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[ Abstract] Background and purpose: Transbronchial lung biopsy has the advantage of low complications. However the
diagnostic rate of conventional bronchoscopy is extremely low for peripheral pulmonary nodules. The current differences in the
diagnostic rate and safety of navigation techniques for improving the diagnosis rate of peripheral pulmonary nodules are not well
understood. Therefore, this study compared the diagnostic yield and safety of radial endobronchial ultrasound (R-EBUS), LungPro
Virtual Bronchoscopy Navigation System and combination of LungPro Virtual Bronchoscopy Navigation System and R-EBUS. At
the same time, usefulness of cytological rapid on-site evaluation (C-ROSE) for the diagnosis of peripheral pulmonary lesions was
evaluated. Methods: From Nov. 2018 to Apr. 2019, a total of 255 patients with pulmonary lesions who underwent bronchoscopy and
met the criteria of inclusion and exclusion in the Third Affiliated Hospital of Kunming were enrolled. The subjects were randomly
divided into one of three groups: radial endobronchial ultrasound group (R-EBUS group)(85 patients), LungPro Virtual Bronchoscopy
Navigation System group (LungPro group) (85 patients) and combination of LungPro Virtual Bronchoscopy Navigation System
and R-EBUS group (combined group) (85 patients). C-ROSE was carried out in these three groups. Sampling was performed by
transbronchial lung biopsy. The diagnostic yield, complications, procedure time and operative blood loss were observed. Results:
The diagnostic yields for peripheral pulmonary lesions of LungPro group and combined group were 85.9% (73/85) and 87.1% (74/85),
significantly higher than that of R-EBUS group [ 72.9%(62/85) ] (P<0.05). There was no significant difference in diagnostic
yield between LungPro group and combined group (P>0.05). The navigation time and operation time of R-EBUS group were
(11.34412.95) min and (28.3741.98)min, significantly longer than those of LungPro group [(3.72+0.71) min and (19.35+1.53)
min] and combined group [ (6.12+1.14) min and (21.00+1.97) min ] (P<<0.001). The navigation time and operation time of
LungPro group were shorter than those of combined group (P<0.001). The operative blood loss was (4.18 +1.42) mL in R-EBUS
group, (4.26+1.00) mL in LungPro group and (4.4141.19) mL in combined group. There was no significant difference in operative
blood loss among three groups (all P>0.05). Two cases of pneumothorax were observed in R-EBUS group, 2 cases of pneumothorax
and 1 case of pleural reaction were observed in LungPro group, and 1 case of pneumothorax was observed in combined group. No
severe adverse event occurred. The diagnostic accordance rate of C-ROSE was 83.9%. The diagnostic sensitivity, specificity, positive
predictive value and negative predictive value of C-ROSE were 83.7%, 84.3%, 87.9% and 79.1%, respectively. Conclusion: LungPro
Virtual Bronchoscopy Navigation System can help to improve the diagnostic yield for peripheral pulmonary lesions with a very low
complication rate, short navigation time and operation time. Combination of LungPro Virtual Bronchoscopy Navigation System and
C-ROSE can significantly improve specimen adequacy and decrease the number of biopsy and needle passes necessary to achieve an
adequate pathological diagnosis with lower complication rate.
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Tab. 1 Clinical characteristics of three groups of patients

LungPro Virtual Bronchoscopy =~ R-EBUS+ Virtual Bronchoscopy Fvalue /7 Pvalue

Characteristics R-EBUS group Navigation group Navigation group
Gender n 0.438 0.803
Male 53 56 52
Female 32 29 33
Agelyear 60.74+8.54 59.20t9.16 61.61£8.72 1.635 0.197
Lesion size //mm 18.58+5.13 18.2245.55 18.75+6.00 0.199 0.820
Lesion distance from pleura //mm 6.2+10.6 5.6+10.3 5.7+11.0 1.296 0.275
Lobe n 3.250 0.917
Right upper 15 17 19
Right middle 6 7 9
Right lower 23 19 20
Left upper 22 19 15
Left lower 19 23 22
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Tab.2 Comparison of navigation success rates in three groups

2

Group Case n Navigation success rates Navigation failure rates X P value
R-EBUS 85 69(81.2) 16(18.8) 9.196 0.012
LungPro Virtual Bronchoscopy Navigation 85 79(92.9) 6(7.1)

R-EBUSH+ Virtual Bronchoscopy Navigation 85 80(94.1) 5(5.9)

ORI RN, A FHURY) R T H G
B (P<0.05) , MM A B LungPro S it
HIR-EBUS+LungPro 3 2H 1Y Wi il 2 48 1 2 1=
FR-EBUS# (x°=5.221, P=0.038; x'=6.574,
P=0.018) , LungProZ{ 5R-EBUS+LungProZ{

SR R Z RG22 X (47=0.097,

P=0.755) .
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Tab.3 Comparison of navigation time, operation time and bleeding volume in three groups

