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Background: Computed tomography guided transthoracic needle aspiration (CT-TTNA) and 
endobronchial ultrasonography with guide sheath (EBUS-GS) transbronchial lung biopsy are important 
methods for the diagnosis of peripheral pulmonary lesions (PPLs). Without enough evidence, it is 
controversial which is a better choice for diagnosing PPLs. In this study, we hypothesized that the 
complication rate of EBUS-GS would be lower than CT-TTNA and the diagnostic accuracy of EBUS-GS 
were not inferior to CT-TTNA.
Methods: This study was a retrospective analysis of a prospective registry with propensity  matching. 
Patients with PPLs were divided into EBUS-GS group and CT-TTNA group according to patients’ intent 
to treatment. Pathological results and procedure related complications of EBUS-GS and CT-TTNA were 
recorded. Propensity score matching(PSM) was used to eliminate the intergroup bias. Diagnostic yields and 
complications of two groups were compared. Subgroup analysis was performed to conclude the indications 
of different procedures.
Results: A total of 187 patients (CT-TTNA: 130; EBUS-GS: 57) were enrolled. After propensity score 
matching, 54 paired patients were included. Diagnostic yield was 81% (44/54) for EBUS-GS and 87% (47/54) 
for CT-TTNA (P=0.43), respectively. Diagnostic sensitivity in malignancy was 93% (42/45) for CT-TTNA 
and 79% (37/47) for EUBS-GS (P=0.04). Subgroup analysis revealed that the sensitivity of CT-TTNA was 
significantly higher in diagnosing of lesions close to the chest wall (100% vs. 80%, P=0.04), and bronchus 
sign on CT was a predictive factor for accurate diagnosis by EBUS-GS. The overall complication rate was 
13% (7/54) for CT-TTNA group, which was not significantly higher than that of EBUS-GS group (2%, 
P=0.06). Subgroup analysis showed that patients combined with pulmonary comorbidities and lesions apart 
from chest wall were risk factors for complications of CT-TTNA.
Conclusions: Both of the two procedures are effective for the diagnosis of PPLs, but CT-TTNA has a 
higher diagnostic sensitivity for malignancy. EBUS-GS has fewer complications, and it is more suitable for 
patients combined with pulmonary comorbidities and lesions with bronchus signs.
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Introduction

Lung cancer is the leading cause of cancer-related death 
worldwide (1). With the wide use of computed tomography 
(CT), more and more peripheral pulmonary lesions (PPLs) 
are found during population-based screening program (2).  
It is necessary to get a histological diagnosis of newly 
emerged PPLs in order to treat the patient appropriately. 
Presently, CT-guided transthoracic needle aspiration 
(CT-TTNA) is widely used in the histological diagnosis 
of PPLs and its sensitivity for diagnosing lung cancer 
remains as high as 90% (3). Meanwhile, the relatively high 
rate of complications such as pneumothorax, hemoptysis, 
pulmonary hemorrhage and poor tolerance in patients 
should not be overlooked (3,4).

In 2004, Kurimoto et al. (5) first reported the use of 
endobronchial ultrasonography with guide sheath (EBUS-GS)  
in diagnosing PPLs, and the sensitivity of EBUS-GS was 
81%. The following studies reported that the diagnostic 
yield of EBUS-GS for PPLs was between 57% and 90%, 
and it was proved to be a safe procedure with low rate of 
pneumothorax and hemoptysis (6-21). Till now there is 
only one randomized controlled study (22) comparing the 
two procedures. However, the study did not complete the 
enrollment of patients on schedule. It is controversial which 
is a better choice for diagnosing PPLs without enough 
evidence. Hence we conducted a retrospective analysis 
of a prospective registry with propensity score matching 
to compare the complications and diagnostic accuracy of 
EBUS-GS and CT-TTNA for diagnosing PPLs. In this 
study, we hypothesized that EBUS-GS was not inferior to 
CT-TTNA in diagnosing of PPLs, but the complication 
rate of EBUS-GS was lower than CT-TTNA.

