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Abstract

Introduction: Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) of mediastinal lymph nodes is
currently considered to be the most effective minimally invasive diagnostic method in patients with suspected stage | and Il
sarcoidosis. However, diagnostic effectiveness depends on the experience and skills of the doctor which is dependent on the
number of correctly performed procedures. The aim of the study is to compare the diagnostic effectiveness of the EBUS-TBNA
test obtained by an expert in this field vs that of his student.

Material and methods: in patients with a clinical and radiological suspicion of sarcoidosis, EBUS-TBNA procedures were per-
formed by an expert (over 1000 previously performed tests) and by his student who completed basic training (15 procedures
performed). In the expert’s opinion, the student was experienced enough to perform the EBUS-TBNA on his own. Previously, more
than 100 conventional fibreoptic bronchoscopies had been performed by the student. During that time, he had been working in the
department of pulmonary diseases and tuberculosis for two years. The sensitivity, specificity, positive predictive value (PPV), neg-
ative predictive value (NPV), positive likelihood ratio (LR+), negative likelihood ratio (LR-), and accuracy of the EBUS-TBNA test
in diagnosing sarcoidosis were calculated. Statistical evaluation was made using ROC curves for the expert and for the student.
Results: The study included 215 patients between 22—68 years of age with suspected sarcoidosis who were diagnosed between
2013-2016. 124 EBUS-TBNA tests were performed by the expert, and 91 procedures were performed by the student. The pres-
ence of sarcoid granulomas was confirmed by a biopsy in 165 (76.7%) patients. In terms of the diagnosis of sarcoidosis, a higher
sensitivity and accuracy of the EBUS test was found in the procedures done by the expert (76.7% and 95.3%, respectively) as
compared to the results obtained by the student (66.1% and 93.1%, respectively). However, these differences were not statisti-
cally significant (p = 0.11). All tests were assessed in a hospital pathology unit, but not necessarily by one person, which may
be a limitation of our research. In this study, only cytological smears were taken into consideration.

Conclusions: In the diagnosis of sarcoidosis, the student, after appropriate training by an expert, achieved a comparable level of
diagnostic effectiveness with EBUS-TBNA after performing 90 tests independently.
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Introduction veloping noncaseating granulomas in different

organs [1]. The most commonly affected areas

Sarcoidosis is a systemic disease with an (in approx. 90% of patients) are the lungs and
unknown etiology that is characterised by de- mediastinal lymph nodes [2].
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Diagnosing the illness on the basis of clinical
images and radiological changes is often inade-
quate and demands more thorough procedures
that allow for the histopathological examination
of noncaseating granulomas. In a lot of cases,
it is necessary to differentiate sarcoidosis from
diseases such as tuberculosis, mycobacteriosis,
aspergillosis, cryptococcosis, histoplasmosis, al-
lergic alveolitis, pneumoconiosis (e.g. berylliosis),
from drug-induced reactions, and from interstitial
lung diseases like lymphoid interstitial pneumo-
nia (LIP), necrotising sarcoid granulomatosis,
bronchocentric granulomatosis, and Langerhans
cells histiocytosis. In rare cases, akin to those
afflicted with Lofgren’s syndrome, a diagnosis can
be made without an additional organ biopsy [3].

In the case of lesions located outside the
lumen of the bronchial tree, classic fibreoptic
bronchoscopy is inadequate and more modern
methods of bronchoscopy are needed to establish
a diagnosis [4].

In the last decade, a new innovative approach
known as the endobronchial ultrasound tech-
nique (EBUS) was introduced. This innovation
consists of a bronchoscope with an integrated
ultrasound probe. It allows for the assessment of
different mediastinal structures and pulmonary
cavities (especially lymph nodes and vascular
structures) as well as bronchial lesions in re-
al-time. The ultrasound bronchoscope also allows
for performing aspiration transbronchial needle
biopsies (TBNA) in enlarged lymph nodes. This
technique is useful in the diagnosis of sarcoid-
osis as well as other diseases accompanied by
enlargement of the lymph nodes. These diseases
include metastasis of breast or lung cancer, tuber-
culosis of the lymph nodes, reactive adenopathy
or sarcoid reaction in the course of RA, collagen
diseases, IPF, reactive inflammatory changes, etc.
Data from the past few years concerning the EBUS
technique indicates its safety and effectiveness
in diagnosing and evaluating the stage of lung
cancer, sarcoidosis, as well as other mild causes
of swollen mediastinal lymph nodes and pulmo-
nary cavities [5, 6].

