clinically useful method to approach lymphadenopathy
would be to classify it as localized, involving only one region, and generalized, in which
more than one region is involved (5). Distinguishing between generalized and localized

lymphadenopathy can aid in formulating a differential diagnosis.

A detailed and careful medical history and physical examination along with selected
laboratory tests, aid the physician to decide whether the lymphadenopathy is normal or

a finding that requires further evaluation (8).
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Table 1. Causes of peripheral lymphadenopathy (5-7)

Cause Examples
Infections
Bacterial
Localized Skin infections, Streptococcal pharyngitis, plague, tularemia,
diphtheria, chancroid, rat bite fever, cat scratch disease
Generalized Lymphogranuloma  venereum,  typhoid,  brucellosis,
leptospirosis
Viral Human immunodeficiency virus, Epstein-Barr virus, mumps,

Mycobacterial
Fungal
Protozoal
Spirochetal

Cancer

measles, herpes simplex virus, Cytomegalovirus, hepatitis B
virus, dengue

Mycobacterium tuberculosis; atypical mycobacteria
Cryptococcosis, histoplasmosis, coccidioidomycosis
Leishmaniasis, toxoplasmosis

Lyme disease, secondary syphilis

Head and neck squamous cell cancers, lymphoma, leukemia,

metastasis

Lymphoproliferative Autoimmune lymphoproliferative disease, Rosai-Dorfman

Immunologic

Endocrine

disease, hemophagocytic lymphobhistiocytosis,
angioimmunoblastic lymphadenopathy with dysproteinemia
Drug reactions, serum sickness

Addison's disease , Hypothyroidism
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Miscellaneous Sarcoidosis, histiocytosis, Kawasaki disease, Castleman’s
disease, chronic granulomatous disease, Kikuchi's disease,
Churg-Strauss, inflammatory pseudotumor, systemic lupus
erythmatosis, dermatomyositis, rheumatoid arthritis, Still’s

disease, lipid storage disease, amyloidosis

Note: This table lists common conditions and is not all inclusive.

LOCALIZED LYMPHADENOPATHY

Cervical

Enlargement of cervical lymph nodes most commonly occurs with local infections in
children as well as in adults, often due to streptococcal pharyngitis and viral upper
respiratory infections. Lymph nodes are the favoured site for extra pulmonary
tuberculosis, cervical being the most commonly involved nodal group (8). Cancers of
the head and neck and of the upper aero-digestive tract metastasize to cervical nodes as
part of their natural history. The occurrence of nodal metastasis has a profound effect

on the management and prognosis of these patients (9).

Supraclavicular

There is a high risk of malignancy associated with supraclavicular lymphadenopathy.
In two studies, in up to 50 per cent of cases with this presentation were found to have
malignancy, the risk being highest above 40 years of age (11, 12). Right supraclavicular

lymphadenopathy suggests cancer in the lungs, mediastinum or esophagus. Left
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supraclavicular lymph node enlargement, commonly referred to as “Virchow’s node”,

is associated with abdominal malignancies.

Axillary

The axillary nodes receive drainage from the upper extremity, breast and thoracic wall.
Consequently, infections or malignancies involving these regions, cause this nodal
group to enlarge. In breast cancer, involvement of 4 or more axillary nodes at the time

of initial presentation is associated with a worse outcome (12).

Epitrochlear
A palpable epitrochlear node is always pathologic, causes ranging from infections

involving the forearm or hand to lymphoma.

Inguinal
Inguinal adenopathy is often secondary to infections or trauma involving the lower
extremity, sexually transmitted diseases and malignancies such as melanoma, squamous

cell cancer, and lymphoma.

GENERALIZED LYMPHADENOPATHY
In generalised lymphadenopathy, three or more non-contiguous lymph node areas are

involved (7).

Generalized lymphadenopathy may be a central feature of a number of common as well

as rare systemic diseases, many of which can often be recognized by the clinical
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presentation and presence of other findings. Biopsy is usually required to arrive at a

diagnosis.

In an Indian study on the causes of peripheral lymphadenopathy in adults, out of 1724
cases, one-third was due to non-specific lymphadenitis (35.6%). The other common

causes were tuberculosis (31.1%) and malignancy (25.9%) (13).

ASSESSMENT OF LYMPHADENOPATHY

CLINICAL ASSESSMENT
Lymphadenopathy may be an incidental finding in patients being examined for various
reasons, or it could be a presenting sign or symptom of the patient's illness. A detailed

medical history should reveal the setting in which lymph node enlargement is occurring.

Site and extent of lymphadenopathy, nodal size, texture, presence or absence of nodal
tenderness and inflammatory signs over the node can be assessed on physical
examination. Lymph nodes more than 1.0 cm in diameter are considered abnormal.
Tender, warm and erythematous nodes are likely to be associated with a local infectious
process, while hard, fixed nodes are highly suggestive of a malignancy (14). However,
the accuracy of palpation in the detection of cervical lymph node metastasis is
guestionable. Ina study by van den Brekel et al., 32% was the overall error of palpation
in detecting affected nodes (15). Micrometastases in small nodes may give rise to high
false negative rates that may be in the order of 20-30%. Similarly, normal nodes may
vary in size up to 2.0 cm and can be readily palpable, and can give rise to false positive

rates of up to 20%.
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LABORATORY INVESTIGATIONS

In patients with lymphadenopathy, laboratory investigations must be tailored to
elucidate the cause suspected from the medical history and clinical examination.
Enlarged peripheral lymph nodes are often subjected to biopsy to obtain tissue for

histopathological diagnosis and initiation of appropriate treatment.

LYMPH NODE BIOPSY

Biopsy should be promptly performed in patients in whom an underlying malignancy
Is suspected to be the cause of lymphadenopathy. Biopsy is also appropriate in a setting
where the abnormal lymphadenopathy persists for more than four weeks. There are

several methods available for direct examination of abnormal lymph nodes.

Open Biopsy
This is the best diagnostic test available as it provides intact tissue for histopathologic

examination of abnormal nodal architecture as well as presence of abnormal cells.

Biopsy of peripheral lymph nodes is usually performed without the need for hospital
admission, in an outpatient setting, and under local anaesthesia. If multiple nodal
groups are involved, the most abnormal one is selected. The choice in descending order
of preference, when no single node predominates, is supraclavicular, neck, axilla, and
inguinal. The chance of nonspecific result and the frequency of the main complications
of lymph node biopsy, i.e., infection and damage to neurovascular structures is greatest

with axillary and groin nodes. Though there are more vital structures in the neck, these
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can be relatively easily identified and avoided during surgery. Biopsy of the wrong

node is not uncommon, causing false negative results.

It is important to inform the pathologist that the specimen is from a lymph node, so that
proper stains, smears and cultures can be done. Many techniques require unfixed
samples, making diagnosis difficult without them. For e.g., when lymphoma is
suspected, special studies involving cytogenetic, immunohistochemical, molecular
genetics, and cytogenetic techniques should be anticipated before the specimen is

obtained (16).

Fine needle aspiration for cytology

Fine needle aspiration for cytology (FNAC) is most useful when cancer recurrence in a
lymph node is suspected. Sampling error results in a substantial false-negative rate,
while false-positive results are uncommon (10,17). A specific problem with the FNAC
technique is the lack of information on tissue architecture in cases where lymphoma is
suspected. In a study by Hehn et al. on the utility of FNAC in the diagnosis of
lymphoma, only 29 per cent of FNA attempts at initial diagnosis and 41 per cent of
FNACSs in recurrent disease could yield a specific and complete histologic diagnosis

(18).

FNA has a good role in evaluating lymphadenopathy in patients with HIV infection in

whom coexistence of other diseases are suspected (19-21).

Nevertheless, FNA often assumes a larger role in centres where facilities for open
biopsy is not available and when practised in a multidisciplinary setting having a

specialized team of clinicians, radiologists, and pathologists (22,23).
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Core Biopsy
Core biopsy is a relatively inexpensive, low morbidity alternative to open biopsy.
Tissue can be obtained for special studies. It also provides some information on nodal

architecture.

Ultrasound Guided FNAC / Biopsy

Real-time ultrasound (US) facilitates accurate biopsy (or FNAC) as it permits
visualization of the needle within the lesion (24). Studies on thyroid nodules have
shown that even in palpable cases, for obtaining adequate material for an accurate
cytological assessment, US guidance is superior to manual palpation (24). However,
for the achievement of optimal results with US guided procedures, with increased
efficacy and decreased inadequacy rates, not only is a skilful aspiration technique and
attention to the factors that affect sample adequacy required but also an awareness of
the indications for and limitations of FNA biopsy. A strategy for post procedural
management also needs to be in place (25).

US guided procedures are cheap, less invasive, associated with reduced morbidity,
which is particularly relevant in patients with multiple comorbidities and in the elderly
(26). Several studies have shown that US guided FNAC / FNAB can obtain sufficient
sample, even in cases of lymphoma, without requirement for excision biopsy (27-29).
US guided procedures are becoming increasingly popular and will soon become a key
diagnostic investigation. Using larger bore needles as well as increasing the number of
passes may improve the diagnostic yield from lymph nodes. The technique is of similar

utility in superficial areas which were previously the domain of surgical biopsy (26).
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IMAGING ASSESSMENT OF LYMPHADENOPATHY
Imaging has important therapeutic and prognostic significance in patients with
lymphadenopathy by aiding in accurate identification and characterization of lymph

nodes.

ULTRASOUND

Ultrasonography (US) has been used a cost effective and highly accurate diagnostic tool
In the assessment of superficial lymph nodes for more than two decades. Reports from
as early as the mid-eighties have shown its diagnostic potential (30,31). Gray-scale US
assesses the size, shape, borders as well as internal architecture of lymph node.
Sonographically, normal peripheral lymph nodes appear as slightly flattened, oval or
reniform, hypoechoic structures with varying amounts of hilar fat (31). They are usually
hypovascular but may show some hilar vascularity (32).

Ahuja et al. reported that in addition to the distribution and location of neck nodes, the
size, shape, internal architecture, presence or absence of intranodal necrosis, hilar
structure and presence or absence of calcification, are other useful grey-scale features

that help distinguish between the various causes of lymphadenopathy (33).

TECHNICAL CONSIDERATIONS
Superficial lymph nodes should be assessed using linear array, high frequency
transducers with a small footprint and large bandwidth transducers with central

frequency above 10 MHz (34).
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DIAGNOSTIC CRITERIA
Distribution
Metastatic lymph nodes are site-specific, a feature that helps to identify metastases and

assists tumour staging.

