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Endoscopic ultrasound in mediastinal tuberculosis
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ABSTRACT

Background: Tubercular lymphadenitis is the commonest extra pulmonary manifestation in cervical and mediastinal locations.
Normal characteristics of lymph nodes (LN) have been described on ultrasonography as well as by Endoscopic Ultrasound.
Many ultrasonic features have been described for evaluation of mediastinal lymph nodes. The inter and intraobserver
agreement of the endosonographic features have not been uniformly established. Methods and Results: A total of 266
patients underwent endoscopic ultrasound guided fine needle aspiration and 134 cases were diagnosed as mediastinal
tuberculosis. The endoscopic ultrasound location and features of these lymph nodes are described. Conclusion: Our
series demonstrates the utility of endoscopic ultrasound guided fine needle aspiration as the investigation of choice for
diagnosis of mediastinal tuberculosis and also describes various endoscopic ultrasound features of such nodes.
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INTRODUCTION

The advent of computer-aided tomography (CT) and magnetic
resonance imaging has led to an increased detection of enlarged
mediastinal lymph nodes (MLN). Management of patients with
MLN depends on the etiology." Bronchoscopy with transbronchial
lung biopsy, endoscopic ultrasound-guided aspiration from
esophagus (EUS-FNA), endobronchial ultrasound-guided
fine needle aspiration from bronchus (EBUS-FNA), and
mediastinoscopy are frequently used diagnostic tools for
obtaining a tissue sample.*®! Transbronchial lung biopsy is
considered a relatively blind technique, mediastinoscopy is
invasive and most operators choose between EUS-FNA and
EBUS-FNA as diagnostic tools.”*! Pulmonologist prefer the
route of bronchus for obtaining tissue by EBUS-FNA and
gastroenterologists prefer the route of esophagus by EUS-FNA.®!
No standard comparison is available between EUS-FNA and
EBUS-FNA and many operators familiar with both techniques
prefer the use of esophagus rather than bronchus as the primary
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route for evaluation.”! EUS-FNA and EBUS-FNA are nowadays
considered complimentary for a comprehensive evaluation of
MLN.71% Tubercular lymphadenitis is the most common extra
pulmonary manifestation in cervical and mediastinal locations
and management requires combined chemotherapy for at
least 6 months, or more.[""?l Normal characteristics of lymph
nodes (LN) have been described on ultrasonography.*'* Fusion
of LN with the presence of hypoechoic center and hyperechoeic
foci are characteristic features of tubercular MLN. !>

The study was aimed to define the EUS and EUS-FNA
feature of tubercular MLN.

MATERIALS AND METHODS

All patients undergoing EUS-FNA for MLN at the center
were reviewed. Patients with confirmed clinical and
cytological diagnosis of tuberculosis (TB) with acid-fast
bacilli (AFB)/culture positive or polymerase chain
reaction (PCR) for mycobacterium TB positive were
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enrolled for the study. The remaining cases had sarcoidosis
or malignancy were not included in the study group.

Endoscopic ultrasound-guided examination procedure

All procedures were performed in gastroenterology department
by a single experienced endosonographer, using the EG-3870
UTK linear echoendoscope, Pentax Inc., Tokyo, Japan at 5-10
MHz frequency under conscious sedation using intravenous
midazolam. Written informed consent was obtained
from all the patients. The hospital ethical review board
approved the study. EUS examination of the mediastinum
was done to describe the location of the node according
to the International Association of Study of Lung Cancer
classification [Video 1]. When multiple MLN were present in
one station, three largest MLN were measured at two stations.
The shape was described as oval or round, the border was
seen as distinct, coalesced or indistinct with partial/complete
disappearance of outline. Echogenicity was identified as
focally or diffusely hypoechoeic, isoechoeic, or hyperechoeic.

