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Purpose: Reliable staging of the mediastinum determines TNM classification and directs therapy
for non-small cell lung cancer (NSCLC). Our aim was to evaluate predictors of mediastinal lymph
node metastasis in patients undergoing endobronchial ultrasound (EBUS).

Methods: Patients with known or suspected lung cancer undergoing EBUS for staging were
included. Lymph node radiographic characteristics on chest CT/PET scan and ultrasound char-
acteristics of size, shape, border, echogenicity, and number were correlated with rapid on-site
evaluation (ROSE) and final pathology. Logistic regression (estimated with generalized estimating
equations to account for correlation across nodes within patients) was used with cancer (vs normal
pathology) as the outcome. ORs compare risks across groups, and testing was performed with
two-sided o of 0.05.

Results: Two hundred twenty-seven distinct lymph nodes (22.5% positive for malignancy) were
evaluated in 100 patients. Lymph node size, by CT scan and EBUS measurements, and round and
oval shape were predictive of mediastinal metastasis. Increasing size of lymph nodes on EBUS
was associated with increasing malignancy risk (P =.0002). When adjusted for CT scan size,
hypermetabolic lymph nodes on PET scan did not predict malignancy. Echogenicity and border
contour on EBUS and site of biopsy were not significantly associated with cancer. In 94.8% of
lymph nodes with a clear diagnosis, the ROSE of the first pass correlated with subsequent passes.
Conclusions: Lymph node size on CT scan and EBUS and round or oval shape by EBUS are pre-
dictors of malignancy, but no single characteristic can exclude a visualized lymph node from
biopsy. Further, increasing the number of samples taken is unlikely to significantly improve sen-
sitivity. CHEST 2011; 140(6):1550-1556

Abbreviations: EBUS = endobronchial ultrasound; EUS = endoscopic ultrasound; GEE = generalized estimating
equations; NSCLC = non-small cell lung cancer; ROSE = rapid on-site evaluation

endobronchial ultrasound (EBUS), transthoracic nee-
dle aspiration, and transbronchial needle aspiration.

Appropriate staging of lung cancer is critical, as it

predicts prognosis and dictates treatment. Radio-

graphic staging with CT scan and PET scan can offer
clues to the extent of disease, but pathologic con-
firmation of malignancy and determination of the
TNM stage for non-small cell lung cancer (NSCLC)
dictates the treatment choice.! In practice, medias-
tinal lymph node involvement most often differen-
tiates those who are surgical candidates from those
who are not.2

The current methods available to adequately stage
the mediastinum include mediastinoscopy, video-
assisted thoracoscopy, endoscopic ultrasound (EUS),
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The American College of Chest Physicians practice
guidelines state that “tissue should be obtained by
whatever method is easiest to perform” depending on
the size and location of the lymph node, the availability
of the technology, and expertise in the local facility.!

EBUS and EUS have gained acceptance as depend-
able procedures to stage lung cancer with comparable
accuracy to surgical methods.'*> The use of ultra-
sound facilitates the direct visualization of the lymph
node during biopsy and may offer information regarding
nodal characteristics of malignant nodes.
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Several studies exist that evaluate various ultra-
sound characteristics noted on EUS to predict malig-
nancy.%® Predictors have also been documented in
the evaluation of cervical lymphadenopathy.® Such
assessment of mediastinal and hilar lymph nodes by
EBUS may differ because of varying lymph node acces-
sibility, imaging through the thicker-walled trachea,
and use of a linear ultrasound probe. With this study
we aimed to determine if any ultrasonographic or pro-
cedural characteristics in patients undergoing EBUS
for diagnosis and/or staging of lung cancer predict
malignant involvement of lymph nodes.

MATERIALS AND METHODS

We prospectively enrolled 100 patients with known or sus-
pected lung cancer who were referred by their primary physician
to undergo EBUS at the Medical University of South Carolina.
Patients met inclusion criteria if they were undergoing EBUS for
diagnosis and/or staging of suspected or known lung cancer, had a
PET scan prior to the procedure, and gave consent to participate.
Patients were excluded if they were < 18 years old or were under-
going EBUS for suspicion of nonmalignant causes. The proce-
dures were performed by a pulmonary fellow with one of four
supervising physicians experienced in EBUS technique. Data col-
lected on the ultrasound and procedural characteristics were
agreed upon by at least two of the performing bronchoscopists;
this optimized standardization of the recording and evaluation
of nodal characteristics. The institutional review board (IRB;
Committee 2, Approval # 17540) approved this study.

