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Abstract

Background: To investigate the value of endobronchial ultrasound (EBUS) and virtual bronchoscopic navigation
(VBN) combined with rapid on-site evaluation (ROSE) in diagnosing peripheral pulmonary lesions (PPLs).

Methods: Between January 1st 2019 to September 1st 2021, EBUS and VBN examination were performed in
expected consecutive patients with PPLs who were admitted to Zhangzhou Affiliated Hospital of Fujian Medical
University (Fujian, China). Finally, based on the calculation of expected diagnostic yield of R-EBUS biopsy and drop out,
198 eligible patients were randomly divided into ROSE group (100 cases) and non-ROSE group (98 cases). The diag-
nostic yield of brushing and biopsy, the complications, the procedure time, the diagnosis time and expense during
diagnosis were analyzed.

Results: In the ROSE group, the positive rate of EBUS brushing and biopsy were 68%, 84%, respectively. The aver-
age procedure time and diagnosis time were 18.6 +-6.8 min, 3.84 +4.28 days, respectively, and the average expense
was 643.44 +706.56 US.S$ (4093.15 +4494.67 yuan ¥). In the controls, the positive rate of brushing and biopsy were
44%, 74%, respectively. The average procedure time and diagnosis time were 154 4 5.7 min, 6.46 + 3.66 days, respec-
tively. And the average expense during diagnosis was 1009.27 +713.89 US.$ (6420.28 +4541.33 yuan ¥). There was
significant difference in the positive rate of EBUS brushing and biopsy, diagnosis time and expense during diagnosis
between both groups. And no significant difference was observed in the complications and the procedure time.
Additionally, the impact of ROSE on diagnostic yield in right upper lobe and the size of lesion <2 cm in diameter was
significant.

Conclusion: In combination with ROSE, EBUS could significantly improve the positive rate of diagnosing PPLs,

shorten diagnosis time and reduce expense during diagnosis. ROSE will be of great importance in the diagnosis of
PPLs and medical resource.
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Background

Peripheral pulmonary lesions (PPLs) refer to lesions
that are located in the subsegmental bronchi and can-
not be visualized directly by bronchoscopy [1]. With the
widespread application of computer tomography (CT),
PPLs have been increasingly detected [2]. It is becoming
increasingly apparent that transbronchial biopsy (TBB)
has become an important method for obtaining specimen
from PPLs, however, the diagnostic yield widely ranges
from 36 to 76% [2—5]. The diagnosis of PPLs is still dif-
ficult because of its anatomic location far from segmental
bronchus, which is unable to reach the lesion by routine
bronchoscopy [3]. Particularly, pathological diagnosis
was clinically important for those patients with benign
PPLs including tuberculosis and pulmonary fungal dis-
eases that can be distinguished from malignant lesions,
which could avoid unnecessary operations and reduce
medical expenses. Indeed, lung cancer as the most com-
mon PPLs is the leading cause of cancer-related death
worldwide [4]. In recent years, radial endobronchial
ultrasound (R-EBUS) emerged as a powerful tool during
TBB and brushing in PPLs, and it led to the improvement
of the diagnostic yield [5].

On the other hand, rapid on-site evaluation (ROSE)
introduced by Park could help to quickly evaluate the
satisfied specimen, form a preliminary diagnosis and
guide the TBB operation in real time [6]. An emerging
body of evidence indicates that the use of ROSE during
endobronchial ultrasound-guided transbronchial nee-
dle aspiration (EBUS-TBNA) is a minimally invasive and
highly accurate modality for the diagnosis of lymph node
metastasis in lung cancer [7, 8]. Based on ROSE, EBUS-
TBNA significantly reduced the number of needle passes
and complication rates [9], which can contribute to cost
savings in the medical system [10]. Actually, a high con-
cordance rate was reported between ROSE and histologic
diagnosis [11].