Endoscopic ultrasound-guided aspiration from esophagu
procedure

The suitability of most appropriate LN for fine needle
aspiration cytology (FNAC) was based on size, site, shape,
echo texture, and border of the LN. A large MLN was preferred
to small, homogenous were preferred to heterogeneous, node
with hypoechoeic center was preferred to MLN without
hypoechoeic center and in confluent MLN, the MLN with
least broken border was preferred to LN with totally broken
borders. The puncture was carried out with a 22-gauge
needle (Echo Tip, Wilson—-Cook, Winston—-Salem, North
Carolina, USA) into the deepest part of LN, the stylet was
completely removed, and a 10 mL syringe was attached to
the hub of the needle, followed by application of negative
suction and very slow withdrawal of needle. EUS aspirates
were expelled from the needle by reinsertion of the stylet
and checked by the cytopathologist for adequacy of sample
after staining with the Diff-Quik method. A repeat puncture
was done if no material was found in the first sample
with standard technique of 5-10 to and fro movements.
In all cases with suspected TB AFB stain were carried out;
aspirates were sent for TB-PCR analysis and conventional
culture of Mycobacterium TB. TB-PCR was done for
“IS-6110” for identification of Mycobacterium TB complex.
A commercially available kit was used in which two primers
were used. Patients with clinical and cytological diagnosis of
TB with AFB/culture positive or PCR for TB were enrolled
for the study. The diagnosis of TB was further confirmed by
documenting response to antitubercular therapy on clinical
follow-up for at least 6 months. Patients were excluded if
there was any doubt in diagnosis or if there was any overlap
with other benign or malignant etiology.

Data analysis

Data included the location of the MLN, number,
size, shape, border, echo texture, abscess formation,
calcification, number of needle passes made, sample
adequacy, cytology results, final diagnosis, and procedure
related complications.
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RESULTS

A total of 266 patients had EUS-FNA for MLN over a period of
5 years. One hundred and thirty four cases were diagnosed as
TB. The male to female ratio was 1:1.4. The age of the patient
ranged from 8 to 86 years with a mean age of 34.3 years. The
clinical presentation was weight loss in 64 cases (47.7%), fever in
83 (61.9%), dysphagia in 12 (8.9%), and abnormal chest X-ray/CT
findings in 76 cases (56.7%). Twelve cases (8.9%) had incidental
detection of MLN during EUS for abdominal lymphadenopathy.
Tiwo patients presented with dysphagia due to ruptured tubercular
abscess within the esophageal lumen [Video 2]. Nine cases had a
previous history of TB. Two hundred and forty-eight passes were
performed in 156 LN with an average of 1.8 passes per patient.
Single puncture was required in 72 cases and multiple punctures
were required in 62 cases.

Location: All the cases had multiple lymphadenopathies
limited to a single station in 19 cases and multiple stations
in 105 cases. Twelve cases with abdominal LN where FNA
was done from associated MLN were included in 105 cases.
In 10 cases, the LN ruptured into mediastinal spaces and
were described according to the spaces. The distribution of
cases with single and multiple stations is given in Table 1.

Size: A total of 486 LN were measured. The median size of
LN based on the maximal long axis was 12 mm (5-25 mm).
In conglomerated LN those with preserved outer borders
were measured. In 10 cases of abscess, measurement was
not possible because of absent outline.

Shape: Oval or rounded LN were observed in 55 cases
and elliptical or crescent shaped nodes were detected in
25 cases [Figure 1]. The shape of LN could not be defined
in 44 cases of confluent nodes and 10 cases of abscess.

Border: Sixteen cases had LN with an indistinct outer
border. LN with a distinct outer border were detected
in 108 cases (64 cases of discrete MLN and 44 cases of
coalesced MLN) [Figure 1] The border was lost in 10 cases
with abscess formation.

Echo texture: Sixteen LN were heterogenous with
normal hyperechoeic center, 20 had hypoechoeic areas
within discrete LN and 35 had hypoechoeic area within
confluent LN [Video 3]. Abnormal hyperechoeic foci were
identified in 44 cases of discreet, 9 cases of confluent LN
with preserved outer borders [Figure 2], and 10 cases of
confluent LN with absent borders [Figures 3 and 4, Table 2].

