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Abstract

Endobronchial ultrasound (EBUS) features have been shown to be
useful in predicting aetiology of enlarged malignant lymph nodes.
However, there is dearth of evidence especially from developing coun-
tries. We assessed the EBUS characteristics across various media-
stinal and hilar lymphadenopathies. In this prospective study, all pa-
tients with mediastinal and hilar lymphadenopathy on CT Chest and
who were planned for EBUS-FNA (Fine Needle Aspiration) were in-
cluded. EBUS features of lymph nodes studied were shape, size, mar-
gins, echogenicity, central hilar structure (CHS), coagulation necrosis
sign and colour power doppler index (CPDI). These were scored and
compared between benign and malignant lymphadenopathies. A total
of 86 lymph nodes in 46 patients were prospectively studied of which
23 (26.7%) were malignant, 27 (31.3%) tuberculosis and 36 (41.8%)
sarcoidosis. There was significant difference between malignant and
benign lymph nodes in terms of CHS (central hilar structure)
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(p=0.011), margins (p=0.036) and coagulation necrosis sign
(p<0.001). On comparison of features of malignancy and tuberculosis,
there were significant differences in margins (p=0.016) and coagula-
tion necrosis sign (p<0.001). However, when malignancy and sarcoi-
dosis was compared, there were differences in echogenicity
(p=0.002), CHS (p=0.009) and coagulation necrosis sign (p<0.001).
Only coagulation necrosis sign was found to be highly consistent with
malignant lymph nodes. The other features cannot be used to distin-
guish malignant from benign lymph nodes, especially in a developing
country like India where tuberculosis is a common cause of media-
stinal lymphadenopathy.

Introduction

With the high prevalence of infectious and inflammatory conditions
in India, CT (Computed Tomography) or PET-CT (Positron Emission
Tomography-CT) alone may be inconclusive in differentiating benign
from malignant lymph nodes (LN) in a substantial proportion of pa-
tients [1]. Due to these limitations of radiological diagnosis a tissue
sample is needed for confirmation by either histopathology or cyto-
pathology [1].

The broad application of Endobronchial Ultrasound (EBUS) has
opened new opportunities for ultrasound guided lymph node sampling
[2]. It has emerged as a safe method to obtain tissue from media-
stinum, hilar or lesions in close proximity to central airways, showing
an accuracy of 80-90% and complication incidence of less than 1% [3].
Several studies have also shown that sonographic findings seem to be
associated with malignancy in head and neck, breast, cervix or oe-
sophageal cancer and the characteristics as seen on ultrasound can be
used to predict the aetiology of these lesions [4,5]. It has been ob-
served that sonographic analysis of cervical lymph nodes features like
round shape, sharp borders, absence of central hilus, coagulation ne-
crosis, heterogeneous echogenicity, increased peripheral vascularity
are associated with metastasis. However, it has been documented that
many of these features can overlap with tuberculosis [4]. Hence, in a
developing country like India where tuberculosis is prevalent, it is im-
portant to distinguish between malignant and benign nodes as the ma-
nagement and prognosis differs.

Fujiwara et al. in 2010 studied the ultrasound features during EBUS
in lung cancer patients and found that these characteristics can be
used to categorize lymph nodes as malignant and benign [6]. In lite-
rature, revalidation of these scores has been done and a composite
score has been designed [7,8]. However, none of these studies had in-
cluded benign cases like tuberculosis which is more prevalent in de-
veloping countries and most of them were retrospective studies. In
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this study we have tried to explore the utility of sonographic features
of mediastinal lymph nodes to differentiate between malignant and
benign aetiologies.

Materials and Methods

This was a prospective study performed at a tertiary care centre over
a period of one year. During the study period of one year, consecutive
patients indicated for EBUS were enrolled. The institutional ethical
committee had approved the protocol.

All patients above 18 years of age presenting with respiratory com-
plaints, and an indication for EBUS-TBNA were eligible for inclusion in
the study. Exclusion criteria were absolute contraindications to EBUS
like severe hypoxemia, uncorrectable coagulopathy, life threatening
cardiac arrhythmias or relative contraindications like recent myocar-
dial infarction, pulmonary hypertension, uraemia and unstable asthma.

