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Introduction

Transbronchial biopsy (TBB) is an essential procedure for a 
definitive lung cancer diagnosis. TBB using endobronchial 
ultrasonography (EBUS) reportedly improves the 
diagnostic yield of peripheral lesions than does TBB under 
fluoroscopic guidance (1-5). TBB using EBUS with a guide 

sheath (EBUS-GS-TBB) enables repeat biopsies at the 
same site by implanting a guide sheath (GS) in the lesion; 
therefore, it is widely used for inspection (6).

Factors that influence the diagnostic yields of EBUS-
GS-TBB include lesion size, presence of the computed 
tomography (CT) bronchus sign, and EBUS findings (7-10). 
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Among these, EBUS findings significantly contribute to 
diagnostic yields, which are conventionally classified into 
three categories according to the location of the probe 
as follows: within, adjacent to, and outside. According to 
previous reports, within provides the highest diagnostic 
yield (68–92.1%), followed by adjacent to (42–61%) and 
outside (4%) (11,12). Based on the EBUS findings, the 
operators select the bronchial branch to perform a biopsy 
and decide on the biopsy method and number of biopsies.

However, in clinical settings, the three classifications 
of EBUS findings are insufficient to predict whether a 
diagnosis is possible (11,12). Notably, EBUS findings differ 
from case to case. Even with the same EBUS finding within 
cases, the size of a lesion detected outside of the probe is 
quite different, and similarly, the finding of how large the 
angle of the lesion is detected outside of the probe is very 
different in each of the adjacent cases. However, few studies 
have examined the relationship between the details of 
EBUS findings and diagnostic yields.

Therefore, in this study, we aimed to investigate factors 
affecting the diagnostic yield of lung cancer in EBUS-
GS biopsies, including more detailed EBUS findings. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://jtd.amegroups.com/

article/view/10.21037/jtd-23-755/rc).

Methods

Study design and participants

In this single-center, retrospective, hospital-based cohort 
study, the following patients were consecutively enrolled: (I) 
patients who underwent EBUS-GS-TBB between January 
2020 and April 2021 at Wakayama Medical University 
Hospital; (II) patients whose final diagnosis was primary 
lung cancer. Patients whose diagnosis of primary lung 
cancer could not be confirmed using EBUS-GS-TBB and 
who were diagnosed using other methods (e.g., CT-guided 
biopsy, video-assisted thoracoscopy, and surgery) were also 
included. The cutoff for follow-up on whether a diagnosis 
was made was December 31, 2022. In our clinical practice, 
EBUS-GS-TBB was performed regardless of the lesion 
size except for lesions that could be directly visualized by 
bronchial lumen observation. The primary endpoint was 
examination of factors affecting the diagnostic yield of 
primary lung cancer by EBUS-GS-TBB. The secondary 
endpoint was a subgroup analysis of factors affecting the 
diagnostic yield of primary lung cancer, separately for 
within and adjacent lesions.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and was approved 
by the institutional review board of Wakayama Medical 
University (approval No. 3413). Informed consent for the use 
of electronic patient records was obtained through an opt-out 
strategy owing to the retrospective nature of the study.

TBB using EBUS-GS

EBUS-GS-TBB was performed by at least two pulmonologists 
under sedation with pentazocine and midazolam. EBUS-GS-
TBB was performed for lesions that could not be biopsied 
under direct visualization by observation of the bronchial 
lumen. An endoscopic ultrasound system (EU-ME1; Olympus, 
Tokyo, Japan) with a built-in 20-MHz mechanical radial-
type probe (UM-S20-17S or UM-S20-20R; Olympus) was 
used. We used a flexible fiberoptic bronchoscope with a 2.0-
mm diameter working channel (BF-Q290; Olympus) and a 
GS with an external diameter of 1.95 mm (K201; Olympus); 
or a flexible fiberoptic bronchoscope with a 3.0-mm diameter 
working channel (BF-1TQ290; Olympus) and a GS with an 
external diameter of 2.55 mm (K203; Olympus). Biopsies were 
performed as previously reported (11,13).

Highlight box

Key findings
•	 In adjacent lesions, the diagnostic yields differed significantly 

depending on the adjacent angle.
•	 The adjacent angle between lesions diagnosed using transbronchial 

biopsy using endobronchial ultrasonography with a guide sheath 
(EBUS-GS-TBB) was large.

