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ABSTRACT ____

INTRODUCTION: Metastatic cervical lymph nodes from head and neck carcinomas are usually site specific with
respect to the location of the primary tumor. Therefore, assessment of the distribution of metastatic nodes in patients
with unknown primary may provide a clue to the site of the primary tumor. Elastography can help in characterizing
lymph nodes based on the stiffness of tissues. OBJECTIVE: To determine the diagnostic accuracy of sonoelastography
for the diagnosis of malignant cervical lymph nodes by taking histopathology as gold standard. STUDY DESIGN:
Cross sectional study. PLACE AND DURATION OF STUDY: Department of Radiology, Dr. Ziauddin University
Hospital, Karachi, from 01-03-2023 to 31-08-2023. METHODOLOGY: A total of 277 patients suspected of having
malignancy with palpable clinical cervical lymph nodes were recruited in this study. Informed consent was taken and
data was collected in Performa. Brief history of demographic was taken. Cervical lymph nodes were labeled as
malignant on elastographic findings and confirmed on histopathology. RESULTS: The average age of the patients
was 50.06+12.56 years. 55.96% were male and 44.04% were female. Incidence of malignant cervical lymph nodes
was 36.5% diagnosed by histopathology. Sensitivity, specificity, PPV, NPV and accuracy of sonoelastography for the
diagnosis of malignant cervical lymph nodes was 97%, 84.7%, 78.4%, 98% and 89.7% respectively. CONCLUSION:
Sonoelastography is a non-invasive and reliable imaging modality for the diagnosis of malignant cervical lymph
nodes.
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Introduction ___

Assessment of nodal status is a critical component in
the management of patients with head and neck
carcinomas, as it serves both prognostic and therapeutic
purposes.! The presence of a unilateral metastatic node
can lead to a significant reduction in the 5-year survival
rate by approximately 50%, while bilateral metastatic
nodes can decrease this rate to as low as 25%.2
Moreover, metastatic cervical lymph nodes (CLN) are
typically site-specific in relation to the location of the
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primary tumor.3 Thus, the distribution patterns of
metastatic nodes - especially in cases with an unknown
primary tumor - can provide valuable insights into the
origin of malignancy. Additionally, the identification of
metastatic nodes in atypical locations may signify a
more biologically aggressive tumor subtype.4

Ultrasonography (USG) is frequently employed as the
first-line imaging tool for the evaluation of lympha-
denopathy. However, many etiologies of cervical lympha-
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denopathy display overlapping imaging characteristics
on USG, complicating accurate diagnosis. The inte-
gration of elastography has been shown to enhance the
diagnostic precision of USG in assessing cervical
lymphadenopathy, aiding in the selection of lymph nodes
for fine-needle aspiration cytology (FNAC), a critical
step for accurate diagnosis and treatment planning.5

In sonoelastography, cervical lymph nodes and adjacent
structures are color-coded according to their relative
hardness, providing a visual representation of tissue
stiffness. The elastography pattern is classified based
on the proportion of hard regions - depicted in blue -
on the elastograms.6 The strain index (SI), which is the
muscle-to-lymph node strain ratio, serves as a semi-
quantitative measure of the elasticity of the lymph node
in comparison to the surrounding neck muscles. An
increasing strain index correlates with a higher
probability of malignancy.” Vineela et al. demonstrated
that using a strain index cut-off of 2.0 yielded a sensitivity
of 93% and specificity of 96% in diagnosing malignant
cervical lymph nodes.8

Cervical lymphadenopathy can arise from either benign
or malignant causes; thus, a thorough evaluation is
essential for determining the underlying etiology and
guiding treatment strategies. While ultrasonography is
generally the preferred initial imaging modality, various
defined criteria on B-mode ultrasonography and color
Doppler imaging (CDI) exist for lymph node assessment.
Unfortunately, there is considerable overlap in the
diagnostic criteria for distinguishing between benign
and malignant lymph nodes using B-mode ultrasono-
graphy and CDI.®

Elastography can provide additional characterization
of lymph nodes based on tissue stiffness, as malignant
tissues tend to be firmer than benign ones. Strain
elastography objectively quantifies the relative stiffness
of lymph nodes in relation to adjacent normal tissue in
response to externally applied manual forces. There is
a lack of substantial local data in this regard that
necessitates further investigation and research work.
Therefore, this study aims to evaluate the diagnostic
accuracy of sonoelastography in diagnosing malignant
cervical lymph nodes, using histopathology as the gold
standard.