Table 2. Common locations of abnormal lymph nodes in the neck (33)

Actiology Commonly involved lymph nodal groups

Tuberculosis Supraclavicular fossa
Posterior triangle
Metastases from
Oropharynx, hypopharynx, larynx Internal jugular
Oral cavity Submandibular
Upper cervical
Infraclavicular carcinomas Supraclavicular
Posterior triangle
Nasopharyngeal carcinoma Upper cervical
Posterior triangle
Papillary carcinoma of the thyroid Internal jugular
Non-Hodgkin’s lymphoma Upper cervical
Submandibular

Posterior triangle
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In cases where the primary tumour is not identified, the distribution pattern of metastatic

nodes may suggest a primary location (33).

Size

Lymph node size using the axial or transverse nodal diameter was used earlier as an
indicator of malignancy. Optimal size criterion varies with the nodal group involved
and also the patient population (35). However, assessment of size alone cannot be
relevant, as inflammatory nodes can be large, whilst metastatic nodes, very small.
Using a lower cut-off for nodal size increases the sensitivity but considerably decreases

the specificity and vice versa (33,34).

However, nodal size is of value in the follow up of patients with a known primary tumor.

An increase in size on follow up examinations is highly suspicious of malignancy (36).

Fig. 6. US image showing short axis and long axis dimensions of a reactive

axillary lymph node.

Shape
Classically, benign nodes are oval whereas malignant nodes are round. Nodal shape or

‘roundness index’ is defined by the ratio between the long axis diameter (L) and the

21



short axis diameter (S). In an oval benign node, the long axial diameter will be at least
twice as great as the short axis diameter, described as L/S > 2 or S/L < 0.5. The value

of L/S in a round, malignant node is less than 2 or < 1.5 or S/L > 0.5 (37,38).

Shape is however, misleading at times, as normal parotid and submandibular as well as

abnormal tuberculous nodes can also be rounded (36,39).

1.07

Fig. 8. US image of a malignant lymph node with a long axis to short axis ratio >2

Eccentric cortical hypertrophy indicates focal intranodal tumour infiltration and is

another useful sign to identify malignant nodes (40).
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Nodal Margin

Traditionally, malignant nodes have sharp borders, whereas benign nodes may have
indistinct borders. The sharp border in malignant lymph nodes can be attributed to the
mismatch in the acoustic impedance between the lymph nodes and surrounding tissue
which occurs due to replacement of normal intranodal lymphoid tissues by infiltrating
tumor cells. Reduced fatty infiltration also contributes to the difference in acoustic
impedance between the lymph nodes and surrounding tissues. Active inflammation or
edema of the surrounding soft tissues (periadenitis) in infective and inflammatory nodes

causes them to have indistinct borders (41,42).

Sharpness of nodal border has limited imaging utility. However, presence of ill-defined
borders in proven malignant nodes indicates extracapsular spread, a factor that aids in

prognostication (33).

Structural changes

Hilum

The presence of a central echogenic hilum is a manifestation of the normal anatomy of
a lymph node and is hence, considered a sign of benignity. However, it can also be seen
in early nodal malignancy and can also be absent in benign conditions such as
tuberculosis, limiting its applicability as a sole criterion for lymph node assessment

(40,43).
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Fig. 9. US image of a cervical lymph node with absent hilum. HPE was reported as

granulomatous inflammation.

Echogenicity

Fig. 10. US image of a hypoechoic tuberculous cervical lymph node.

Metastatic lymph nodes tend to be hypoechoic when compared to adjacent muscles (44).
However, presence of thyroglobulin makes metastatic nodes from papillary carcinoma
of thyroid hyperechoic (45). On the other hand, tuberculous lymph nodes after often

hypoechoic due to the high incidence of intranodal necrosis (46).
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Calcification

Nodal calcification, though rare in metastatic lymph nodes, is commonly seen in
metastatic nodes from papillary and medullary forms of thyroid carcinoma. This occurs
due to development of psammoma bodies, which are reported to be formed by
intravascular tumor thrombi or due to calcification of infarcted tips of malignant
papillae. (45) Intranodal calcification can also be seen post chemotherapy or irradiation

and also in some cases of residual tuberculous lymphadenitis (45,46).

Fig. 11. US image of a cervical lymph node with intranodal micro calcifications.

HPE was reported as granulomatous inflammation.

Intranodal Necrosis

In the temporal profile of tumoral infiltration of a lymph node, nodal necrosis occurs as
a late event. It encompasses two types - as an echogenic area (coagulation necrosis) or
a cystic area (cystic necrosis). Cystic necrosis appears as an eccentric, anechoic area
within the lymph nodes. It is commonly seen in metastatic nodes from papillary
carcinoma of the thyroid and squamous cell carcinoma, and also in tuberculous

lymphadenitis (41,45,46). Coagulation necrosis is uncommon and appears as an
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isolated echogenic focus within the lymph node that does not communicate with the

hilum or the perinodal fat. It may be found in both inflammatory and malignant nodes.

Fig. 12. US image of a cervical lymph node with focal necrotic area. HPE was

reported as granulomatous inflammation.

Intranodal necrosis is always an abnormal finding, though, without disease specificity

(33,34).

Ancillary findings
Matting
Matting is always pathological. In a study by Khanna et al., 83% of tuberculous nodes,

66% of metastatic nodes and 14% of cases with lymphoma were matted (38).

Perinodal edema

Peripheral halo or edema around a lymph node is always abnormal and occurs as an

inflammatory response or due to tumor infiltrating into the adjacent soft tissue (46,47).
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COLOUR DOPPLER

TECHNICAL CONSIDERATIONS

For an adequate assessment of superficial lymph nodes, the highest available colour
Doppler (CD) frequency should be put to use. Wall filter settings should be low. Also,
colour gain needs to be adjusted immediately below the level where nonvascular

flickering within tissues occurs (34).

VASCULAR PATTERN

Absence or presence of flow

This parameter as a sole criterion has very low specificity. Small benign lymph nodes
may not demonstrate vascularity. Malignant lymph nodes which are often vascular,

may also lack Doppler signals when necrosis is present (42).

Fig. 13. Colour Doppler image of a metastatic lymph node demonstrating increased

vascularity

27



Number, Location and Distribution of Vascular Pedicles

In benign nodes there is a single vascular pedicle that enters the hilum and branches
radially throughout the node. Malignant nodes have multiple pedicles which invade the
cortex and demonstrate a chaotic distribution pattern within the node (48,49). This
chaotic pattern, is however, not unique to malignant nodes, and can also be seen in

tuberculosis (33).

Vascular Resistance

In a normal lymph node, intranodal blood flow velocity increases with increase in its
size. However, vascular resistance remains largely unchanged. In some studies the
pulsatility index (PI) and resistivity index (RI) of reactive lymph nodes has been

reported to be lower than that of metastatic lymph nodes (50-52).

Jayachandran et al., in their study of 80 adult Indian subjects, noted that for Doppler
US, by vascular flow pattern there was 94.1% sensitivity, with a 100% specificity and
an accuracy of 95.4% whereas by vascular indices the sensitivity was found to be
81.4%, specificity of 100%, and accuracy was 85.5%, which was a statistically
significant correlation, (P < 0.05). They concluded that Doppler ultrasonography plays
a definitive role as an adjunct to clinical evaluation in differentiating metastatic from
reactive cervical lymph node involvement in patients with oral cancer as it aids in

grading and staging of oral cancer (53).

However, in a study done by Adibelli et al. no such significant difference was found

(42).
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Owing to the considerable overlap of resistance parameters, in distinguishing malignant

from benign lymph nodes, the role of Doppler in routine practice for evaluation of

lymph nodes is of limited value (33,34).

Table 3. Classic ultrasound and colour Doppler US criteria in differentiating

benign vs. malignant lymph nodes (27)

Criterion Benign Malignant
B mode

Size Small Large
Shape Oval Rounded
Hilum + -
Echogenicity Low or moderate Markedly hypoechoic
Margins Sharp Irregular
Structural changes - +

Soft tissue edema +/- -

Doppler

Flow - +

Vascular pedicle Single Multiple
Vessel location Central Peripheral
Vascular pattern Regular Chaotic
Flow impedance Low High
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CONTRAST ENHANCED DOPPLER SONOGRAPHY

Reports suggest that the diagnostic accuracy of an US echo enhancer (contrast agent) in
differentiating between benign vs. malignant lymphadenopathy is superior to
conventional B-mode and conventional Doppler sonography (54,55). However, the
short duration of contrast enhancement acts as a limiting factor, often necessitating the

administration of more than one dose of contrast agent for an optimal assessment (33).

APPLICATION OF ULTRASOUND AND DOPPLER IN LYMPH NODE IMAGING
Conventional B-mode US is widely used to assess palpable lymph nodes in patients. It

evaluates a multitude of parameters to discern whether a node is malignant or not.

Traditionally, imaging modalities such as US, computed tomography (CT) and
magnetic resonance imaging (MRI) rely mainly on size measurements and topographic

distribution for the differentiation of malignant from benign lymph nodes (56).

Lyshchik et al found that short-to-long-axis diameter ratio greater than 0.5 was the best
grayscale criterion with 75% sensitivity, 81% specificity, and 79% overall accuracy

(57).

Irrespective of the orientation of the node to the horizontal plane of the CT, US allows
for measurement of the true axial and transverse diameter, giving it a significant

advantage over CT scan (58) .

In a multivariate analysis of US findings as assessed by logistic regression analysis,
performed by Chikui et al., suggested that the only sonographic features such as

Increases in short axial diameter, presence or absence of hilar echoes, and the presence
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of normal hilar flow were predictive of reactive (presence of hilar flow and hilar echoes)
and metastatic (increase in short axis length) lymph nodes. According to the
multivariate analysis, colour-flow criteria did not provide any significant contribution
in predicting metastatic nodes. However, the colour-flow criteria did appear to have

improved the overall diagnostic accuracy for the less experienced observer (59).

ELASTOGRAPHY

Ultrasound elastography is a novel emerging imaging technique used for non-invasive
assessment of viscoelastic properties of tissue. The word ‘elastography’ was first
coined by Ophir et al. in 1991 (59). The information displayed in the images on
elastography acts as a surrogate for that obtained with manual palpation (60).
Elastography images of a lesion are generated by an US machine along with a
simultaneous acquisition of grey scale images, enabling comparison between the two

(61).

