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We evaluated whether sonographic findings can provide additional diagnostic yield in
endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA), and can
more accurately predict nodal metastasis than chest computed tomography (CT) or positron
emission tomography (PET)/CT scans. EBUS-TBNA was performed in 146 prospectively
recruited patients with suspected thoracic lymph node involvement on chest CT and PET/CT
from June 2012 to January 2013. Diagnostic yields of EBUS finding categories as a
prediction model for metastasis were evaluated and compared with findings of chest CT,
PET/CT, and EBUS-TBNA. In total, 172 lymph nodes were included in the analysis: of them,
120 were malignant and 52 were benign. The following four EBUS findings were predictive
of metastasis: nodal size > 10 mm, round shape, heterogeneous echogenicity, and
absence of central hilar structure. A single EBUS finding did not have sufficient diagnostic
yield; however, when the lymph node had any one of the predictive factors on EBUS, the
diagnostic yields for metastasis were higher than for chest CT and PET/CT, with a sensitivity
of 99.1% and negative predictive value of 83.3%. When any one of predictive factors is
observed on EBUS, subsequent TBNA should be considered, which may provide a higher
diagnostic yield than chest CT or PET/CT.
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Metastasis; Prediction

INTRODUCTION

Endobronchial ultrasound-guided transbronchial needle aspi-
ration (EBUS-TBNA) is widely used for a pathological diagnosis
in patients with suspected metastasis to the thoracic lymph nodes.
EBUS-TBNA is a minimally invasive technique, performed un-
der local anesthesia, and affords excellent diagnostic yields, with
a sensitivity of 69%-99.1% and negative predictive value (NPV)
of 11%-98.9% (1-6). Additionally, it allows access to the hilar and
interlobar lymph nodes, which are inaccessible by mediastino-
scopy (7).

Recently, to increase the effectiveness of the procedure and
the diagnostic yield of TBNA, studies have been performed on
the usefulness of sonographic findings during EBUS for the pre-
diction of nodal metastasis in the mediastinum or hilum and
have suggested that some sonographic findings can be helpful
in predicting metastasis (8-11). For example, Fujiwara et al. (9)
evaluated the association between nodal metastasis and EBUS
findings in patients with lung cancer, which included nodal size
(= 10 mm vs. < 10 mm), shape (round vs. oval), margins (dis-
tinct vs. indistinct), echogenicity (heterogeneous vs. homoge-
neous), central hilar structure (CHS; absence vs. presence), and
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coagulation necrosis sign (CNS; absence vs. presence). They
showed that a round shape, distinct margins, heterogeneous
echogenicity, and presence of CNS could be independent pre-
dictive factors for nodal metastasis, and that when all four were
determined as benign, 96.0% of lymph nodes were proven non-
metastatic. Other recent studies using endoscopic ultrasound
(EUS) have also shown that sonographic findings of lymph nodes
can be useful for predicting nodal metastasis in patients with
malignancies, such as lung and esophageal cancer (12-19).

However, there are no reported data as to whether sonogra-
phic findings during EBUS can more accurately predict nodal
metastasis than other imaging modalities, such as chest com-
puted tomography (CT) or integrated positron emission tomo-
graphy (PET)/CT scans, which are routinely performed prior to
EBUS-TBNA and can provide additional diagnostic yield in EBUS-
TBNA. Thus, in the current study, we prospectively evaluated
the EBUS findings of suspected thoracic lymph node involve-
ment as predictive factors for nodal metastasis and compared
the diagnostic yield of EBUS finding categories as a prediction
model for metastasis with chest CT, integrated PET/CT, and
EBUS-TBNA.
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MATERIALS AND METHODS

Study patients and data collection
We prospectively recruited adult patients with a pathologically
confirmed or suspected malignancy who had suspected tho-
racic lymph node involvement on chest CT or integrated PET/
CT and who were planned to undergo EBUS TBNA, between
June 2012 and January 2013 at Samsung Medical Center, a 1,961-
bed referral hospital in Seoul, Republic of Korea. All patients
underwent a conventional diagnostic work-up including con-
trast-enhanced chest CT. Most recruited patients underwent
integrated PET/CT prior to EBUS-TBNA, depending on the de-
cision of the physician.

