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ABSTRACT

Background: Whether the indications and diagnostic yield of endobronchial ultrasound guided transbronchial needle
aspiration (EBUS-TBNA) vary according to the socioeconomic status of the patient, remains unknown. Herein, we evaluate
this aspect in participants who underwent EBUS-TBNA. Materials and Methods: This is a retrospective analysis of all
participants who underwent EBUS-TBNA for the evaluation of intrathoracic lymphadenopathy. We evaluated the indications
and outcome of EBUS-TBNA in participants with and without economic disadvantage (issuance of a below poverty line
card by the government). Results: Of the EUBUS procedures performed on 1582 participants (mean [standard deviation]
age, 46.1 [15.7] years; 593 [37.5%] women) performed during the study, 61 (3.9%) were done in the economically
disadvantaged (ED) group. Individuals in the ED group were younger (median age, 40 vs. 46 years; P=0.002) and more
likely to have tuberculosis (42.6% vs. 26.2%, P = 0.005) or malignancy (39.3% vs. 26.9%, P = 0.032) as a presumptive
diagnosis. The overall diagnostic yield of EBUS was 63% and was significantly lower in the ED group (49.2% vs. 63.5%,
P = 0.023). Previously used EBUS-TBNA needles were more commonly employed in the ED participants (62.7% vs.
20.1%, P < 0.001). On multivariate logistic regression analysis, younger age, larger size, and number of nodes sampled,
and the use of new (versus reused) needles were independent predictors of higher diagnostic yield. There was no
difference in the complication rate between the two groups. Conclusion: The diagnostic yield of EBUS was significantly
lower in the ED participants, which is due to the differences in the clinical and procedural characteristics.
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INTRODUCTION practiced in India with more than 130 EBUS installations
across the country.

Endobronchial ultrasound-guided transbronchial needle

aspiration (EBUS-TBNA) is the investigation of choice
for the evaluation of intrathoracic lymphadenopathy
as it is minimally invasive and allows sampling of
most intrathoracic lymph node stations under “direct”
endosonographic vision. The procedure is now widely
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Unfortunately, more than one-fifth of the Indian population
lives below the poverty line.”?! Based on the family income,
the government assigns a below poverty line (BPL) status
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to these individuals and issues them a BPL card. Patients
with a BPL status are entitled to concessions at various
public-sector hospitals for most diagnostic procedures
and treatments. The socioeconomic profile of patients may
have a bearing on the spectrum of diseases encountered.
For example, patients with sarcoidosis are more likely to
belong to an affluent socioeconomic status than those with
tuberculosis.®

Whether the indications and diagnostic yield of EBUS-TBNA
are also different in varying socioeconomic strata, remains
unknown. Herein, we compare the indications and
outcome of EBUS-TBNA in participants with intrathoracic
lymphadenopathy, based on their economic status.

MATERIALS AND METHODS

This was a retrospective analysis of all participants who
underwent EBUS-TBNA between July 2011 and October
2017 in the bronchoscopy suite of this institute. The
study protocol was approved by the Institute Ethics
Committee. The requirement for informed consent was
waived due to the retrospective nature of the study and
the use of anonymized patient data. We routinely obtain
a procedural consent from all the participants undergoing
the EBUS procedure. A part of the data has been previously
published.*!

Study subjects

All participants who underwent EBUS-TBNA for
the evaluation of intrathoracic lymphadenopathy
during the study were included in the analysis. We
classified the participants into two groups, economically
disadvantaged (ED) or others. ED participants were defined
as those who carried a BPL status. For these participants,
the fee for all diagnostic procedures is waived off as a policy
in public sector hospitals. All subjects (including those in
the ED group) who could afford a new needle underwent
EBUS-TBNA with a new needle. Those who could not
purchase a new needle were given the option to undergo
the procedure with a needle that had been previously used,
albeit after an elaborate sterilization process, as previously
described.”’ They were also counseled regarding the
risk of acquiring infections or needle malfunction while
employing the used needle. The EBUS needles were reused
only once. Moreover, needles that were used in participants
with serological evidence of infection with hepatitis B
virus, hepatitis C virus, or human immunodeficiency virus
or in those with clinical suspicion of tuberculosis (or final
diagnosis of tuberculosis) were not reused.