COMMON TERMINOLOGY USED IN ELASTOGRAPHY (60-62)

Stress
Stress is defined as force per unit area, measured in Pascal (Newton/m?.
Stress (kPa) = force/area
Compression or longitudinal stress acts perpendicular to a surface causing the object to
shorten. Stress when applied parallel to the surface causes deformation and is known

as shear stress.
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In elastography, stress can be applied in two ways, exogenous or endogenous.
Exogenous stress is applied by the use of US transducers, vibrators or acoustic radiation
force by using gentle intermittent freehand compression along the axis of the US beam.

Endogenous stress comes from blood vessel, cardiac or respiratory motion.

Strain
The amount of deformation, i.e., change in original size and shape of an object, on
applying stress is known as strain. Longitudinal strain causes change in length of an
object while shear strain causes a change in its angles. The harder the object, the lower
Is its strain value. Strain is dimensionless and lacks any Sl unit.

Strain = change in length/original length
A limitation of elastography that is similar to clinical palpation is that compression
causes more displacement in tissue that is nearer to the applied force than in tissue that

lies in a deeper plane.

Strain Rate

It is defined as the amount of strain that occurs in a unit of time, i.e., how quickly (or

slowly) a material is being deformed.

Shear Modulus

Also known as modulus of rigidity, is a ratio between shear stress and shear strain.
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Elasticity

Elasticity is the property of an object to regain its original form once stress is removed.

Viscosity

It is a measure of resistance of a fluid when it is subjected to stress.

Viscoelasticity
The ability of a material to exhibit both viscous and elastic properties, as in soft tissues,

Is viscoelasticity.

Hooke’s Law

Within the elastic limits of an object, the stress applied on it is proportional to the strain.

Poisson's Ratio
It is the ratio of lateral strain over longitudinal strain. Poisson’s ratio typically ranges

between zero and 0.5.

Young's Modulus
It is proportionality constant between stress and strain and is a measure of the tissue’s
resistance to compression.

Stiffness = stress/strain (Hooke’s law) = Young’s elastic modulus (kPa)
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ELASTOGRAPHY TECHNIQUES

Techniques of elastography (60,61,63) vary depending upon:
1. The method of tissue excitement (by using mechanical or ultrasonic force).
2. Tissue response to compression.
a. Static (or quasistatic) method - tissue response to a single constant compression
IS assessed
b. Dynamic method - where a time-varying force is applied, which can either be a
short transient mechanical force or an oscillatory force with a fixed frequency

3. The mechanical parameters measured (stress, strain or modulus).

TYPES OF ELASTOGRAPHY

STRAIN ELASTOGRAPHY
Strain elastography could be performed using conventional US hardware and hence,
was the first technique to appear on clinical US systems using a few software

modifications.

The transducer is positioned in a manner similar to that of conventional US. Once the
tissue of interest is identified on gray scale image, exogenous or endogenous
compression is used to displace tissues. Tissue displacements along the beam axis are
determined from the radiofrequency data received by comparing successive images
using software cross-correlation methods. Then tissue strain is calculated for each
spatial location. The resultant data can be graphically displayed as a two-dimensional

map of relative tissue strain, called an elastograms (60,64).
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Soft Hard

Fig. 14. Schematic diagram of strain elastography in which tissue displacement
occurring along the axis of the applied force is measured.
For a given stress, soft lesions deform more than stiff lesions, and thus have higher
strain (63).
A colour-coded scale is used in elastograms such that they are displayed as a semi-

transparent overlay onto gray-scale images.

SHEAR WAVE ELASTOGRAPHY

Shear wave elastography is a quantitative method which has been recently introduced.

It utilizes a specially modified transducer to produce focused impulses of high intensity
acoustic radiation (US), called push pulses, at specific locations within the tissue of
interest. This produces shear waves, whose velocities can be tracked by a series of
normal intensity impulses using US correlation methods (64).
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Fig. 15. Schematic diagram of stress elastography in which shear waves generated by
the tangential sliding of the tissue particles, traveling perpendicularly to the direction

of the applied force are measured.

Shear waves can propagate in solids but not in true liquids. They travel with a velocity
proportional to the square root of the tissue stiffness given according to the following
formula:
E = 3pc?

Where E - tissue stiffness, i.e. Young’s elastic modulus (kPa),

c - Shear wave velocity (m/s), and

p - Density (kg/m?)
As both strain elastography and shear wave elastography are operator dependent,

careful attention to practical technique is required. Precompression is a term used to
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describe tissue elasticity that varies with the amount of resting pressure applied. Thus,
minimal pressure should be applied on the skin with the transducer during acquisition.
Misleading elastograms can be produced when excessive precompression is applied as
it increases the overall stiffness of tissues while lowering relative stiffness contrast

between different tissues (65).

Shear wave elastography may be less operator dependent than strain imaging because

it does not require freehand compressions (63).

APPLICATION OF ELASTOGRAPHY TECHNIQUES IN LYMPH NODE
IMAGING

The basic principle of elastography is that malignant tissue is stiffer and deforms less
when compared to a benign tissue which is softer. Conventional elastography uses a
semi guantitative method of assessing relative tissue stiffness using elasticity scores
based on the degree of strain a tissue undergoes in response to an external compressive

force (66).

Only a few studies with sample sizes between 51 to 141 and comprising a variety of
benign and malignant pathological entities have evaluated USE as a diagnostic tool for
detection of malignancy in cervical lymph nodes (67). These studies have shown that
lymph node elastography modality improves the specificity of conventional US in

characterizing palpable lymph nodes.

In a study by Alam et al., elastographic patterns of cervical lymph nodes were

determined based on the percentage of the lymph node area with high elasticity and the
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distribution pattern. They examined eighty five cervical lymph nodes (metastatic, n=
53; reactive, n = 32) from 37 patients by both elastography and B-mode US in a
prospective study. While pattern 1 was considered as being an absent or very small
hard area, pattern 5 was defined a hard area occupying the entire lymph node. The cut-
off line was set between patterns 2 and 3 for reactive versus metastatic nodes. Patterns
3-5 were considered metastatic. The sum of scores for five criteria: shape, short-axis
diameter, border (regular or irregular), hilum (present or absent) and echogenicity
(homogeneous or inhomogeneous) was used to arrive at the B-mode sonographic
diagnosis. The cut-off line being set between scores 6 and 7 for reactive versus
metastatic; scores 5 and 6 were considered reactive, while scores 7-10, metastatic. It
was found that the specificity, sensitivity and accuracy of B-mode US were 59%, 98%,
and 84%, respectively; 100%, 83%, and 89% for elastography; and 94%, 92%, and 93%

for the combined evaluation of both (67).

Ghajarzadeh M et al. did a systematic review to determine the diagnostic accuracy of
US elastography in the evaluation of cervical lymph nodes. A total number of 936
cervical LNs was evaluated (502 malignant and 434 benign). The sensitivity of the
strain ratio (SR) measurements and the scoring system for the differentiation of benign
and malignant LNs were 0.83 (95% CI: 0.78-0.87) and 0.76 (95% CI: 0.71-0.8). The
specificities were 0.84 (95% CI: 0.79-0.88) and 0.8 (95% CI: 0.75-0.84), respectively.
Area under the curve for SR measurement was 0.95 (SE = 0.02) and 0.86 (standard error

[SE] = 0.03) for the scoring system (68).

Lyshchik et al. evaluated one hundred forty-one peripheral neck lymph nodes (60

metastatic, 81 metastasis free) in 43 consecutive patients. Patients referred for surgical
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treatment of suspected hypopharyngeal or thyroid cancer were examined with gray-
scale US, power Doppler US, and US elastography. The following lymph node
characteristics were evaluated at gray-scale and power Doppler US: echogenicity,
calcifications, short-axis diameter, short-to-long-axis diameter ratio, and vascularity.
Using a four-point rating scale, US elastograms for lymph node visibility, relative
brightness, margin definition and margin regularity were evaluated. In addition, strain
measurements of lymph nodes and surrounding neck muscles were done on
elastograms, and the strain index, i.e., the muscle-to-LN strain ratio, was calculated.
With 98% specificity, 85% sensitivity, and 92% overall accuracy, a strain index greater
than 1.5 had high utility in the classification of metastatic nodes, results that were
significantly better than those obtained by using short-to-long-axis diameter ratio
greater than 0.5, the best gray-scale criterion, with had a specificity of 81%, sensitivity

of 75%, and overall accuracy of 79% (57).

Nazarian et al. observed that diagnostic techniques used for lymph node detection must
be sensitive enough to allow detection and removal of all cancer deposits and specific
enough to avoid unnecessary treatment. However, since no imaging technique is
perfect, tissue diagnosis is almost always needed for definitive staging. Though US
guided FNAC / FNAB is both specific and sensitive for diagnosing nodal metastases, it
could still yield false-negative results. The study found that US elastography has the
potential to improve the accuracy of percutaneous biopsy and/or nodal dissection. It
also increases the accuracy of imaging findings on follow-up of post-operative cases,
especially when metastatic infiltration causes lymph nodes to harden before they

Increase in size (69).
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Tan et al. performed B-mode US, power Doppler imaging, and US elastography in 128
cervical lymph nodes of 107 consecutive patients. Only nodes that could be
unequivocally matched between sonography and pathology were analysed. Using
histopathological analysis as the reference standard, the results of B-mode US, power
Doppler imaging, and US elastography were interpreted separately to the assess cervical
nodes. There was a marked difference (P = .000) found in the strain ratio between 58
benign (median, 1.44; range, 0.62-3.90) and 70 malignant nodes (median, 2.71; range,
1.36-36.09). Receiver-operating characteristic curves showed that > 1.5 strain ratio had
high utility in classifying enlarged cervical lymph nodes, with sensitivity of 92.5%,
specificity of 53.4%, and a Youden's index of 0.463. They found these results to be
significantly better than those obtained using a ratio of long-axis to short-axis diameter
> 2, their best gray-scale criterion, which yielded a sensitivity of 58.6%, specificity of
70%, and a Youden's index of 0.286. The highest kappa values for inter observer
agreement was using elastography. They concluded that US elastography holds much

promise as an adjunct modality in screening and monitoring lymphadenopathy (70).