Methodology ____

A cross-sectional study was conducted at the
department of radiology of a tertiary care hospital in
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Karachi from 1st march 2023 to 31st august 2023. The
sample size was calculated to be 277 by taking,
sensitivity 93%,9 specificity 96%9 and prevalence of
malignant cervical lymph node to be 41%,° the margin
of error d=5% for sensitivity and d=5% for specificity
and confidence interval 95%.8 Non-probability conse-
cutive sampling was done. All patients suspected of
having malignancy with clinically palpable cervical
lymph nodes, between 20 - 70 years of age, of either
sex was included in the study. Patients with history of
chemotherapy or radiation to the head and neck, prior
surgery, history of tuberculosis, sarcoidosis, or HIV,
and chronic diseases like asthma, acute coronary
syndrome, stroke, chronic liver disease, renal impairment
and chronic obstructive pulmonary disease and CCF
were excluded. Pregnant patients assessed by history
and confirmed by dating scan were also excluded.
The study was conducted after approval of the study
protocol from College of Physicians and Surgeons
Pakistan and Institutional Review Board. Informed
consent was obtained from all the patients for assigning
them to the study and using their data in research. Brief
history of demographic data like (age and gender) was
taken. USG with color doppler followed by sonoelasto-
graphy was performed in all the patients by using 5-12
MHz linear array transducer by a senior radiologists
(with more than 10 years of experience).

Lymph node morphology was defined on USG and
vascularity on CDI. B-mode parameters that were
evaluated include short-axis dimension (cut-off value:
8 mm), short-to-long axis ratio (cut-off value: 0.6), fatty
hilum (presence or absence of hilum), echogenicity
(homogenous or heterogeneous), and lymph node
margin (regular or irregular). Based on the vascularity
on CDI, lymph nodes are divided into three patterns -
pattern 1 (hilar vascularity or no flow), pattern 2
(peripheral vascularity), and pattern 3 (mixed
vascularity).

During strain elastography, a linear probe was placed
perpendicularly and gentle compression was applied
to generate elastogram (color maps). Elastographic
images were classified in to five different patterns based
on the percentage of blue and red areas in the lymph
node. Blue indicates hard area, red indicates soft area,
and green indicates intermediate tissue hardness.
Pattern | represents: Absent or very small hard or blue
area(s). Pattern Il: Small scattered hard or blue area(s)
(< 45%). Pattern lll: Large hard or blue area(s) (> 45%).
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Pattern 1V: Peripheral blue area and central green area,
suggesting central necrosis. Pattern V: Blue area
occupying entire lymph node with or without a green or
soft rim. Cervical lymph nodes showing Pattern > 3 were
considered as malignant on elastography. Histopa-
thological correlation of these lymph nodes was done
to confirm the diagnosis. The study variables were
entered in the predesigned performa.

Data was analyzed on SPSS Version 20. Mean and
standard deviation was calculated for continuous
variables such as age. Mean + SD was reported for the
normally distributed variables using (Kolmogorov-
Smirnov test) while median (IQR) was reported for the
non-normality distributed quantitative variables.
Frequency and percentages were calculated for gender
and malignant cervical lymph node on elastography
(Positive/Negative) and malignant cervical lymph node
on histopathology (Positive/Negative). Effect modifiers
were controlled through stratification by age and gender.
Post stratification diagnostic accuracy, sensitivity
specificity, PPV and NPV were calculated.

B'e_s_u'l'ts__

A total of 277 patients suspected of having malignancy
with palpable clinical cervical lymph node for more than
one week were recruited in this study. The average age
of the patients was 50.06 + 12.56 years. Out of 277
patients, 155 (55.96%) were male and 122 (44.04%)
were female.

Results showed that out of 277 patients, 98 patients
were correctly diagnosed as having malignant cervical
lymph nodes on both sonoelastograpphy and
histopathology and 149 were correctly diagnosed as
negative for malignancy. 27 patients were falsely
diagnosed as malignant on sonoelastography but turned
out to be negative on histopathology. Only 3 patients
were falsely diagnosed as negative for malignancy on
sonelastography but they showed malignant infiltration
on histopathology. Sensitivity, specificity, PPV, NPV and
accuracy of sonoelastography for the diagnosis of
malignant cervical lymph nodes was 97%, 84.7%, 78.4%,
98% and 89.7% respectively as shown in (Fig.1).
Stratification analysis was performed according to age
and gender as shown in (Tab.1).
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Figure 1: Diagnostic accuracy of sonoelastography for the diagnosis
of malignant cervical lymph nodes by taking histopathology as

gold standard
y<e:|(']s y>e:?s Male Female
Diagnostic accuracy | 87.90% 90.20% 86.40% 92.60%
Sensitivity 97.80% 96.40% 96.30% 97.50%
Specificity 82.30% 80.60% 79.30% 90.50%
PPV 75.90% 97.70% 76.30% 82.20%
NPV 98.50% 90.20% 97.30% 92.60%

Table 1: Post stratification diagnostic accuracy of sonoelastography
for the diagnosis of malignant cervical lymph nodes by taking
histopathology as gold standard

Di .
Ultrasound (USG) is commonly utilized as a preliminary
imaging modality for assessing lymphadenopathy.
Different underlying causes of cervical lymphadenopathy
often exhibit similar imaging characteristics on USG.
While histopathology remains the definitive diagnostic
method, it is an invasive procedure. In benign cases,
especially among pediatric patients, it may be possible
to avoid biopsy or fine-needle aspiration (FNAC). The
incorporation of elastography can enhance the diag-
nostic accuracy of USG, potentially reducing the need
for unnecessary biopsies.10