However, little was known about whether the utility
of ROSE can affect the diagnostic yield of EBUS TBB in
PPLs [12-14]. Subject to the relatively small size of sam-
ple [12] and the cohort design [13, 14], so the inference
should be interpreted with caution. Additionally, the
current data regarding whether several factors such as
location and size of lesion [15, 16], inadequate specimen
collection affecting the diagnostic yields of EBUS TBB in
PPLs [17] remain confirmed.

The aim of this study was to evaluate the value of
R-EBUS in combination with ROSE in diagnosing PPLs

and explore factors that can influence the diagnostic
yields.

Methods

Participants

This was a prospective randomized, controlled trial
(RCT). Between January 1st 2019 to September 1st
2021, EBUS and virtual bronchoscopic navigation (VBN)
examination were performed in expected consecutive
patients with PPLs who were admitted to Zhangzhou
Affiliated Hospital of Fujian Medical University (Fujian,
China). According to the endpoint designed before we
started the study, based on the expected diagnostic yield
of R-EBUS biopsy in ROSE group and non-ROSE group
reported previously [13, 18] and a potential dropout rate
of 5%, we performed the PASS version 21.0 to calculate
the suitable sample size. Finally, 198 eligible patients were
randomly divided into ROSE group (100 cases) and non-
ROSE group (98 cases) based on a web-based randomiza-
tion system (https://www.jq22.com/webqd4314).

. PPLs were defined as lesions surrounded by pulmo-
nary parenchyma and endoscopically invisible (no evi-
dence of endobronchial lesion, extrinsic compression,
submucosal tumor, narrowing, inflammation, or bleed-
ing of the bronchus) [19]. Inclusion criteria: chest CT
revealed PPLs which was less than or equal to 3 cm in
diameter. Exclusion criteria: severe emphysema, multi-
ple or single bullae in lung parenchyma near to pulmo-
nary lesions, cardiac or pulmonary function insufficiency,
hemorrhagic diseases or coagulation disorders, and men-
tal disorder, pregnant women, unable to stop anti-platelet
aggregation drugs, patients with advanced peripheral
lung cancer and other conditions that cannot cooperate
with bronchoscopy.

The study was approved by the ethical committee of
Zhangzhou Affiliated Hospital of Fujian Medical Uni-
versity (ethics approval no. Zzsyy-2017-1116), and all
patients provided informed written consent.

Biopsy procedure by EBUS and VBN

The location of the bronchus leading to the lesion was
designed by VBN in advance (Ziostation2; Ziosoft Ltd,
Tokyo, Japan; LungPoint; Bronchus Ltd, Mountain View,
CA, USA; or DirectPath, Olympus Ltd, Tokyo, Japan).
Bronchoscopy was performed applying a fiberoptic
bronchoscope (BF-260, Olympus, Japan) in combination
with the R-EBUS (20 MHz mechanical-radial type, UM-
S$20-20R or UM-S20-17S; Olympus, Japan) and guide
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sheath (GS) kit (K-201 or K-203; Olympus, Japan). The
scope was inserted through the oral route, and each pro-
cedure was performed under local anesthesia with intra-
venous administration of midazolam for mild sedation.
X-ray fluoroscopy (VersiFlex VISTA, Hitachi, Japan) was
applied to guide the insertion of the R-EBUS probe with
GS through the working channel of the bronchoscope
until the target site was reached.

After determining the location of the R-EBUS probe
and GS within a target lesion, brushing and TBB cytol-
ogy were performed for specimen collection. When
the R-EBUS probe was adjacent to or outside the target
lesion, the bronchus closest to the PPLs was meticulously
searched under fluoroscopy prior to collecting specimen.
X-ray fluoroscopy guidance was applied during biopsy
and brushing sampling, as well as during removal of the
GS after sampling. The number of R-EBUS attempts per
lesion is less than 5 times and the target value for the
number of biopsies is less than 3 times [20]. The proce-
dure time was measured based on the interval between
insertion and removal of the bronchoscope through the
vocal cords. The diagnosis time was measured based
on the interval between the R-EBUS operation to final
pathological diagnosis. And the expense during diagno-
sis indicated the costs between the R-EBUS operation to
final pathological diagnosis.