In the case of confirmed sarcoidosis classi-
fied as being in the first or second stage, a biop-
sy can be performed on enlarged lymph nodes
under ultrasound control (EBUS-TBNA) and/or
transesophageal endoscopic ultrasound-guided
fine needle aspiration (EUS-FNA), thus avoiding
mediastinoscopy. A combination of both methods
of ultrasound (EBUS, EUS) increases the ability
to recognize sarcoidosis in 83-90% of cases with
a specificity of nearly 100% [7].

Since the EBUS-TBNA technique has a high
diagnostic efficiency, there has been a very urgent
need to train specialists in endoscopic diagnos-
tics. There are recommendations from the Euro-
pean Respiratory Society (ERS) regarding EBUS
training; however, there is no clear position on
how best to train clinicians in EBUS and how to
assess their competence. It is still not specified
what the minimum number of procedures per-
formed during training should be [8]. Publications
concerning the number of procedures required
before satisfactory performance is obtained by
doctors performing bronchoscopies give divergent
results. A study regarding an operator’s learning
curve in a large group of patients with suspected
sarcoidosis has not yet been described. The data
published so far contains some suggestions for
interventional pulmonological procedures, but
they arose largely due to the availability of the
EBUS technique mainly used in lung cancer pa-
tients [9, 10].

Work objective

The aim of the study was to compare the
diagnostic effectiveness of the EBUS-TBNA test
when performed by an expert (AS) (who had
performed >1000 tests and had conducted train-
ings and courses in the field of endosonography
in Poland and abroad) and when performed by
his student (PK). The student, a specialist in
lung diseases, performed over 100 conventional
fibreoptic bronchoscopies over a 2-year period
in the department of pulmonary diseases and tu-
berculosis. The student completed basic training
at the turn of 2013/2014, performing 15 EBUS-
-TBNA procedures under supervision. The ex-
pert positively assessed the student’s skills in
terms of intubation with the EBUS apparatus and
smooth movement in the bronchial tree, correct
identification of mediastinal nodal stations and
lung cavities using the EBUS technique, ability
to coordinate teamwork (medical and nursing)
during an endosonographic examination, and
correct performance with regards to the biopsy
itself and pap smears.

In order to evaluate the individual who
was performing the EBUS-TBNA procedure, the
following procedures were assessed: indications
for the procedure, preparation and sedation/
/anesthesia of the patient, assessment of the
size of nodes, number of biopsies performed,
and above all, assessment of the collected ma-
terial for cytological examination (if there was
a lymph node).

242 www.journals.viamedica.pl



Piotr Kubicki et al., Learning curves — EBUS

Material and methods

The results of the EBUS-TBNA study were
evaluated retrospectively from a group of 215 pa-
tients 22-68 years of age referred to our clinic
in 2013-2016 with suspected stage I and II sar-
coidosis. EBUS-TBNA studies were performed
on a BF-UC 180F apparatus and 22-gauge NA-
-201SX-40/22 needles (Olympus Medical Systems
Corporation, Tokyo, Japan) were used for biopsy.
All procedures were performed under local an-
esthesia and shallow intravenous analgosedation
with fentanyl (0.05-0.1 mg iv) and midazolam
(1-5 mg iv). Nodes >10mm were selected for
biopsy and punctured 3-5 times. The expert
performed 124 EBUS-TBNA tests, and his student
performed 91 procedures independently without
supervision. The tests were carried out without
the use of the cytological ROSE technique (Rapid
On-Site Evaluation), which is the initial cytolog-
ical assessment of the suitability of the material
for cytological evaluation.