Procedure

EBUS-TBNA was performed as an outpatient procedure
under local anesthesia and conscious sedation, as
previously described.!®®! The convex probe EBUS
scope (BF-UC 180F; Olympus Medical Systems, Japan) was
used for the procedure. Sedation depth was assessed using
the Ramsay sedation scale. The intensity of the subject’s
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cough and the amount of airway secretions during the
procedure were scored by the operator using visual analog
scale on a horizontal line, 100 mm in length, immediately
after the procedure. All participants were observed for
complications (fever, chills, excessive cough, chest pain,
bradycardia, hypotension, sustained hypoxemia, bleeding,
and need for escalation of care) for at least 2 h after the
procedure.

Lymph node stations were categorized according to the
classification proposed by the International Association
for the Study of Lung Cancer."”! All the lymph node
stations were systematically examined using the
echobronchoscope, and endosonographic lymph nodes
characteristics were recorded.™

Transbronchial needle aspiration

TBNA was performed using either 21 or 22G EBUS-TBNA
needle (Vizishot, NA-201SX-4021/4022, Olympus Medical
Systems, Japan). According to the number and size of the
lymph nodes on computed tomography of the thorax, one
to four lymph node stations were sampled per patient.
Two to three aspirations were performed from each
lymph node station with 10-20 revolutions during every
pass. Aspirated material was used to prepare slides and
cell block and was subsequently subjected to cytological
examination. Additional investigations such as the Xpert
MTB/RIF assay, Ziehl-Neelsen staining for acid-fast bacilli,
mycobacterial culture, and fungal smear and culture
were performed, as clinically indicated. Rapid on-site
cytological examination (ROSE) was not available.

Outcomes

The primary outcome measure was the diagnostic
yield of EBUS-TBNA in the two groups (ED vs. others).
The TBNA sample was considered adequate if there
was preponderance of lymphocytes on cytological
examination. Lymphadenopathy was considered reactive
if the aspirate was adequate but did not yield a specific
diagnosis. EBUS-TBNA was deemed as diagnostic if the
cytological examination resulted in a definite pathological
diagnosis (tuberculosis, lymphoma, malignancy,
sarcoidosis, or others) rather than a diagnosis of reactive
lymphadenopathy. If the aspirate did not yield a specific
diagnosis or did not meet the criterion for adequacy, it
was labeled as inadequate. We defined the diagnostic
yield of EBUS-TBNA as the proportion of participants
with a diagnostic EBUS divided by the total number of
participants. We also recorded the complications due to
the EBUS-TBNA procedure.

Statistical analysis

Statistical analyses were performed utilizing the Statistical
Package for Social Sciences software (IBM SPSS Statistics,
version 22; IBM Corporation, Armonk, NY, USA).
Descriptive data are presented as number and percentage
or mean (standard deviation) or median (interquartile
range [IQR]). Continuous variables were compared using
the Student’s t-test or the Mann—Whitney U-test, while
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categorical variables were compared with the Chi-square
test or the Fisher’s exact test, as applicable. A multivariate
logistic regression analysis was performed to assess the
factors that predicted a successful diagnostic yield of
EBUS-TBNA. The results of the logistic regression are
presented as adjusted odds ratio with 95% confidence
intervals. P < 0.05 was considered statistically significant.