Rapid on-site specimen evaluation
The material obtained from bronchoscopic biopsy or
brushing, was immediately expressed onto numbered
glass slides. Diagnostic ROSE specimens were char-
acterised as those clearly demonstrating the typical
cytological features of malignancy and inflammation.
Non-diagnostic specimens were those where ROSE failed
to convincingly demonstrate these features, including
where specimens demonstrated only the appearance
of benign epithelial cells or where specimens demon-
strated a paucity of malignant cells (e.g.<10 groups of
>5 cells). And bronchoscopy was terminated if ROSE
demonstrated diagnostic material. Non-diagnostic rapid
on-site examination resulted in further bronchoscopic
sampling. What is universally noted is that maximal yield
is achieved by a combination of techniques [21, 22]. In
agreement with previous study [14], for those unsatis-
fied or non-diagnostic sample with brushing, especially
for those deep lesions, further biopsy specimens were
repeatedly rolled on the slide to obtain bronchial mucosal
cells and performed with ROSE. It is necessary to per-
formed ROSE with a biopsy sample, which is an impor-
tant increment in diagnostic yield.

Diff stain was applied for specimen staining (Diff-
Quik; Sysmex Ltd. Kobe, Japan). The stained slide was
screened by the same experienced cytopathologist, who
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continuously reported the findings in real time and
announced when sufficient diagnostic material had been
obtained for a provisional diagnosis. The bronchoscopist
modified or terminated the sampling process according
to the information provided by the cytopathologist. Then
tissue biopsy samples were placed in 10% formalin and
were embedded in paraffin for routine histologic evalua-
tion on hematoxylin and eosin staining.

Positive diagnostic criteria for ROSE: (1) The ROSE
cytology showed cancer cells and nuclear heterogene-
ous cells; (2) The ROSE reported neutrophils, and lesions
absorbed after anti-infective treatment; (3) The ROSE
showed lymphocytes and other inflammatory cells.

For those non-diagnostic patients, the final diagnosis
was determined through additional medical examina-
tions such as CT-guided percutaneous lung biopsy, surgi-
cal biopsy or anti-infection, anti-tuberculosis therapy and
follow-up for at least 6 months.

Evaluation of complication

Complications are considered as follows: severe bleed-
ing (bleeding volume>50 ml), pneumothorax, malig-
nant arrhythmia, lidocaine poisoning, monitoring blood
oxygen saturation<90%, blood pressure greater than
180/120 mmHg or less than 90/60 mmHg, consciousness
disorder or other adverse events.

Endpoint and statistical analysis

The Primary outcome was the diagnostic yield of R-EBUS
brushing and biopsy. Second outcome was bronchoscopy
complications, the procedure time and diagnosis time.
Before starting the study, we set the expected diagnostic
yield of R-EBUS biopsy in ROSE group and a potential
dropout rate based on previous reports. And we used the
PASS version 21.0 to calculate the expected sample size.
SPSS version 20.0 (SPSS, Inc., Armonk, NY, USA) was
applied for statistical analyses. All variables were evalu-
ated for normal distribution prior to analysis. Non-nor-
mally distributed continuous variables were expressed
as the median (Md) and interquartile range (IQR), using
Kruskal-Wallis H (K) for multiple-group comparison.
Normally distributed data were expressed as mean= SD,
using a Student’s ¢ test or one-way ANOVA for compari-
son. Each nodule attempt was characterized as successful
or unsuccessful, based on the definitions provided above
for the primary and secondary outcomes. Categorical
variables including study outcomes were presented as
number (percentage). A comparison of study outcomes
between ROSE group and non-ROSE group was done
using the chi-square test or Fisher’s exact test. Differ-
ences were considered to indicate significance if a p value
was < 0.05.
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Result

Clinical characteristics of patients

Table 1 shows that there are 198 subjects enrolled in
this study, including 116 male patients and 82 female
patients; the average diameter of the lesions in the
ROSE group is 2.841+2.28 cm, and the control group is
2.48 £2.66 cm. There were 87 cases of lung tumors and
7 cases of pulmonary tuberculosis in the ROSE group,
83 cases of lung tumors and 8 cases of pulmonary
tuberculosis in the non-ROSE group. No significant dif-
ference in lesion size, location of lesion and composi-
tion of disease was observed between both groups.