The sensitivity, specificity, positive pre-
dictive value (PPV), negative predictive value
(NPV), positive likelihood ratio (LR+), negative
likelihood ratio (LR-), and the EBUS accuracy
for the diagnosis of sarcoidosis obtained by the
expert (AS) and the student (PK) were calculated.
The comparison of the diagnostic effectiveness
of the expert and the student was made by com-
paring the area under the ROC curves showing
the dependence of the specificity and sensitivity
of the procedures. P < 0.05 was considered to be
statistically significant.

Results

The presence of sarcoid granulation tissue
(non-caseating) was detected in 165 (76.7%)
patients based on cytological examination of
the EBUS-TBNA test. All tests were assessed in
a hospital pathology unit, but not necessarily
by one person, which may be a limitation of our
research. In this study, only cytological smears
were taken into consideration.

In the remaining 50 patients (23.3%), the
final diagnosis, other than sarcoidosis, was ob-
tained on the basis of histological examination
using techniques other than EBUS-TBNA as part
of a 6 month clinical follow-up. The diagnoses
in this subgroup of patients are summarized in
Table 1.

In terms of the diagnosis of sarcoidosis,
a higher sensitivity and accuracy of the EBUS-TB-
NA test was found when the procedure was
performed by the expert (AS) (76.7% and 95.3%,
respectively) than when performed by the student
(PK) (66.1% and 93.1%, respectively) (Table 2).

However, these differences were not sta-
tistically significant (p = 0.11) (Figure 1).
In the diagnosis of sarcoidosis, the student, after
receiving appropriate training from the expert,
achieved a comparable level of EBUS-TBNA di-
agnostic effectiveness after performing 90 tests
on his own.

During the tests and after their completion,
no complications were observed in both the ex-
pert and student groups.

Table 1. Other diagnoses obtained in a subgroup of 50 re-
ferred patients with initial suspicion of sarcoidosis

No. Diagnosis Number [%]

(other than sarcoidosis) of patients
1 Reactive inflammatory changes 14 6.5
2 Pneumoconiosis 13 6
3 Reactive adenopathy or sarcoid 1 5.1
reaction in the course of RA,
collagen diseases, IPF
4 Metastasis of breast cancer 3 1.4
5  Suspicion of Hodgkin's and/or 3 1.4
non-Hodgkin's lymphoma
6  Lung cancer metastasis 3 1.4
7 Tuberculosis of the lymph nodes 2 8
8  Thyroid cancer metastasis 1 0.4
Total 50 23.3

IPF — idiopatic pulmonary fibrosis; RA — rheumatoid arthritis

Table 2. Comparison of the EBUS examination effectiveness obtained by the expert and the student

Number of patients Sensitivity Specificity PPV NPV LR+ LR- Accuracy
Total 215 72.7% 94.0% 97.6% 51.1% 12.1 0.29 17.7%
Expert 124 76.7% 95.3% 98.8% 45.5% 16.1 0.24 79.8%
Student 91 66.1% 93.1% 95.4% 56.3% 9.6 0.36 14.7%

LR— — negative likelihood ratio; LR+ — positive likelihood ratio; NPV — negative predictive value; PPV — positive predictive value

www.journals.viamedica.pl 243



Advances in Respiratory Medicine 2021, vol. 89, no. 3, pages 241-246

100 —

D
o

Sensitivity

N
o

N
o

o

T T T T I T T T I T T T I T T T I T T T I
0 20 40 60 80 100
100-Specificity

Comparison of ROC curves

AUC SE* 95% CI**
Test 1 expert 0.707 0.0465 0.602 to 0.798
Test 2 student 0.796 0.0386 0.699 t0 0.873

AUC — area under curve; SE — standard error. *[30] **Binominal
exact

Pairwise comparison of ROC curves

Test 1 ~ Test 2

Difference between areas 0.0893
Standard error*** 0.0561
95% CI -0.0207-0.199
Z statistic 1.591
Significance level p =0.1116

