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Introduction
!

Approximately one-third of the world’s popula-
tion is infected with tuberculosis, resulting in ap-
proximately 3million deaths per year [1]. Tuber-
culosis is thus responsible for more than a quarter
of all avoidable adult deaths in the developing
world [2,3], and the number of new cases annual-
ly is still increasing [4], with 8.8million estimated
new cases of tuberculosis in the world in 2005.
The emergence of multi-resistant strains has in-
creased the importance of an early and correct di-
agnosis of the disease for effective treatment [5].
In the UK the number of reported cases of tuber-
culosis is rising, and 40% of this national caseload
is centered in London. Recent immigrants are one
of the most affected subgroups [6], with a high
prevalence of drug-resistant tuberculosis [5].

Sarcoidosis is a multi-system granulomatous dis-
order of unknown etiology [7,8]. It is most preva-
lent in Afro-Caribbeans and Asians, who repre-
sent large ethnic groups in London. As tuberculo-
sis and sarcoidosis have a high degree of overlap-
ping clinical and diagnostic features with
completely different therapeutic measures, the
differential diagnosis of both diseases is of ex-
treme importance.
The diagnosis of tuberculosis and sarcoidosis is
usually made by sputum examination and cul-
ture, tuberculin skin testing, and radiological ex-
amination, the latter two being two of the many
indirect tests for which tissue/cell confirmation
is required. This can be achieved with broncho-
scopy plus bronchoalveolar lavage, transbronchial
needle aspiration or other similar techniques, cul-
ture, and histology, with a sensitivity of 72% in
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Background and study aims: Mediastinal lymph-
adenopathy may indicate diseases such as tuber-
culosis or sarcoidosis, and it is often difficult to es-
tablish a diagnosis when standard medical work-
up is inconclusive. In this study we investigated
the diagnostic yield of endoscopic ultrasound-
guided fine-needle aspiration (EUS–FNA) in the
differentiation between tuberculosis and sarcoi-
dosis.
Patients and methods: In this prospective study,
72 consecutive patients with mediastinal lym-
phadenopathy, negative endoscopic investiga-
tions including bronchoscopic procedures, and
no radiological evidence of lung cancer or other
malignancies on computed tomography were en-
rolled. EUS–FNA and subsequent cytology, mi-
croscopy for acid-fast bacilli, and culture were
performed. At least 12months’ follow-up includ-
ing further investigations was included to exclude
tuberculosis.
Results: Adequate samples were obtained from
71/72 patients (36 male; mean age 50.2 years).

No complications occurred. The final diagnosis
included 30 cases of sarcoidosis, 28 of tuberculo-
sis, four malignancies, one abscess, and nine be-
nign lymphadenopathies. The size of lymph
nodes on EUS varied from 0.5cm to 4.2cm. Tuber-
culosis nodes were significantly smaller than
those in sarcoidosis. Unrelated nodes were signif-
icantly smaller than in either tuberculosis or sar-
coidosis. The sensitivity, specificity, and positive
and negative predictive values of EUS–FNA for
tuberculosis were 86%, 100%, 100%, and 91%,
respectively; those for sarcoidosis were 100%, 93
%, 91%, and 100%, respectively. For culture of tu-
berculosis, they were 71%, 100%, 100%, and 84%,
respectively. EUS–FNA led to a definite diagnosis
in 64/72 cases (89%) that had not been previously
diagnosed by routinemethods.
Conclusion: EUS–FNA offers a high diagnostic
yield for the differential diagnosis of tuberculosis
and sarcoidosis that have not been diagnosed by
conventional methods.
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stage I sarcoidosis [9] and 83% in tuberculosis [10].
Patients in whom a diagnosis has not been made by conventional
routine work-up might benefit from new techniques such as en-
doscopic ultrasound-guided fine-needle aspiration (EUS–FNA)
to obtain a diagnosis. EUS is able to detect pathological medias-
tinal lymph nodes and obtain tissue for diagnosis using FNA,
with a sensitivity of more than 90% (range 88%–96%) and a spe-
cificity approaching 100% [11–14]. There is some evidence that
EUS–FNA can also be used to diagnose sarcoidosis [15–19] but
little is known about the role of EUS–FNA in tuberculosis [20,21].
We therefore identified a need for a prospective study, including
a large number of patients of the ethnic subgroups most affected
by these two diseases, to determine the accuracy and utility of
EUS–FNA in diagnosing these diseases and differentiating be-
tween them.