The indications for EBUS-TBNA for thoracic lymph node were:
1) the presence of lymph node with a short axis diameter of >
10 mm on chest CT or 2) lymph node with increased FDG up-
take compared with surrounding tissue on PET/CT scan re-
gardless of size (1). EBUS findings that have been reported as
predictive factors for metastasis (9) - size, shape, margin, echo-
genicity, CHS, and CNS - were evaluated under blinded condi-
tion by two bronchoscopists before TBNA, without rapid on-
site cytopathological evaluation (ROSE). If non-diagnostic re-
sults were revealed by EBUS-TBNA, the lymph nodes were sub-
sequently confirmed by mediastinoscopy or lymph node dis-
section in surgical candidates. Lymph nodes that did not un-

Suspected malignant LN

dergo integrated PET/CT and had inadequate samples by EBUS-
TBNA were excluded from the analysis. Lymph nodes that had
non-diagnostic EBUS-TBNA results but that were not confirmed
by surgery or that underwent neo-adjuvant chemothrapy be-
fore surgical confirmation were also excluded (Fig. 1).

Lymph nodes identified as malignant by EBUS-TBNA or by
surgery were considered malignant. Lymph nodes identified
with obvious benign etiologies by EBUS TBNA or confirmed as
benign by surgery were considered benign. Diagnostic yields
for identifying metastasis were evaluated on a per-nodal station
basis.

Chest CT and integrated PET/CT scan
CT scans were obtained with a 64-detector row scanner (Light
Speed VCT XT; GE Healthcare, Milwaukee, WI, USA), using the
enhanced helical technique (40 mA, 120 kVp, beam width of 10
20 mm, beam pitch of 1.375 1.5). For an enhancement study,
100 mL of contrast medium (Tomeron 300; Bracco, Milan, Italy)
were administered intravenously. Lymph nodes with a short-
axis diameter of more than 10 mm were considered positive for
malignancy. If lymph nodes contained nodular or laminated
calcification, they were regarded as benign, regardless of size
(20).

Image acquisition of integrated PET/CT was performed using
a PET/CT device (Discovery LS, GE Healthcare, Milwaukee, WI,
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A
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Fig. 1. The results for lymph nodes sampled by EBUS-TBNA; LN, lymph node; EBUS-TBNA, endobronchial ultrasound-guided transbronchial needle aspiration; PET/CT, positron

emission tomography/computed tomography.
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USA) that consisted of an Advance NXi PET scanner and an
eight-slice Light Speed Plus CT scanner. After fasting for at least
6 h before the PET/CT examination, patients received an intra-
venous injection of 370 MBq of '*F FDG and then rested for 45
min before imaging. Lymph nodes were considered positive for
malignancy if the maximum standardized uptake value (SUVia)
was more than 2.5 on "*F FDG PET/CT (21).

EBUS-TBNA

EBUS-TBNA was performed using a flexible ultrasonic punc-
ture bronchoscope with a linear scanning transducer (BF-UC-
260F-OL8, Olympus, Tokyo, Japan). TBNA biopsies were per-
formed using a dedicated 22-gauge needle (NA-201SX-4022,
Olympus). Before EBUS-TBNA, local anesthesia was achieved
by nebulization with 4% lidocaine. All procedures were per-
formed under conscious sedation using midazolam. We rou-
tinely infused midazolam at 0.06 mg/kg before starting EBUS-
TBNA. If sedation was inadequate or the patients were irritable
during the procedure, additional 1-mg doses of midazolam
were administered. If more than one node was detected, EBUS-
TBNA was performed at all accessible node stations. N3 nodes
were sampled first, and then N2, and N1 nodes were sampled.
We attempted at least three passes at each node as possible (22).
All aspirated specimens were sent for cytological and/or histo-
logical examination and when tuberculous lymphadenopathy
was suspected clinically, microbiological tests were performed
(AFB stain, RT-PCR, and culture for Mycobacterium tuberculo-
sis). ROSE was not performed.

All aspirated samples were categorized by pathological re-
port. The presence of frank malignant cells was considered ma-
lignant. The presence of obvious evidence of benign etiologies
was considered benign. Samples that showed only blood, mu-
cus, benign bronchial epithelial cells, or no lymphoid tissue were
considered inadequate samples. Other results of EBUS-TBNA
were considered to be non-diagnostic. All specimens were eval-
uated by an experienced lung pathologist.