Procedure

After informed consent was obtained, conscious sedation with
IV fentanyl and midazolam was initiated, and EBUS bronchos-
copy was performed per standard medical care.! Vital signs (BP,
heart rate, respiratory rate, and oxygen saturation) were moni-
tored throughout the procedure. The EBUS bronchoscope (bron-
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choscope BF-UC180F, processor EU-ME1 or EU-C60; Olympus
Medical; Tokyo, Japan) with an electronic linear array probe at
7.5 MHz was introduced into the oropharynx, and topical lido-
caine anesthesia was administered. Additional doses of fentanyl,
midazolam, and lidocaine were given as needed to maintain ade-
quate sedation and cough control during the procedure.

The mediastinum was evaluated by imaging the lymph node
stations per the Mountain and Dresler classification map.!! Ultra-
sonic lymph node characteristics were determined and recorded
prior to biopsy. Sampling commenced with N3 lymph node sta-
tions (if visible) using a 21- or 22-gauge EBUS sampling cytology
needle (NA-201SX-4021 or -4022; Olympus America Inc). Posi-
tion of the needle within the lymph node and its relation to
surrounding structures were monitored in real time, per EBUS
protocol.2 In all cases, real-time ultrasound visualization was used
to verify the needle position within the lymph node at the time
of fine-needle aspiration. Rapid on-site evaluation (ROSE) by a
cytopathologist was performed. An adequate biopsy was defined
as the presence of lymphocytes by ROSE or if malignancy was
diagnosed. Sampling continued until a diagnosis was made or
three adequate samples had been obtained at a given lymph node
station.

If no cancer was identified, then sampling proceeded to the
N2, then the N1, lymph node stations until a diagnosis was made
or three pathologically adequate passes had been performed at
each site. At this point, the procedure was stopped, and the patient
was monitored and discharged per standard of care.

Data Collection

Prior to the EBUS procedure, anonymized information
describing the radiographic location and characteristics of tumors
and lymph nodes was collected for each patient by one of the
investigators. The lobar location within the thorax and the largest
diameter of the primary tumor were measured and recorded.
The greatest short-axis diameter of mediastinal and hilar lymph
nodes visualized on CT scan or PET/CT scan was measured and
recorded. The PET scan metabolic activity, described as increased
or normal by the radiology report, was recorded. The pre-EBUS
and post-EBUS TNM and stage were determined according to
the International Association for the Study of Lung Cancer,
seventh edition. Results of subsequent interventions performed
following the EBUS were also recorded (ie, mediastinoscopy or
surgery).

During the EBUS procedure, we documented the following
nodal characteristics: shape (triangular, round, oval, draping),
size (longest short-axis diameter based on the EBUS screen’s
ruler markings), echogenicity (hyperechoic; hypoechoic; isoechoic
as compared with the surrounding mediastinal soft tissues, which
are hyperechoic, and the major vascular structures, which are
hypoechoic), border definition (well-defined vs indistinct), and
number of lymph nodes at the lymph node station (single
vs multiple) (Figs 1, 2).

For each biopsy specimen, procedural characteristics were
recorded: the location of the needle within the lymph node (center
vs peripheral), number of passes, and the presence of lympho-
cytes in each specimen (numerous, scant, or absent). The ROSE
diagnosis by the cytopathologist present at the time of bron-
choscopy was recorded, and the final pathology data were entered
when they became available after the procedure.

Statistical Analysis

Descriptive statistics were generated for demographic and clin-
ical characteristics of patients. Generalized estimating equations
(GEE) logistic regression models were used to assess the relation-
ship between the malignancy status of lymph nodes and the ultra-
sound and radiographic characteristics of the nodes. Correlation
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FIGURE 1. Station 4R (right paratracheal) lymph node, described
as oval shape, 4.9-mm size, hypoechoic, well-defined border, and
single (A). Edge of azygos vein shown at B. Mediastinal soft tissue
shown at C.

between nodes from the same patients was accounted for by spec-
ifying an exchangeable correlation structure. The models were fit
individually for each predictor. Additional GEE logistic regression
models were performed to assess the relationship between cancer,
PET scan activity, and lymph node size on CT scan of the chest.
ORs and 95% Cls were presented. P values <.05 were considered
statistically significant. Agreement between diagnostic approaches
was estimated using proportions based on tabulations of the data.