Patients and methods
!

Patients and procedure
Between March 2004 and April 2008 all patients over the age of
18 years who had been consecutively referred with mediastinal
lymphadenopathy and clinical suspicion of tuberculosis or sar-
coidosis, and in whom routine medical work-up had failed to

achieve a diagnosis were prospectively enrolled into the study.
In all patients, sputum culture, bronchoscopy with cell sampling
by brushings and bronchoalveolar lavage, and thoracic computed
tomography (CT) had failed to yield a diagnosis, including addi-
tional endobronchial biopsies in six and transbronchial biopsies
in 11. Only those patients who had no radiological evidence of
lung cancer or other malignancy on CT were included. Those
who had such findings underwent EUS–FNA and other tests ac-
cording to the routine work-up outside of this study. After the
abovementioned tests had proven inconclusive and malignancy
was not suspected, the pulmonologists in charge selected and re-
ferred the patients to the study center, where EUS–FNAwas car-
ried out by gastroenterologists who had never been involved in
the care of the patients before but were aware of the possible dif-
ferential diagnosis of tuberculosis /sarcoidosis.
Informed consent for the procedure as well as for the inclusion
into the study was obtained before EUS and FNA were carried
out with linear echoendoscopes (FG 34UA, FG 38 OUT [Pentax,
Tokyo, Japan], attached to Hitachi consoles EUB 525 or 6000 [Hi-
tachi, Tokyo, Japan]) for imaging and 22-gauge needles (Echotip;
Cook Medical, Winston-Salem, North Carolina, USA) for FNA.
After EUS staging of the entire dorsal mediastinum, themost pro-
minent/suspicious nodes were selected for tissue sampling. “Sus-
picious” was defined as hypoechoic, inhomogeneous or having a
number of vessels coursing through the node (●" Fig. 1–4). The
needle was visualized fully as it approached a target within the
sector-shaped sound field. At least two needle passes were ob-

Fig. 1 Lymph node representative of sarcoidosis. Endoscopic ultrasound
image of subcarinal nodes, which appear isoechoic but slightly inhomoge-
neous with small vessels coursing through (arrow).

Fig. 2 Lymph node representative for tuberculosis with caseation. Endo-
scopic ultrasound image of a hypoechoic node (black arrows with a hyper-
echoic area within). This node proved to be infiltrated by tuberculosis with
caseation (white arrow).

Fig. 3 A representative lymph node of calcified inactive tuberculosis.
Endoscopic ultrasound image of a similar hypoechoic node (black arrows)
as shown in●" Fig. 2. However, the hyperechoic material within is not one
larger mass: many hyperechoic areas represent calcification of inactive tu-
berculosis (white arrow). In this case, cytology showed only unspecific in-
flammatory changes.

Fig. 4 Lymph node with abscess. Endoscopic ultrasound image of a large
hypoechoic node (arrow) similar to Figs. 1 and 3, with acoustic shadowing
representing air.
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tained for cytological and one for bacteriological analysis. The
two samples were analyzed by independent cytologists and mi-
crobiologists blinded to the results of the other tests but aware
of the possible differential diagnosis. Cytological differential di-
agnosis between sarcoidosis and tuberculosis was made after
staining with May–Grünwald–Giemsa, as previously described
[15]. Samples for bacteriology were flushed out of the EUS needle
into a dry sterile container using sterile saline and were immedi-
ately sent for microbiological analysis including microscopy and
culture for acid-fast bacilli with a view to sensitivity testing.

Cytology
Differential diagnosis of sarcoidosis and tuberculosis on cytology
was made on the basis of a variety of findings described in detail
in●" Table 1 [15]. These include the presence of epithelioid cell
granulomas on a “dirty background” representing debris (protein
precipitates, caseating cell necrosis), which is suggestive for tu-
berculosis [11,15,22]. Sarcoidosis is suggested by epithelioid cell
granulomas on a “clear background” as no bacteria are present
but there are larger numbers of lymphocytes and epithelioid
cells.
Prior to the study, three diagnostic categories were defined: 1) in
keeping with sarcoidosis or tuberculosis; 2) indeterminate; 3) in-
adequate material. Only results with “in keeping with” tubercu-
losis or sarcoidosis were used for diagnosis.