EBUS findings

Lymph nodes were categorized based on the EBUS findings (9):
1) short-axis diameter (> 10 mm vs. < 10 mm), 2) shape (round
vs. oval), 3) margin (distinct vs. indistinct), 4) echogenicity (het-
erogeneous vs. homogeneous), 5) CHS (absence vs. presence),
and 6) CNS (absence vs. presence) (8, 9). Round shape was de-
fined as when the ratio of the short to long-axis diameter of
Iymph nodes was = 1.5 and oval shape was defined as when
the ratio of the short to long-axis diameter was < 1.5. Distinct
margin was defined as when the majority of the margin (> 50%)
was clearly visualized with a high echoic border. Heterogeneous
echogenicity was defined as multiple low echoic spots within
the lymph node. The presence of CHS was defined as a linear,
flat, hyperechoic area in the center of the lymph node. The pres-
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ence of CNS was defined as a hypoechoic area within the lymph
node without blood flow. Short-axis diameter > 10 mm, round
shape, distinct margin, heterogeneous echogenicity, absence of
CHS, and presence of CNS were considered positive for malig-
nancy. Interpretations of sonographic findings were performed
under blinded condition by two bronchoscopist, and inconsis-
tencies were re-evaluated and the agreements were recorded.

Statistical analysis

All data are presented as medians (interquartile ranges, IQRs)
for continuous variables and as numbers (percentages) for cat-
egorical variables. Differences in EBUS findings between ma-
lignant and benign nodes were evaluated using the chi-square
test or Fisher’s exact test. Logistic regression analysis of EBUS
findings for prediction of nodal metastasis was performed. The
diagnostic sensitivity, specificity, positive predictive value (PPV),
NPV, and accuracy were calculated using standard definitions.
To compare diagnostic sensitivities and specificities among the
diagnostic modalities, McNemar’s tests were performed. Values
of P < 0.05 were considered to indicate statistical significance.
All statistical analyses were performed using the PASW 18.0 soft-
ware (SPSS Inc., Chicago, IL, USA).

Ethics statement

This study was approved by the institutional review board of the
Samsung Medical Center (IRB No. 2012-05-081). Informed con-
sent was obtained from all participants.

RESULTS

Characteristics of patients and lymph nodes

EBUS-TBNA was performed in 283 lymph nodes of 146 recruit-
ed patients during the study period. The median age of the study
patients was 63 (IQR, 54-71) yr, and 98 (67.1%) were men. Pre-
vious malignancy (n = 28, 19.2%) was the most common un-
derlying condition. Of the 146 patients, 120 (82.2%) had malig-
nancies and 26 (17.8%) had benign diseases (Table 1). During
the procedures of EBUS-TBNA, a few (n = 5) patients had event
of hypoxemia (< 90%) but, spontaneously fully recovered, and
there was no serious complication associated with sedation
and procedures of EBUS-TBNA.

Fig. 1 shows the results for lymph nodes sampled by EBUS-
TBNA. Of the total of 283 nodes, 25 that had no PET/CT scan
and one that had an inadequate sample by EBUS-TBNA were
excluded. In total, 116 nodes were confirmed as malignant and
15 nodes were identified to have obvious benign etiologies by
EBUS-TBNA. Of the 126 nodes that were non-diagnostic by
EBUS-TBNA, 41 subsequently underwent surgical resection; 37
of these 41 nodes were found to be benign and 4 were malig-
nant. However, 80 nodes that had non-diagnostic EBUS-TBNA
results that were not confirmed by surgery and five nodes that
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Table 1. Characteristics of study patients