RESULTS

Patients were enrolled from September 2008
through March 2010. A total of 339 EBUS proce-
dures were performed at the study facility during this
time, and 100 patients with known or suspected lung
cancer met enrollment criteria and consented for
participation in this study. Table 1 lists the patient char-
acteristics and primary tumor descriptions.

Biopsies were performed on a total of 227 lymph
nodes (Table 2). If nondiagnostic results are excluded,
28.3% were positive for malignancy, indicating meta-
static disease. A definitive surgical procedure was per-
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FIGURE 2. Station 7 (subcarinal) lymph node, described as round
shape, 16.6-mm size, hypoechoic, poorly defined border, and
single (A). Mediastinal soft tissue shown at B.
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formed in 26 patients: 22 had a negative EBUS, three
had a nondiagnostic EBUS, and one was a candidate
for surgical cure based on presence of only hilar
metastasis. The remainder did not undergo surgery
because the EBUS staging precluded the need for
surgery, or performance status or lung function pre-
cluded the patient’s ability to undergo surgery safely.
Based on surgical pathology or 6-month radiographic
follow-up, the sensitivity, specificity, negative predic-
tive value, and positive predictive value of EBUS in
this study were 87%, 100%, 89%, and 100%, respec-
tively (Table 3).

Radiographically, lymph nodes >10 mm were
predictive of malignancy, and the likelihood increased
as the size increased (Table 4). Increased metabolic
PET scan activity also predicted malignancy (OR, 3.48;
95% CI, 1.40-8.64) when evaluated alone, but when
adjusted for CT scan lymph node size, PET scan
activity no longer remained significant (P =.11; OR,
2.36; 95% CI, 0.81-6.83) (Table 5).

For the ultrasonographic size, as with radiographic
size measurements, lymph nodes that are 10 to 20 mm
and >20 mm at the time of EBUS are more likely to
be positive for malignancy than those <10 mm (OR,
3.39; 95% CI, 1.77-6.46; and OR, 10.28; 95% CI,
4.31-24.50, respectively) (Table 4). Lymph nodes that
were oval and round in shape were more likely to be
malignant than triangular-shaped lymph nodes (OR,
3.50; 95% CI, 1.54-7.96; and OR, 4.16; 95% CI,
1.67-10.36, respectively). Although we found that
triangular shape was less likely to be malignant,
two (4.8%) of the triangular lymph nodes (n =42) were
positive on biopsy. Neither echogenicity nor lymph
node border definition were predictive of cancer.

Among the lymph nodes biopsies performed,
126 (55.5%) measured =10 mm by ultrasound and
were sampled despite their size (Table 2). Thirteen
(10.3%) were positive for malignancy. Another
68 lymph nodes that measured =10 mm were visual-
ized on ultrasound but did not undergo biopsy. Biopsies
were performed on 12 lymph nodes <5 mm. Of those
sampled, one (8.3%) was positive for malignancy.

Procedurally, there was no significant difference in
positivity when the biopsy was obtained from the
center or periphery of the lymph node. Additionally,
when the ROSE diagnosis for each pass within each
individual lymph node was reviewed, the diagnosis of
the first pass correlated with the diagnosis of all sub-
sequent passes in 94.8% of cases (n = 211; for 16 lymph
nodes, only one pass was performed).