Study aims, hypothesis, and end-points
The aim of the study was to determine the utility of EUS–FNA in
the diagnosis of tuberculosis or sarcoidosis in patients with non-
malignant mediastinal lymphadenopathy in whom routine clini-
cal investigation had failed to produce the diagnosis. We hypo-
thesized that the material obtained by EUS–FNA could be used
for cytology and bacteriology to diagnose tuberculosis as well as
sarcoidosis.
The primary endpoint was the diagnosis of tuberculosis or sar-
coidosis by cytology of samples obtained by EUS–FNA. The sec-
ondary endpoint was the ability of EUS–FNA and cytology plus
bacteriology to differentiate between the two diseases.

Statistics
In 2004, when the study was initiated, there were no published
results of EUS–FNA and tuberculosis. On the basis of the limited
data available concerning EUS–FNA and sarcoidosis at the
beginning of the study [15–17,23], we assumed that the addition
of EUS–FNA to conventional work-up might increase the diag-
nostic yield by 20%, from 72% to 92% [17,20,23]. With this as-
sumption, a two-sided uncorrected chi-squared test with a pow-
er of 80% and a significance level of 0.05 was carried out [24,25],
which suggested that a total of 57patients with tuberculosis or
sarcoidosis was required. A study by Porte et al. using mediasti-
noscopy in 398patients for undiagnosed mediastinal lesions
when other methods failed to obtain a diagnosis, showed that in
a subgroup of 271patients with clinical suspicion of tuberculosis
or sarcoidosis, only 80% actually had these diseases after 53
months’ follow-up [26]. Final diagnoses proved either of the two
in only 217/271patients. The remaining diagnoses included me-
tastases of extra-pulmonary origin (n=20), lymphoma (n=17),
histiocytosis or anthracosis (n=17) [26]. These data for nonlung
cancer-associated lymphadenopathy [26] indicated that the ac-
tual proportion of sarcoidosis or tuberculosis present in the refer-
red cohort would be ~80%. Consequently, if a total of 57patients
with tuberculosis/sarcoidosis was required, a further 14 were

necessary to replace those who would prove to have other diag-
noses, to ensure that the minimum number indicated by the
sample size calculation was recruited. We further added 5%
(three patients) for possible drop-outs during the follow-up peri-
od of 1 year. This resulted in a final sample size of 74patients. The
ability of cytology obtained by EUS–FNA to diagnose tuberculo-
sis and sarcoidosis was determined by calculating sensitivity,
specificity, positive and negative predictive values, and positive
and negative likelihood ratios.
The 95% confidence intervals (CIs) of these values were calculat-
ed using the efficient score method of Newcombe [27,28]. In or-
der to assess the role of EUS–FNA cytology at improving the dif-
ferential diagnosis, measures of agreement between EUS–FNA
cytology and the final clinical and microbiological outcome in
both tuberculosis and sarcoidosis were calculated using Pearson’s
correlation coefficient and the kappa statistic, in order to deter-
mine the strength of association between EUS–FNA cytology
and the final clinical and bacteriological outcome. P values < 0.05
were taken to be significant.

Final diagnosis
The final diagnosis of all patients not diagnosedwith tuberculosis
on culture was made only after 12months of clinical follow-up,
which included repeat appointments in clinics for evaluation of
typical clinical features (fever, night sweats, cough, hemoptysis),
blood tests including erythrocyte sedimentation rate and C-reac-
tive protein, tuberculin skin test, repeated CT and, if considered
necessary, repeat EUS–FNA. In the absence of these features and
negative culture, the patients with EUS–FNA not suggestive of
tuberculosis but positive for epithelioid cell granuloma were giv-
en the final diagnosis of sarcoidosis. If culture was negative, tu-
berculosis was still diagnosed if the patient had the typical clini-
cal features of fever and night sweats, with/without cough or he-
moptysis, moderately raised C-reactive protein, and a positive tu-
berculin skin test. Follow-up of all patients was continued for 12
months, looking for worsening symptoms, rising inflammatory
markers or radiological features of progressive tuberculosis on
CT or repeat EUS–FNA.