Figure 1. The analysis of the area under the ROC curves for the expert
and the student did not confirm statistical differences (p = 0.11). Test
1 — ROC curve of the expert; Test 2— ROC curve of the student

Discussion

The study showed that, after performing the
initial 90 EBUS-TBNA tests, the skills of the stu-
dent-pulmonologist were sufficient not only to
perform the procedure independently, but also to
achieve the effectiveness similar to that achieved
by the expert in terms of diagnosis of sarcoidosis.
Despite the limitations of the EBUS technique
resulting from the size of the apparatus, this pro-
cedure is used wherever extrabronchial lesions are
within the scope of examination (due to diameter
of the device), as well as wherever there is a possi-
bility of bending the ultrasound head to fit into the
necessary area. Continuous reduction of the size of

bronchoscopic devices in line with technological
progress (their diameter is reduced, the angle of
the ultrasound head bend increases) leads to sur-
prising diagnostic possibilities such as penetration
of more distant corners of the bronchial tree with
the possibility of entering high-lobe bronchi and
taking cytologically adequate needle biopsies [11].

However, despite this technical progress, the
results obtained depend primarily on the skill and
training level of the examiner. This is indicated
by published studies assessing the learning curve
for EBUS-TBNA [12-14].

A retrospective study evaluating the so-called
learning curve of the EBUS-TBNA procedure based
on the diagnostic sensitivity achieved by two tho-
racic surgeons indicated that only 10 procedures
were enough to achieve a minimum degree of
competence [14]. On the other hand, a prospective
study from Australia found that the diagnostic
effectiveness of EBUS-TBNA achieved by two pul-
monologists significantly improved after 20 pro-
cedures, but only reached its peak after 50 [12].

According to Bellinger et al. [15], in order to
achieve an acceptable minimum standard, it is
sufficient to perform only 25 EBUS-TBNA tests
during training. As indicated by other authors
[16, 17], 95% diagnostic accuracy in the case
of various mediastinal pathologies (metastasis
of cancer, sarcoidosis, and others) is achieved
after 100 independently performed procedures,
and almost 100% accuracy is possible only af-
ter an extended learning process and as many
as 160 procedures [16]. A similar opinion is
expressed by Medford et al. [18] after assessing
the accuracy of EBUS-TBNA obtained by two
operators (98.4% and 97.6%, respectively) only
after exceeding 122 and 163 procedures, each.
After only 50 examinations were performed, both
operators did not achieve 90% accuracy in the di-
agnosis of various mediastinal pathologies. These
discrepancies led to a discussion on the number of
procedures required in the EBUS-TBNA teaching
process [12] and the adoption of at least 50 tests
performed being set as the standard in the rec-
ommendations of the American College of Chest
Physicians to obtain appropriate competencies
before performing EBUS on their own [10, 19].
An extremely important aspect in the process of
learning the EBUS-TBNA technique is the pre-
disposition and skills of the doctors in training.
A UK study confirmed significant differences in
the learning process even among experienced
bronchoscopists, as two of the five assessed op-
erators were still in the so-called ‘learning phase’
after performing as many as 100 procedures [13].
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According to expert recommendations [20],
the use of low or high fidelity simulators (class
2C) is suggested during the training of EBUS-TB-
NA operators. In the case of bronchoscopy and the
EBUS technique, the significance and reliability
of a similar tool [21] (EBUS-STAT) has already
been assessed. EBUS-STAT evaluates the bron-
choscope introduction, navigation, image acquisi-
tion, vascular imaging, nodal imaging, single sta-
tion bioptiming, and image modification. It also
includes a knowledge test of CT and EBUS imag-
ing. According to some authors [22], not all of the
above-mentioned teaching components have the
same value in acquiring final competencies, but
EBUS virtual reality simulators may play a posi-
tive role in assessing the operator’s skills before
performing an individual procedure in humans.
Unfortunately, the above-mentioned simulation
studies did not check whether the skills demon-
strated during such simulations directly trans-
late into the improvement of skills during the
test in humans. These studies involved a small
number of operators and the results showed
a significant variation in the learning process of
EBUS-TBNA. At the same time, it was indicated
that 55 to 60 simulations should be performed
independently before achieving the appropriate
competencies [23].