Table 1 analysis of clinical characteristics in the study

Characteristics ROSE Group Non-ROSE Group p value

n 100 98

Age (year) 45234+1034 46.171+£1224 0.675
Sex (male/female) 59/40 57/42 0.847
Diameter (cm) 2844228 2484266 0.801
Location of lesion

Right upper lobe 18 (18%) 21 (21.4%) 0.623
Right middle lobe 16 (16%) 15 (15.3%) 0.808
Right lower lobe 24 (24%) 22 (22.4%) 0.821
Left upper lobe 22 (22%) 18 (18.7%) 0.693
Left lower lobe 20 (20%) 22 (22.4%) 0.721
Final pathological diagnosis

Adenocarcinoma 75 (75%) 74 (75.5%) 0.808
Squamous carcinoma 5(5%) 4 (4.1%) 0.723
NSCLC, not otherwise 2 (2%) 2 (2.1%) 0.921
specified

Carcinoid 2 (2%) 2 (2.1%) 0.921
Metastatic malignancy 3 (3%) 1(1.0%) 0621
Benign

Tuberculosis 7 (7%) 8 (8.2%) 0.813
Pulmonary aspergillosis 4 (4%) 5(5.1%) 0.723
Others 2 (2%) 2(2.1%) 0.921

Normally distributed data were expressed as mean + SD, using a Student’s t test
for comparison. Categorical variables were presented as number (percentage),
using the chi-square test or Fisher’s exact test when compared. Differences were
considered to indicate significance if a p value was < 0.05

ROSE, rapid on-site evaluation; NSCLC, non small cell lung cancer
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The impact of ROSE on the diagnostic yield of R-EBUS
brushing and biopsy

Table 2 indicates that the positive rate of brushing in the
ROSE group is 68%, and the control group is 44%. The
positive rate of biopsy in the ROSE group is 84%, and the
controls is 74%. The differences in the diagnostic yield of
R-EBUS brushing and biopsy between both groups were
significant.

The impact of ROSE on bronchoscopy complications
Table 3 shows 2 cases of severe bleeding in ROSE group,
and there is no significant difference in the incidence of
bronchoscopy complications between both groups.

The impact of ROSE on the procedure time and diagnosis
time

Table 4 shows that the average procedure time in the
ROSE group is 18.6+6.8 min, and the control group
is 15.445.7 min. There was no significant difference
in both groups. And the average diagnosis time in the
ROSE group was 3.84+4.28 days, and the controls was
6.46 +3.66 days. Significant difference was observed in
both groups.

The impact of ROSE on the expense during diagnosis

Table 5 shows that the average expense during diag-
nosis in the ROSE group is 643.44+706.56 US.$
(4093.151+4494.67 yuan ¥), and the control group is
1009.27 +713.89 US.$ (6420.28 £4541.33 yuan ¥). There
was statistically significant difference.

Table 3 Differerce in  the incidence
complications between both groups

of bronchoscopy

ROSE Group Non-ROSE X2 p value
Group
n 100 98
Positive cases 2 0
Incidence 2% 0% 0.990 0320

Categorical variables were presented as number (percentage), using the chi-
square test or Fisher's exact test when compared. Differences were considered
to indicate significance if a p value was < 0.05

ROSE, rapid on-site evaluation

Table 2 Difference in the diagnostic yield of R-EBUS brushing and biopsy in PPLs between both groups

ROSE Group Non-ROSE Group X2 p value
Diagnostic yield of brushing 68/100 (68%) 44/98 (44.9%) 19.05 0.000
Diagnostic yield of biopsy 84/100 (84%) 75/98 (75.5%) 8.7 0.001

Categorical variables were presented as number (percentage), using the chi-square test or Fisher’s exact test when compared. Differences were considered to indicate

significance if a p value was < 0.05

ROSE, rapid on-site evaluation; PPLs, peripheral lung lesions; R-EBUS, radial endobronchial ultrasound
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Table 4 Difference in the procedure time and diagnosis time
between both groups