Table 1 Cytological differentiation of tuberculosis and sarcoidosis in lymph
nodes.*

Cells/cell types Tuberculosis

n=24

Sarcoidosis

n=30

Amount lymphocytes (varying sizes) + + + +

Monocytes/macrophages/histiocytes +/++ +/+ + ( + )/(( + ))/+

Neutrophil granulocytes + + (( + ))

Eosinophil granulocytes + + +

Endothelial cells/fibrocytes and
fibroblasts (connective tissue cells)

+ +/+ + +

Epithelioid cells + + + ++

Epithelioid cell granuloma + ++ often in
clusters

Langhans-type giant cells + + –

Cell-debris/protein precipitates + + + –

When caseous necrosis Diagnostic –

Background of smears† “dirty”
background*

“clear”
background

– absent; ((+)) scanty or rarely present; (+) sometimes found; + regularly found;
++ frequently found, increased in number; +++ always present, must or should be
present for the diagnosis.
† Dirty background represents cell debris, protein precipitates.
* May–Grünwald–Giemsa stain: blue amorphic necrosis; Papanicolaou stain:
eosinophilic amorphic necrosis.
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This “clinical follow-up”or positivebacteriological culture provid-
ed the “gold standard” of the ultimate outcome andwas chosen in
keeping with the guidelines of the National Institute for Health
and Clinical Excellence (NICE) in the United Kingdom [29].
In no case was steroid treatment for presumed but unproven sar-
coidosis started before tuberculosis was excluded by observation
and follow-up of clinical features, negative tuberculin skin test,
and negative acid-fast bacilli culture.

Results
!

Of the 75patients enrolled in this study three were lost to follow-
up, resulting in a total cohort of 72 patients studied (31 South
East Asian, 26 Afro-Caribbean or African, nine Caucasian, and six
Asian [36 male; mean age 50.2 years]). Lymphadenopathy was
confirmed by CT images in all patients, and standard procedures
failed to diagnose either tuberculosis or sarcoidosis. All patients
underwent EUS–FNA, and adequate samples were obtained
from 71patients. There were no immediate or later procedure-
related complications.

Lymph nodes and echo features
The overall sizes of the lymph nodes on EUS varied from 0.5cm to
4.2cm (short axis). Nodes related to tuberculosiswere significant-
ly smaller in size compared with those in sarcoidosis (P < 0.02)
(●" Table 2). Nodes with conditions unrelated to these two dis-
eases were very significantly smaller than in either tuberculosis
or sarcoidosis and included three nodes<1cm (other nodes vs. tu-
berculosis: P < 0.005; vs. sarcoidosis: P <0.0001). In all but two pa-
tients (one malignancy, one unspecific), the most prominent
nodes were located in the subcarinal area and/or the aortopul-
monary window. All nodes were well demarcated and isoechoic
or moderately hypoechoic. Inhomogeneous, hyperechoic areas
without acoustic shadowing were seen within nine of the active
tuberculosis nodes (●" Fig. 2). In eight of these, caseation was
proven on cytology. This EUS appearance was similar to the one
abscess detected, with the exception that the hyperechoic areas
in the abscess had acoustic shadowing, most likely representing
gas produced by the bacteria within (●" Fig. 4). Acoustic shadow-
ing was also seen in seven other patients. They were thought to
represent calcifications of a former inactive tuberculosis (●" Fig.
3). In none of the nodes related to sarcoidosis was this feature
present, but in 18/30, small vessels were coursing through the
nodes (●" Fig. 1). Thesewere only present in four of the tubercular
nodes and in none of the others. The echo features are summar-
ized in●" Table 2.

Cytology
Cytology (●" Table 1) revealed epithelioid cell granulomas on a
“dirty background” with debris suggestive of tuberculosis
(●" Fig. 5) in 24patients, with necrosis representing caseation in
eight cases. Sarcoidosis with epithelioid cell granulomas on a
“clear background” was diagnosed in 33patients (●" Fig. 6). Four
patients were diagnosed on cytology as having malignancy (two
lymphomas and two metastatic cancers). In the remaining 10pa-
tients, one was found to have an abscess, one showed thymoma,
and changes in the remaining eight were unspecific.