•	 The diagnostic yield varied greatly depending on the adjacent 
angle.

What is known and what is new?
•	 An association has been reported between the diagnostic yields 

of EBUS-GS-TBB and simple within or adjacent endobronchial 
ultrasonography findings.

•	 In adjacent lesions, the adjacent angle was significantly larger 
in lesions diagnosed using EBUS-GS-TBB than in lesions that 
remained undiagnosed (P=0.003), and the diagnostic yields differed 
significantly depending on the adjacent angle.

What is the implication, and what should change now? 
•	 The operator should select a branch of the bronchus or turn the 

bronchoscope up or down to detect a greater adjacent angle and 
consider additional bronchoscopic procedures for lesions with 
small adjacent angles.

https://jtd.amegroups.com/article/view/10.21037/jtd-23-755/rc
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Definitions and assessments

The size of the lesion, presence or absence of the CT 
bronchus sign, and position of the lesion were determined 
using CT images with a slice of ≤5 mm; CT was performed 
before bronchoscopy. The lesion size was defined as the 
long diameter of the CT slice where the lesion could be 
maximally delineated. The presence of the CT bronchus 
sign was defined as the presence of accessible branches 
of the bronchus inside the lesion margin (14,15). Lesions 
located in the outer 2/3 and those located in the inner 1/3 
of the thorax were defined as peripheral and central lesions, 
respectively (16,17). A positive diagnosis using EBUS-GS-
TBB was defined as a pathologically malignant finding 
in the tissue specimen. Even in cases where additional 
procedures, such as EBUS-guided transbronchial needle 
aspiration (TBNA) and conventional forceps biopsy, were 
performed, the pathology of each specimen was confirmed 
separately, and a positive diagnosis by EBUS-GS-TBB was 
defined as a malignant finding in the EBUS-GS-TBB tissue 
specimen. Particularly, “within” was defined as when the 
ultrasound probe reached inside the lesion and 360° around 
the ultrasound probe was covered by the lesion. By contrast, 
“adjacent to” was defined as when the probe reached the 
lesion margin and was in contact with the lesion. For lesions 
where EBUS findings were within, we defined the shortest 
diameter as the shortest distance from the probe to the 
shadow of the tumor margin (Figure 1A). For lesions where 
EBUS findings were adjacent, we defined the adjacent angle 
as the angle formed by the midpoint of the probe and the 

two points where the edge of the probe and the shadow of 
the tumor intersected (Figure 1B). In a patient with pure 
ground glass nodule, we measured the adjacent angle of the 
blizzard range. We measured the angles in 10° increments. 
We used EBUS images taken prior to biopsy to determine 
the shortest diameter and adjacent angle.

Statistical analysis

Continuous variables are presented as medians and 
interquartile ranges and were analyzed using the Wilcoxon 
rank-sum test. Categorical variables are presented as 
numbers and percentages and were compared using 
the Chi-square or Fisher’s exact tests. If more than one 
factor was statistically significant in univariable analysis, 
multivariable analysis with logistic regression models was 
performed on those factors. Cut-off values of the adjacent 
angle for diagnosis by EBUS-GS-TBB were estimated 
using a receiver operating characteristic (ROC) curve. A 
two-sided P<0.05 was considered statistically significant. All 
analyses were performed using JMP Pro 16 software (SAS 
Institute Inc., Cary, NC, USA).

Results

Patient characteristics

In total, 239 lesions were assessed using EBUS-GS-
TBB. Thirty-one cases with a diagnosis other than lung 
cancer and 29 unknown cases were excluded. The median 

A B

Figure 1 Endobronchial ultrasonography findings. (A) The shortest diameter of within lesions; (B) the adjacent angle of adjacent lesions. 
*, the shortest distance from the probe to the shadow of the tumor margin; **, the point where the edge of the probe and the shadow of the 
tumor intersected.
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observation period from bronchoscopy to the end of follow-
up in unknown cases was 856 days (range, 659–1,058 days). 
In total, 179 lesions whose final diagnosis was primary lung 
cancer were included in the analysis. Among them, 140 
lesions (78.2%) were diagnosed and 39 (21.8%) were not 
diagnosed using EBUS-GS-TBB (Figure 2).