ROSE Group Non-ROSE Group  pvalue
n 100 98
Procedure time(min) 186+6.8 154457 0.231
Diagnosis time(days) 3844428 6.46 4 3.66 0.001

Normally distributed data were expressed as mean + SD, using a Student’s t test
for comparison. Differences were considered to indicate significance if a p value
was <0.05

ROSE, rapid on-site evaluation

Table 5 Difference in the expense during diagnosis between
both groups

ROSE Group Non-ROSE Group p value
n 100 98
Expense (US.$) 643.441706.56 1009.27 +713.89 0.011

Normally distributed data were expressed as mean =+ SD, using a Student’s t test
for comparison. Differences were considered to indicate significance if a p value
was < 0.05. ROSE: rapid on-site evaluation

Table 6 Diagnostic yield related to location and size of the
lesion between both groups

Variables Diagnostic yield (%) X2 p value
ROSE Group Non-ROSE Group
Location of lesion
Right upper lobe 18/20(90%)  13/22(59.1%) 0.505 0.047
Right middle lobe  14/16 (87.5%) 14/16 (87.5%) 0.00  1.000
Right lower lobe 20/22 (90.9%) 14/18 (77.7%) 0636 0425
Left upper lobe 15/23 (65.2%) 15/25 (60%) 0.221 0638
Left lower lobe 15/19 (78.9%) 13/17 (76.5%) 0469 0493
Size of lesion (cm)
<2
Brushing 24/48 (50%)  12/46 (26.1%) 4117 0035
Total diagnostic  36/48 (75%) 26/46 (56.5%) 0.983 0.042
yield
>2
Brushing 44/52 (84.6%) 40/52 (76.9%) 2782 0213
Total diagnostic  50/52 (96.1%) 48/52 (88.9%) 1.020 0572

yield

Categorical variables were presented as number (percentage), using the chi-
square test or Fisher’s exact test when compared. Differences were considered
to indicate significance if a p value was <0.05

ROSE, rapid on-site evaluation

The impact of ROSE on diagnostic yield related to location
and size of the lesion between both groups

Table 6 shows that the diagnostic yield of TBB in right
upper lobe in the ROSE group is significantly higher
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than the controls. The significant difference was also
observed in the size of lesion <2 c¢m in diameter.

Discussion

Combined with VBN, the positive rate of EBUS TBB on
PPLs less than 2.0 cm in diameter could reach 44% [23].
Our study has confirmed the performance of ROSE that
it is likely to improve diagnostic yield especially for size
of lesion <2 cm. In disagreement with previous data sug-
gesting reduced operation time in ROSE group [12], we
reported that ROSE could shorten the diagnosis time,
and improve cost-effectiveness for R-EBUS patients. On
the basis of ROSE findings consistent with subsequent
final pathologic diagnosis, it supports our approach of
termination of procedure in the event of ROSE revealing
malignancy and inflammation without further sampling.

Particularly, ROSE has revealed clinical importance
in the diagnosis of lung tumors, lung nodules, mediasti-
num disease and other diseases [24]. Compared with the
controls [25], ROSE could reduce the number of unnec-
essary punctures by 33%, meanwhile, it could make
68% of patients succeed in one puncture during TBNA.
Although there were increasing researches on ROSE
with the widespread application of TBNA, unfortunately,
reports showed the controversial results [7, 26, 27].
Nakajima and his colleagues were in favor of our find-
ings that most patients with suspected lung cancer could
be diagnosed by lung biopsy pathology in combination
with ROSE, and the consistency between ROSE and the
final pathological diagnosis was 94.3% [26]. Conversely,
Griffin et al. found that ROSE did not increase the posi-
tive rate of EBUS-TBNA, and it also did not reduce the
number of punctures. Besides, ROSE increased expense,
labor and time waste [27]. Also, there was no significant
difference in diagnostic sensitivity and accuracy between
ROSE group and the controls [7]. And it is now accepted
that that ROSE could not increase the diagnostic yield of
TBNA or EBUS-TBNA for skilled operators [28].