Study procedure

A written informed valid consent was taken from all patients. They
were interviewed for demographic details and clinical history using a
structured questionnaire. EBUS was performed using a convex probe
EBUS Olympus-BF-UC180F EBUS scope and the EU-ME2 ultrasound
(Olympus). For TBNA, a 22-gauge needle was used (Olympus). The
data collected included age, gender, symptoms, signs, CT scan findings,
group of lymph nodes involved and USG (ultrasonographic) features.

All procedures were performed by two pulmonologist, a nursing staff
and were done under conscious sedation with a mouth guard using in-
travenous midazolam and fentanyl as advised by the BTS guidelines for
bronchoscopy [9]. Local anaesthesia was achieved by spraying 10% li-
gnocaine in the posterior pharynx prior to the procedure. The broncho-
scope was passed by one bronchoscopist via the mouth guard. The vocal
cords, trachea and carina were visualised. The sampling procedure fol-
lowed the usual standard wherein the highest station is sampled first
and then progressively downwards. As the lymph nodes were visualised
in this order, their features were also studied and this order and then
sampled. The number of lymph nodes sampled per patients ranged from
1-3 depending on which station nodes were enlarged and their acces-
sibility. The features did not influence the choice of sampling. Enlarged
lymph nodes were identified using digitally captured ultrasound
images. Doppler applied to identify vessels and features studied and
noted. The ultrasound score for each lymph node was given by the two
pulmonologists separately before performing ROSE (rapid onsite eva-
luation). The highest level of node visualised were sampled first and
assessed by a pathologist by ROSE. In case, diagnosis on ROSE was not
achieved at this level, the next lower level of lymph nodes were sampled
[10]. The 22-gauge Olympus needle was used to puncture the lymph
nodes and after each pass, slides were prepared. The pathologist
stained them with toluidine blue to identify lymphocytes, granulomas
and atypical cells. Up to three passes were made per lymph node station
until onsite confirmation by pathologist. The slides were then air dried
and sent for cytopathological analysis and acid-fast bacilli stain. In all
cases, material was also obtained for mycobacterial culture and mali-
gnant cell cytology. The final pathological report was then obtained and
taken as gold standard.

Diagnosis of tuberculosis was made on the basis of clinical context
plus presence of caseous granuloma or necrosis or acid fast bacillus
(AFB) stain or culture. Diagnosis of sarcoidosis was made on the basis
of clinical context plus non caseating granulomas. Diagnosis of lung
cancer was made on the basis of atypical cells, pathological features
suggestive of non-small cell/ small cell carcinoma and/or immunohisto-
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chemistry. Diagnosis of lymphoma was made on basis of atypical
lymphocytes and immunohistochemistry.
Others were based on specific findings of the disease.

Description of EBUS features

The following sonographic features were evaluated:

1. Shape: round vs oval; round defined as a ratio of <1.5 between 2
perpendicular axes.

2. Margins: distinct vs indistinct. Distinct margins defined as well de-
fined borders distinguished by a marked white line delimiting the LN.

3. Size: small axis >10mm vs <10mm.

4. Echogenicity: heterogeneous vs homogeneous.

5. Central Hilar Structure (CHS) in the form of a central linear struc-
ture with high echogenicity, with or without a blood vessel: present
vs absent.

6. Colour Power Doppler Index (CPDI): Power Doppler mode was
used to grade the blood flow in LN. The amount of blood flow was
classified from 0 to 3: grade 0, no blood flow; grade 1, small amount
of flow, one or two punctiform or short rod-shapes of colour flow si-
gnal; grade 2, medium amount of flow, one main vessel or a few
small vessels could be found as a long strip of a curve; grade 3, rich
flow. CPDI was used as per Schmid Bindert ef al. study [7].

7. Coagulation Necrosis Sign: it is a hypoechoic area within the
lymph node without blood flow.

Shafiek et al. has proposed a scoring of the EBUS features as a
method of predicting malignancy [8]. The same scoring system was
used in this study to characterise the lymphnodes:

Heterogeneous (1.5 point) vs homogeneous (0 point) echogenicity.
Absence of CHS (1.5 point) vs presence (0 point).