Methods

Study design

This prospective registry study was approved by Ethics 
Committee of Peking University People’s Hospital. Patients 
with PPLs were consecutively divided into EBUS-GS 
group and CT-TTNA group according to patients’ intent 
to treatment. All patients were given informed consent. The 
primary endpoint was complication rates of EBUS-GS and 
CT-TTNA. Then the diagnostic yields and sensitivity were 
second endpoints. 

The inclusion criteria of the study were as follows: 
(I) PPLs presented as nodule or mass in the outer 1/3 
pulmonary field on CT imaging, invisible under routine 

bronchoscope; (II) no pathological results were obtained 
before biopsy procedure. The exclusion criteria were: (I) 
presence of contraindications for EBUS-GS or CT-TTNA;  
(II) lesions presented as exudative or consolidation in 
CT imaging; (III) presence of complications such as 
pneumothorax or pleural effusion. 

The diagnostic results were recorded as positive when 
they were malignant or consistent with the following 
operational histological results. If the patient did not 
undergo surgical treatment, the results would be decided 
by the following diagnostic treatment or imaging follow-
up. The diagnostic value was determined by sensitivity, 
specificity, and accordance rate. 

Equipment and procedure technique

The equipment for EBUS-GS included bronchoscope  
BF-P260F (Olympus, Tokyo, Japan), endobronchial 
ultrasonic system EU-M30S (Olympus, Tokyo, Japan), 
ultrasonic probe UM-S20-17S (Olympus, Tokyo, Japan), 
and guide sheath kit K201 (Olympus, Tokyo, Japan). 
The EBUS-GS biopsy procedure was performed by 
an experienced thoracic surgeon. The patient was in 
supine position, under general anesthesia, and provided 
ventilation through laryngeal mask. First, the operator 
placed bronchoscope into the bronchus of interest, inserted 
the probe covered with guided sheath through a work 
channel. Later, adjusted the bronchoscope and probe 
to obtain classical ultrasonic graphs. The assistant fixed 
the bronchoscope, pulled the probe out, and placed the 
brush and biopsy forceps into the guide sheath for biopsy, 
respectively. This process was assisted by X-ray fluoroscope. 
The specimen was sent for cytology and histological 
pathology diagnosis.

In terms of CT-TTNA, the main devices of CT-TTNA 
included Lightspeed VCT 64 spiral CT (GE Co., US) and 
Quick Core Suit (COOK Co., US). The outer diameter of 
the needle was 18G and the needle was fired manually. The 
procedure of CT-TTNA in our study were as follows: (I) 
The patient was located in supine, lateral or prone position 
depended on the location of lesion, and lidocaine was 
used for local anesthesia; (II) the patient received the first 
CT scan to mark the lesion on the skin and the surgeon 
measured the distance from chest wall to the lesion; (III) 
the surgeon inserted the needle according to the preset 
angle and depth, then the patient underwent the second CT 
scan and the operator modified the angle of the needle; (IV) 
firing the needle gun and repeating biopsy. The specimen 
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was sent for histological pathology diagnosis.

Statistical analysis

Patients’ characteristics and perioperative data were 
compared by using Student’s t-test, Pearson χ2 test, and 
Fisher’s exact test. In order to eliminate the intergroup 
bias, age, gender, tumor size, depth of lesions from the 
chest wall, and pulmonary comorbidity were used during 

propensity scores matching (1:1). Two-tailed P values 
of 0.05 were considered as statistically significant. SPSS 
19.0 software (SPSS Inc., Chicago, IL, USA) was used to 
perform statistical analyses.

Results

From June 2014 to December 2015, 187 consecutive 
patients were prospectively registered in this study, of 
which 57 patients underwent EBUS-GS and 130 patients 
underwent CT-TTNA. We conducted a retrospective 
analysis with propensity score matching of age, gender, 
preoperative pulmonary comorbidity, tumor size, and depth 
of lesions from the chest wall. 54 paired patients were 
obtained in each group. The baseline data were comparable 
between the two groups after matched (Table 1). More 
than 70% patients were diagnosed as adenocarcinoma and 
squamous carcinoma in two groups. Benign diseases were 
17% (9/54) in CT-TTNA and 13% (7/54) in EBUS-GS 
respectively (Table 2). 

