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ABSTRACT

Background: The analysis of superficial lymphadenopathy in the cervical, axillary, and inguinal regions is vital in planning
therapy for patients. Elastography is a technique currently being used for the evaluation of lymph nodes by means of evaluating
tissue elasticity. In medical practice, shear wave-based and strain elastography techniques are being utilized. Strain
elastography can be used to assess types of elasticity. Colors inside and around the nodes are estimated in the first place and
then a 4-5 scale scoring system is used to score them visually. The present study aimed to assess the diagnostic accuracy of
elastography in distinction between malignant and benign lymph nodes of the neck and head region, taking histopathology as
the gold standard.

Methods: This study was carried out on ninety-six (96) patients of either gender with lymph nodes in the head and neck region
admitted to Children Hospital and University of Child Health Sciences Lahore and Mardan Medical Complex. Patients with
proven histopathology and gone through surgery in the head and neck region were excluded from the study. Each patient was
subjected to the high-resolution elastography with a 7.5 MHz linear array probe. A consultant radiologist performed the
elastography in the presence of the researcher and noted the lymph node types. The histopathology report was compared with
the findings of elastography.

Results: High-resolution elastography was conducted on each patient enrolled in this study and their results were categorized
into two distinct groups’ namely positive elastography and negative elastography. In the positive group, malignant lymph node
diagnoses were supported in 51 patients by elastography. Out of which 46 were true positive cases and 5 were false-positive
cases with no malignant histopathology. Similarly, in elastography, negative patients, only 3 cases were false negative and 42
cases were true negative. 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, in order to differentiate
malignant lymph nodes from benign lymph nodes in the neck and head region, taking histopathology as the gold standard.
Conclusions: The present study demonstrated that elastography is a favorable and invasive technique for the diagnosis and
differentiation of malignant lymph nodes from benign lymph nodes with high diagnostic accuracy. It may help in selecting
surgical procedures for lymph nodes in the neck and head region.
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INTRODUCTION

The lymph node (LN) is an oval-shaped lymphatic system organ
that is linked through lymphatic vessels and is extensively
distributed in the stomach, armpit, and all across the body!3.
Immune cells like T and B, are primarily located at lymph nodes.
The immune system requires lymph nodes for proper functioning
as these serve as filters for cancer cells and other foreign particles.
Toxicity, mainly caused by the kidneys and liver, is not treated by
the lymph nodes. These have clinical importance as well. Various
disorders and infections cause lymph nodes to become bloated or
inflamed, ranging from trivial infections of the throat to deadly types
of cancers®. In the cancer stage, the lymph nodes are at a very
critical state, which defines the best procedure to be employed and
decides the diagnosis. In case of bloating, swelling, or expansion,
lymph nodes can become tender, firm, or hard®. LN patient’s
evaluation with different underlying diseases is critical for the
diagnosis of effective treatment and patient’s prognosis. Although
the most effective process of differentiating malignant and benign
LNs is considered to be fine-needle aspiration (FNA), it is
considered an intrusive method that is prone to analytic
unreliability and sampling errors®. Its false-negative rate has been
reported to be between 12.5% and 25% "8,

Various approaches, like magnetic resonance imaging,
computed tomography, and ultrasound, are different imaging
modalities to differentiate between malignant and benign lymph
nodes, but their ability to differentiate benign and malignant LNs is
limited®. Since malignant LNs are more rigid than usual underlying
tissues, calculating the elasticity of tissues can be useful for the
differential prognosis of multiple pathological adaptations. The two

clinically used types of elasticity are shear wave (SWE) and strain
elasticity. First, the colors outside and within the nodes are
measured and visually graded on a 4-5 scale scoring system. In
the second place, specific regions are targeted and some
reference regions are also identified. Lastly, elastography
dynamically measures the strain ratio. The risk of malignancy of
the LNs is higher when the strain ratio is higher. A previous study
reported that prevalence of lymph nodes was 40.65% with
elastography sensitivity 88% and precision 93%°. Another study
found that the sensitivity and precision of stain electrography was
100% and 80.2% respectively'’. Several previous research
evaluated the precision of this modality for the distinction of
malignant and benign LNs. Its specificity and sensitivity ranged
from 50-96% and 79% to 100% respectively'? 3. The purpose of
the present research was to examine the average precision of
elastographic technique for the distinction of malignant and benign
lymph nodes in the neck and head region.