Table 2. Characteristics of lymph nodes included in the analysis

Characteristics No. (%) of patients Characteristics No. of nodes
Patients 146 (100) Lymph nodes 172 (100)
Age (yr) 63 (54-71) Chest CT findings
Gender (male/female) 98 (67.1)/48 (32.9) Short axis diameter (mm) 10 (8-14)
Underlying condition Long axis diameter (mm) 13 (10-19)
Previous malignancy 28 (19.2) Calcifications 11(6.4)
NSCLC 15 (10.3) Stations
SCLC 1(0.7) #1 3(1.7)
Extra-thoracic malignancy 12 (8.2 #2 15(8.7)
Previous tuberculosis 9(6.2) #3P 5(2.9)
Idiopathic pulmonary fibrosis 2(1.4) #4 75 (43.7)
Non-tuberculous mycobacteria 1(0.7) #7 53 (30.8)
Pneumoconiosis 1(0.7) #10 2(1.2)
Pathologic diagnosis #11 19(11.0)
NSCLC 103 (70.5) PET/CT uptake (SUVina)
SCLC 9(6.2) High uptake (> 2.5) 143 (83.1)
Extra-thoracic malignancy 8 (5.5) Low uptake ( < 2.5) 29 (16.9)
Breast cancer 3(20) Histopathological diagnosis
Stomach cancer 107 Malignancy 120 (69.8)
Cervical cancer 1(0.7) NSCLC 104 (60.5)
Tracheal cancer 1(0.7) Ad . '
enocarcinoma 71 (41.3)
Lymphoma 107 Squamous cell carcinoma 30 (17.5)
Renal cell carcinoma 10.7) Larqe cell carcinoma 3 7')
Benign disease 26 (17.8) SCLCg 1 (6'4)
Tuberculous lymphadenitis 10 (6.8) '
Sarcoidosis 8 (5.5) Breast cancer 4(2.3)
Non-specific inflammation 8(5.5) Lymphoma 1(0.6)
Indication for EBSU-TBNA Benign 52(30.2)
Diagnosis 123 (84.2) Tubergulogls 1164)
Staging 23 (15.8) Sar00|dos.|s: . _ 4(2.3)
Examined lymph nodes per patients 2(1-2 Non-specific inflammation 3719

Data are shown as No. (%) or median (interquartile range). NSCLC, non-small cell
lung cancer; SCLC, small cell lung cancer; EBUS-EBNA, endobronchial ultrasound-
guided transbronchial needle aspiration.

Table 3. EBUS findings of lymph nodes included in the analysis

EBUS findings Malignant Benign Pvalue
Lymph nodes 120 (100) 52 (100)
Size (mm)
Short-axis diameter < 0.001
LN <10 51 (42.5) 38 (73.1)
10 <IN <20 58 (48.3) 14 (26.9)
20 <N 11(9.2) 0(0)
Long-axis diameter 0.004
LN <10 9(7.5) 5(9.6)
10 <IN <20 77 (64.2) 44 (34.6)
20 <N 34 (28.3) 3(.8)
Shape 0.034
Round 65 (54.2) 19 (36.5)
Oval 55 (45.8) 33 (63.5)
Margin 0.617
Distinct 76 (63.3) 35(67.3)
Indistinct 44 (36.7) 17 (32.7)
Echogenicity 0.001
Heterogeneous 92 (76.7) 20 (38.5)
Homogeneous 28 (23.3) 32 (61.5)
CHS 0.001
Absence 116 (96.7) 41 (78.8)
Presence 4(3.3) 11(21.2
CNS 0.054
Absence 99 (82.5) 49 (94.2)
Presence 21 (17.5) 3(5.8)

Data are shown as No. (%) or median (interquartile range). EBUS, endobronchial ul-
trasound; LN, lymph node; CHS, central hilar structure; CNS, Coagulation necrosis sign.

http://dx.doi.org/10.3346/jkms.2014.29.12.1632

Data are shown as No. (%) or median (interquartile range). #1, low cervical, supracla-
vicular, and sternal notch; #2, paratracheal; #3P, retrotracheal; #4, lower paratrache-
al; #5, subaortic; #7, subcarinal; #8, paraesophageal; #10, hilar; #11, interlobar; PET,
positron emission tomography; CT, computed tomography; SUVma, maximum stan-
dardized uptake; NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.

had neo-adjuvant chemotherapy before surgery were also ex-
cluded. Consequentially, 120 malignant nodes and 52 benign
nodes were included in the analysis.

The characteristics of the 172 lymph nodes included in the
analysis are shown in Table 2. The median short-axis diameter
on chest CT was 10 (IQR, 8-14) mm and 11 (6.4%) nodes showed
calcifications. High uptake (SUVmax > 2.5) on integrated PET/
CT was identified in 143 (83.1%) nodes. Of the 120 malignant
Iymph nodes, non-small-cell lung cancer was the most com-
mon (n = 104, 60.5%) and of the 52 benign lymph nodes, tuber-
culosis was the most common benign etiology (n = 11, 6.4%).