The overall diagnostic yield was 81% (44/54) for EBUS-
GS and 87% (47/54) for CT-TTNA. The difference 
was not statistically significant (χ2=0.628, P=0.428). The 
sensitivity for malignancy was 79% (37/47) for EBUS-GS 
and 93% (42/45) for CT-TTNA (P=0.04). Similarly, the 
false negative rate of CT-TTNA were significantly lower 
than the EBUS-GS (CT-TTNA: 7% vs. EBUS-GS: 21%, 

Table 2 Pathological results and disease constitutes of CT-TTNA 
and EBUS-GS

Pathological results CT-TTNA EBUS-GS P

Malignant 45, 83% 47, 87% 0.588

Adenocarcinoma 24 35

Squamous carcinoma 15 5

Metastatic tumor 2 2

Others 4 5

Benign 9, 17% 7, 13% 0.588

Tuberculosis 2 3

Fungal infection 2 1

Granuloma without necrosis 0 1

Other inflammation disease 5 2

Table 1 Baseline data of two groups

Patients details

Pre-PSM Post-PSM

CT-TTNA 
(n=130)

EBUS-GS 
(n=57)

T or χ2 P
CT-TTNA 

(n=54)
EBUS-GS 

(n=54)
T or χ2 P

Gender 6.420 0.011 1.820 0.177

Men 85 26 32 25

Women 45 31 22 29

Age (years) 62.3±13.3 63.3±10.0 −0.519 0.605 64.0±12.1 63.7±10.1 0.179 0.858

Pulmonary comorbidity 6.012
0.014

0.497 0.481

No 84 47 41 44

Yes 46 10 13 10

Depth of lesion (mm) 0 (0–10.0) 9.22 (0–15.9) Mann-Whitney U test 0.001 0 (0–10.0) 8.4 (0–15.0) Mann-Whitney U test 0.379

Size of lesion  (cm) 4.2±1.6 3.7±1.5 1.831 0.069 4.0±1.6 3.8±1.5 0.425 0.672

CT-TTNA, computed tomography-guided transthoracic needle aspiration; EBUS-GS, endobronchial ultrasonography with a guide sheath; 
PSM, propensity score matching.
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P=0.04). The specificity and positive predictive value was 
100% in both groups.

In the subgroup analysis of diagnostic yield between the 
two groups, the diagnostic sensitivity of lesions close to 
the chest wall was significantly higher in CT-TTNA than 
in EBUS-GS (100% vs. 80%, P=0.04), similar result was 
seen when tumor located in lower lobe (Table 3). Factors, 
which would probably influence the diagnostic accuracy of 
EBUS-GS, such as lesion size, distance of lesion to chest 
wall, location, bronchus sign in CT scan, assistance of 
fluoroscopy, and probe location, were analyzed in logistic 
regression. The result revealed that bronchus sign in CT 
scan and probe located in the tumor could increase the 
diagnostic accuracy of EBUS-GS (Table 4).

Considering the complications, only one case of 
hemoptysis after EBUS-GS was observed, and the patient 
was cured by hemocoagulase. No other complications 
occurred in EBUS-GS group. Hence, the complication rate 
was 2% (1/54) for EBUS-GS. Meanwhile, the complication 
rate of CT-TTNA was 13% (7/54), which included 5 cases  
of pneumothorax and 2 cases of hemoptysis. Two of the five 
pneumothorax patients received thoracic closed drainage 
and another three were treated by oxygen therapy and close 
monitoring. Two cases of hemoptysis received hemocoagulase. 
However the complication rate of CT-TTNA was not 
significantly higher than that of EBUS-GS (P=0.06).