In their study Teng et al. examined the single node most suspicious of malignancy from
each of the 89 subjects. They examined these lymph nodes using B-mode US, power
Doppler and US elastography imaging. Elastography evaluation methods included the
4 scoring scale of elastographic classification. When >80% area of the lymph node
plane section was green or red (soft), a score of 1 was given. A score of 2 indicated that
<80% and >50% of the node was red or green. A score of 3 was assigned for nodes
with < 80% and >50% blue areas (hard), and a score of 4 was to indicate that > 80%
area of the nodal section was blue. Lesions with a score of 1 or 2 were classified as
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probably benign, while scores of 3 and 4 were indicative of probable malignancy. They
also used the strain ratio (SR) of neck muscle to cervical lymph node as another kind of
elastographic evaluation method. The cut-off point of SR was calculated to be 1.78
using receiver-operating characteristic curves, with values >1.78 indicative of
malignancy. Among the gray-scale US parameters, short-axis diameter was found to
be the most accurate with sensitivity, specificity and accuracy of 94.20%, 40.50% and
71.90% respectively, while the values were 67.3%, 75.7% and 70.8% respectively, for
power Doppler imaging. Of the two elastographic criteria used, the 4 scoring method
showed sensitivity, specificity and accuracy values of 88.4%, 35.1% and 66.3%,
respectively, while 98.1%, 64.9% and 84.3% were the values for SR. The study
concluded that except short-axis diameter the sensitivity of SR was significant higher
than all the other diagnostic criteria examined and that the accuracy of SR was the
highest. This showed that elastography does aid in differentiating benign and malignant

cervical lymph nodes (71).

Arda et al. studied fifty-one patients (12 men, 39 women) referred for fine-needle
aspiration or surgical biopsies of suspected cervical lymph nodes with gray scale US,
power Doppler US, and real-time US elastography. During Doppler US examination,
vascularity and resistance index (RI) values were evaluated. US elastograms for lymph
nodes were evaluated using a five-group elastographic colour coding pattern. Pattern 1
was for a very small or an absent hard area; pattern 2 for hard area <45%; pattern 3 for
hard area >45%; pattern 4 for central soft and peripheral hard areas; and lastly, pattern
5, hard area occupying the entire solid component with or without the presence of a soft

rim. Strains of nodes and surrounding muscles were measured, and the muscle-to-LN
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ratio (strain index) was calculated on elastograms. A strain index higher than 2.45 and
colour patterns 4 and 5 had high utility in the classification of malignant lymph nodes
with sensitivity of 93.8% and specificity of 89.5% with 89.5% positive and 93.8%
negative predictive values respectively (p<0.001). The results were significantly better
than those obtained by using Doppler US characterization using Rl > 0.57 which had
sensitivity, specificity, positive and negative predictive values of 78.9%, 90.6%, 83.3%
and 87.9%, respectively (p<0.001). The mean strain index value of benign lymph nodes
was 1.4+0.97, and the mean strain index values of malignant lymph nodes were

10.9+14.9 (72).

Overall, preliminary evidence suggests that US elastography may be a useful imaging
adjunct in aiding differentiation between benign and malignant peripheral lymph nodes,

although further research is required (73).

ACOUSTIC RADIATION FORCE IMPULSE IMAGING

Acoustic radiation force impulse (ARFI) as a method of mechanical tissue excitation
was first proposed by Sugimoto in 1990 (74). ARFI based elasticity imaging methods
use short duration acoustic radiation force known as push pulses to transiently deform
soft tissue which returns to its original position once the pulse is stopped. This dynamic
displacement response of tissues can be measured by US and is used to estimate the
tissue's mechanical properties. These measured data can be reconstructed to provide
both qualitative images and quantitative elasticity metrics, providing complimentary
information to both diagnose as well as longitudinally monitor disease progression
(61,64). This method of excitation is coupled directly within the organ of interest. This
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can be advantageous when compared with external methods which couple with the
organ of interest through the intervening tissues (64). Images related to tissue stiffness

can be either qualitative or quantitative.

VIRTUAL TOUCH IMAGING (VTI)

It provides a qualitative as well as a semi-quantitative assessment by forming images
portraying the relative differences in tissue stiffness.

In VTI mode, the gray-scale US and VTI images are displayed simultaneously, side by
side, in a split-screen mode. Comparison between the lesion and the surrounding tissue
is used to classify the gray-scale value in VTI image into two values (black or white)

which can be scored accordingly (55, 58).

Fig. 16. Schematic diagram of brightness pattern on virtual touch imaging, A: darker

than surrounding; B: equal to surrounding; C: lighter than surrounding tissue.

In addition, VTI area ratio (VAR) gives a ratio of the areas of the nodules on both VTI
and B-mode images. It is proposed that the area ratio of malignant lesions is more than

that of benign lesions (75).
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Fig. 17. US and corresponding VTI image of a reactive lymph node demonstrating

the brightness of the node compared to surrounding tissue.

Fig. 18. US and corresponding VTI image of a malignant lymph node demonstrating
that the node is darker than the surrounding tissue. HPE was reported as papillary

thyroid carcinoma with nodal involvement.
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VIRTUAL TOUCH QUANTIFICATION (VTQ)
It provides a quantitative estimate of the underlying tissue elasticity by displaying the

shear wave velocity using reconstruction methods.

The operator first positions a fixed, 5 mm x 5 mm, sized box, the ROI, over the tissue
of interest on the gray-scale image. Once the ARFI capture mode is triggered, the value

of the mean shear wave velocity of the ROI is estimated and displayed (63).

|
|
|

Longitudinal wave push pulse

Fig. 19. Technical scheme of virtual touch quantification. ROI: Region of interest.

APPLICATION OF ARFI IN IMAGING PERIPHERAL LYMPH NODES

ARFI uses short acoustic radiation forces to create local tissue displacements which are
dependent on the elastic properties of the tissue. Shear waves generated by the acoustic
radiation force travel faster in stiffer tissues while they are slower in softer tissues.

There are two basic components in ARFI elastography, one is Virtual Touch Imaging
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(VTI) (5) which gives a qualitative depiction of tissue stiffness on a grey-scale and the
other is Virtual Touch Quantification (VTQ) which provides quantitative assessment of
tissue stiffness in meters per second. Area ratios can be calculated using VTI mode
while shear wave velocity is obtained from VTQ mode. This new modality aims to
improve lesion characterization especially in cases of indeterminate lesions, thereby

avoiding unnecessary biopsies.

Though the application of ARFI imaging in the liver has been standardized for a while
now, its use in other organs is still limited to research phase, with very few studies being

currently available on the evaluation of peripheral lymph nodes.

Fujiwara et al. studied used ARFI to compare the stiffness of forty two lymph nodes
(reactive = 22; metastatic = 20) in 19 patients (6 women, 13 men; mean age, 63.68 +
14.9 y; range, 23-85 y) with cervical lymphadenopathy. They evaluated the shear wave
velocity (SWV, m/s) of each lymph node by ARFI imaging. Reactive lymph nodes had
a SWV of 1.52 + 0.48 m/s, while SWV of metastatic/malignant lymph nodes was 2.46
+ 0.75 m/s. Using a cut-off SWV > 1.9 m/s was found to be very useful in the
classification of metastatic lymph nodes, with 81.8% sensitivity, 95.0% specificity and
88.0% overall accuracy. The area under the ROC curve was 0.923 (95% confidence
interval, 0.842-1.000). They thus concluded that ARFI imaging was useful in

differentiating reactive and malignant/metastatic cervical lymph nodes (76).

Meng et al. evaluated the virtual touch quantification (VTQ) component of ARFI in
their study. The VTQ values were analysed in 181 cervical lymph nodes (87 benign,
94 malignant) of 123 patients (mean age 40.8 years, range 1-81 years). Using a cut-off

value of 2.595 m/s, the mean VTQ values of the benign lesions was found to be 2.01 £
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0.95 m/s and that of malignant lesions was 4.61 £ 2.56 m/s (p <0.001). Malignancy
could be predicted using the receiver operating characteristic curves of VTQ with the
cut-off value with 82.9% sensitivity, 93.1% specificity and areas under the curve of
0.906 (95% CI 0.857-0.954). ARFI was reported to be a feasible complement to B-

mode US to potentially improve the characterization of cervical lymph nodes (77).

Virtual touch imaging (VTI) was analysed by Che et al. in 81 patients (mean age, 46.6
years; range, 5-82 years) with 81 lymph nodes (36 benign nodes and 45 metastatic
nodes). Bright regions on the VTI images defined tissue that was more elastic than dark
areas. Most metastatic nodes were obviously darker than the surrounding tissue while
most benign lymph nodes were either the same in brightness or slightly darker or when
compared with surrounding tissue. For metastatic lymph nodes the mean area ratio of
(1.39 + 0.20) was statistically higher than the mean area ratio of benign lymph nodes
(1.05 £0.15; P <0.001). The cut-off level for area ratio of metastatic lymph nodes was
estimated to be 1.16. Using receiver operating characteristic curves with this cut-off
value, the area ratio predicted malignancy with 91.1% sensitivity and 83.3% specificity

(78).

Xu et al. used US, SE and ARFI including VTI and VTQ to perform a multivariate
analysis in the pre-operative evaluation of 222 consecutive patients with papillary
thyroid carcinoma. In the analysis, VTI area ratio (VAR) > 1 emerged to be the best
predictor for central lymph node metastasis (CLNM). ROC analyses showed that the
sensitivity, specificity and areas under the curve were 0.600-0.630, 47.7 %-93.2 %, and
26.9 %-78.4 % for US, respectively. For VAR > 1 they were 0.784, 83.0 %, and 73.9

%, respectively. A combination of US characteristics without and with VAR, the
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sensitivity and specificity were 77.6 %, 11.2 % and 83.0 %, 100.0 %, and, respectively

(p<0.001).

They concluded that in predicting cervical lymph node metastasis in patients with
papillary carcinoma of thyroid, ARFI elastography showed superior performance over

conventional US, particularly when combined with US (75).

Xuetal. also performed another prospective study to propose a new rating system using
a risk model including conventional US as well as ARFI imaging for predicting central
lymph node metastasis in patients with papillary thyroid microcarcinoma (PTMC). US
and ARFI including VTI and VTQ was used to evaluate a total of 252 patients with
PTMCs preoperatively. Univariate and multivariate analyses of various risk factors of
independent variables for CLNM were performed. The results showed that multiple
suspicious foci, capsule involvement, rare internal flow on US, and VAR > 1 on ARFI
Imaging were the risk factors for predicting CLNM and thus has a potential to avoid

unnecessary nodal dissection in the central compartment (79).

It can thus be concluded that ARFI has great potential when combined with US I

predicting malignancy/metastasis within peripheral lymph nodes.
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Vs=0.82 m/s
Depth=0.9 cm

o Vs=4.55 m/s
Depth=0.9 cm

Fig. 21. Reniform, hypoechoic lymph node with preserved central hilum; SWV

4.5m/s; HPE was reported as Kikuchi disease.