Group Case n Navigation time #/min Operation time #/min Bleeding volume //mL
R-EBUS 85 11.344+12.95 28.37+1.98 4.18+1.42
LungPro Virtual Bronchoscopy Navigation 85 3.72+0.71" 19.3541.532 426+1.00
R-EBUS+Virtual Bronchoscopy Navigation 85 6.12+1.14°7 21.00+£1.97™ 441£1.19

F value 0.07 0.12 0.79

H: P<0.001, compared with R-EBUS group; ': P<0.05, compared with LungPro Virtual Bronchoscopy Navigation group; “: P<0.001, compared

with LungPro Virtual Bronchoscopy Navigation group

FARZE ANOVA . Newman-KeulsZ 7 i 7,
LungProH #1R-EBUS+LungProZH ) S i [l AT
B[] i K FR-EBUS4H (P<0.001) , LungProZi
2L TR-EBUS+LungPro4d (P=0.04) , 32H A1 1fil
WERLGIERE X (P>0.05)

24 Z=HHALREEEERLER

R-EBUSH &A= M2t (2.3%, 2/85) ,
LungProfH &4 W24 (2.3%, 2/85) , B
M1 (1.2%, 1/85) , R-EBUS+LungProZH %/
I (1.2%, 1/85) , oW HAb™ 8 IFAAE
FisherkG ik 10 i, 3H1IF LA kA F 22 7 T4
PeEE X (=1.055, P=0.874) .
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R-EBUSH T Be i ko S Z Ml 5 F- A A S5
PREE ARG A 25 SR 8 s R e B S 1451 (51/85,
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SE B RS WA WA R 234 (23/85,

27.1%) , Ja LM TF AR RS R G5 RIS
AEER B 130 (13/85, 153%) , RYEEHI0
5l (10/85, 11.8%) . LungProR:fidl L EHIHK:
B WA G B AG A2 ) T
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1 (8/85, 9.4%) . WA EE 1261 (12/85,

14.1% ), JEZMlE BT AR A R A 45 e
SR R 6 (6/85, T1% ) , BEEE 6
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B A BT ARA R R B R AR 45 R TR
MMER 65 (65/85, 76.5% ) , fhas R RAIER)
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(1185, 129%) , Ja&HEHET AR HAAR A
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Tab. 4 Pathological diagnosis of three groups

Diagnosis determined
(bronchial biopsies)

Diagnosis undetermined
(bronchial biopsies)

Group Case n . . . Malignancy Benign lesion
Malignancy Benign lesion (thoracoscopic (thoracoscopic
(thoracoscopic lung biopsy) (thoracoscopic lung biopsy) OScop SCop
lung biopsy) lung biopsy)
R-EBUS 85 51 11 13 10
LungPro Virtual
Bronchoscopy 85 65 8 6 6
Navigation
R-EBUS+LungPro
Virtual Bronchoscopy 85 65 9 5 6
Navigation

TREBERMRHE AR DR (£
5) , R-EBUSHXIili/NE 5 B2 W8 N 72.9%
(62/85) , LungPro:fii2H (112 Wi % 485.9%
(73/85) , R-EBUS+LungPro S:{Jii 41 (112 Wr
KH8T. A% (74/85) (1) , 34 Z X}
Ji| L BY i A AR 2 W R 2 R A Gt B X

(P<0.05) , PitiLL# 53 #71 7R, LungPro
S 4l FIR-EBUS+ LungProfiii 4l 2 W %
W EE TR-EBUSH (x°=4.353, P=0.037)
(£’=5.294, P=0.021) , {HLungProS:fii4l#1
R-EBUS+LungPro S i 2 2 [1] 22 5 o4t i1 2 X
(=0.050, P=0.823) .
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Tab.5 Diagnosis yield of three groups

Group Case n Malignant diagnosis yield Benign diagnosis yield Diagnosis yield
R-EBUS group 85 51/64 (79.7%) 11/21 (52.4%) 62/85 (72.9%)
LungPro Virtual Bronchoscopy Navigation 85 65/71 (91.5%) 8/14 (57.1%) 73/85 (85.9%)
R-EBUS+ LungPro Virtual Bronchoscopy Navigation 85 65/70 (92.9% ) 9/15 (60.0%) 74/85 (87.1%)
ba 6.724 0.216 7.055
P value 0.035 0.897 0.029

K FH A 96 0 LA IS W R K ML R
HATHHT (3R4) |, 3L [A]xF &) 24 i 50 A8
HSWrREFAGITFE X (P<0.05) , PIMLL
B kB, LungProSfiZH FTR-EBUS+LungPro
SHMAEELKRE EF & TFR-EBUSY
(1=3.916, P=0.048) (x’=4.987, P=0.026) ,
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ERIG I FE L (=0.084, P=0.772) . 34
Z [t JE R e A2 R AR IZ W 25 S o s
EY (P>005) .
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Tab. 6 Comparison of C-ROSE and pathological diagnosis
(n)

Pathological diagnosis
ROSE Total
Malignancy Non-malignancy

Malignancy 123 17 140

Non-malignancy 24 91 115

Total 147 108 255
33
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