On the other hand, Wahidi et al. [24] com-
pared the learning curves of the EBUS-TBNA
procedure obtained by various specialists in lung
diseases and found that an average of 13 tests are
needed to perform the first successful procedure.
Diametrically different results are presented by
Stather et al. [25] who assessed the learning
curves of the EBUS procedure in nine inter-
ventional pulmonologists and confirmed large
differences in diagnostic effectiveness depending
on the presented operator abilities. Some of the
evaluated operators still achieved an increase
in the diagnostic effectiveness of EBUS only
after 200 self-performed tests. When assessing
EBUS-TBNA operators, the authors of an expert
panel [20] suggested using the proven EBUS
skill assessment tests to objectively assess skill
levels. This study shows that the expert’s opinion
on the student’s skills was very important.

In a meta-analysis by Agrawal et al. [26],
a systematic review of the effectiveness and safety
of EBUS-TBNA in the diagnosis of sarcoidosis
was performed. The results of this diagnostic
performance are similar. In the cited study, the
diagnostic efficiency of EBUS-TBNA ranged
from 54% to 93% with an average diagnostic
accuracy of 79% (95% CI: 71-86). Interestingly,

there was no statistical difference in accuracy
in studies using ROSE (Rapid On-Site Evalua-
tion) (80.1%) compared to those without ROSE
(81.3%). Compared to conventional broncho-
scopic techniques, the EBUS-TBNA provides safe
and minimally invasive access to the mediastinal
lymph nodes and cavities with a total diag-
nostic accuracy of 79.1%. Therefore, this tech-
nique is recommended when diagnosing patients
with suspected sarcoidosis who have enlarged
lymph nodes of the mediastinum and hilar areas.
When trying to assess the skills of endoscopists,
as well as the ability to learn new techniques, the
previously mentioned methods are used in com-
bination with the so-called ‘causality analysis’.
The CuSum (cumulative sum) algorithm belongs
to algorithms based on the control of statistical
processes. This method detects deviations from
the baseline indicators in the monitoring system.
Unlike conventional methods, CuSum allows
for the detection of small, sudden changes. The
CuSum chart is based on the differences between
the mean values and the reference value. If the
process of executing EBUS-TBNA procedures is
correct, it is expected that the points plotted on
the CuSum chart will align around zero along the
horizontal axis. If the points plotted on the graph
start to form a line inclined towards the vertical
axis, it means that there is a systematic error and
the analyses performed with the given method
should be suspended until the problem is solved.

A report by Kemp et al. [13] suggests that
the use of CuSum cards in the learning curve
analysis for EBUS is more important than the var-
ious methods previously described. It turns out
that even experienced bronchoscopists differ in
their learning speed. One possible reason for the
different course of learning curves could be the
proportion of large and small (< 10 mm) lymph
nodes undergoing biopsy. However, according to
Fernandez [27], out of 354 biopsies, 90 nodes were
less than 10mm in size and the EBUS-TBNA meth-
od still showed 91.17% sensitivity, 100.0% spec-
ificity, and a negative predictive value of 92.9%.
Also, in the diagnosis of sarcoidosis, neither the
thickness of the needles used in EBUS-TBNA, nor
the number of samples taken, concerning both the
number of lymph nodes and the number of biop-
sies, were related to the diagnostic performance
[28]. In a prospective study by Garwood et al. [29],
the accuracy exceeded 80% with five biopsies, but
no further increase after seven biopsies. Finally,
what should be emphasized is that results may
largely depend on the predisposition and manual
skills of the examiner [13].
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In summary, EBUS-TBNA is a valuable tech-

nique in the diagnosis of sarcoidosis, even when
performing this procedure without the presence
of a cytologist. Improvement in EBUS-TBNA
performance in patients with suspected sarcoid-
osis should be expected as the bronchoscopist
acquires greater experience. We postulate that the
bronchoscopist should perform at least 90 tests
to achieve competence.
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