Table 1 shows the characteristics of lesions. The median 
patient age was 73 years, and most patients had an Eastern 
Cooperative Oncology Group (ECOG) performance status 
score of 0 or 1 (90%). The median lesion size was 36 mm, 
and 121 lesions (68%) showed the CT bronchus sign. The 
lesion structure was as follows: 171 lesions (96%) were solid 
nodules, 7 (4%) were part-solid nodules, and 1 (1%) was a 
pure ground glass nodule. The locations of the lesions were 
as follows: 82 lesions (46%) were located in the upper lobe, 
18 (10%) in the middle lobe or lingula, 79 (44%) in the lower 
lobe, and 89 (50%) in the periphery. The median number 
of biopsies performed was ten. EBUS findings in this study 
were 119 within lesions (66%) and 60 adjacent lesions (34%).

Factors affecting the diagnostic yield of primary lung 
cancer in EBUS-GS-TBB

Table 2 shows factors associated with the diagnostic yield 
of TBB using EBUS-GS. The diagnostic yield for all 
lesions was 78.2%, whereas the yields for within and 

adjacent lesions were 91.6% and 51.7%, respectively. In 
the univariable analysis, positive CT bronchus sign lesions 
had a significantly higher diagnostic yield than did negative 
CT bronchus sign lesions [odds ratio (OR): 2.55, 95% 
confidence interval (CI): 1.23–5.28, P=0.011]. In addition, 
upper lobe lesions had a significantly higher diagnostic yield 
than did other lesions, and within lesions had a significantly 
higher diagnostic yield than did adjacent lesions (OR: 0.44, 
95% CI: 0.21–0.95, P=0.031; OR: 10.20, 95% CI: 4.48–
23.20, P<0.001, respectively). In the multivariable analysis, 
within lesions had a significantly higher diagnostic yield 
than did adjacent lesions and was the only factor associated 
with diagnostic yield (OR: 8.56, 95% CI: 3.70–19.83, 
P<0.001).

Analysis focusing on detailed findings of EBUS

Table 3 shows factors associated with the diagnostic 
yield of EBUS-GS-TBB for the 119 within lesions. No 
significant factors were associated with the diagnostic yield. 
The median shortest diameter was numerically longer in 
lesions diagnosed using EBUS-GS-TBB than in lesions 
not diagnosed; however, the difference was not significant 
(P=0.092).

Table 4 shows the factors associated with the diagnostic 
yield of EBUS-GS-TBB for the 60 adjacent lesions. The 

EBUS-GS for lesions (N=239)

Primary lung cancer (N=179)

Diagnosed using EBUS-GS (N=140) Not diagnosed using EBUS-GS (N=39)

Excluded (N=60)
• Non-specific inflammation (N=10)
• Lung metastasis (N=8)
• NTM (N=4)
• Tuberculosis (N=2)
• Cryptococcosis (N=2)
• Actinomycosis (N=1)
• Organizing pneumonia (N=1)
• Lymphoma (N=1)
• Vasculitis (N=1)
• Eosinophilic pneumonia (N=1)
• Unknown (N=29)

Figure 2 Patient inclusion flowchart. EBUS, endobronchial ultrasonography; GS, guide sheath; NTM, non-tuberculous mycobacteria.
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adjacent angle was significantly larger in lesions diagnosed 
using EBUS-GS-TBB than in lesions that remained 
undiagnosed (P=0.003). Using the ROC curve to estimate 
the cut-off values of the adjacent angle for diagnosis 
by EBUS-GS-TBB, the most appropriate cut-off angle 
was 180° and the area under the curve was 0.724. The 
diagnostic yield of EBUS-GS-TBB was 75.0% for lesions 
≥180° and 36.1% for those <180°. When grouped by every 
90°, the diagnostic yields were 30% (3/10), 38% (10/26), 
67% (8/12), and 83% (10/12) for <90°, ≥90° to <180°, 
≥180° to <270°, and ≥270°, respectively (Figure 3).

Discussion

In this study, we investigated the factors affecting the 
diagnostic yield of primary lung cancer by EBUS-GS-
TBB, including detailed EBUS findings. The conventional 
classifications of EBUS findings (within and adjacent) were 
useful for diagnosis, and detailed EBUS findings could be 
an important predictive factor of a definitive diagnosis. In 
particular, the adjacent angle was very different in each of 
the adjacent cases, having a large impact on the diagnostic 
yield depending on the angle.