Table 1: EUS location of tubercular lymph node
Station (IASLC) 7 4L 8 4R 2L 2R 5 6 9 Abdominal

LN
Number of single 1m 3 2 1 1 0 010 0
location (n=19)
Number of multiple 102 46 16 4 16 3 3 6 3 12

locations (n=105)

Distribution of cases with single and multiple station lymphadenopathies.
IASLC: International Association of Study of Lung Cancer, LN: Lymph node
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Figure 1: (a) One discrete oval lymph nodes with distinct borders is
seen in subcarinal area. This large lymph nodes had a hypoechoeic
area in the center. (b) Even small lymph nodes can be liquefied
and in this case the central hypoechoeic area was seen in a 5 mm
diameter lymph nodes. (c) Subcarinal 5-15 mm multiple confluent
homogeneously hypoechoeic lymph nodes with preserved outer
borders were seen. (d) Subcarinal 5-20 mm diameter, multiple
confluent homogeneously hypoechoeic lymph nodes with preserved
outer borders were seen
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Air filled lymphsiad
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Figure 3: (a) Right paratracheal confluent lymph nodes extending to
lymph nodes in station 7. One lymph nodes is seen above the right
pulmonary artery belonging to station 4R. (b) The air present in the
right bronchus gives sharp contrast with the abscess which extends
along the azygoesophageal recess. (c) Endoscopy showed an ulcer
at 22 cm distance in esophagus with a hole in the center of the ulcer.
(d) Endoscopic ultrasound showed a caseated and ruptured lymph
nodes at 22 cm distance just above the arch of aorta and air was seen
filled with in the lymph nodes

Cytological findings: Granulomatous inflammation
without caseous necrosis was seen in 20 cases (14.9%)
and caseating granulomas were seen in 97 cases (72.3%).
The material was acellular or predominantly composed
of necrotic material in 10 (7.4%) and a dense suppurative
aspirate was noted in 7 cases (5.2%). AFB could be
demonstrated in 61 (45.5%) cases. AFB positivity was
10.0% in cases associated with granulomatous reaction
without necrosis, 45.3% with caseating granulomas, 90%
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Figure 2: (a) Subcarinal multiple confluent lymph nodes with slight loss
of outer borders were seen. Most of the lymph nodes are hypoechoeic
and homogeneous. Some of the hypoechoeic lymph nodes had
hyperechoeic echoes in central part. (b) Subcarinal calcified lymph
nodes with calcification in the margin. The calcified lymph nodes could
be punctured. (c) Para aortic confluent lymph nodes with slight loss of
outer borders. The lymph nodes had focal calcification causing acoustic
shadow. (d) Multiple confluent lymph nodes in aortopulmonary window
with presence of calcification producing comet tail artifacts

Figure 4: (a) A 36-year-old man presented with complaint of
dysphagia after blunt injury of chest (X-ray chest showed widening
of mediastinum. (b) Computer-aided tomography scan showed air
filled cavity in subcarinal area. (c) Endoscopic examination revealed
a communication from which pus was seen flowing into the lumen of
esophagus. (d) Endoscopic ultrasound-guided examination showed a
large abscess communicating with the esophageal wall. In this case a
large abscess had ruptured into the wall of the esophagus

Table 2: EUS features of tubercular lymph nodes
EUS classification of MLN Echotexture of MLN

Discrete MLN=80 Heterogeneous hyperechoeic=16
Hypoechoeic areas=20

Hypoechoeic with hyperechoeic foci=44
Hypoechoeic areas=35

Hypoechoeic with hyperechoeic foci=19

Confluent MLN=54
Confluent LN with
preserved outer borders (44)
and with absent borders (10)

On the basis of EUS features the LN could be classified into two
groups: Discrete MLN and confluent MLN. MLN: Mediastinal lymph node,
EUS: Endoscopic ultrasound, LN: Lymph node
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in cases with acellular necrotic material, and 85.7% in
cases with suppurative inflammation. Culture was positive
in 44 cases (32.8%) and PCR in 46 cases (34.3%). One case
was diagnosed as atypical mycobacterium TB.