METHODS AND MATERIALS

This study has been carried out on ninety-six (96) patients of either
gender with LNs in the neck and head region admitted to Children
Hospital and University of Child Health Sciences Lahore and
Mardan Medical Complex, Mardan from January 2022 to June
2022. Study protocol was approved by research and ethical
committee. Patients with palpable lymph nodes and had disease
since 3 months were enrolled. Patients with prior history of proven
histopathology and surgery were excluded. Each patient was
subjected to elastography with a 7.5 MHz linear array probe of high
resolution. A consultant radiologist performed the elastography in
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the presence of the researcher and noted the lymph node type.
The histopathology report was compared with the findings of
elastography. Sample size was calculated based on prevalence of
lymph nodes 40.5%? taking 95% ClI, absolute precision 10%, and
specificity 6.5%. Consequent to informed consent, every patient
was subjected to strain high-resolution ultrasound elastography
with a 7.5 MHz linear array probe. A specialized radiologist, with
experience of at least years, performed this strain ultrasound
elastography in every patient under the examination of the
researcher and benign or malignant lymph nodes of each
operation were noted.

SPSS version 26 was used for data analysis. Qualitative
variables such as gender, lymph nodes were expressed as
frequency and percentages. Quantitative variables such as age,
disease duration, and lymph node size were described as mean
and standard deviation. The diagnostic accuracy, NPV, PPV,
specificity, and sensitivity of elastography were calculated using a
2x2 contingency table for the distinction of malignant and benign
lymph nodes. Post-stratification was done to see the effect
modifiers such as gender, age, size of nodes, and disease duration
were controlled. Diagnostic accuracy was also calculated after the
stratification.

RESULTS

The overall mean age range was 41.06+6.67 years (28-68 years).
About 86 (90.1%) were in the range of 28-50 years. Of these 96
patients, 46 (44.16%) were female and 50 (48%) were male with a
1:1 male-to-female ratio (Figure 1). The mean disease period was
9.05+3.41 months. The mean nodule size was 4.76+1.51 cm. All
patients underwent elastography supported the malignant lymph
nodes diagnosis in 51 patients. In 46 (true positive) cases where 5
(false positive) had no malignant lymph nodes reported on
histopathology. Similarly, in elastography negative patients, 3 and
42 were found to be the false and true negative cases,
respectively, as Table 1 describes. 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, in order to
differentiate malignant lymph nodes from benign lymph nodes in
the neck and head region, taking histopathology as a gold
standard.

Table 1: Patient’s distribution based on histopathology report

Positive Negative P-value
Histopathology Histopathology
Positive 46 (TP) 5 (FP) 0.001
Elastography
Negative 3 (FN) 42 (TN) 0.001
Elastography

*TP True positive, FP False positive, FN False negative, TN True negative

Patients gender wise distribution

Figure 1: Patient's gender-wise distributions

Table 2: Diagnostic accuracy stratification w.r.t disease duration

Positive Negative P-value
Histopathology Histopathology
Disease duration<
12 months N= 74
Positive 34 (TP) 3 (FP) 0.001
Elastography
Negative 2 (FN) 35 (TN) 0.001
Elastography
Disease duration=
12 months N=22
Positive 9 (TP) 2 (FP) 0.001
Elastography
Negative 2 (FN) 9 (TN) 0.001
Elastography

Table 3: Stratification of diagnostic accuracy w.r.t lymph nodes size

Positive Negative P-value
Histopathology Histopathology
Size of nodule <5
cm N=66
Positive 27 (TP) 3 (FP) 0.001
Elastography
Negative 3 (FN) 33 (TN) 0.001
Elastography
Size of nodule >5
cm N=30
Positive 18 (TP) 1 (FP) 0.001
Elastography
Negative 00 (FN) 11 (TN) 0.001
Elastography
DISCUSSIONS

Populations are widely encountered by benign lymph nodes
usually. Depending upon the population and used methods, the
widespread presence rate of lymph nodes may differ. Reports are
present that found the gradual increase in their prevalence.
Previous neck and head radiation, iodine deficiency, advanced
age, and female gender can be some risk factors for lymph nodes
in the neck and head region. According to reports, the presence of
lymph nodes was detected to be 8-65%, 19-35%, and 2-6% by
autopsy data, ultrasonography, and palpation, respectively®®.
Differential diagnosis can help in providing information on different
stages of malignant LNs and may help to differentiate benign
diseases from malignancies. The real significant prognostic factor
in malignancies is to know the status or stage of the LNs because
it helps manage metastatic diseases'®. For this reason, decision-
making on a clinical basis requires a correct and early distinction
between malignant and benign lymph nodes.