Culture
Cultures of the FNA samples forMycobacterium tuberculosiswere
positive in 20 cases within 9–41days (mean 24days). In 3/20, re-
sistant strains were found. Three were misdiagnosed as sarcoido-
sis on cytology. Cultures of the remaining 51 EUS–FNA samples
were negative. The final diagnosis of tuberculosis was made in a
further eight patients after at least 12months’ “follow-up” fol-
lowing anti-tuberculous chemotherapy, which had been initiated
due to very strong clinical suspicion in correlation with positive
findings on cytology (n=7). Overall, culture of FNA samples for
tuberculosis had a sensitivity of 71% (95%CI 0.53–0.85), a speci-
ficity of 100%, a positive predictive value of 100% (95%CI 0.8–
1.00), and a negative predictive value of 84% (95%CI 0.71–0.93)
(●" Table 3).

Final diagnosis
The final diagnosis after “clinical follow-up” of at least 12months
was tuberculosis in 28patients and sarcoidosis stage I and II in
30.While cytology revealed tuberculosis in 24 cases, three fur-
ther cases were detected on culture of EUS–FNA. These had
been misdiagnosed as sarcoidosis on cytology as only a few slides
were available with scanty material. In one case, follow-up
showed an increase in symptoms and node size and repeat EUS–
FNA culture performed 6 weeks later proved the diagnosis of tu-
berculosis. In this case, which was diagnosed as unspecific on cy-
tology, no sign of possible tuberculosis was found at re-evalua-

Table 2 Lymph node size and echo features.

Tuberculosis

n=28

Sarcoidosis

n=30

Other

n=13

Lymph node size, cm 2.04 ± 0.59 2.4 ± 0.77 1.41 ± 0.57

Lymph node echofeatures

Inhomogeneous,
hyperechoic areas

+ + – +

Acoustic shadowing ++ – +

Small vessels within
nodes

+ + ++ ((+))

– absent; ((+)) rarely found; + can be found; ++ frequently found; +++ always present,
must or should be present for the diagnosis.

Fig. 5 Cytology repre-
senting tuberculosis.
Cytology of endoscopic
ultrasound-guided fine-
needle aspiration sam-
ples showing epithe-
lioid cell granulomas on
a “dirty background.”

Fig. 6 Cytology repre-
senting sarcoidosis. In
contrast to●" Fig. 5, on
this slide the epithelioid
cell granulomas are si-
tuated on a clear back-
ground representing
sarcoidosis.
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tion of the first set of specimens and culture was negative. This
may indicate that a reactive nontuberculosis node was biopsied.
In summary, EUS–FNAwith cytology and microbiology was able
to associate the lymph-node findings to a disease or condition in
71/72 cases (99%) and led to a definite diagnosis in 64/72 cases
(89%). The remaining seven cases showed unspecific lymphade-
nopathy.
The statistic values for EUS–FNA (●" Table 3) show that this tech-
nique has high sensitivity and specificity with a low false-nega-
tive rate and high positive predictive value for diagnosing both
tuberculosis and sarcoidosis. A kappa measure of agreement of
0.88 and a Pearsons correlation coefficient of 0.89suggests that
the strength of association is very high, indicating that tuberculo-
sis and sarcoidosis can be reliably distinguished from one an-
other by cytology obtained by EUS–FNA.

Discussion
!

In this study, we have demonstrated for the first time the value of
EUS–FNA in the diagnosis of sarcoidosis and tuberculosis and
show that a definitive diagnosis was achievable in the vast major-
ity of patients studied when routine diagnostic procedures had
failed. In addition, four underlying malignant diseases and one
abscess were detected.
In general, the diagnosis of tuberculosis is made in about 85% of
cases with sputum smear microscopy plus culture, culture of
bronchoalveolar lavage fluid and of other clinical samples. The
choice of patients for this study included only those in whom all
these tests had not led to a diagnosis and therefore represents the
group of patients whowould benefit most from a new procedure
providing further material. But because inmany cases the accept-
ed “gold standard” (culture) was not available to serve this role,
the results obtained may lead to some dispute, as there was no
easy way to assess the usefulness of EUS–FNA. We were forced
to choose an unconventional “gold standard,” which was drawn
from the UK NICE guidelines for tuberculosis in which this prob-
lem was acknowledged: “the gold standard (culture) against
which diagnostic tests for tuberculosis are usually compared, is
not perfect as it might be negative in tuberculosis due to pauci-
bacillary disease, sampling error or technical problems. In these
cases, the standard against which a diagnostic test might be com-
pared could be response to treatment, clinical features or a posi-
tive culture in the future. A tuberculosis diagnosis in this popula-