DISCUSSION

The present study shows the location, EUS features,
EUS-FNA features, and the finding of cytopathology in cases
of tubercular MLN. MLN were located mainly at station 7
followed by station 4L and only 5 cases had presence at 4R
station. The usual location of MLN in normal persons and TB
is at station 7 followed by station 4L and 4R.?*! The lower
reporting of presence of MLN at 4R station in this series is
due to difficult detection of MLN present on the right side of
trachea (2R and 4R station) by EUS. In one case, the FNAC
was done by transaortic route for obtaining sample from
station 6 node [Video 4]. The diameter of discrete MLN ranged
from 5 mm to 25 mm and average diameter was 12 mm, which
is similar to the diameter of MLN in a normal person and in
patients with TB.['%23

EUS showed 59% discrete and 41% confluent MLN. Among
the confluent MLN 82% had preserved outer borders and
18% had absent borders. Hypoechoeic areas were noted
in 88% cases and the smallest LN with hypoechoeic area
measured 5 mm. The finding of hypoechoeic area in TB
is consistent with the presence of necrotic process, loss
of central vascularity, and a tendency toward fusion near
their adjacent borders.['?!:22261 Tn general small, triangular,
or crescentric MLN with indistinct borders and central
hyperechoeic hilum containing nodal vessels are likely
to be benign in nature whereas round or oval, sharply
demarcated, homogenous, and hypoechoic LN with loss of
central vascularity are likely to be pathological.*# On CT
scan of the chest, tuberculous MLN show a characteristic
central low attenuation area representing caseous necrosis
and peripheral enhancement, representing active disease:
Analogous to EUS features.?! Other reported ultrasound
features of tubercular LN apart from hypoechoic center
include abnormal hyperechoeic foci due to necrotic debris
that is, caseation, calcification, or air.'>1820271 A significant
number of cases in this series (no = 63), showed the
presence of abnormal hyperechoeic foci due to necrotic
debris (no = 56), calcification (no = 10), and air (no = 6).
Three cases of calcification and all cases of air coexisted
with necrotic debris. The calcification was of three types:
Micro calcification with reverberating artifacts (no = 5),
larger size calcification (no = 3), and peripheral eggshell
calcification (no = 2) [Figure 2]. Nodal calcification has been
infrequently reported on CT in tubercular lymphadenopathy,
but the presence of peripheral calcification has not been
reported.?®! Presence of air was seen within discrete MLN
communicating with esophagus in 1 case, secondary
infection in matted LN in 3 cases, and in 2 cases of abscess.
In 2 cases, there was rupture of MLN into esophagus and
both of them presented with acute onset of dysphagia.
In 1 case of dysphagia, a discrete MLN located at station
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41, was seen ulcerating into the wall of esophagus on
EUS [Figure 3] while in another case a roadside accident
resulted in rupture of asymptomatic preexisting subcarinal
abscess into esophagus [Figure 4]. Spontaneous fistulization
of mediastinal LN into the esophagus has been reported as
a case report.?%

The present case series demonstrates unique EUS appearance
of coalescent nodes with absent borders and moving necrotic
material forming cold abscesses in 10 cases. The cold
abscesses were located in subcarinal area in all cases and
extended beyond subcarinal area in 6 cases. In one case,
there was coexistence of cold abscess at station 4L. The most
common site of extension was around the right intermediate
and right main bronchus (n = 4). The other areas of extension
were azygoesophageal recess, preaortic recess, and right
paratracheal space [Figure 5]. The presence of cold abscess
has been shown to cause compression of bronchus but in
this series no symptoms were noted.>*3°!