The present study detected high sensitivity and specificity for
both elastography scoring systems and SR. It can show that the
odds of obtaining positive results in diseased rather than non-
diseased individuals by means of elastography is high. Another
study’” reported 95% and 84% specificity and sensitivity,
respectively. Even using the same threshold could lead to
variations in the subjective interpretation of the pattern of the
colors. The high precision of the elastography in the distinction
between malignant and benign lymph nodes is still suggested by
the pooled results as suggested by previous study?®.

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, in order to differentiate malignant lymph nodes
from benign lymph nodes in the neck and head region, taking
histopathology as the gold standard. Stratifications are done based
on the time duration and size of lymph nodes. Encouraging results
were found in the meta-analysis of 8 studies of 2010 which
included 639 cases of thyroid nodes. The overall average
specificity and sensitivity of 90% and 92% with confidence intervals
of 85-95% and 88-96%, respectively, was recorded with
remarkable heterogeneity in specificity was shown in different
researches®® 2,

PJMHS Vol 16, No. 11, November, 2022 895



Diagnostic Accuracy of Elastography to Differentiate Between Malignant

The inferior performance was shown in the results of
elastography; negative predictive value (NPV) and sensitivity of
79.1% and 65.4% as compared to the US features on grayscale
i.e, NPV and sensitivity of 94.7% and 91.7%, respectively, for this
reason, the authors reported the unreliable use of SE in the
recommendation of FNABZ.

According to Bae et al. study conducted to evaluate the
different effects of a physician’s experiments when he tries to
differentiate malignant and benign lymph nodes with the help of
elastography and told of inferior specificity of an inexperienced
physician as compared to an experienced one? Zhao et al.
reported in another study for inter-observer agreement, the lowest
Cohen's kappa coefficient for the echogenicity score (0.83) and the
highest Cohen's kappa coefficient for the strain ratio
measurements (0.95)%.Three independent operators were present
in their studies.

Mahmoud et al. reported the principle on which the real-time
USE is grounded that is under compression the harder or rigid
parts of the tissues take more time in deforming as compared to
the softer ones, which allows determining the maximum diameter
of tissues with the help of conventional ultrasound showing
indeterminate results. A 4-5 elasticity score of malignancy was
highly predictive with an accuracy, specificity, and sensitivity of
90.20%, 89.47%, and 90.63%, respectively 2.

Garg et al. reported 83.7% accuracy of USE in detecting
thyroid cancer with NPV, PPV, specificity, and sensitivity of 98.2%,
55.2%, 81%, and 94.1%, respectively?®. Another study conducted
on the evaluation of 58 and 89 malignant and benign cases who
went through thyroidectomy and came with findings of 89% and
93% of specificity and sensitivity, respectively, considering 2 to be
the cutoff value for elastography score. The results and findings of
this study showed that when compared to color Doppler US and
US, more accurate findings were provided by elastography.
Kilicarslan et al reported that when combined with the high-
resolution US, elastography showed better diagnostic performance
and they found the accuracy, NPV, PPV, specificity, and sensitivity
of elastography as 86.7%, 90.5%, 71.4%, 85.5%, 75.4%,
respectively?.

Wang et al. conducted their study on 132 cases with 40
malignant and 92 benign nodes, using elastography, he reported
that 34 of 40 malignant nodes got score of 3 or 4 and 77 of 92
benign nodes got 1 or 2 score (92.7% NPV, 69.3% PPV, 83.7%
specificity, 85% sensitivity)?’. In another study, Ozkan et al.
reported their evaluation of 69 benign and 17 malignant nodes and
found the accuracy, NPV, PPV, specificity, and sensitivity of
elastography as 83.7%, 98.2%, 55.2%, 81%, and 94.1%,
respectively?®. Leyla et al. performed an evaluation of 23 nodes
and reported in results that 88% of malignant nodes got score 3-4
and 78% of benign nodes got 1-2. The study reported the
accuracy, NPV, PPV, specificity, and sensitivity of elastography as
82%, 91%, 72%, 78%, and 88%, respectively?®. Furthermore, Onol
et al carried out a prospective evaluation of 97 patients and
reported the specificity and sensitivity of elastography as 91.7%
and 97.3%, respectively. The study reported that nodes with =2
strain ratio were likely to be suspected as malignant®°.

CONCLUSIONS

The present study demonstrated that elastography is a favorable
and non-invasive technique for the diagnosis and differentiation of
malignant lymph nodes from benign lymph nodes with high
diagnostic accuracy. It may help in selecting surgical procedures
for lymph nodes in the neck and head region.
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