Vs=X_XX m/s
Depth=0.8 cm

Fig. 22. VTQ of an oval, hypoechoic lymph node with SWV X.XX m/s. HPE was

reported as metastatic squamous cell carcinoma.
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ADVANTAGES OF ARFI (59,63,64,74)

Compared to conventional elastography techniques, the advantages of ARFI are:
1. Highly operator independent
2. Interacts directly with tissue of interest and not the intervening structures
3. Images formed are more homogeneous
4. Better contrast resolution

5. Deeper tissue not accessible by conventional elastography can be assessed

DISADVANTAGES OF ARFI (61,64,74)

1. Image quality can be degrade by physiological or transducer motion

2. Attenuation of the push pulses at a depth of more than 10 cm renders these areas
inappropriate for assessment.

3. Peak temperature rise associated with a single pulse varies from 0.02 to 0.2°C,
limiting the duration of pulses and frame rates to within the standard diagnostic
limits of mechanical and thermal index (80).

4. Current ARFI systems are not yet equipped to generate real-time elastograms.
Although this method can quantitatively estimate and display the shear wave

velocity, it cannot be used to calculate the elastic modulus (63).
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Table 4. Summary of studies on the use of elastography in the assessment of lymph

nodes (81)
LN per patients Sensitivity Specificity Accuracy
Study
(Malignant) Cut-off (%) (%) (%)
Strain elastography
Lyshchik etal. (57)*  141/43 (43%)  ES (2/3) NA NA NA
SR (1.5) 85 98 92
Alam et al. (67)* 85/37 (62%) ES (2/3) 83 100 89
Rubaltelli et al. (82) 53/53 (53%) ES (2/3) 75 80 77
Zhang et al. (83)** 155/82 (56%)  ES(2/3)  74.40 97.10 84.50
SR (2.4) 78.40 98.50 87.1
Bhatia et al. (84)** 74174 (50%) ES(2/3)  62.20 83.80 73
Tanetal. (70)** 128/107 (55%) ES (2/3) NA NA NA
SR (1.5) 92.50 53.40 75
Ishibashi et al.** (85)  71/19 (44%) ES (2/3) 83.9 82.5 83.1
Teng etal. (71)** 89/89 (58%) ES (2/3) 88.40 35.10 66.30
SR (1.8) 98.10 64.90 84.30
Lenghel etal. (86)**  69/42 (57%) ES(3/4)  66.70 96.70 81.2
Loetal. (87)** 131/131 (41%) ES(2/3)  66.70 57.10 61.10
Acoustic radiation force impulse imaging
Fujiwaraetal. (76)**  42/19 (48%) >1.9m/s 95 81.80 88
Mengetal. (77)** 181/123 (52%) >2.6 m/s 82.90 93.10 87.8

AUC, area under the curve; EM, elastic modulus; ES, elastographic scale; LN, lymph node; NA, not

acquired; SR, strain ratio; SWS, shear wave speed; *, prospective study; **, retrospective study
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OTHER IMAGING MODALITIES

Cross sectional imaging modalities have been routinely used for the evaluation of lymph
nodes, though more commonly to detect and characterize lymph nodes in regions that

are inaccessible to percutaneous US.

Investigations and review of literature by Kau et al revealed that the accuracy of MRI
(85%) and CT scanning (84.9%) was much superior to palpation (69.7%) and US
(72.7%). The accuracy of US guided FNAC was 89%, in the same range with positron

emission tomography (PET) (90.5%) (88).

In a study by Yuasa et al., by using appropriate diagnostic criteria for the CT and US
evaluation of cervical lymph nodes in oral squamous cell carcinoma, it was found that
the positive predictive value (PPV) for US was 96.5% and the negative predictive value
(NPV) was 88.1% However, 25.5% of all lymph nodes could not be classified as either
benign or metastatic. PPV for CT was 90.8% and NPV was 70.4% and 65.7% of all

lymph nodes could not be classified as either benign or metastatic (89).

Golder et al. noted that recognition of lymph node involvement is one of the most
challenging topics of diagnostic radio-oncology. Inaddition to size, shape and contours,
the intrinsic nodal architecture, its vessels and its metabolic activity also need to be
assessed and used for diagnostic conclusions. Though the specificity of conventional
US is moderate, it is highly sensitive in detecting enlarged lymph nodes. Alterations of
intranodal angio-architecture due to tumor infiltration are not specific enough to allow
reliable diagnosis by colour Doppler ultrasound. Power Doppler US improved

distinction between reactive, inflamed and metastatic nodes. Though CT is most widely
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used to evaluate deep seated intrathoracic and intra-abdominal nodes, diffuse
lymphadenopathy secondary to metastases or systemic lymphoma cannot be
discriminated from infectious or granulomatous diseases. As PET offers functional
information on tissue activity, it provides superior information on staging. The
sensitivity and specificity of PET is better than CT for revealing neoplastic involvement.
Dual modality scanners (CT + PET) enable precise localization of diseased lymph nodes
and provide unique information about the residual tumor activity. MRI is comparable
to CT in identifying lymph nodes. However, it has not been useful in reliable follow
up of disease activity. MR lymphography has opened a new chance to avoid
overstaging due to peritumoural inflammation as well as understaging due to
microscopic tumor invasion(90). The expansion of such and other advanced techniques

will lessen the need for invasive lymph node diagnosis (90).

A meta-analysis from seventeen articles showed the highest areas under the curve
(AUC) for US guided FNAC (AUC=0.98) and US (AUC=0.95). MRI-USPIO (ultra-
small super paramagnetic iron oxide contrast agent) (AUC=0.89) and CT (AUC=0.88)
also had similar results. MRI showed an AUC=0.79. US guided FNAC showed the
highest diagnostic odds ratio (DOR=260) compared to MRI (DOR=7), CT (DOR=14),
MRI-USPIO (DOR=21), and US (DOR=40). Thus it was concluded that US guided
FNAC showed promise in being the most accurate imaging modality in detecting

cervical lymph node metastases (91).

In another meta-analysis comparing imaging modalities for the detection of cervical
lymph node metastasis in head and neck cancer patients with clinically NO neck, there

was no difference in sensitivity and specificity among the evaluated imaging modalities,
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except CT was superior to US in specificity. On a per-neck basis, 66% (45~77%), 52%
(95% confidence interval [Cl], 39%~65%), 65% (34~87%), and 66% (47~80%), were
the pooled estimates for sensitivity for US, CT, MRI, and PET respectively. In terms
of specificity, the pooled estimates for US, CT, MRI, PET were 78% (71~83%), 93%
(87%~97%), 81% (64~91%), and 87% (77~93%), respectively. Thus, the authors
observed that these modern imaging modalities offered similar diagnostic accuracy to
clinically define and diagnose NO neck. They suggested that the use of PET for nodal
surveillance should not be routine as it did not provide better sensitivity and specificity,
though being the more expensive imaging option. They opined that CT or MRI is
preferred for clinically NO neck pre-operative evaluation because CT and MRI had
similar diagnostic sensitivities to PET and US. Furthermore, CT and MRI can also
evaluate the status of primary tumor at the same time. They also added that in
comparison to other imaging modalities, US was inexpensive and a more convenient
tool to monitor nodal status. It could also be used with real-time guided FNAC.
However, it may not allow adequate assessment of the primary tumor lesion and some

deep-seated lymph nodes (92).
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METHODOLOGY

STUDY DESIGN: Test of diagnostic accuracy

STUDY TYPE: Prospective study approved by the Institutional Review Board.

SETTING: Christian Medical College, Vellore is a tertiary care centre in Tamil Nadu,
India. The institution was established in 1900 and is now a 2800 bedded multispecialty
hospital. The annual outpatient footfall is around 2 million and there are around 1,
30,000 admissions each year. The Department of Radiology was established in the year
1936. What was initially a conventional radiography setup evolved into digitalization
in the year 2000 with the introduction of the Picture Archiving and Communication
Systems (PACS). The department is staffed by 90 radiologists and 120 radiographers.
A number of diagnostic as well as interventional radiological procedures are performed

on a routine basis

STUDY POPULATION RECRUITMENT

SAMPLE SIZE

nMaster Sample Size Calculator software, version 2.0, developed by the Dept. of
Biostatistics, Christian Medical College, Vellore, was used to calculate the sample size.
The required sample size to show that ARFI has sensitivity and specificity of about 93%
and 91% with 95% confidence limits with 8% precision was found to be 49 malignant

and 51 benign cases(78). However, due to a change in the flow of patients, a total of
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86 cases could be performed within the defined period. Of this, 8 of patients did not
undergo any interventional procedure after the initial imaging and hence, had to be
excluded from the study due to lack of a confirmatory tissue diagnosis. Study will be

ongoing till a total of 100 cases are completed.

INCLUSION CRITERIA:
1. Patients with peripheral lymphadenopathy

2. Patients with a valid histopathological or cytological report after ARFI

EXCLUSION CRITERIA

1. Lymph nodes <7 mm

2. Necrotic or cystic node with no solid component

3. Nodes with large areas of calcification avoiding which the ARFI box cannot be
placed

4. Patients without a tissue diagnosis or an inadequate sample

SAMPLING AND CONSENT

The study was conducted on 86 patients who were referred to the Department of General
Surgery and Department of Radiodiagnosis, Christian Medical College, Vellore for
FNAC/biopsy/excision of peripheral lymph nodes between September 2015 and August
2016. All patients who met the inclusion criteria were included in the study. An
informed consent was obtained from the patient prior to the study as per the Institutional

Review Board guidelines in accordance with the ethical guidelines of the Declaration

56



of Helsinki. The patient information sheet and consent forms are attached in Annexure
2 & 3. Personal data, imaging and histopathological findings were entered into a coded

proforma (Annexure 1).

TIMING

The study period was from September 2015 to August 2016. The time period between
the index study (ARFI) and the reference standard was a maximum of 2 weeks. All
imaging examinations were performed prior to any intervention. The primary

investigator was blinded from the results of the biopsy till the end of the study.

STANDARD OPERATING PROCEDURES

Ultrasound and ARFI imaging of peripheral lymph nodes was performed using a high
multi-frequency linear probe (4-9 MHz) on Siemens ACUSON S2000™. Al patients
were examined in supine position. For cervical and supraclavicular lymph nodes, the
neck was extended by placing a pillow under the upper back. Axillary lymph nodes
were examined after extending the upper limb. Examination of inguinal lymph nodes

did not warrant any special manoeuvre.

ULTRASOUND & COLOUR DOPPLER OF PERIPHERAL LYMPH NODES

The patients were initially examined using B-mode ultrasonography. In cases with only
a single enlarged lymph node, images were acquired directly.

In cases where more than one lymph node in a nodal group were involved, assuming

that all nodes were affected by similar pathology, the single most representative node
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was isolated based on its size- the largest node that would fit the elastographic window
and also allow the comparative evaluation of adjacent muscles.