A number of ultrasonic features have been described for
evaluation of LN. In a recent series, a total of 390 LN (207
malignant and 183 benign) were analyzed.*" The authors
measured the length of short axis, shape, margin, echogenicity,
homogenicity, coagulation necrosis, calcification, coalescence,
and posterior acoustic enhancement.*!! However, the inter
and intraobserver agreement of the endosonographic features
for mediastinal or hilar LN was good for shape or size but
was not good enough for the other ultrasonographic features
like coagulation necrosis, heterogenicity, margins, etc.*? One
of the main features that has been emphasized in recent
studies is coagulation necrosis of LN where the authors
have taken into consideration a standard endobronchial
ultrasound image classification system.***! The definition of

Right Para
Tracheal Space =1

Right
Intermediate
Bronchus = 3
co-existence in
Aorto p y
window =1

| space
spread of abscess =6

Pre aortic
recess parallel
toDA=1

Azygos esophageal
recess =1

Figure 5: The pattern of localization and spread of mediastinal
abscesses in tuberculosis in 10 cases. All the abscesses were located
in subcarinal area and in one case there was coexistence of abscess in
aortopulmonary window. The subcarinal area is a pyramidal space the
tip of which lies at the tracheal bifuracation. In one case, the abscess
spreaded into azygos esophageal recess, in one case into preaortic
recess parallel to descending aorta and in one into right paratracheal
space. The spread along the right intermediate bronchus was seen
in 3 cases
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coagulation necrosis is, however, not uniform and there is an
apparent paradox of definition in literature.**! Coagulation
necrosis has been defined as ill-defined, nonshadowing
echogenic areas within malignant LN on neck ultrasound
but many authors have included hypoechoeic area within
LN as a feature of coagulation necrosis.?*! We have avoided
the controversial discussion along this line and we feel that
coagulation and caseous necrosis are different pathologies
and more studies are required to standardize the description
of caseous LN.

Two hundred and forty-eight passes were performed in
156 LN to obtain adequate sample from inside a node or
abscess. On the basis of EUS-FNA features, the MLN were
categorized into two groups: MLN with significant aspirate
on single puncture (54%), and MLN with aspirate after
standard puncture (46%). Slow withdrawal of needle from
the node/abscess after a single puncture was adequate in
72 cases while 62 cases required 2.4 punctures/LN to obtain
the sample. In this series, overall less punctures were done
as compared to others due to rapid on site cytology and
adoption of slow aspiration after puncture technique in
patient having hypoechoeic areas. EUS FNA in tubercular
MLN has a rare complication of a mediastinal esophageal
fistula.®” In this series, slow aspiration was successful
as the initial procedure of aspiration in 61% cases
with hypoechoeic areas. The reason to avoid to and fro
movement by the EUS-FNA in LN with hypoechoeic area
was firstly to avoid complication of mediastinal-esophageal
fistula and secondly with a logic that continuous aspiration
and slow movement of the needle withdraws needle from
one part of LN containing semisolid content to another
part of LN (liquid fluid, as in a cyst, requires only negative
suction, whereas solid tissue requires to and fro movement
for aspiration). In our series, there was no complication.
In one case, transaortic puncture was required to obtain
a diagnosis. Theoretically, it can lead to mycobacteremia
and increase the risk of dissemination of TB bacilli but
it was important to establish the diagnosis and no such
complication was clinically noted.

Granulomatous inflammation with caseous necrosis was
the most common finding, AFB could be demonstrated in
45.5% cases and the highest positivity of AFB was noted
in cases with acellular necrotic material (90%). This is in
accordance with previous findings. Culture was sent in all
cases and was found positive in 32.8%. PCR was positive
in 34.3% cases.