EBUS findings of lymph nodes

Sonographic findings of lymph nodes are shown in Table 3. Of
the 120 malignant nodes, 69 (57.5%) were 10 mm or more in
short-axis diameter, 65 (54.2%) had round shapes, 76 (63.3%)
had distinct margins, 92 (76.7%) had heterogeneous echogenici-
ty, 116 (96.7%) had absence of CHS, and 21 (17.5%) had pres-
ence of CNS. Of the 52 benign nodes, 14 (26.9%) were 10 mm or
more in short-axis diameter, 19 (36.5%) had round shapes, 35
(67.3%) had distinct margins, 20 (38.5%) had heterogeneous
echogenicity, 41 (78.8%) had absence of CHS, and 49 (94.2%)

http://jkms.org 1635



JKMS

Jhun BW, et al. = Values of Endobronchial Ultrasound Findings for Predicting Nodal Metastasis

had presence of CNS. The size (P < 0.001), shape (P = 0.034),
echogenicity (P = 0.001), and CHS (P = 0.001) differed signifi-
cantly between malignant and benign lymph nodes. In the uni-
variate analysis, the odds ratio (OR) for nodal metastasis was
statistically significant for size (> 10 mm, OR 3.7; P < 0.001), shape
(round, OR 2.1; P = 0.035), echogenicity (heterogeneous, OR 5.2;
P <0.001), and CHS (absence, OR 7.7; P = 0.001). In the multi-
variate analysis, the OR for metastasis in echogenicity (hetero-
geneous, OR 3.1; P = 0.005) and CHS (absence, OR 3.1; P = 0.005)
remained statistically significant (Table 4).

Table 4. Logistic regression analysis of EBUS findings for prediction of nodal metas-
tasis

Univariate Multivariate
EBUS findings Oddsrao Odds ratio
(95% Cl) (95% Cl)
Size (> 10 mm) .7 (1.8-7.5) < 0.001 .5(1.0-6.5) 0.053
Shape (round) 1(1.1-4.0) 0.035 .9(0.4-22) 0.885
Margin (distinct) 8(0.4-1.7) 0.617 .9(0.4-20) 0.789
Echogenicity (heterogeneous) 5.2 (2.6-10.5) < 0.001 1 (1.4-6.7) 0.005
CHS (absence) .7(2.3-25.0)  0.001 .0(2.0-22.0) 0.008
CNS (presence) 4(1.0-12.00  0.053 .6(0.4-6.3) 0.469

Data are shown as No. (%) or median (interquartile range). EBUS, endobronchial ul-
trasound; CHS, central hilar structure; CNS, Coagulation necrosis sign; Cl, confidence
interval.

Table 5. Comparisons of diagnostic yields according to diagnostic modality

Diagnostic yield according to modality

Table 5 presents comparisons of diagnostic yields according to
diagnostic modality. The diagnostic sensitivity, specificity, PPV,
NPV, and accuracy of chest CT were 68.3%, 61.5%, 80.4%, 45.7%,
and 66.3%, respectively. The diagnostic sensitivity, specificity,
PPV, NPV, and accuracy of integrated PET/CT were 93.3%, 40.4%,
78.3%, 72.4%, and 77.3%, respectively. The diagnostic sensitivi-
ty, specificity, NPV, and accuracy of EBUS-TBNA were 96.7%,
100.0%, 92.9%, and 97.7%, respectively.

To evaluate the diagnostic yields of EBUS findings, EBUS
finding categories as prediction models for nodal metastasis
were composed with combinations of the four predictive fac-
tors that had P values of < 0.05 in the univariate analyses: size,
shape, echogenicity, and CHS (Tables 4, 5). EBUS finding cate-
gory I was considered positive for malignancy when nodes had
single predictive factors, category II was considered positive for
malignancy when nodes had any two predictive factors, cate-
gory IIT was considered positive for malignancy when nodes
had any three predictive factors, and category IV was consid-
ered positive for malignancy when nodes had all four predictive
factors. The diagnostic yields were then evaluated according to
each EBUS finding category. Additionally, nodes that had any
one of the four predictive factors were considered positive for
malignancy and the diagnostic yields were evaluated. The diag-
nostic sensitivity and specificity between CT and integrated