Di1scussioN

This study has several important findings. First,
lymph nodes that were larger and were round or oval
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Table 1—Patient Characteristics

Age, y, mean (range) 64.3 (29-81)
Race
White 82
Black 15
Unknown 3
Gender
Male 60
Female 40
Tumor location
RUL 32
RML 5
RLL 18
LUL 17
LLL 9
Right hilum 6
Left hilum 5
Other 1
No primary tumor visible 7
Tumor size, cm
Mean (range) 3.8(0.8-11.6)
=1 7
>1,=2 22
>2, =3 26
>3,=4 14
>4 24
No primary tumor visible 7
Primary diagnosis
Cancer
Primary lung
Squamous cell 31
Adenocarcinoma 27
Undifferentiated NSCLC 9
Large cell 3
Small cell 4
Recurrent 1
Metastatic 6
Nonmalignant 19

Data presented as No. unless otherwise noted. LLL = left lower
lobe; LUL = left upper lobe; NSCLC = non-small cell lung cancer;
RLL = right lower lobe; RML = right middle lobe; RUL = right upper
lobe.

shaped by ultrasound had an increased chance of being
malignant. Second, a clinically significant proportion
of normal-sized lymph nodes had metastases, which
has implications on our approach to EBUS. Finally,
the ROSE findings on the first pass were highly accu-
rate, whether the finding was positive or negative.
With improvements in radiographic imaging and
advances in endoscopic and ultrasonographic tech-

Table 2—Biopsy Results of All Lymph Nodes

Nodes Total =10 mm <5 mm
Total No. visualized 306 194 64
No. sampled 227 126 12
Results, No. (%)
Positive 51 (22.5) 13 (10.3) 1(8.3)
Negative 129 (56.8) 82 (65.1) 6 (50)
Unsatisfactory 47 (20.7) 31 (24.6) 5(41.7)

www.chestpubs.org

nology, the evaluation and staging of thoracic tumors
has continued to expand.'® EUS was developed in the
1980s to evaluate GI cancers. The first EBUS was
described in 1992'* and led to the development of
a linear EBUS scope that allows for direct guidance
for transbronchial needle aspiration.? The usefulness
of this procedure in the diagnosis and staging of lung
cancer is beyond question, with a weighted sensitivity
of 93% and virtually no complications.! As the litera-
ture expands, several unanswered questions remain,
specifically whether any ultrasonographic features or
procedural characteristics could predict malignancy
or benignity prior to biopsy. The ability to predict those
could allow proceduralists to perform biopsy on only
some, rather than all, visualized mediastinal and hilar
lymph nodes.

Lymph node features that predict malignancy on
EUS in head and neck and GI cancers are round
shape, size >1 cm, sharp borders, and hypoechoic
density.> For cervical lymph nodes in head and neck
cancers and lymphoma, round shape and hypoechoic
density without an echogenic hilus were noted to
be evidence of metastasis, and ill-defined borders
suggest extracapsular spread.® Bhutani et al® and
Catalano et al,” though, concluded that ultrasono-
graphic features are not reliable independently and
cannot conclusively allow the practitioner not to per-
form biopsy of a lymph node. Our findings support
this conclusion in lung cancer using EBUS.

Our results have some similarities and differences
as compared with a recent retrospective study by
Fujiwara et al,'” who evaluated ultrasound features in
patients with lung cancer undergoing EBUS. They
found that size >1 cm, round shape, heterogenous
echogenicity, and coagulation necrosis sign (hypoechoic
area within the lymph node that has no blood flow)
suggested malignancy. We did find that round shape
was predictive of malignancy, but distinct margins were
not. We were unable to evaluate the other two ultra-
sound characteristics—heterogenous echogenicity and
the presence of the coagulation necrosis sign—as our
study was in process when this retrospective was pub-
lished. The study by Fujiwara et al'> did find that 96%
of the lymph nodes that lacked all of these character-
istics were benign and may predict benignity. However,
the authors concluded that an “EBUS classification
system will need to be validated in a prospective study,”
which was done in our study. We also described the
characteristics during real-time ultrasonography and
biopsy, not postprocedure from a fixed ultrasound
photograph of the lymph node.

The most widely accepted criterion to define an
abnormal lymph node suspicious for malignancy is a
short-axis diameter of >1 c¢m and/or an increased
fluorine-18 fluorodeoxyglucose on PET scan.2 Despite
the criterion, no size can reliably predict malignancy,
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Table 3—EBUS Results of All Patients

EBUS Result

Mediastinal/Hilar ‘ |

Metastasis Positive Negative Total
Present 41 6 47

Absent 0 49 49

Total 41 55 96¢

Sensitivity, 87%; specificity, 100%; negative predictive value, 89%;
positive predictive value, 100%. EBUS = endobronchial ultrasound.
“Four patients excluded because true stage unknown: two with
metastasis found at surgery in lymph nodes not undergoing biopsy at
time of EBUS, one lost to follow-up, one with radiographically larger
lymph node but no tissue verification of metastasis.

and large, PET scan-active lymph nodes should be
“proven” by pathologic sampling/resection. Our results
show that increased size did predict an increased likeli-
hood of malignancy, but when adjusted for size, PET
scan activity did not. This may indicate that the increased
size of lymph nodes may be the reason for increased
metabolic activity and not the presence of malignancy.