In the present series, there were four HIV-positive patients.
The smallest isolated liquefied LN was found in a HIV
positive case. Earlier reports have suggested the HIV
positive patients had more multifocal lesions and fewer
tendencies for fusion and multiple-station lymphadenitis
with extensive lung parenchymal, extra thoracic LN, and
extra thoracic organ involvement.® Though the number
of HIV positive cases was small, lung parenchymal lesions
and extra thoracic LN and extensive organ involvement
was not found in our series.
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Our study has some limitations. First, it was retrospective
and patients were selected on reviewing the files of all
EUS in which TB was the final diagnosis. Unfortunately,
there is no information on how the patients were selected
beforehand. There were potentially many patients with
tuberculous MLN who were not sent for EUS. The
pathology grades are grouped as compatible with TB due
to the presence of epithelioid granulomas with caseation
and necrosis, which can be seen in cases with sarcoidosis
and cancer also. A more conservative analysis combining
strict pathological and microbiological criteria may have
been more informative. However, we had good clinical
follow-up and, therefore, were able to follow the natural
history of the patient over at least 6 months.

This series describes the EUS features in detail in a large
number of cases of TB from an endemic area. It also shows
that slow aspiration from a necrotic LN may be beneficial
in aspirating the semisoild material of a necrotic LN and
can achieve the diagnosis in 61% of cases. A point worth
commenting upon is the role of TBNA and EBUS-FNA
for the cases referred for EUS. TBNA and EBUS-FNA are
also useful for evaluation of MLN. Comparative studies
can establish the first line investigation of choice but till
further studies are available it may be reasonable to say
that EUS may be considered the first test for evaluation of
benign MLN for FNA.[3

CONCLUSION

In a tropical country like India, TB is an important
differential diagnosis of mediastinal lymphadenopathy.
Endosonography is an important tool for diagnosis of
mediastinal TB. EUS features may be helpful in selecting
the site of EUS-FNA and for establishing a diagnosis.
Slow aspiration from a hypoechoeic node may provide
satisfactory sample for evaluation in a large number of
cases. Experienced cytologists and rapid on-site pathologic
examination may increase the sensitivity. The EUS features
described can be helpful in evaluation and understanding
the nature of disease, site of selection of EUS-FNA,
progression of disease, and follow-up of the patients.

Acknowledgment
Our sincere thanks to Mr. Pran Prakash for his technical
support (line art, animation, and videos).

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

REFERENCES

1. Hwangbo B, Lee GK, Lee HS, Lim KY, Lee SH, Kim HY, et al.
Transbronchial and transesophageal fine-needle aspiration using an
ultrasound bronchoscope in mediastinal staging of potentially operable
lung cancer. Chest 2010;138:795-802.

133



20.

21.

22.

134

Sharma, et al.: EUS in mediastinal tuberculosis

Sharma M. Combined imaging for benign mediastinal lymphadenopathy
endoscopic ultrasound or endobronchial ultrasound endoscopic
ultrasonography first or endobronchial ultrasonography first? Chest
2011;140:558-9.

Parmaksiz ET, Caglayan B, Salepci B, Comert SS, Kiral N, Fidan A, et al.
The utility of endobronchial ultrasound-guided transbronchial needle
aspiration in mediastinal or hilar lymph node evaluation in extrathoracic
malignancy: Benign or malignant? Ann Thorac Med 2012;7:210-4.
Sharma M, Arya CL, Somasundaram A, Rameshbabu CS. Techniques of
linear endobronchial ultrasound imaging. ] Bronchology Interv Pulmonol
2010;17:177-87.

Cetinkaya E, Ozgul MA, Tutar N, Ozgul G, Cam E, Bilageroglu S. The
diagnostic utility of real-time EBUS-TBNA for hilar and mediastinal lymph
nodes in conventional TBNA negative patients. Ann Thorac Cardiovasc
Surg 2014;20:106-12.

Sharma M, Rameshbabu CS, Mohan P. Standard techniques of imaging of
IASLC borders by endoscopic ultrasound. J Bronchology Interv Pulmonol
2011;18:99-110.