Round shape (1 vs 0 point).

Small LN axis =10 mm (1 point).

Well-defined LN margin (1 point) vs indistinct margin (0 point).
CPDI (0 point) for grades 0 to 1 vs (1 point) for grades 2 and 3.
The study of features and scoring were done as per previous similar
studies by Fujiwara et al. [11], Shafiek et al. [8] and Schmid-Bindert
et al. [7]. These features were studied by the pulmonologists perfor-
ming the procedure. The cytology samples were reported by the patho-

logist remaining unaware of the sonography features.
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Data analysis

SPSS (Statistical Package for Social Sciences) 20 program for Win-
dows was used for statistical analysis. All the qualitative data was ex-
pressed as frequency and percentage and the quantitative data was ex-
pressed as a mean and standard deviation. Diagnostic accuracy of va-
rious EBUS features was assessed using sensitivity, specificity for di-
scriminative ability. Positive and Negative predictive value for post-test
probability of disease were also calculated. Unpaired ¢-test was used for
quantitative data comparison. Differences were considered significant
when p<0.05.

Results

A total of 46 patients were recruited during the one-year study period
from April 2016 to March 2017. The age ranged from 17 to 70 years with
53.5 % males and 46.5% females. Patients with malignancy were older
(57.72+7.32) that those with tuberculosis (34.04+15.16) or sarcoidosis
(42.10+8.91). Similarly, patients with malignancy had a higher propor-
tion of smokers (65.2%) as compared to benign patients (Table 1).
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Of the 86 lymph nodes in these 46 patients, majority of diagnosis was
made at level 4R (n=27, 31.4%) and level 7 (n=48, 55.8%). Four pa-
tients also had level 11 nodes on CT scan but in all of these diagnoses
could be made at higher level and hence they were not explored. Of the
86 lymph nodes, 23 (26.7%) were malignant, 27 (31.3%) were tubercu-
losis and 36 (41.8%) were sarcoidosis.

Malignant nodes were more likely to show absence of central hilar
structure (p=0.011), distinct margins (p=0.036) and coagulation ne-
crosis sign (p<0.001). Tuberculous nodes were significantly less likely
to have distinct margins (p=0.016) or coagulation necrosis sign
(p<0.001) as compared to malignant nodes. Similarly, sarcoid nodes
are significantly less likely to have heterogenous echogenicity

Table 1. Patient characteristics and demographic profile.

Original Article

(p=0.002), absence of central hilar structures (p=0.009) and presence
of coagulation necrosis sign (p<0.001) (Table 2).

Presence of coagulation necrosis sign was highly sensitive and specific
for malignancy with positive predictive value of 80.7% and negative predic-
tive value of 96.11% and a diagnostic accuracy of 91.86% (Table 3). Hetero-
genous echogenicity, absence of CHS and distinct margins although have
low diagnostic accuracy but have a high negative predictive value of 84%,
85.7% and 88.5% (Table 3). The scoring pattern as suggested by Shafiek et
al. had an AUC = 0.775 (95%CI: 0.68-0.89). Addition of radiological features
of CPDI and coagulation necrosis factor improved the scoring pattern to an
AUC = 0.862 (95%CI: 0.78-0.94). There was no significant difference
between the diagnostic accuracy of the 2 scoring patterns (Figure 1).

Malignancy Benign Tuberculosis Sarcoidosis
(n=23) (n=63) (n=27) (n= 36)

Age 442 +14.0 57.1+78 395+ 128 34.04 « 15.16 42.10 + 8.91
Gender

Female 38 (44.2%) 4 (17.4%) 34 (54.0%) 14 (51.9%) 20 (55.6%)

Male 48 (55.8%) 19 (82.6%) 29 (46.0%) 13 (48.1%) 16 (44.4%)
Smoker

No 67 (77.9%) 7 (30.4%) 60 (95.2%) 27 (100.0%) 33 (91.7%)