RESULTS

During the study period, 1699 EBUS procedures were
performed. A total of 1582 participants were finally
included in the study; 117 were excluded either because
TBNA was not performed owing to various reasons or
due to the lack of diagnostic details. Among the included
participants, 61 (3.9%) belonged to the ED group. The
median (IQR) age of the participants (593 [37.5%] women)
was 46 (33-60) years [Table 1]. The baseline characteristics
were significantly different between the two groups.
The ED participants were significantly younger (median
age, 40 vs. 46 years, P = 0.002). A higher proportion of
participants in the ED group had a presumptive clinical
diagnosis of tuberculosis (43.6% vs. 26.2%, P = 0.005) or
malignancy (39.3% vs. 26.9%, P = 0.032). On the other
hand, the presumptive clinical diagnosis of sarcoidosis
was higher (44.7% vs. 18%, P < 0.001) in participants
who were not ED. There was no significant difference in
tuberculin reactivity between the two groups.

The depth of sedation, the duration of EBUS procedure,
the severity of cough, and the airway secretions were not

Table 1: Baseline characteristics of the study participants

different between the two groups. The lymph nodes were
more commonly sampled using a reused needle in ED
group (62.7% vs. 20.1%, P < 0.001). On endosonography,
the lymph nodes of patients in the ED group were more
likely to be heterogeneous (55.6% vs. 37.1%, P < 0.001) as
compared to others. The diagnostic yield was significantly
lower in the ED group (49.2% vs. 63.5%, P = 0.023)
[Table 2]. There was no difference in the overall spectrum
of the cytological diagnoses obtained after EBUS-TBNA
in between the two groups. However, the diagnosis of
sarcoidosis was less frequent in the ED participants (9.8%
vs. 25.4%; P = 0.006).

On multivariate logistic regression analysis, younger age,
a higher number of nodes sampled, the larger size of the
sampled nodes, and the use of new (vs. reused) EBUS
needle were independent predictors of a definite diagnosis
by EBUS-TBNA [Table 3].

The complication rate was low (n = 28, 0.02%), with
bleeding being the most frequent complication, followed
by transient hypoxemia [Table 2]. There were no deaths
related to the procedure. There was no difference in the
complication rate between the two groups.

DISCUSSION

The results of this study indicate that the diagnostic
yield of EBUS-TBNA was significantly lower in the ED
participants. However, this was related to factors other
than the socioeconomic status itself including the age, the

Characteristic Total (n=1582) Economically disadvantaged (n=61) Others (n=1521) P
Age, years 46 (33-60) 40 (26.5-52) 46 (33.3-60) 0.002
Females, n (%) 593 (37.5) 21 (34.4) 572 (37.6) 0.615
Presumptive clinical diagnosis, n (%)

Sarcoidosis 691 (43.7) 11 (18.1) 680 (44.7) <0.001

Tuberculosis 425 (26.8) 26 (42.6) 399 (26.2)

Metastatic malignancy 383 (24.2) 21 (34.4) 362 (23.8)

Lymphoma 50 (3.2) 3(4.9) 47 (3.1)

Other 33 (2.1) 0 33(2.2)
Tuberculin reactivity (mm) 0(0-3) 0(0-15) 0(0-3) 0.735
Duration of EBUS procedure (min) 20 (15-25) 20 (15-22) 20 (15-25) 0.479
Ramsay score 2 (2-2) 2(1-2) 2(2-2) 0.429
Needle size, n (%)*

21G 603 (51.1) 27 (51.9) 576 (51.1) 0.904

22G 577 (48.9) 25 (48.1) 552 (48.9)
Reused needle, n (%)* 251 (22) 32 (62.7) 219 (20.1) <0.001
Number of nodes sampled per patient 2 (1-3) 2 (2-3) 2 (1-3) 0.907
Average number of passes per node 2 (2-3) 2.3 (2-3) 2(2-3) 0.203
VAS for secretions (mm) 13 (7-25) 14 (6.5-31) 13 (7-25) 0.507
VAS for cough (mm) 16 (7-37) 20 (8-57) 16 (7-36) 0.106
Average lymph node size on CT (mm) 16 (11.2-20) 15(11.9-19.5) 16 (11-20.1) 0.461
Average lymph node size on EBUS (mm) 16.1 (13.1-19.2) 16.2 (12.4-18.3) 16.1(13.2-19.3) 0.201
EBUS characteristics, n (%)}