The percentages of patients with within and adjacent 
lesions were comparable to those in previous reports 
(within lesions accounted for 57–86% and adjacent lesions 
accounted for 14–43%) (7,18,19). Additionally, these 
EBUS findings were the only independent predictive 
factors for positive results in the present study. Several 
previous reports have also shown a significant difference 
in the diagnostic yield between within lesions (78.7–83%) 
and adjacent lesions (52–61%) (8,11,12). Consequently, 
considering the findings from previously reported studies 
and our study, we confirmed that patients presenting with 
either finding were common, and the diagnostic yield was 
significantly different between within and adjacent lesions. 
However, as detailed EBUS findings, such as adjacent 
angle and the shortest diameter, vary from case to case, we 
believe that it would be useful to generate more detailed 
EBUS findings during EBUS-GS-TBB to identify patients 
who would benefit from additional testing to improve the 
diagnostic yield.

In our study, the diagnostic yield of adjacent lesions 
varied considerably depending on whether the adjacent 
angle was above or below 180°. A recent report showed that 
the addition of TBNA using a GS resulted in a significantly 
higher diagnostic yield than in the non-addition group 
in cases where the lesion was not confirmed by EBUS 

Table 1 Characteristics of lesions

Characteristics of lesions Values (n=179)

Age (years) 73 [22–93]

Sex

Male 128 [72]

Female 51 [28]

Smoking status

Never 38 [21]

Former/current 141 [79]

Performance status

0 66 [37]

1 95 [53]

2 15 [8]

3 2 [1]

4 1 [1]

Stage

I 38 [21]

II 26 [15]

III 34 [19]

IV 81 [45]

Lesion size (mm) 36 [10–93]

Lesion structure

Solid nodule 171 [96]

Part-solid 7 [4]

Pure GGN 1 [1]

CT bronchus sign

Positive 121 [68]

Negative 58 [32]

Location of lesion

Left upper lobe/right upper lobe 82 [46]

Left lingula/right middle lobe 18 [10]

Left lower lobe/right lower lobe 79 [44]

Location of lesion

Peripheral 89 [50]

Central 90 [50]

Numbers of biopsy 10 [3–25]

EBUS findings

Within 119 [66]

Adjacent to 60 [34]

Data are presented as median [range] or n [%]. GGN, ground 
glass nodule; CT, computed tomography; EBUS, endobronchial 
ultrasonography.
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(20,21). Considering these results, further investigation on 
modalities, such as TBNA, using a GS may be a worthwhile 
pursuit to improve the diagnostic yield, especially in lesions 
with an adjacent angle <180°.

There was no significant difference within a short 
diameter between diagnosable and non-diagnosable lesions 

using EBUS-GS-TBB. This result may be because within 
lesions were easily diagnosable, making it difficult to find 
a significant difference. According to the ROC curve, the 
most appropriate cut-off for a short diameter was 9 mm. 
In our study, the diagnostic yield of EBUS-GS-TBB was 
100% for lesions ≥9 mm and 88.2% for lesions <9 mm. 

Table 2 Analysis of factors associated with the diagnostic yield of EBUS-GS-TBB

Characteristics
Positive diagnosis 

(N=140)
Negative diagnosis 

(N=39)

Univariable analysis Multivariable analysis

OR (95% CI) P value OR (95% CI) P value

Age (years) 72.5 [22–93] 73 [51–91] – 0.713 – –

Sex 1.43 (0.62–3.27) 0.390 – –

Male 98 [70] 30 [77]

Female 42 [30] 9 [23]

Smoking status 0.95 (0.39–2.27) 0.901 – –

Never 30 [21] 8 [21]

Former/current 110 [79] 31 [79]

Performance status 2.39 (0.52–10.86) 0.216 – –

0–1 124 [89] 37 [95]

2–4 16 [11] 2 [5]

Stage 1.53 (0.74–3.15) 0.253 – –

I–II 47 [34] 17 [44]

III–IV 93 [66] 22 [56]