Our results also support the recommendation that
biopsy of radiographically nonmetabolic, small lymph
nodes cannot be excluded. Several studies have shown
the inaccuracy of radiographic methods, both CT and
PET scans, to predict metastatic involvement of the
mediastinum in NSCLC. The pooled sensitivity and
specificity of PET scanning is 74% and 85%, respec-
tively, which is better than CT scanning (51% and
86%, respectively), but PET scan is less sensitive in
normal-sized lymph nodes.2 By EUS, Wallace et al'®
found 14 patients out of 69 (20.3%) with lymph

nodes <1 c¢m on CT scan of the chest who had medi-
astinal metastasis of NSCLC. Histologic type was not
associated with or predictive of positivity. Gonzalez-
Stawinski et al'” retrospectively evaluated the efficacy
of PET scanning compared with mediastinoscopy
and found that PET scanning had a false-negative
rate of 35.6%. Additionally, in the EBUS literature,
two studies by Herth et al's19 support the need to
sample lymph nodes despite radiographic negativity.
In the first study done before the routine use of PET
scans, 19 of 100 patients evaluated with CT-scan
“normal” (<1 em) lymph nodes were found to have
metastasis by EBUS.'s Additionally, lymph nodes that
underwent biopsy were 5 to 10 mm on ultrasound. In
the second study, Herth et al'® studied the same pop-
ulation, but patients also had normal PET scans. Eight
of the 100 patients studied were upstaged because of
EBUS lymph node positivity compared with radio-
graphic staging alone, and one additional patient had
lymph node positivity at surgical staging.

Although we found that lymph nodes > 10 mm on
ultrasound are more likely to be malignant, lymph
nodes =10 mm cannot be ignored and presumed to
be benign. Fifty-five percent of the lymph nodes sam-
pled in our study were =10 mm, and 13 (10%) of those
were positive for malignancy. The final EBUS pathology
in the eight patients with those positive “normal”-sized
lymph nodes were adenocarcinoma (n=4), squa-
mous cell (n=2), undifferentiated NSCLC (n=1),
and small cell (n =1). Of the 12 lymph nodes <5 mm
that underwent biopsy, 8.3% (n = 1) were positive for
malignancy. We did not perform biopsy on a 4-mm,

Table 4—ORs Describing the Risk of Malignancy by Nodal Characteristics

EBUS Pathology Predictor Variable OR (95% CI) P Value
Radiographic characteristics PET scan activity Normal Ref
Increased 3.48 (1.40-8.64) 00722
CT scan lymph node size <10 mm Ref
10-20 mm 2.89 (1.11-7.52) 0292
> 20 mm 34.38 (6.02-196.48) <.00012
Ultrasound characteristics Size Continuous: change of 5 mm 1.57 (1.23-1.99) 0002+
<10 mm Ref
10-20 mm 3.39 (1.77-6.46) 0002+
>20 mm 10.28 (4.31-24.50) <.0001»
Shape Triangular Ref .
Oval 3.50 (1.54-7.96) 0028
Round 4.16 (1.67-10.36) 00222
Draping 1.49 (0.46-4.89) 51
Echogenicity Hyperechoic Ref .
Hypoechoic 1.47 (0.51-4.30) 48
Isoechoic 0.61 (0.11-3.32) .56
Borders Well-defined Ref .
Indistinct 0.98 (0.58-1.66) 93
Procedural characteristics Biopsy location Center Ref .
Periphery 0.97 (0.56-1.66) 91

See Table 3 legend for expansion of abbreviation. GEE = generalized estimating equation; Ref = referent.