After the selection of the most representative lymph node, it was examined for the
following gray-scale parameters:

1. Site

2. Size - long axis diameter, short axis diameter, ratio of long axis to short axis

3. Shape - reniform/round/conglomerate/irregular/other

4. Margins — circumscribed/lobulated/irregular/indistinct/other

5. Echogenicity - hyperechoic/isoechoic/hypoechoic/complex

6. Hilum — present or absent

7. Calcification - presence (micro/macro, focal/diffuse) or absence

8. Necrosis — presence (focal/diffuse) or absence

Using colour Doppler, nodal vascularity was assessed — for its presence or absence and

pattern (normal hilar or altered).

These parameters were interpreted individually to be compared with the final diagnosis.

ULTRASOUND ARFI OF PERIPHERAL LYMPH NODES

Using light pressure to ensure good skin contact and with suspended respiration, Virtual
Touch Imaging (VTI) was performed. With the VTI mode turned on, once the lesion
was entirely placed within the region of interest (ROI), a B-mode image was obtained
on the left hand side of the screen and VTI image was obtained on the right hand side.

The area of the lesion was measured and ratio calculated on both B-mode and VTI.
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Using the same technique of light pressure and suspended respiration, VTQ was
performed by placing the region of interest (ROI) (size 6 mm x 6 mm) entirely within
the lesion at a maximum depth of 4 cm and Shear Wave Velocity within the lesion and
in the perilesional tissue at the same depth (not less than 1cm from the lesion) was

measured 5 times each and average of both will be calculated.

In certain cases, a VTQ ‘X.XX m/s’ was obtained on repeat imaging and even after
manoeuvring the ROI to a different area on the same node. This implied that the VTQ
values were outside the range of assessment by the machine (<0 m/s or > 8.5 m/s). Such
lymph nodes were assigned based on their appearance on grey scale, as ‘too soft’ for

cystic lesions and ‘too hard’ for entirely solid lesions.

FINAL DIAGNOSIS

The final diagnosis was established using fine needle aspiration cytology or
histopathology findings.  The FNAC/biopsy was performed from the most
representative lymph node. The findings of ultrasound examination were then

compared with the cytological/histopathological diagnosis.

PERSONNEL

1. Initial B mode Ultrasound and ARFI was performed by the principal investigator
who was unaware of the clinical suspicion

2. Lymph node biopsy / FNAC was performed by a general surgeon or a radiologist

3. Histopathological / cytological examination was performed by the pathologist who

was blinded to the US and ARFI findings

59



4. Execution and interpretation of both Index and Reference test were overseen by the

guide and co-investigators involved in the study.

General Surgery OPD
(Assessment for biopsy)

Clean Minor Theatre
(Booking for Biopsy)

Dept, of Radiology e
(Lymph Node ARFI) L

Clean Minor Theatre
(Biopsy on Pre booked Date)

i

{ Histopathology }

¢ PalpablelymphNode
= Existing Workflow

""" > Proposed Flow
Statistical Analysis e ;

Fig. 23. Diagrammatic algorithm of workflow during the study.
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STATISTICAL ANALYSIS

Data entry was done using Epidata version 3.0 software. Statistical analysis was
performed using SPSS software, version 24. Receiver operating characteristic curves
were employed to compare the diagnostic performances of ultrasound, colour Doppler,
and both VTI and VTQ parameters of ARFI. A p-value of <0.01 was considered
statistically significant. Positive predictive values, likelihood ratios and odds ratios for

malignant and benign lymph nodes were determined.

PATIENT DEMOGRAPHICS

1. AGE DISTRIBUTION

The mean age of the patient population was 38 years (range 16 to 75 years).

2. SEXDISTRIBUTION

Of the 78 patients examined, there were 32 males and 46 females.

30
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Male Female

®m Benign = Malignant

Fig. 24. Sex distribution of patients vs. histology.
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There was no statistically significant correlation between gender of a patient and the

presence of malignancy (Chi-square statistic 0.5769, p-value 0.45).

NODAL CHARACTERISTICS

1. LOCATION AND DISTRIBUTION
Of the 78 nodes imaged, 30 belonged to the cervical group, 19 to the supraclavicular,

22 to the axillary and 7 to the inguinal group.
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Fig. 25. Nodal location vs. histopathology.

A statistically significant correlation could not be found between the histopathology and

involvement of cervical, supraclavicular and axillary nodes.

All the inguinal lymph nodes examined were found to be malignant. This could be
explained by the fact that selection of inguinal node for biopsy would have been done

only in those cases where the clinical suspicion was extremely high (nodal size > 1.5cm,
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established primary malignancy in the lymph node territory) as inguinal nodes are

otherwise known to have a low diagnostic yield (6).

2. HISTOPATHOLOGY

There were 43 benign and 35 malignant lymph nodes

Table 5. Histopathology of benign lymph nodes

Histopathology Number of Nodes
Reactive change 13 (30.2%)
Tuberculosis 20 (46.5%)
Granulomatous inflammation 6 (14%)
Non-specific hyperplasia 3 (7%)
Kikuchi disease 1 (2.3%)
Total 43

Table 6. Histopathology of malignant lymph nodes

Histopathology Number of Nodes
Lymphoma 19 (54.3%)
Metastasis
Adenocarcinoma 4 (11.4%)
Squamous cell carcinoma 2 (5.7%)
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Breast 6 (17.1%)
Papillary thyroid 2 (5.7%)
Ewing 1 (2.9%)
Urothelial 1 (2.9%)
Total 35
3. PALPATION

The sensitivity of clinical palpation in determining the presence of malignancy in a

lymph node was 37.5% (low Chi-square statistic, p-value > 0.01)

ULTRASOUND CHARACTERISTICS

A statistically significant correlation could not be established between the examined US

characteristics and the presence of malignancy (low Chi- square test statistic, p-value >

0.01).

Table 7. Ultrasound Characteristics of Examined Lymph Nodes

Benign Malignant / Metastatic
(n =43) (n=35)
Short axis diameter
<1lcm 21 (48.8%) 14 (40%)
>1cm 22 (51.2%) 21 (60%)

64



Long axis to short axis ratio
<2
> 2
Hilum
Present
Absent
Necrosis
Absent
Present
Calcification
Absent

Present

24 (55.8%)

19 (44.2%)

23 (53.5%)

20 (46.5%)

37 (86.1%)

6 (13.9%)

37 (86.1%)

6 (13.9%)

25 (71.5%)

10 (28.5%)

17 (48.6%)

18 (51.4%)

34 (97.1%)

1 (2.9%)

34 (97.1%)

1 (2.9%)

Table 8. Ultrasound Characteristics of Examined Lymph Nodes (Recoded Data)

Benign Malignant / Metastatic
(n =43) (n=35)
Shape
Reniform 30 (69.8%) 20 (57.1%)
Round 9 (20.8%) 11 (31.5%)
Conglomerate 2 (4.7%) 0
Irregular 2 (4.7%) 4 (11.4%)
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Shape recoded

Margin

Normal

Abnormal

Circumscribed

Lobulated
Irregular

Indistinct

Margin recoded

Normal

Abnormal

Echopattern

Hyperechoic

Isoechoic
Hypoechoic
Normal

Complex

Echopattern recoded

Normal

Abnormal

30 (69.8%)

13 (30.2%)

37 (86.1%)
0
1 (2.3%)

5 (11.6%)

37 (86.1%)

6 (13.9%)

2 (4.7%)
1 (2.3%)
24 (55.7%)
13 (30.2%)

3 (6.9%)

14 (32.6%)

29 (67.4%)

20 (57.1%)

15 (42.9%)
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0
4 (11.4%)

1(2.9%)

30 (85.7%)
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2 (5.7%)
0
25 (71.5%)
8 (22.8%)

0

8 (22.8%)

27 (77.2%)
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Fig. 26. Statistical parameters of ultrasound characteristics.

The diagnostic accuracy of L-S ratio, considered the best US parameter in literature,
was 56.4%, with a sensitivity of 71.4%, specificity of 44.2%, PPV of 51% and NPV of
66%. Using short axis diameter of > 1 cm predicted malignancy with a sensitivity of
60%, soecificity of 49% and an accuracy of 54%. Though an altered nodal echotexture
had a sensitivity of 77%, a large number of benign nodes also appeared hypoechoic.
Presence of intra nodal necrosis or calcification was highly indicative of a pathological

process, however, these were not specific to any benign or malignant entity.

COLOUR DOPPLER CHARACTERISTICS

There was a strong correlation between the presence of altered nodal vascularity
(absent, decreased or increased) and malignancy (Chi- square test statistic 8.10, p- value
0.004).

CD had a sensitivity of 85.7%, specificity of 44.2%, PPV of 56% and NPV of 79%,

with an overall accuracy of 62.8% in detecting malignancy.
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Table 9. Colour Doppler Characteristics of Examined Lymph Nodes

Benign Malignant / Metastatic
(n = 43) (n=35)
Hilar vascularity
Normal 19 (44.2%) 5 (14.3%)
Absent 12 (27.9%) 8 (22.8%)
Altered 12 (27.9%) 22 (62.9%)
Hilar vascularity recoded
Normal 19 (44.2%) 5 (14.3%)
Abnormal 24 (55.8%) 30 (85.7%)

A combination of US & CD increased the specificity to 69% & the overall diagnostic

accuracy to 65.4%.

ARFI PARAMETERS

1. VTI

NODAL AREA ON VTI

The mean area of lymph nodes on US (GAR) was 1.7 cm? (standard deviation + 1.07)
for benign and 2.3cm? (standard deviation + 1.71) for malignant entities.

The mean area on VTI (VAR) was 1.5 cm? (standard deviation + 1.08) for benign and

2.6 cm? (standard deviation + 1.74) for malignant lymph nodes. Area > 1.4 cm?on VTI
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predicted malignancy with a sensitivity of 74%, specificity of 63% and accuracy of

68%.

AREA RATIO
The mean area ratio (AR) of benign nodes was 0.88 (standard deviation £ 0.2) and of

malignant nodes was 1.17 (standard deviation + 0.14).

A cut-off area ratio (AR) of > 1 between the lymph node area on VTI (VAR) and area
on US (GAR) improved the diagnostic accuracy to 86%, with a sensitivity of 97% and
specificity of 77%, PPV of 77% and NPV of 97% with a positive likelihood ratio of 4.2

(Chi-square statistic 32.03, p-value <0.01).