Wang KP, Feller-Kopman D, Mehta A, Sharma M, Yarmus L.
Endobronchial ultrasound and esophageal ultrasound: Just because we
can, does not necessarily mean we should. Chest 2011;140:271-2.
Pillai A, Medford AR. Greater physician involvement improves coding
outcomes in endobronchial ultrasound-guided transbronchial needle
aspiration procedures. Respiration 2013;85:417-21.

Annema JT, Rabe KF. Endosonography for lung cancer staging: One
scope fits all? Chest 2010;138:765-7.

Sharma M, Chittapuram RS, Rai P. Endosonography of the normal
mediastinum: The experts approach. Video ] Encyclopedia Gl Endosc
2013;1:56-9.

Fiske CT, Griffin MR, Erin H, Warkentin J, Lisa K, Arbogast PG, et al.
Black race, sex, and extrapulmonary tuberculosis risk: An observational
study. BMC Infect Dis 2010;10:16.

World Health Organization. Multidrug and Extensively Drug-Resistant
tb (m/xdr-th): 2010 Global Report on Surveillance and Response. World
Health Organization; 2010. Available from: http://www.who.int/tb/
publications/mdr_surveillance/en/. [Last accessed on 2014].

Ahuja AT, Ying M, Ho SY, Antonio G, Lee YP, King AD, et al. Ultrasound
of malignant cervical lymph nodes. Cancer Imaging 2008;8:48-56.
Faige DO. EUS in patients with benign and malignant lymphadenopathy.
Gastrointest Endosc 2001;53:593-8.

Fritscher-Ravens A, Ghanbari A, Topalidis T, Pelling M, Kon OM,
Patel K, et al. Granulomatous mediastinal adenopathy: Can endoscopic
ultrasound-guided fine-needle aspiration differentiate between
tuberculosis and sarcoidosis? Endoscopy 2011;43:955-61.

Rana SS, Bhasin DK, Srinivasan R, Singh K. Endoscopic
ultrasound (EUS) features of mediastinal tubercular lymphadenopathy.
Hepatogastroenterology 2011;58:819-23.

Sharma M, Somasundaram A, Mahadevan B. Image of the month.
Endoscopic ultrasound in a case of a widened mediastinum. Clin
Gastroenterol Hepatol 2010;8:e94.

Khanna R, Sharma AD, Khanna S, Kumar M, Shukla RC. Usefulness of
ultrasonography for the evaluation of cervical lymphadenopathy. World
J Surg Oncol 2011;9:29.

Gupta A, Rahman K, Shahid M, Kumar A, Qaseem SM, Hassan SA,
et al. Sonographic assessment of cervical lymphadenopathy:
Role of high-resolution and color Doppler imaging. Head Neck
2011;33:297-302.

Gupta KB, Manchanda M, Vermas M. Tuberculous oesophagopleural
fistula. J Indian Med Assoc 2011;109:504-5.

Kahaleh M, Yoshida C, Kane L, Yeaton P. EUS drainage of a mediastinal
abscess. Gastrointest Endosc 2004;60:158-60.

Samitas K, Marinakis E, Birbilis C, Thanos L, Zervas E, Gaga M, et al.
Multiple tuberculous abscesses and mediastinal lymphadenitis with no

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

37.

38.

39.

pulmonary involvement in an immunocompetent patient. Indian J Tuberc
2012;59:235-9.

Ziyade S, Pinarbasili NB, Ziyade N, Akdemir OC, Sahin F, Soysal O,
et al. Determination of standard number, size and weight of mediastinal
lymph nodes in postmortem examinations: Reflection on lung cancer
surgery. J Cardiothorac Surg 2013;8:94.

Cardinale L, Parlatano D, Boccuzzi F, Onoscuri M, Volpicelli G,
Veltri A. The imaging spectrum of pulmonary tuberculosis. Acta Radiol
2015;56:557-64.

Ozgiil MA, Cetinkaya E, Tutar N, Ozgtil G, Onaran H, Bilaceroglu S.
Endobronchial ultrasound-guided transbronchial needle aspiration for the
diagnosis of intrathoracic lymphadenopathy in patients with extrathoracic
malignancy: A study in a tuberculosis-endemic country. ] Cancer Res
Ther 2013;9:416-21.