Heterogeneous appearance 1194/3155 (37.8) 70/126 (55.6) 1124/3029 (37.1) <0.001

Homogeneous appearance 1961/3155 (62.2) 56/126 (44.4) 1905/3029 (62.9) <0.001

Coagulation necrosis sign 283/3136 (9) 16/126 (12.7) 267/3010 (8.9) 0.142

All values are presented as median (IQR) unless specified. *Details of needle size was available for 1180 participants, 'Details of needle reuse was
available for 1143 participants, 0f all the lymph node stations sampled. CT: Computed tomography, EBUS: Endobronchial ultrasound, VAS: Visual

analog scale, IQR: Interquartile range
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Table 2: Diagnostic yield and complications of participants undergoing endobronchial ultrasound-guided

transbronchial needle aspiration

Total (n=1582) Economically disadvantaged (n=61) Others (n=1521) P

Diagnostic yield, n (%) 996 (63) 30 (49.2) 966 (63.5) 0.023
Diagnosis after EBUS-TBNA, n (%)

Sarcoidosis 392 (24.8) 6(9.8) 386 (25.4) 0.138

Tuberculosis 370 (23.4) 16 (26.2) 354 (23.3)

Metastatic malignancy 191 (12.1) 7 (11.5) 184 (12.1)

Lymphoma 32(2) 1(1.6) 31(2)

Other* 11 (0.7) 0 11 (0.7)

Reactive 527(33.3) 28 (45.9) 499 (32.8)

Inadequate 59 (3.7) 3(5) 56 (3.7)
Complications, 7

Bleeding 14 1 13 0.996

Hypoxemia 7 0 7

Arrhythmia 3 0 3

Excessive sedation 3 0 3

Pneumothorax 1 0 1

*QOther diagnoses: Fungal mediastinitis n=>5 (Aspergillus n=3, Mucor n=1, Cryptococcus n=1), bronchogenic cyst n=2, benign nerve sheath tumor
n=2, colloid goiter n=1, Myeloma n=1. EBUS-TBNA: Endobronchial ultrasound-guided transbronchial needle aspiration

Table 3: Multivariate logistic regression analysis of
factors affecting the diagnostic yield of endobronchial
ultrasound-guided transbronchial needle aspiration

Characteristic AOR (95% CI) P

Age 0.98 (0.97-0.99) <0.001
Not economically disadvantaged 1.55(0.83-2.90) 0.166
Clinical suspicion of malignancy 1.24 (0.90-1.72) 0.189
Number of nodes sampled 1.36 (1.11-1.67) 0.003

Average size of sampled node on EBUS
Average number of passes per node
Use of a new needle

1.11 (1.08-1.15) <0.001
1.02 (0.83-1.25) 0.841
1.61 (1.15-2.26) 0.006

EBUS: Endobronchial ultrasound, AOR: Adjusted odds ratio,
CI: Confidence interval

number of nodes sampled, the average size of the sampled
nodes on ultrasound, and the reuse of EBUS needles.

The overall diagnostic yield of EBUS-TBNA in the current
study was 63% and is lower compared to previous
studies."?l The yield in the current study, however, is
closer to the real-world scenario*® and is similar to the
yield reported in the multicentric AQuIRE registry.l'* The
lower yield is likely due to a mix of patients with different
etiologies (both benign and malignant) of undiagnosed
mediastinal adenopathy in the current study, unlike
many previous studies, where the predominant study
population has been lung cancer.''? In fact, the yield
of EBUS-TBNA has been shown to be lower in benign
disorders, especially sarcoidosis, than in patients with
malignancy.!**!%! Technical differences in the EBUS-TBNA
procedure may also have affected the diagnostic yield.
We sampled 1-3 lymph nodes per patient and performed
2-3 needle passes per lymph node, employing 10-20
revolutions during each needle pass. Sampling more
than one lymph node may increase the diagnostic
yield in sarcoidosis; however, the results have been
inconsistent.[”*® Increasing the number of needle passes
per lymph node (optimal 3—-4) has been shown to improve
the diagnostic yield in lung cancer and sarcoidosis.!"”-1
The use of a greater number of revolutions (10 vs. 20)
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during each pass has not been shown to improve the
diagnostic yield in sarcoidosis.?*"