Yes 19 (22.1%) 16 (69.6%) 3 (4.8%) 0 (0.0%) 3 (8.3%)
Lymph node level of EBUS

10L 1 (1.2%) 1 (4.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

10R 5 (5.8%) 1 (4.3%) 4 (6.3%) 2 (7.4%) 2 (5.6%)

2R 3 (3.5%) 1 (4.3%) 2 (3.2%) 0 (0.0%) 2 (5.6%)

4L 3 (3.5%) 2 (8.7%) 1 (1.6%) 0 (0.0%) 1 (2.8%)

4R 27 (31.4%) 7 (30.4%) 20 (31.7%) 10 (37.0%) 10 (27.8%)

7 47 (54.7%) 11 (47.8%) 36 (57.1%) 15 (55.6%) 21 (58.3%)

Table 2. Distribution of EBUS features in malignant and benign lymph nodes.

Malignancy Benign Tuberculosis Sarcoidosis
(n=23) (n = 63) (n=27) (n=36)

EBUS features Col % Col % p value* Col % p value’ Col % p value#
Heterogenous echogenicity ~ 65.2% 33.3% 0.080a 44.4% 0.142a 25.0% 0.002a
Round shape 78.3% 79.4% 1.0000 92.6% 0.225b 69.4% 0.4582
Absence of CHS 73.9% 42.9% 0.0112 48.1% 0.064a 38.9% 0.0092
Distinct margins 87.0% 63.5% 0.0362 55.6% 0.0162 69.4% 0.1232
Small axis diameter >10mm  91.3% 92.1% 1.0000 100.0% 0.207> 86.1% 0.6940
CPDI index 1 65.2% 54.0% 0.351a 55.6% 0.487a 52.8% 0.3462
Coagulation necrosis sign 91.3% 7.9% <0.001a 4% <0.001a 8.3% <0.001a
Col %, column-wise percentages; *mali y vs benign; °mal y vs tuberculosis; #malignancy vs sarcoidosis. aChi Square test; bFischer exact test.

Table 3. EBUS sonographic features analysis.

Features on EBUS USG Sensitivity (%) Specificity (%) PPV (%) NPV (%)  Diagnostic accuracy (%)
Heterogeneous echogenicity 65.2 66.7 41.7 84.0 66.27

Round shape 78.26 20.63 26.47 72.22 38.37

Absence of CHS 73.39 57.14 38.63 85.71 61.62

Distinct margins 86.95 36.5 33.33 88.46 50

Small axis >10mm 91.3 7.9 26.58 71.48 30.23

CPDI grade 2-3 65.21 46.03 30.61 7837 51.16
Coagulation necrosis sign present 91.3 92.0 80.7 96.11 91.86
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Discussion

This is a prospective study for assessing the utility of radiological
features of endobronchial ultrasonography in differentiating mali-
gnant and benign lymph nodes conducted at a tertiary care referral
centre.

Of all the ultrasound features, coagulation necrosis sign was the only
characteristic having high sensitivity, specificity and diagnostic accu-
racy to differentiate malignant from benign lymph nodes. These fin-
dings were consistent with previous study done by Fujiwara et al. [6].
This study had enrolled 487 patients and studied 1061 lymph nodes had
shown diagnostic accuracy 86%. The sensitivity and specificity were
69.4% and 92.6%, respectively [6]. The presence of coagulation ne-
crosis signifies the absence of vascularity in the centre as the tumour
enlarges in size and hence its presence indicates a rapidly growing cell
mass where the vascular structure is not able to keep pace with the cell
growth. Since, our study and a similar study have shown high diagno-
stic accuracy, this feature seems to be a reliable indicator and the one
which can be explored further to distinguish between malignant versus
benign aetiology of lymph nodes. The other characteristics studied na-
mely distinct margins, round shape; absence of central hilar structure
had high sensitivity but low specificity and hence low diagnostic accu-
racy. These findings are again similar to that of previous studies de-
scribed in literature [6-8].