Malignant

Benign

0.00 0.40 0.80 1.20 1.60

Fig. 27. Box and whisker plot of area ratio of lymph nodes on virtual touch imaging.
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Fig. 28. Receiver operating characteristic curve of area ratio on virtual touch

imaging.

The ROC curve of AR demonstrated an area under the curve of 0.86 (95% CI 0.63 -

0.82).

BRIGHTNESS PATTERN

Assuming that benign lymph nodes are brighter or occasionally slightly darker than
surrounding tissue, malignant nodes being much darker (78), brightness pattern on VTI
detected malignancy with a sensitivity of 74% and specificity of 77% (Chi-square
statistic 20.22, p-value <0.01). The PPV was 72%, NPV was 79% with a positive

likelihood ratio of 3.2 and diagnostic accuracy of 76%.
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Fig. 29. Brightness pattern of lymph nodes on virtual touch imaging.

COMBINATION OF VTI PARAMETERS

Combined use of AR and brightness pattern markedly improved the sensitivity to 99%

and specificity to 95%.

Table 10. VTI Characteristics of Examined Lymph Nodes

Benign Malignant / Metastatic
(n = 43) (n=35)
VTI Area
<14 25 (58.1%) 8 (22.9%)
> 1.4 18 (41.9%) 27 (77.1%)
VTI Area Ratio
<1 28 1 (2.9%)
> 1 15 (34.9%) 34 (97.1%)
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VTI Brightness Pattern (Compared to surrounding)

Obviously less 4 (9.3%) 12 (34.2%)
Less 6 (13.9%) 14 (40%)
Equal 11 (25.6%) 1 (2.9%)
More 15 (34.9%) 1 (2.9%)
Obviously more 7 (16.3%) 7 (20%)
VTI Brightness Pattern (recoded)
< Surrounding 10 (23.3%) 26 (74.3%)
> Surrounding 33 (76.7%) 9 (25.7%)
2. VTQ
SHEAR WAVE VELOCITY OF LESION

€

S

2 —_—

<

P

|

S
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0.00 2.00 4.00 6.00 8.00 10.00

Shear wave velocity of lymph node (m/s)

Fig. 30. Box plot of shear wave velocity of lymph nodes on virtual touch

quantification.
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The mean shear wave velocity (SWV) of benign lesions was 2.02 m/s (standard

deviation + 0.94) and 3.7 m/s (standard deviation + 2.27) for malignant lesions.

Using a nodal SWV cut-off value of > 2.4 cm? predicted malignancy with a sensitivity
of 71%, specificity of 70%, accuracy of 70%, PPV of 66%, NPV of 75% and a positive

likelihood ratio of 2.4 (Chi-square statistic 11.37, p-value <0.01).

0.8
s

0.6
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0.2

< I 1 I |
0 02 04 06 038

1 — Specificity
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Fig. 31. ROC curve of mean shear wave velocity of lymph node.

The receiver operating characteristic curve demonstrated an area under the curve of 0.78

(95% CI: 0.69— 0.87).

6 lymph nodes displayed SWV of X. XX m/s. On grey scale, 5 of these appeared solid
while one had necrotic areas within. All 5 nodes that were solid on grey scale appeared
darker than surrounding on VTI and were therefore considered ‘too hard’. The lymph

node with necrotic areas within was bright on VTI, hence it was assigned as ‘too soft’.
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Excluding these nodes from the analysis reduced the sensitivity to 66%, specificity to
69%, AUC to 0.73 (95% CI: 0.64 — 0.83) and the mean SWV to 2.45 m/s (standard
deviation + 1.08) (benign - 2.08 m/s + 0.92, malignant - 2.98 m/s £ 1.09). Hence, these

nodes were included for analysis (76).

SHEAR WAVE VELOCITY OF SURROUNDING TISSUE

Mean SWV of surrounding tissue was 1.98 m/s (standard deviation * 0.84).

Cervical Supraclavicular Axillary Inguinal

2.5

SWV of tissue (m/s)
- o

o
&)

o

Fig. 32. Bar graph depicting the mean shear wave velocity of tissue surrounding

lymph node at a particular site.

SHEAR WAVE VELOCITY RATIO
The mean shear wave velocity ratio (SWVR) of benign nodes was 1.1 m/s (standard

deviation + 0.64) and of malignant nodes was 2.4 m/s (standard deviation = 1.71).
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Fig. 33. Box and whisker plot of shear wave velocity ratio between lymph node and
surrounding tissue.

A cut-off SWVR (AR) of > 1.5 between the SWV of lymph node vs. the surrounding

tissue had an improved diagnostic accuracy of 74%, with a specificity to 79% (Chi-

square statistic 10.31, p-value <0.01). The sensitivity of SWVR was 68%.
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Fig. 34. ROC curve of mean SWYV ratio of lymph node to surrounding tissue.
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The area under the receiver operating characteristic curve of mean shear wave velocity

ratio of lymph node to surrounding tissue was 0.82 (95% CI: 0.74 — 0.90).

Table 11. VTQ Characteristics of Examined Lymph Nodes

Benign Malignant / Metastatic
(n=43) (n=35)
VTQ SWV of Lesion
<24 30 (69.8%) 11 (31.5%)
>2.4 13 (30.2%) 24 (68.5%)
VTQ SWV Ratio
<15 28 (65.1%) 10 (28.5%)
>1.5 15 (34.9%) 25 (71.5%)

COMBINATION OF VTQ PARAMETERS
Parallel use of both SWVL and SWVR had a sensitivity to 91% and specificity to 94%,

which was significantly more than the individual parameters.

OVERALL ARFI PARAMETERS

The sensitivity and specificity could further be increased to 99.9% and 99.7%

respectively when VTI and VTQ were used together.
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CASE BASED IMAGING FINDINGS & HPE CORRELATION

CASE 1. 40 year old lady, post treatment for carcinoma breast, now presented with

palpable right cervical lymph node.

IMAGING FINDINGS:

— .

2 . —
T T T TN el eyl

Fig. 36. CD: normal hilar vascularity.
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Fig. 39. H&E stain, 40x, reactive changes with sinus histiocytosis.

FINAL DIAGNOSIS ON HPE: Reactive hyperplasia of lymph node
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CASE 2. 55 year old lady with non-tender cervical lymphadenopathy.

IMAGING FINDINGS:

+D=12.2 mm
+D=20.3 mm

Fig. 42. VTQ: SWV of lymph node 2.6 m/s.
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Vs=1.61 m/s
Depth=1.5 cm

Fig. 45. H&E stain, 40x, lymph node with neoplastic follicles arranged back to back,

composed predominantly of centrocytes and very occasional centroblasts (0-5/ hpf).

FINAL DIAGNOSIS ON HPE: Lymphoma
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CASE 3. 55 year old lady with constitutional symptoms for few months.

IMAGING FINDINGS:

J +D=23.3 mm
‘ +D=10.8 mm

Vs=1.53 m/s
Depth=0.9 cm

Fig. 48. VTQ: SWV of lymph node 1.5 m/s.
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Vs=2.33 m/s
Depth=0.9 cm

Fig. 51. Large areas of caseous necrosis. Fig. 52. Epithelioid granulomas with

H&E, 40x. Langhan’s giant cells, H&E, 400x.

FINAL DIAGNOSIS ON HPE: Tuberculosis
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CASE 4. 60 year old lady with palpable left axillary lymph node.

IMAGING FINDINGS:

+D=21.4 mm
»D=36.1 mm

Vs=4.58 m/s
Depth=1.5 cm

Fig. 55. VTQ: SWV of lymph node is 4.6 m/s.
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Vs=1.93 m/s
Depth=1.7 cm

Fig. 57. H&E, 40x; Complex glandular structures and occasional papillary lined by

atypical columnar to cuboidal cells; Inlet: papillary structure.

FINAL DIAGNOSIS: Metastatic adenocarcinoma
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DISCUSSION

A total of 86 patients were enrolled in this study of which 78 were included in the final
analysis. There were 32 men and 46 women. The average age of the patients was 36
years. Age, gender and site of the lymph node did not have any effect on the disease

outcome.

Tuberculosis was present in a significant proportion of benign lymph nodes (20 of 43)
Lymphoma was the most common etiology of nodal involvement by neoplastic process

(19 of 35).

LS ratio had a sensitivity of 71% and a specificity of 44% while SAD had a sensitivity
of 60% and specificity of 49%. Overall diagnostic accuracy of US parameters ranged
from 49% to 58%. An altered hilar vascularity favoured malignancy with a sensitivity
of 86%, specificity of 44% and accuracy of 63%. Concurrent use of US parameters and

CD improved the sensitivity to 96% and specificity to 69%.

The mean lymph nodal area on VTI was 1.5 cm? (+ 1.08) for benign and 2.6 cm? (+
1.74) for malignant nodes. VTI area > 1.4 cm? had a sensitivity of 74%, specificity of
63% and accuracy of 68% in predicting malignancy. Cut-off area ratio of > 1 had an
improved sensitivity of 97%, specificity of 77%, accuracy of 86% and AUC 0.86.
Benign nodes had a mean area ratio of 0.88 (£ 0.2) while for malignant node the mean
ratio was 1.17 (£ 0.14). VTI brightness pattern detected malignancy with a sensitivity
of 74%, specificity of 77% and diagnostic accuracy of 76%. Combining both VTI

parameters increased the sensitivity to 99% and specificity to 95%.
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On VTQ, the mean shear wave velocity of benign lesions was 2.02 m/s (x 0.94) and of
malignant lesions was 3.7 m/s (x 2.27). Cut-off value of > 2.4 cm? predicted
malignancy with a sensitivity of 71%, specificity of 70%, accuracy of 70% and AUC
0.78. Using > 1.5 cut-off SWVR had a sensitivity of 68%, specificity of 79%, accuracy
of 74% and AUC 0.82. Concomitant use of both SWVL and SWVR increased the
sensitivity to 91% and specificity to 94%.

Combining VTI and VTQ increased the sensitivity to 99.9% and specificity to 99.7%.
It was also found that three parameters, LS ratio on US, hilar vascularity and brightness
pattern, when used together, had a sensitivity of 99% in differentiating benign from
malignant lymph nodal pathology. This was also the least time consuming method
which did not require repeat imaging values (as occurs in mean VTQ) or any form of
mathematical calculation (as required for AR in VTI or SWVR in VTQ).

An in-depth analysis revealed that though ARFI parameters could reliably differentiate
between benign and malignant lymph nodes, the same statement does not hold true in
differentiating simple reactive nodal hyperplasia (‘/eave-alone’ lesions) from other

sinister benign or malignant pathologies.