tion would be achieved on a case-by-case basis and this has thus
not been the subject of many studies” [29]. The NICE guidelines
further quote a controlled trial of 3-, 6-, and 12-month regimens
of chemotherapy for sputum-smear negative pulmonary tuber-
culosis, in which eventual confirmation of active disease requir-
ing treatment in 57% of 173patients was obtained, 43% during
the first 12months. Confirmation of tuberculosis was by culture
from sputum, or by radiographic or clinical deterioration (bacte-
riological confirmation 41%) [30]. The trial also did not encou-
rage routine polymerase chain reaction studies, and therefore
we did not do this analysis in our study.
Thus, the final diagnoses made in our study weremade in accord-
ance with the NICE guidelines on tuberculosis, confirming or re-
futing the diagnosis of tuberculosis by the composite end-point
of culture, radiographic appearances (i. e. repeated CT scan), re-
peated EUS–FNAwhere thought to be necessary, and clinical de-
terioration as determined over a 12-month follow-up period, in
which the patients were seen in clinic and re-evaluated on a
very regular individual basis.
EUS–FNA can be performed using various needle sizes and
shapes for cytology and histology. We chose a 22-gauge needle
and cytology, whichwe have used for many years with diagnostic
yields of>90% [15]. However, as the outcome of EUS–FNA is also
dependent upon the interpretation of the material obtained (i. e.
on the skills of the available cytopathologist or histopathologist),
the choice of needle, and work-up of the samples might vary
from hospital to hospital and be dependent upon the local exper-
tise available. In many cases, where no well-trained cytopatholo-
gist is available, the use of 19-gauge needles and core-biopsies for
histology might be a viable option, offering comparable results
[31–33]. In a recent study, Song et al. achieved a diagnostic yield
of 90.0%with a 22-gauge FNA needle for cytology and 78.6%with
trucut biopsy in patients from an area with intermediate tuber-
culosis burden [34]. It was further shown that the addition of
cell-block analysis to EUS–FNA samples could reduce the false-
negative rate of suspected sarcoidosis I by 33% [19]. These alter-
natives might offer an equal or possibly even better option when
compared with our choice of a routine 22-gauge needle and cy-
tology in this challenging clinical scenario.
In our study, EUS–FNA cytology alone led to a diagnosis of tuber-
culosis in 24/28 cases resulting in a sensitivity and specificity of
71% and 100%, respectively. When bacteriological studies were
taken into account, EUS–FNA provided a diagnosis in 27/28
cases, which were previously not diagnosed.

Table 3 Endoscopic ultrasound-guided fine-needle aspiration cytology and bacteriology results.

Tuberculosis Sarcoidosis

Bacteriology Cytology Cytology

Total 95% CI Total 95% CI Total 95% CI

Total number of patients* 71 71 71

Positive 24 20 33

Negative 47 51 38

Sensitivity, n/N (%) 20/28 (71) 0.53–0.85 24/28 (86) 0.66–0.95 30/30 (100) 0.86–1.00

Specificity, n/N (%) 43/43 (100) 0.92 –1.00 43/43 (100) 0.90–1.00 38/41 (93) 0.79–0.98

Positive predictive value, n/N (%) 20/20 (100) 0.80–1.00 24/24 (100) 0.83–1.00 30/33 (91) 0.75–0.98

Negative predictive value, n/N (%) 43/51 (84) 0.71–0.93 43/47 (91) 0.79–0.97 38/38 (100) 0.89–1.00