Hall JD, Kahaleh M, White GE, Talreja J, Northup PG, Shami VM.
Presence of lymph node vasculature: A new EUS criterion for benign
nodes? Dig Dis Sci 2009;54:118-21.

Puri R, Vilmann P, Sud R, Kumar M, Taneja S, Verma K, et al.
Endoscopic ultrasound-guided fine-needle aspiration cytology in the
evaluation of suspected tuberculosis in patients with isolated mediastinal
lymphadenopathy. Endoscopy 2010;42:462-7.

Vorster M, Sathekge MM, Bomanji J. Advances in imaging of
tuberculosis: The role of '8F-FDG PET and PET/CT. Curr Opin Pulm
Med 2014;20:287-93.

von Bartheld MB, van Kralingen KW, Veenendaal RA, Willems LN,
Rabe KF, Annema JT. Mediastinal-esophageal fistulae after EUS-FNA of
tuberculosis of the mediastinum. Gastrointest Endosc 2010;71:210-2.
Lucas S, Andronikou S, Goussard P, Gie R. CT features of lymphobronchial
tuberculosis in children, including complications and associated
abnormalities. Pediatr Radiol 2012;42:923-31.

Luo W, Zhong C, Chen Y, Chen X, Zeng Y, Li S. The predictive value
of gray scale sonographic features in malignant hilar and mediastinal
lymph node. Zhonghua Jie He He Hu Xi Za Zhi 2014;37:924-7.
Garcia-Olivé |, RaduaJ, Serra P, Andreo F, Sanz-Santos J, MonsoO E, et al.
Intra- and interobserver agreement among bronchial endosonographers
for the description of intrathoracic lymph nodes. Ultrasound Med Biol
2012;38:1163-8.

Dhooria S, Agarwal R, Aggarwal AN, Bal A, Gupta N, Gupta D.
Differentiating tuberculosis from sarcoidosis by sonographic
characteristics of lymph nodes on endobronchial ultrasonography: A
study of 165 patients. ] Thorac Cardiovasc Surg 2014;148:662-7.
Fujiwara T, Yasufuku K, Nakajima T, Chiyo M, Yoshida S, Suzuki M,
et al. The utility of sonographic features during endobronchial
ultrasound-guided transbronchial needle aspiration for lymph node
staging in patients with lung cancer: A standard endobronchial ultrasound
image classification system. Chest 2010;138:641-7.

Bhutani MS, Saftoiu A, Chaya C, Gupta P, Markowitz AB, Willis M, et al.
Irregular echogenic foci representing coagulation necrosis: A useful but
perhaps under-recognized EUS echo feature of malignant lymph node
invasion. J Gastrointestin Liver Dis 2009;18:181-4.

Roberts SA, Mahon BS, Evans R. Coagulation necrosis in malignant
mediastinal nodes on endoscopic ultrasound: A new endosonographic
sign. Clin Radiol 2005;60:587-91.

Manucha V, Kaur G, Verma K. Endoscopic ultrasound-guided fine needle
aspiration (EUS-FNA) of mediastinal lymph nodes: Experience from region
with high prevalence of tuberculosis. Diagn Cytopathol 2013;41:1019-22.
Song 1, Jeong Y], Lee KS, Koh WJ, Um SW, Kim TS. Tuberculous
lymphadenitis of the thorax: Comparisons of imaging findings between
patients with and those without HIV infection. AJR Am J Roentgenol
2012;199:1234-40.

ASGE Standards of Practice Committee, Jue TL, Sharaf RN, Appalaneni V,
Anderson MA, Ben-Menachem T, et al. Role of EUS for the evaluation
of mediastinal adenopathy. Gastrointest Endosc 2011;74:239-45.

Lung India * Vol 33 © Issue 2 * Mar - Apr 2016