Modality Sensitivity Specificity PPV NPV Accuracy
CT 68.3 61.5 80.4 45.7 66.3
Integrated PET/CT 93.3 40.4 78.3 72.4 77.3
EBUS finding category |
>10 mm 57.5 73.1 83.1 42.7 62.2
Round 54.2 63.5 77.3 375 60.0
Heterogeneous™ 76.7 61.5 82.1 53.3 721
Absence of CHS 96.7 21.2 739 73.3 73.8
EBUS finding category Il
>10 mm + Round 46.7 78.8 83.6 39.0 56.4
> 10 mm + Heterogeneous 50.8 84.6 88.0 42.7 61.0
> 10 mm + Absence of CHS 55.0 78.8 85.7 43.2 62.2
Round + Heterogeneous 47.5 84.6 87.0 411 58.7
Round + Absence of CHS 51.7 7.2 80.5 38.9 57.6
Heterogeneous + Absence of CHS* 74.2 63.5 82.4 51.6 70.9
EBUS finding category Il
> 10 mm + Round + Heterogeneous 1.7 86.4 87.7 391 55.2
> 10 mm + Round + Absence of CHS 44.2 82.7 85.5 391 55.8
> 10 mm + Heterogeneous + Absence of CHS 55.0 78.8 85.7 43.2 62.2
Round + Heterogeneous + Absence of CHS 45.0 84.6 87.1 40.0 57.0
EBUS finding category IV
> 10mm + Round + Heterogeneous + Absence of CHS 39.2 86.5 87.0 38.1 OB
Any one of the four predictive factors on EBUS 99.1 9.6 .7 83.3 721
EBUS-TBNA 96.7 100 NA 92.9 97.7

Data are shown as percentage. EBUS finding categories as prediction model for nodal metastasis were composed with combinations of the four predictive factors on EBUS; size
(> 10 mm), shape (round), echogenicity (heterogeneous), and CHS (absence). Diagnostic sensitivity and specificity for nodal metastasis between CT, integrated PET/CT, and
each EBUS categories using McNemar's test were significantly different (P < 0.05) except *P values between CT and EBUS finding category (CT vs. EBUS category | [heteroge-
neous] and CT vs. EBUS category Il [heterogeneous + absence of CHS]). PPV, positive predictive value; NPV, negative predictive value; PET,positron emission tomography; CT,
computed tomography; CHS, central hilar structure; CNS, Coagulation necrosis sign; EBUS-EBNA, endobronchial ultrasound-guided transbronchial needle aspiration; NA, not
applicable.
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PET/CT, between CT and each EBUS finding category, and be-
tween integrated PET/CT and each EBUS finding category were
significantly different (McNemar's test, P < 0.05) except the *P
values between CT and two EBUS finding categories (CT vs. het-
erogeneous and CT vs. heterogeneous + absence of CHS).

As shown in Table 5, a single sonographic finding during EBUS
did not have sufficient diagnostic yield for predicting metasta-
sis, compared with CT and integrated PET/CT. As the EBUS find-
ing categories increased, the specificity and PPV tended to in-
crease; however, sensitivity tended to decrease and NPV did not
increase. In EBUS finding category IV, when the lymph node had
all of the predictive factors, the diagnostic sensitivity, specificity,
PPV, NPV, and accuracy for metastasis were 39.2%, 86.5%, 87.0%,
38.1%, and 53.5%, respectively. In contrast, when the lymph node
had any one of the predictive factors, the diagnostic sensitivity,
NPV, and accuracy for metastasis increased to 99.1%, 83.3%, and
72.1%, respectively, which were higher sensitivity and NPV yields
than chest CT and integrated PET/CT. However, specificity and
PPV decreased to 9.6% and 71.7%, respectively.

DISCUSSION

In the current study, nodal size > 10 mm, round shape, hetero-
geneous echogenicity, and absence of CHS on EBUS were iden-
tified as predictive factors for nodal metastasis in univariate anal-
yses, and heterogeneous echogenicity and absence of CHS re-
mained significant in a multivariate analysis. These results are
similar to a previous report of the utility of sonographic findings
in predicting nodal metastasis. Fujiwara et al. (9) retrospectively
evaluated the sonographic findings during EBUS-TBNA in 487
patients with malignancies and found that round shape, dis-
tinct margins, heterogeneous echogenicity, and presence of
CNS were independent predictive factors for metastasis. How-
ever, in our data, presence of CNS and distinct margin on EBUS
were not statistically significant, while nodal size was a signifi-
cant factor. These differing results could be explained in part by
the previous study including only patients with malignancies,
whereas our study included patients with benign diseases. Sch-
mid-Bindert et al. (8) also reported the utility of ultrasound cri-
teria for predicting nodal metastasis for 281 nodes in 145 pati-
ents with mediastinal lymphadenopathy by EBUS-TBNA, which
included 126 malignant and 155 non-malignant nodes. They
showed that the nodal size > 10 mm, round shape, heteroge-
neous echogenicity, and absence of CHS could be predictive
factors for metastasis and heterogeneous echogenicity and ab-
sence of CHS had the highest OR values, consistent with our
data, and indicated that ultrasound criteria could potentially
increase the diagnostic accuracy of EBUS-TBNA.