Heterogeneous echogenicity had sensitivity and specificity both of
65% in present study. Fujiwara et al. had shown sensitivity and specifi-
city and diagnostic accuracy of 77.3%, 86.6% and 83.9%, respectively
[6]. Schmid-Bindert et al. had shown a high sensitivity and high spe-
cificity of 84.8% and 80.5%, respectively [7]. Heterogeneous echogeni-
city was initially seen in metastasis from medullary thyroid carcinoma
due to deposits of amyloid and calcium. It has also been observed that
areas of liquefaction necrosis are seen as hypoechoic and areas of fi-
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Figure 1. ROC Curve comparing 5 item (Shafiek’s) and 7 item
score. Dotted line, ROC curve of Shafiek score: AUC =0.775 (95%
CI: 0.68-0.89), p<0.0012b; solid line, ROC Curve of 7 item score:
AUC=0.862 (95% CI: 0.78-0.94), p<0.001ab; aunder non-para-

metric assumption; bnull hypothesis is area=0.5.
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brosis and coagulation necrosis seen as hyperechoic in a lymph node
giving it heterogenous appearance. On the other hand, normal, reac-
tive and tuberculous lymph nodes are hypoechoic when compared with
adjacent muscles. The small sample size in our study is probably one of
the reasons that we are not able to replicate similar results and future
studies with a larger sample may further clarify if this feature can de-
finitely be the one with high diagnostic accuracy along with coagula-
tion necrosis sign.

Colour Power Doppler index was only studied by Schmid-Bindert et
al. They have shown sensitivity, specificity and diagnostic accuracy of
50.8%, 47.7% and 49.2% respectively [7]. Subsequently, they have men-
tioned that CPDI results have no potential for prediction of malignancy.
We have used the same grading for degree of blood flow as used in this
study and have got similar findings in our study. As tumour growth and
metastasis are closely linked with angiogenesis, it can be rationalised
that malignant lymph nodes are more vascular than benign nodes.
Normal and reactive lymph nodes either appear avascular or tend to
have hilar vascularity, whereas metastatic nodes tend to show pe-
ripheral or mixed vascularity, and lymphomatous nodes predominantly
demonstrate mixed vascularity. The presence of peripheral vascularity
is highly suspicious of malignancy and hence a high CPDI score would
be associated with it. Similar results are seen even in inflammatory
conditions and therefore this feature cannot be used to distinguish
between the two.

Shafiek et al. had given a score combing five features namely shape,
margins, echogenicity, size and central hilar structure. They have men-
tioned that a score of more than 5 had a sensitivity of 78% and specifi-
city of 86% (AUC = 0.852; 95% CI: 0.743-0.928; p=0.0001) [8]. Schmid-
Bindert et al. had mentioned that the best single criterion to predict
malignancy in their study was heterogeneity, and the best negative pre-
dictive factor was CHS. The usage of the introduced sum score can be
a method to give a higher probability of malignancy: if more than two
criteria are present, odds ratio for malignancy is as high as 15.5 [7].
Further studies are recommended to evaluate the potential role of this
scoring system. Qur study has shown that only presence of coagulation
necrosis was associated with high diagnostic accuracy of 91.86%. No
other feature had as high a diagnostic accuracy as this. However, a
composite score of 5 radiological features as suggested by Shafiek et a/.
as well as 7 radiological features as studied here show promise in sug-
gesting malignancy [8].

Our study was a prospective one which included both malignant as
well as benign cases of mediastinal and hilar lymphadenopathy. This
prevented a recall bias which could have been present in the retro-
spective studies. Also, the study represented the most common cases of
lymphadenopathy in our set up which increases the reliability of our
findings. We have used rapid onsite evaluation for all our cases to in-
crease the quality of our results.

The study has its limitations. First of all, the gold standard used
here is pathological diagnosis and not surgical exploration of lymph
nodes which could result in a verification bias. There were two cases
of lung cancer where the sub centimetre non-PET avid lymph node
was sampled and was negative. These patients were then referred for
surgery but were lost to follow up. Since the surgical data of these
lymph nodes is not available, we cannot comment if this could have
made any change in our results. The sample size is relatively small
and we suggest that a similar study done with a larger sample size
may help in confirming the findings of this study. We also suggest
that with the advent of elastography, the yield of lymph node sam-
pling can be further increased and this feature can be combined in
future studies to distinguish between malignant and benign lymph
nodes.
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