Positive likelihood ratio Infinity NaN Infinity NaN 13.7 4.60–40.60

Negative likelihood ratio 0.29 0.16–0.51 0.14 0.06–0.35 0 NaN

* Data for culture of tuberculosis (column “bacteriology”) and for cytology (columns “cytology”) are shown. The final diagnosis was 28 for tuberculosis and 30 for sarcoidosis.
NaN, calculation cannot be performed because the values entered include one or more instances of zero.
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Out of the 20 cases with a positive tuberculosis culture, three pa-
tients were diagnosed with resistant strains. The ability to obtain
bacteriology, which includes the identification of multi-drug re-
sistant tuberculosis, is of great benefit as this result changes the
management considerably. Further testing to investigate wheth-
er the diagnostic yield for bacteriology could be improved by
using larger-diameter needles, trucut biopsies or just by increas-
ing the number of needle passesmight improve results. However,
the uncertainty over whether the “right” node containing tuber-
culosis was sampled remains unsolved, as can be seen in our
study, where initially one reactive node was sampled instead of
the nearby infiltrated one.
It is generally recommended that patients with suspected
sarcoidosis have histopathological confirmation. The usual first-
line investigation is a transbronchial lung biopsy. Depending on
the experience of the operator and the number of biopsies taken,
its diagnostic yield varies from 38% to 90% [8]. In another study,
the diagnostic yield increased from 73% using transbronchial
biopsy alone to 88% when additional endobronchial biopsies
were performed [35]. However in stage I disease where only
mediastinal lymphadenopathy is present, transbronchial needle
aspiration can be unhelpful and a direct sampling of the nodal in-
volvement is essential. In our study 33/30patients were diag-
nosed with sarcoidosis on cytology. Although three samples
proved to be a tuberculosis on bacteriology, the sensitivity and
specificity to diagnose sarcoidosis was 100% and 93%, respective-
ly. The sensitivity of 100% appears rather unrealistic and would
most likely be reduced to above 90%, as was recently published
[19] in a larger cohort study. The fact that three of the patients
with tuberculosis were misdiagnosed as sarcoidosis on EUS–
FNA cytology highlights the importance of culture of the speci-
men [36], as treatment of a supposed sarcoidosis with steroids
would be detrimental if the patient actually had tuberculosis.
These findings also highlight that the diagnosis of sarcoidosis
cannot be made on cytological/histological demonstration of
noncaseating granulomas alone, but needs a compatible clinical
picture and exclusion of other diseases capable of producing a
similar histological or clinical appearance [37].
Overall, EUS–FNA with cytology and microbiology led to a defi-
nite diagnosis of a condition requiring treatment in 64 out of 72
cases. After follow-up of the nine cases with benign inflamma-
tory changes, no serious diagnosis was made and in one, the EUS
findings led to further work-up and the diagnosis of a thymoma.
EUS–FNA achieved a diagnosis in 71 of the 72 cases. These data
are in line with other studies showing the value of EUS–FNA in
the diagnosis of mediastinal lymphadenopathy and especially tu-
berculosis [12,16,19–21,34,38].
In general, cytology may not be regarded as sufficient to differ-
entiate between tuberculosis and sarcoidosis, as epithelioid cell
granulomas are present in both scenarios and the interpretation
of the “dirty background” may be difficult [22]. However,
strength of association within the whole cohort as assessed by
the kappa statistic and Pearson’s correlation coefficient suggests
that cytology obtained by EUS–FNA is a viable method for reli-
ably differentiating between the two diseases.
This is the first study to use EUS–FNA and cytology and bacter-
iology to diagnose either tuberculosis or sarcoidosis and to differ-
entiate them from each other. It was performed on patients in
whom all prior efforts to obtain diagnosis with conventional
methods had failed to establish a diagnosis. The true percentage
of the patients in whom this was the case out of all with such a
diagnosis cannot be stated, as the patients were sent from a mul-

titude of other local institutions to our centers. But reviewing the
literature of negative outcome with other methods, the numbers
of patients in whom this could be of benefit if other methods fail,
ranges from 28% in stage I sarcoidosis to 17% in tuberculosis
[9,10]. But for the future, it needs to be discussed whether EUS–
FNA should be performed much earlier in the work-up of those
patients, as is the case already in the work-up of lung cancer and
mediastinal lymphadenopathy. This procedure is likely to signifi-
cantly reduce the morbidity and cost associated with more inva-
sive mediastinal lymph node sampling procedures.
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