‘Indicates statistical significance using o of 0.05. Estimates were calculated using a GEE logistic regression model as described in the “Statistical

Analysis” section.
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Table 5—ORs Describing the Risk of Malignancy by
Nodal Characteristics

Adjusted Model
\ 1
Variable Categories OR (95% CI) P Value
PET scan activity Normal Ref
Increased 2.36 (0.81-6.83) 1
Lymph node size <10 mm Ref
on CT scan of 10-20 mm 2.84 (1.07-7.51) 03592
the chest >20 mm 26.61 (4.60-153.96) 00028

Adjusted models included both PET scan activity and lymph node
size on CT scan of the chest. See Table 4 legend for expansion of
abbreviation.

aIndicates statistical significance using o« of 0.05. Estimates were
calculated using a GEE logistic regression model as described in the
“Statistical Analysis” section.

subcarinal lymph node in one patient who subsequently
underwent surgery. At the time of surgical resection,
that node was found to be positive for malignancy.
Additionally, despite our data showing that triangular
shape has a lower risk of malignancy, a small fraction
(5%) of triangular nodes was positive for malignancy.
These data support the need to perform biopsy on
lymph nodes at every station visualized despite the
size or shape and to view EBUS for lung cancer staging
as a systematic procedure, which is approached and
performed the same way each time.

The number of samples needed at each lymph node
station to optimize sensitivity has previously been
studied. Lee et al* found that sample adequacy was
90.1% for the first pass, and reached 100% by pass
three, but they did not have the benefit of ROSE.
The sensitivity was 95.3% by pass three and did not
increase with a subsequent pass. They concluded that
three passes was optimal. A recent study by Trisolini
et al?' found that having ROSE available can decrease
the number of biopsies needed without affecting the
accuracy. Our data strongly support the conclusion
described here. When the first lymph node biopsy
pass was definitively negative or positive, subsequent
passes correlated in 95% of lymph nodes we sampled.
From our study, we found that diagnostic accuracy
did not change significantly after the first pass, making
more than three passes unnecessary. Additionally,
since we had the benefit of ROSE, only one pass was
needed in 7% (n=16) of lymph nodes, because the
diagnosis was made without further biopsy.

One of the drawbacks of this study is that the size
measurements and description of other ultrasound
characteristics were made during real-time ultrasound
observation and may be more subjective. The shape
(and size) of the lymph nodes was based on the visual
relationship of the long to short axis and was agreed
on by the two bronchoscopists performing the pro-
cedure. Rigorous objective measurements of the ultra-
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sound image with the EBUS software or postprocedure
calculations of long-axis to short-axis ratios to deter-
mine round or oval shape were not routinely per-
formed. Such measurements require manipulation of
the EBUS output while the bronchoscopist attempts
to maintain the image at the largest diameter. Although
our determinations of the ultrasound characteristics
are more subjective, it is more applicable to general
practice, as definitive size measurements can be cum-
bersome and time consuming during the actual pro-
cedure. Additionally, excluding size, shape was the
only feature that had any significant predictive value.
No measurement can be made by the EBUS software
to objectively define triangular shape, and triangular
shape did not preclude the need to perform biopsy.

Another limitation to this study is that a clear cor-
relation between the radiographic characteristics on
CT/PET scans cannot be made with the EBUS char-
acteristics. We did not perform biopsy on every lymph
node that was seen on CT or PET scan. According to
our protocol, biopsies were performed on N3 nodes
first if visualized, even if not seen on CT or PET scan.
If malignancy was present, the procedure was stopped
and biopsy was not always performed on other lymph
nodes that were positive radiographically. Thus, not
all lymph nodes seen on CT or PET scan underwent
biopsy, making it impossible to determine the rela-
tionship of radiographic imaging to the EBUS result
by each individual lymph node.

In conclusion, this study shows that increasing
size is indicative of malignancy, and oval or round
shape has an increased risk of malignancy. No charac-
teristics exist that allow the proceduralist to exclude
lymph nodes for biopsy, because at least 10% of met-
astatic disease could be missed if patients with small,
PET scan-negative lymph nodes do not undergo biopsy.
Additionally, although more than one pass may be
necessary (we still recommend three), the diagnostic
yield is not likely to increase greatly after the initial
needle aspiration. In patients with large, PET scan-
avid lymph nodes, it makes sense clinically to aggres-
sively perform biopsy on those lymph nodes, as the
yield for cancer is likely to be higher.
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