Lesion size (mm) 36.5 [12–93] 35 [10–83] – 0.312 – –

CT bronchus sign 2.55 (1.23–5.28) 0.011

Positive 86 [61] 15 [38] 1.90 (0.84–4.33) 0.126

Negative 54 [39] 24 [62] Reference –

Location of lesion 0.44 (0.21–0.95) 0.031

Left upper lobe/right upper lobe 70 [50] 12 [31] 0.53 (0.14–0.81) 0.144

Others 70 [50] 27 [69] Reference –

Location of lesion 1.85 (0.89–3.81) 0.094 – –

Peripheral 65 [46] 24 [62]

Central 75 [54] 15 [38]

Numbers of biopsy 10 [3–25] 10 [3–20] – 0.240 – –

EBUS findings 10.20 (4.48–23.20) <0.001

Within 109 [78] 10 [26] 8.56 (3.70–19.83) <0.001

Adjacent to 31 [22] 29 [74] Reference –

Data are presented as median [range] or n [%] if not otherwise specified. EBUS, endobronchial ultrasonography; GS, guide sheath; TBB, 
transbronchial biopsy; OR, odds ratio; CI, confidence interval; CT, computed tomography.
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Table 4 Analysis of factors associated with the diagnostic yield in adjacent lesions

Characteristics
Positive diagnosis 

(N=31)
Negative diagnosis 

(N=29)

Univariable analysis

OR (95% CI) P value

Age (years) 73 [38–93] 73 [51–87] – 0.509

Lesion size (mm) 25 [12–73] 31 [10–60] – 0.242

CT bronchus sign 1.35 (0.48–3.78) 0.570

Positive 14 [45] 11 [38]

Negative 17 [55] 18 [62]

Location of lesion 0.71 (0.24–2.07) 0.533

Left upper lobe/right upper lobe 12 [39] 9 [31]

Others 19 [61] 20 [69]

Location of lesion 1.90 (0.64–5.60) 0.242

Peripheral 18 [58] 21 [72]

Central 13 [42] 8 [28]

Numbers of biopsy 10 [5–15] 10 [5–20] – 0.806

Angle of adjacent lesion (°) 180 [70–330] 120 [30–300] – 0.003

Data are presented as median [range] or n [%] if not otherwise specified. OR, odds ratio; CI, confidence interval; CT, computed 
tomography.

Table 3 Analysis of factors associated with the diagnostic yield in within lesions

Characteristics
Positive diagnosis 

(N=109)
Negative diagnosis 

(N=10)

Univariable analysis

OR (95% CI) P value

Age (years) 72 [22–92] 75 [66–91] – 0.283

Lesion size (mm) 39 [13–93] 52.5 [30–83] – 0.215

CT bronchus sign 2.92 (0.78–10.99) 0.109

Positive 72 [66] 4 [40]

Negative 37 [34] 6 [60]

Location of lesion 0.38 (0.09–1.53) 0.155

Left upper lobe/right upper lobe 58 [53] 3 [30]

Others 51 [47] 7 [70]

Location of lesion 0.57 (0.14–2.30) 0.413

Peripheral 47 [43] 3 [30]

Central 62 [57] 7 [70]

Numbers of biopsy 10 [3–25] 6.5 [3–17] – 0.079

Short diameter in within lesion (mm) 5 [2–18] 4.5 [2–8] – 0.092

Data are presented as median [range] or n [%] if not otherwise specified. OR, odds ratio; CI, confidence interval; CT, computed 
tomography.
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From these results, we suggested that the classification 
of within lesions by more detailed EBUS findings is only 
slightly significant in clinical practice.

This study had some limitations. First, it was a 
retrospective study resulting in a lack of uniformity in 
operators, number of biopsies, and processes. No protocols 
for follow-up or additional diagnostic procedures for 
patients with initial negative EBUS-GS-TBB results were 
set, and further testing was left to the discretion of the 
individual clinician. Second, as the sample size of patients 
was small from a single-center cohort and not based on a 
particular statistical design, our data are not robust. Third, 
the use of a combined navigation system has recently 
been shown to improve the diagnostic yield of EBUS-GS 
biopsies; however, we did not use it (22-26).

Conclusions

This study demonstrated that the diagnostic yield of 
adjacent lesions varied greatly depending on the adjacent 
angle. Even if the EBUS findings are adjacent, the 
operator should select a branch of the bronchus or turn the 
bronchoscope up or down to detect a greater adjacent angle. 
Further studies should be conducted to determine whether 
additional biopsies or procedures should be performed 
according to the adjacent angle.
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ultrasonography with a guide sheath.
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