Subgroup analysis of complication rates showed that 
when the lesions were ≤4 cm or apart from the chest wall, 
the complication rate for CT-TTNA was significantly 
higher than EBUS-GS (Table 5). However, there were 
no significant differences when comparing complication 
rates of the two groups with pulmonary comorbidity 
and different tumor locations. In the CT-TTNA group, 
multivariate logistic analysis showed that the lesion close to 
the chest wall and pulmonary comorbidity were risk factors 
of occurring complications (Table 6).

Discussion

An ideal method comparing EBUS-GS and CT-TTNA 
should be a self-control study. But such designed study could 
hardly meet the requirement of ethical board and is difficult 
to carry out. In 2012, a randomized controlled study (22) 
reported that the sensitivity of EBUS-GS was comparable 

Table 3 Subgroup analysis of diagnostic yields between CT-TTNA and EBUS-GS for lung malignancies

Factors CT-TTNA EBUS-GS χ2 P*

Distance to chest wall (mm)

0 22/22 100% 16/20 80% – 0.043

>0 20/23 87% 21/27 78% – 0.479

Lesion size (cm)

≤3 cm 14/16 88% 10/15 67% – 0.220

>3 cm 28/29 97% 27/32 84% – 0.198

Tumor location

Upper or middle lobe 19/21 90% 26/31 84% – 0.687

Lower lobe 23/24 96% 11/16 69% – 0.029

*, by Fisher exact probability. CT-TTNA, computed tomography guided transthoracic needle aspiration; EBUS-GS, endobronchial 
ultrasonography with guide sheath.

Table 4 Logistic analysis of factors influencing diagnostic yields of 
EBUS-GS

Factors OR
95% confidence 
intervals of OR

P

Lesion size 0.997 0.953 1.043 0.890

Distance to chest wall 0.977 0.918 1.041 0.473

Tumor location 0.375 0.092 1.530 0.172

Bronchus sign in CT 7.000 1.539 31.843 0.012

Assistance of fluoroscopy 1.029 0.185 5.709 0.974

Probe location 9.538 1.779 51.148 0.008

EBUS-GS, endobronchial ultrasonography with guide sheath; 
OR, odd rate.
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to CT-TTNA in diagnosing lung malignant nodules, but 
it did not summon enough patients on schedule to draw a 
more persuasive conclusion. In our prospective registered 
study, patients with PPLs were divided into EBUS-GS 
group and CT-TTNA group according to patients’ intent 
to treatment, and then we conducted a retrospective analysis 
with PSM. Patients of the two groups were matched by 
propensity score. The main reason for using retrospective 
analysis with PSM instead of a randomized designed study 
was to simplify the research process and speed up patients 
enrollment.

After PSM, patients’ age, tumor size, depth from chest 
wall, and pulmonary comorbidity were comparable between 

two groups. For all diseases, the diagnostic yield of EBUS-GS  
was comparable to CT-TTNA statistically. However, 
the diagnostic sensitivity was higher for CT-TTNA in 
malignancy. Subgroup analysis showed that CT-TTNA 
had a relatively higher sensitivity in diagnosis of PPLs 
close to chest wall or located in lower lobe. The size of the 
lesion did not significantly affected the diagnostic accuracy 
between two groups. The above results indicated that both 
of the two procedures were effective in the diagnosis of 
peripheral pulmonary lesions, but for malignant tumors, 
CT-TTNA had higher sensitivity. Reasons accounting for 
this result were probably as follows. Firstly, CT had a more 
precise positioning accuracy than ultrasound, meanwhile 
EBUS-GS biopsy cannot be monitored in real time. On 
the other hand, it was hardly for forceps to reach inside the 
tumors and the tissue volume grasped by forceps may be not 
enough to get an effective pathological diagnosis. On the 
contrary, the needle was easy to reach the core of a lesion 
and could get more tissue for diagnosis. Given the above 
deficiencies, the sensitivity of EBUS-GS for lung cancer 
was 79%, which was a relatively satisfactory diagnostic 
process for PPLs. In addition, if the lesion had a bronchus 
sign on CT scan, the diagnostic sensitivity could be as high 
as 94%, which was similar to CT-TTNA. Many previous 
studies (5,7,14-16) also suggested that bronchus sign or 
the probe located in the center of the lesion were positive 

Table 6 Factors influencing complications of CT-TTNA

Factors OR
95% confidence 
intervals of OR

P

Lesion size 0.997 0.947 1.050 0.919

Distance to chest wall 1.070 1.001 1.144 0.047

Tumor location 0.882 0.591 1.317 0.540

Pulmonary comorbidity 5.630 1.066 29.729 0.042

CT-TTNA, computed tomography guided transthoracic needle 
aspiration; OR, odd rate.