The short-axis dimension of lymph nodes is the most
frequently assessed parameter in B-mode imaging, with
various studies proposing different cut-off values based
on lymph node location in the neck. However, a widely
accepted common cut-off value of 8 mm has been refe-
renced in multiple studies.1! Alam et al. demonstrated
that using tailored cut-off values for lymph nodes at
different neck levels led to a diagnostic accuracy of
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84%, which was superior to those studies employing
standard cut-off values.12

Sonoelastography, known for being a non-invasive
imaging technique, shows promise in differentiating
between benign and malignant lymph nodes, thus
potentially decreasing the number of unnecessary
biopsies.13 In our study, the patient population had an
average age of 50.06 years, with a standard deviation
of 12.56 years. This indicates that participants were
primarily middle-aged to older adults, a demographic
generally associated with cervical lymph node issues.
Conversely, in the study by Vineela et al.,8 the average
age was 38 years, spanning a broader age range from
4to 75 years, with the majority of cases (46%) occurring
in the 30-59 age group.Gender distribution revealed that
male patients constituted 55.96% of the study cohort
compared to 44.04% female patients.

Particularly notable in our findings is that 36.5% of the
cervical lymph nodes were deemed malignant upon
histopathological examination. This prevalence under-
scores the importance of timely and precise diagnoses
in managing cervical lymph node malignancies. In
comparison, the study by Vineela et al.8 reported that
60% of lymph nodes were benign and 40% were
malignant. The diagnostic performance of sonoelasto-
graphy in identifying malignant cervical lymph nodes
is impressive, with sensitivity at 97% and specificity at
84.7%. Furthermore, the positive predictive value (PPV),
negative predictive value (NPV), and overall diagnostic
accuracy also indicate its potential utility in clinical
settings, corroborating results from studies conducted
by Abdelgawad et al., and Lo et al,14.15 Vineela et al.8
found that applying a strain index cut-off of two provided
sensitivity and specificity values of 93% and 96%,
respectively.

In Moharram et al.'s investigation, the analysis of nodal
vascular patterns demonstrated a high sensitivity of
83.3%, with 100% specificity and an accuracy rate of
90% for distinguishing between metastatic and benign
lymph nodes.16 For cases involving lymphomatous
nodes, sensitivity was reported at 60%, with specificity
still at 100% and an accuracy of 82.2%. This sensitivity
was considerably more favorable than that of the scoring
method used in their study. Power Doppler ultrasound
evaluation of vascular patterns in cervical lymph nodes
has been noted to have an 85% reliability, as reported
by Ying et al.17 Contrastingly, Arda et al.18 found that
Doppler ultrasound exhibited lower sensitivity (78.9%)
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but maintained high specificity.

Combining elastography pattern and strain index
analysis yielded sensitivity and specificity rates of 93%
and 94%, respectively, with an overall diagnostic
accuracy of 94%. Furthermore, when combining
elastography with traditional USG techniques, the
sensitivity reached 96%, specificity remained at 94%,
and diagnostic accuracy was at 95%.19 Strain elasto-
graphy evaluates both the quantitative and qualitative
aspects of lymph node hardness. The elastography
pattern is assessed qualitatively based on the proportion
of hard or "blue" regions, yielding sensitivity at 83%,
specificity at 97%, and a diagnostic accuracy of 89%.
Alam et al.12 employed an early five-point scoring system
for elastography patterns, achieving a diagnostic
accuracy of 89%.

A study conducted by Hina et al,5 and the overall
diagnostic precision, specificity, negative predictive
value, positive predictive value, and sensitivity of
elastography was found to be 92%, 89.10%, 92.80%,
89.40% and 94%, respectively which is comparable to
our results. Wang et al.20 conducted their study on
132 cases with 40 malignant and 92 benign nodes,
using elastography, and reported 92.7% NPV, 69.3%
PPV, 83.7% specificity, 85% sensitivity respectively.
Ozkan et al.,2! also reported their evaluation of 69
benign and 17 malignant nodesand found the accuracy,
NPV, PPV, specificity, and sensitivity of elastography
as 83.7%, 98.2%, 55.2%, 81% and 94.1%, respectively.

Conclusion ____

The results of this study underscore the potential of
sonoelastography as a non-invasive and effective
imaging technique for diagnosing malignant cervical
lymph nodes. Its high sensitivity and specificity suggest
that it could serve as a valuable complement to
conventional imaging methods, providing clinicians with
an additional tool for accurate diagnoses, especially in
situations where histopathological confirmation may be
difficult or impractical. Nonetheless, further research
and validation are essential to solidify these findings
and establish sonoelastography as a standard diagnostic
approach for evaluating cervical lymph node pathologies.
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