However, a single sonographic finding during EBUS did not
seem to have sufficient diagnostic yield for predictions. As shown
in Table 3, considerable proportions of the 52 benign nodes show-
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ed the predictive factors on EBUS, which would be considered
positive signs for malignant nodes. Additionally, as shown in
Table 5, the diagnostic yields for predicting metastasis with a
single predictive factor on EBUS were not higher than with im-
aging modalities, such as CT and integrated PET/CT, which are
performed routinely. When we evaluated the diagnostic yield
of EBUS finding categories, as the number of combination EBUS
findings increased, the specificity and PPV tended to increase;
however, sensitivity tended to decrease and NPV did not increase.
These data suggest that EBUS finding should be used to deter-
mine which nodes should be targeted but not used to exclude
malignancies. Therefore, our data may suggest that when any of
the predictive factors is observed during the EBUS procedure,
then subsequent TBNA might be considered, which may pro-
vide higher diagnostic yield than chest CT and integrated PET/
CT, especially in terms of sensitivity and NPV.

From the current study, whether using EBUS finding catego-
ries can help in providing additional diagnostic yield to EBUS-
TBNA remains unclear. When nodes that had any one of the
four predictive factors on EBUS were considered positive for
malignancy, the sensitivity was slightly higher than EBUS-TB-
NA but, the specificity, NPV, and accuracy of EBUS findings were
not superior to EBUS-TBNA (Table 5). Although some previous
studies comparing EUS morphology to EUS-fine needle aspira-
tion (FNA) have indicated that EUS FNA is superior to imaging
by EUS alone (13, 23), there are no accurate data on the addi-
tional diagnostic yield of using EBUS findings to EBUS-TBNA.

The current study had some limitations. First, relatively large
numbers of nodes were excluded from the analysis because not
all patients underwent surgical sampling for non-diagnostic
lymph nodes from EBUS-TBNA due to the observational study
design. Patients who were diagnosed with advanced malignan-
cies by EBUS-TBNA alone did not necessarily need further sur-
gical sampling regardless of accompanying suspected nodes
with non-diagnostic EBUS-TBNA results in the same patients,
considering the risk and ethical issues of surgical sampling in
advanced cancer patients, and the known high PPV of EBUS-
TBNA (2). Second, because there might have been some true
malignant lymph nodes smaller than 10 mm on chest CT that
had low PET/CT uptake and were not sampled by EBUS-TBNA,
there is a possibility of selection bias in identifying the target
lymph node. However, in the present study, most of the sam-
pled lymph nodes (n = 143, 83.1%) had high PET/CT uptake
(Table 2) and more than half of the lymph nodes (n = 89, 57.0%)
were smaller than 10 mm (Table 3). Thus, the possible influence
of selection bias on the results of our study does not appear to
be significant. Third, the sonographic findings of targeted lymph
nodes during EBUS-TBNA were evaluated by agreement by two
bronchoscopists. Although the interpretations of sonographic
findings were performed under blinded conditions without
ROSE, the interpretation of sonographic finding was performed
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in real time during EBUS-TBNA for a relatively short period of
time and the interpretation of sonographic findings could be
partly subjective according to physicians, these could have in-
fluenced our results.

In conclusion, nodal size > 10 mm, round shape, heteroge-
neous echogenicity, and absence of CHS on EBUS could be pre-
dictive factors for nodal metastasis. However, no single EBUS
finding had sufficient diagnostic yield, compared with chest CT
and integrated PET/CT. When any one of the predictive factors
is observed on EBUS, subsequent TBNA might be considered,
which may provide higher diagnostic yield than chest CT or in-
tegrated PET/CT.
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