Table 5 Subgroup analysis of complication rates between CT-TTNA and EBUS-GS

Factors CT-TTNA EBUS-GS χ2 P*

Distance to chest wall (mm)

0 2/29 7% 1/22 5% – 1.000

>0 5/25 20% 0/32 0 – 0.013

Pulmonary comorbidity

Yes 4/13 31% 0/10 0 – 0.104

No 3/41 7% 1/44 2% – 0.349

Lesion size (cm)

≤4 cm 4/31 13% 0/34 0 – 0.046

>4 cm 3/24 13% 1/20 5% – 0.614

Tumor location

Upper or middle lobe 4/25 16% 1/37 3% – 0.148

Lower lobe 3/29 10% 0/17 0 – 0.286

*, by Fisher exact probability. CT-TTNA, computed tomography guided transthoracic needle aspiration; EBUS-GS, endobronchial 
ultrasonography with guide sheath.
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factors for a higher diagnostic yields of EBUS-GS. Besides, 
the application of virtual bronchoscope and electromagnetic 
navigation bronchoscope could assist the probe to reach the 
target lesion and improve diagnostic accuracy (23-25).

The complication rate of EBUS-GS was 2%, which was 
not significantly lower than CT-TTNA (13%) in this study. 
However, we can see the difference directly. It should be the 
relatively small of sample size why the complication rates 
were not significantly different. Further, according to our 
clinical observation, the severity of complications between 
the two groups was not the same. In EBUS-GS group, 
the patient only had mild symptoms and the prognosis 
was fine. On the contrary, patients undergone CT-TTNA 
had relatively heavy complications which needed more 
complex treatment and more closely monitoring. In 2015, 
a retrospective study (10) analyzed complications caused by 
EBUS-GS in 965 patients. The total complication rate was 
1.3%, pneumothorax was 0.8% and pneumonia was 0.5%. 
No arrhythmia, hypotension, hypoxemia occurred during 
EBUS-GS procedures. A randomized trail from Fielding 
D.I. (22) also proved that EBUS-GS was a relatively safe 
procedure.

Subgroup analysis of complications revealed that when 
the lesion was apart from the chest wall, the complication 
rate of CT-TTNA was significantly higher than EBUS-
GS. Meanwhile, intergroup analysis of CT-TTNA group 
showed that pulmonary comorbidity and deep lesions were 
associated with high complications of CT-TTNA. Heyer (26)  
reported that a small and deep nodule meant a relatively 
high risk of pneumothorax, and the existence of emphysema 
was a predictor for pulmonary hemorrhage. Laurent F (27) 
confirmed that a deeper depth was independent risk factor 
for pneumothorax. These conclusions were consistent with 
this study. Therefore, it was recommended that CT-TTNA 
should be avoided if the lesion was not close to the chest 
wall and if a patient has pulmonary comorbidity, such as 
emphysema and interstitial lung disease.

The present study has some limitations. First, it was hard 
to completely eliminate the selection bias caused by the 
grouping of patients, in spite of the usage of PSM. Second, 
more patients are needed to fulfill the subgroup analysis 
divided by PPLs’ size.

Conclusions

Both EBUS-GS and CT-TTNA are effective in diagnosis 
of PPLs, but the sensitivity for malignancy is higher in 
CT-TTNA. EBUS-GS has fewer complications, which is 

suitable for patients combined with pulmonary diseases and 
lesions with bronchus signs. CT-TTNA is appropriate for 
lesions close to chest wall.
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