In the current study, the diagnostic yield of EBUS-TBNA
was significantly lower in the ED group compared to
others, despite a similar sample adequacy rate in the
two groups. The reason for this remains unclear, and we
can only speculate. We did find an association between
characteristics related to the patient or the procedure
and outcome of EBUS-TBNA, as in previous studies./”*
Importantly, we also noted the possibility of a reduction
in the diagnostic yield of EBUS-TBNA with the reuse of
EBUS-TBNA needles. This finding has also been previously
reported,” although in that study, the reuse of EBUS-TBNA
needles was not a significant predictor of diagnostic yield
on multivariate analysis.”! In the current study, however,
the reuse of EBUS needle did lower the diagnostic yield
after adjusting for other covariates. In our practice, we have
observed that traversing the airway with the EBUS needle
becomes increasingly difficult after the needle has been
used to perform about 15-20 passes. Therefore, the practice
of reusing EBUS needles could have made the procedure
technically more difficult, thereby reducing the diagnostic
yield. In addition, there is a risk of transmission of infectious
diseases if the EBUS needles are reused indiscriminately
without performing the rigorous sterilization procedures
and the necessary precautions described above. Hence, we
suggest that the practice of reuse of EBUS needles should
be avoided, wherever feasible.

In the present study, the lymph nodes of the participants
in the ED group were more likely to have a heterogeneous
appearance (rather than a homogenous appearance) on
endosonography. The discrepancy in the lymph node
characteristic is probably due to the difference in the
prevalence of sarcoidosis and tuberculosis among our
study participants. On endosonographic evaluation, the
nodes in sarcoidosis are more likely to have a homogeneous
appearance while tuberculous lymph nodes are more likely
to have a heterogeneous echotexture and coagulation
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necrosis. Moreover, sarcoidosis is considered as a
disease of the affluent while tuberculosis is considered
as a disease of the underprivileged.®! Although we found
a lower prevalence of sarcoidosis in the ED participants
(9.8% vs. 25.4%), we did not observe any difference in
the prevalence of tuberculosis (26.2% vs. 23.3%). It is
possible that India being a country with high tuberculosis
burden, the disease may not be limited to the poor. It is also
possible that participants who belonged to the ED group
might have received empirical therapy for tuberculosis
rather than being referred for evaluation with EBUS-TBNA,
thus equalizing the prevalence of tuberculosis in the
two groups. Conventional TBNA (cTBNA), wherein the
lymph node aspiration, is performed utilizing anatomical
landmarks in the airway is an alternative option for
participants in the ED group, as the needle for cTBNA is
cheaper compared to the EBUS needle. However, cTBNA
has a lower diagnostic yield compared to EBUS-TBNA.!
Moreover, cTBNA, being a “blind” technique has a lower
yield in patients with smaller lymph nodes.

Finally, our study has certain limitations. This was a
single-center retrospective study, with inherent limitations
of the study design. The number of participants in the
economically challenged group was small (3.9%) as we used
the labeling of participants as ED based on the prevalent
system at our institute and a detailed socioeconomic
assessment was not made. We did not perform ROSE,
which has now become a standard of care in most of the
tertiary care centers performing EBUS. However, the use
of ROSE has not been shown to improve the diagnostic
yield in participants with mediastinal lymphadenopathy.*!
Finally, we do not have the follow-up data of the patients
after treatment. The strength of the study is the large
sample size and the availability of detailed EBUS-TBNA
data including lymph node characteristics in the total
study population.

CONCLUSION

The diagnostic yield of EBUS in participants undergoing the
procedure for evaluation of intrathoracic lymphadenopathy
is lower in the ED participants. This difference is due to
variations in the clinical and procedural characteristics
including the reuse of EBUS needles rather than the
economic status of the patient.
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