The cause for the overlap in US and ARFI findings between benign and malignant nodes
can be partly attributed to the high prevalence of tuberculosis in India, mirrored in the
patient population visiting our set-up, as in this study it was found that tuberculous
lymph nodes often displayed US and ARFI characteristics similar to neoplastic nodes,

also increasing the mean nodal stiffness.
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LIMITATIONS

1.

The fact that the study was conducted in a tertiary care centre attributed to a selection
bias wherein more number of clinically aggressive lesions were referred for ARFI
and biopsy.

The calculated sample size was 100. However, due to the rate of flow of patients
and other unforeseen circumstances in patient enrolment (eg., mismatch between the
list of cases booked for biopsy in Clean Minor Theatre vs. the actual biopsies
performed in a particular day, incorrect / inadequate patient contact details on the
Hospital Information System),only 86 cases could be done. Recruitment of cases

will continue till the required sample size is met.

TECHNICAL FACTORS:

1.

In few cases, especially in the posterior triangle of the neck, lymph nodes were too
superficial and beyond the adjustable focus of the transducer.

It was technically challenging to fit the entire footprint of the probe in large and very
superficial lymphadenopathy.

The shape of the ROI box while performing VTQ cannot be altered.

VTQ values of X. XX m/s were assigned stiffness values based on their appearance
on grey scale and VTI as the real stiffness could not be determined.

Transmitted pulses from neighbouring large arteries (carotid in the neck, axillary in
the armpit and femoral in the groin) could have led to erroneous values.

A reasonable amount of breath-holding was required while evaluating neck and

axillary nodes.
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CONCLUSION

1. ARFI is a relatively new promising US-based technique which is operator
independent, allowing evaluation of tissue hardness without external compression.

2. ARFI parameters have a higher diagnostic accuracy when compared to clinical
palpation, US or CD in the differentiation of benign from malignant lymph nodes.

3. The performance of VTI was superior to VTQ.

4. Arearatio on VTI emerged as the best ARFI imaging parameter.

5. In VTQ, the diagnostic performance of SWVR bettered that of SWVL.

6. Calculating the area ratio on VTI had the best diagnostic accuracy.

7. A combination of LS ratio, vascularity on CD and brightness pattern on VTI could
be recommended as a standard protocol in differentiating benign from malignant

lymph nodes.

Overall, establishing the correct diagnosis of the cause of lymphadenopathy is of

paramount importance as it forms the basis of effective treatment.

Imaging techniques like ARFI, by being a feasible complement to US, can potentially
improve the characterization of lymph nodes and play a crucial role in non-invasive

evaluation of lymphadenopathy.
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ANNEXURE 1. DATA COLLECTION SHEET

Department of Radiodiagnosis, Christian Medical College, Vellore

Role of Acoustic Radiation Forced Impulse Imaging (ARFI) Elastography in

Characterization of Superficial Lymph Nodes

PROFORMA
Serial no:
Hospital No.: Age: Sex:
Clinical information:
I. Prior surgery / FNA / RT on the same site:  Yes/ No
I1. Clinical palpation: 1 - Hard 2 —Firm 3 — Soft
[11. Site:
Right Left
Cervical (Level)
Supraclavicular
Axillary
Inguinal
Imaging findings:
1. B-mode USG:
l. Short Axis Diameter: _ mm I1. Long Axis Diameter: _ mm

Il. Short: Long Axis:

1. Shape
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4.

5.

Reniform
Round
Conglomerate
Irregular

Other

IV. Margin

1.

2.

3.

4.

5.

Circumscribed
Lobulated
Irregular
Indistinct

Other

V. Echo pattern

=

2.

3.

4.

VI.  Hilum

1.

2.

Hyperechoic
Isoechoic
Hypoechoic

Complex

Present

Absent

VII. Necrosis

1.

2.

Absent
Present

a. Focal (<50%)
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b. Diffuse (>50%)



VIII. Calcification
1. Absent
2. Macrocalcification Focal / Diffuse

3. Microcalcification Focal / Diffuse

2. Colour Doppler

1. Normal 2. Absent 3. Altered

3. ARFI Elastography

a. VTTI
l. Area

a. Areal (VTI) =

b. Area?2 (Grey) =

c. AreaRatio =

Il. Brightness Pattern
1. Obviously less than surrounding
2. Less than surrounding
3. Equal
4. More than surrounding
5. Obviously more than surrounding

b. VITQ
l. SWV of Lesion (SWVL)

SWVL1 SWVL2 SWVL3 SWVL4 SWVL5

Mean
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I. SWV of Surrounding tissue (SWV)

SWv1 SWV?2 SWV3 SWv4 SWV5 Mean

1. Mean SWV ratio of lesion to surrounding tissue:

4. Histopatholoqgy

l. Benign I1. Malignant
a. Reactive a. Lymphoma
b. Diseased b. Metastasis
i. TB I. Squamous
ii. Others Ii. Adeno
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ANNEXURE 2A. PATIENT INFORMATION SHEET - ENGLISH

DEPARTMENT OF RADIOLOGY, CHRISTIAN MEDICAL COLLEGE,

VELLORE

PATIENT INFORMATION SHEET

Study Title: Role of Acoustic Radiation Force Impulse (ARFI) Imaging in

Differentiating Benign and Malignant Lymph Nodes

You are requested to participate in a study to see if a new ultrasound technique called
ARFI can help in predicting whether a lymph node is benign or cancerous before you
undergo biopsy. The final diagnosis will be given by microscopic examination of the
tissue. By using this imaging technique we may be able to predict the nature of the

lymph node which could aid in appropriate selection of lymph nodes prior to biopsy.

What is ARFI? How does it differentiate benign from cancerous lesions?
ARFI is a type of ultrasound which can measure the hardness of tissues. It is known
that cancerous tissues are harder than benign tissues and ARFI uses this stiffness

information to predict whether a lesion is likely to be benign or cancerous.

Does ARFI have any side effects?
No, ARFI is comparable to the conventional ultrasound used in routine imaging. There

IS no radiation exposure.

If you take part what will you have to do?
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If you agree to participate in this study, you will have to come for ARFI study before
your lymph node biopsy is performed. This study will take about 10-15minutes. There
will be no change in any treatment or other investigations advised by your doctor. No

blood test will be required for this study.

Will you have to pay for the ARFI study?
No, you will not be charged for the ARFI study. All other investigations will continue

in the usual manner as advised by your doctor.

What happens after the study is over?

You may or may not benefit immediately from this study since the final results of this
study will interpreted at the end of 1 year. If we come to a conclusion that the study is
beneficial, we will be able to use information in assessing patients with similar

conditions in future.

Will your personal details be kept confidential?
The results of this study will be published in a medical journal but your identity will not
be revealed in any manner. However, the images may be reviewed by other specialists

associated with the study without your additional permission.

If you have any further questions, please contact Dr Reettika Chanda (Ph. 0416 307

3012) or E-mail: reettikachanda@gmail.com
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ANNEXURE 2C. PATIENT INFORMATION SHEET — HINDI
et favwm, e Afewer e, Jear

T SR U=

ey T aras Atend (forew Ars) @ st & ot (ARFI) sregramds i vffesr

Tl fee 8 i 3119 |ie Td H1aeh ol i | ST ot H 3T STegiaISe i T & ST § W | 31T,

eSS i T T fafkre ught @ e amedt & & € e § e i IRkl 1 ST TR S Hehd ¢
goet A ol wifRrent & gew afteror gro foar S| ST % ST & St o fo7g Suger ok e st e

i it g 2|

STTHT FT 27 TAY W TS gTdeh foTFh A1 | 3iay o fomam srar 27
HTHT STTZESE T T YT qohleh @ S8 7TTe & e i AT91 ST Hohal 8| I8 AT ST & o |HT=T e bt

T H FEX o Foh SATET W& B ©| 3T oh ST & ek ohl T T AT T AT I AT ST 8ol @ foh

3o HeX i ferat dvTeT 2

AT ATHT AT IS TTUT THTS &7

HTHT T 15 70T AT T 8| STHT T T T STCLTEISE o | hT ST ehcd| o T STbRe ToIfohtor el
ferera &

LTI H AR A WX ATIhT T HIAT EATT7?

3R 37T 39 S 9T o o T gwa &, @ ARt 1o o e st 3 qaf earersht fowm & st
3 forv e 1 SHT STegrTse wamT 3| i % fau Faa 15 fire | s e % e

ST T TSR # 1S eetts & | St % fore et wh wWe it sravade 2
105



a1 forrm A et o forg Rt emrfn 1 sy T gn?

Tk TTg o1 St F.31eeh 2| Stex ST g ¢ 1=y @t S Sfsham | &9 & o]

ITLTT F I W HIT GAIT?

T I T SEAHA U AT o] SR o 37 7 ATWHRT Feahe firer T8 g0t IWINT 87 3119 & o T 31

s e afeg & adsi it fafsrear § ot |

FAT JATUh ST TTEUT Rl TH TET A2
T ST 1 UROTH HISHA SRl H TeRIRIT h S| AT o arer it safehal i e o Tt S|

AR, 36 T § g 17 forwies, form fopelt Afafces srwfer o, 57 sl o sfott s forsgwor 36t amd|

59 AT U IS I foref foremor o forw &, swferehr <fer & weveh Y]

w . 0416 307 2027 5 reettikachanda@gmail.com

106



ANNEXURE 2D. PATIENT INFORMATION SHEET - TAMIL
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ANNEXURE 3A. CONSENT FORM - ENGLISH

CONSENT TO TAKE PART IN STUDY
Study Title: Role of Acoustic Radiation Force Impulse (ARFI) imaging in

differentiating benign and malignant lymph nodes

Study Number:

Participant’s Name:

Father’s/Husband’s Name:

Age: Sex: Male / Female

Hospital No.:

| declare the following: (please tick the boxes)
(1) I have read and understood the information sheet provided to me regarding this study

and have had the opportunity to ask questions.

(i) 1 understand that my participation in the study is voluntary and that | am free to
withdraw at any time, without giving any reason, without my medical care or legal

rights being affected.

(iii) 1 understand that the study staff and the Ethics Committee will not need my
permission to look at my health records both in respect of the current study and any
further research that may be conducted in relation to it. | agree to this access. However,
| understand that my identity will not be revealed in any information released to third

parties or published.

(iv) I agree not to restrict the use of any data or results that arise from this study provided

such a use is only for scientific purpose(s).
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(v) I agree to take part in the above study.

Participant’s Investigator’s
Signature: Signature:
Date: / / Date:
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ANNEXURE 3C. CONSENT FORM - HINDI
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ANNEXURE 4. STUDY DATA
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