To the best of our knowledge, limited data are avail-
able concerning the application of ROSE during R-EBUS
TBB in the diagnosis of PPLs [12—14, 18]. A prospective
RCT enrolling 152 patients with PPLs suggested that
ROSE could improve the diagnostic yield and shorten the
operation time. Meanwhile, no severe procedure related
complications were observed, such as pneumothorax and
hemorrhage [12]. The study was clearly in favor of our
results, however, we should note that the researchers did
not utilize brushing in the R-EBUS procedure, and the
difference in the incidence of hemorrhage between both
groups was signicant. In agreement with previous studies,
we found that the number of unsatisfactory specimens in
ROSE group decreased [14, 17], then the diagnostic yield
of PPLs based on ROSE especially malignant tumors was
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improved [23]. However, the study conducted by Stein-
fort did not include control group, so the limitation may
lead to some unnecessary bias [14]. Restricted to the
sample size [12] and the cohort design [13, 14], so the
conclusions should be discussed with caution.

Our findings demonstrated that ROSE could quickly
evaluate whether the samples obtained are satisfactory,
form a preliminary diagnosis in real time. Based on the
good consistency between ROSE and final diagnosis,
the positive result supported termination of procedure
without further sampling. It is obvious that EBUS com-
bined with ROSE can reduce the operation time [12, 18].
And the improvement of the efficiency of bronchoscopy
by ROSE can reduce the adverse physiological effects to
some degree [29] and incidence of second biopsy. Fur-
thermore, ROSE could show several neutrophils or mac-
rophages or tumor cells, then bacterial culture or detailed
biological characterization would be recommended
[30]. In disagreement with previous study [12], Our data
reported no significant difference in the operation time.
But the diagnosis time was significantly shorter in ROSE
group than the controls. Previous prospective, rand-
omized studies were performed to evaluated the impact
of ROSE in terms of cost-effectiveness including the need
for further specimen collection and procedure time.
Indeed, reduced overall costs were shown in the Utility of
ROSE of TBNA [17, 31]. Importantly, we firstly reported
the significantly decreased expense based on ROSE in
combination with EBUS biopsy. And we speculated that
the reduction of expense during diagnosis would be
responsible for the reduced cases including severe com-
plications and the chance of second biopsy, which con-
tributed to public health resources greatly [32].

The majority of data suggested that some factors may
affect the diagnostic yield of PPLs, such as the size of
lesions and the location of lesions and so on [33]. Par-
ticularly, we were supported that ROSE can signifi-
cantly improve the diagnostic yield of the lesions in
diameter <2.0 cm [12]. And it may be attributed to
the technical focus and tracheal structure reasons
[33], which highlighted the clinical importance of this
method in small lesions. On the other hand, supported
by Steinfort [14], we observed no association between
lesion size and ROSE outcome. Indeed, it should be
noted that it was a cohort study and size of lesions fluc-
tuated greatly. Besides, our study was in accordance
with previous researches that the diagnostic yield of
upper lobe was relatively low [34, 35]. We hypothesized
that the bending angle of the upper lobe branch is too
large, and the ultrasound probe is unable to stick to the
focus and the sampling tool cannot extend to the dis-
tant focus according to the path of the probe. Under the
guidance of ROSE, the extension path of biopsy forceps
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was modified to reach the lesion accurately, leading to
an improvement of diagnostic yield in difficult cases.
There are still some limitations in our findings. Firstly,
although our study was a prospective RCT, it was a
single-center design, the conclusion need to be inter-
preted with caution. Secondly, although we have set
the expected diagnostic rate from basic study data and
calculated the sample size before start of the study, it
should be noted that the expected diagnostic rate from
fewer previous studies may lead to some bias [13, 18].
Meanwhile the sample size of our study was relatively
small, so it needs to be expanded to reduce unnecessary
bias in the future. Thirdly, we applied the Diff-Quik
staining in our study, which is a modification of the
Wright—Giemsa stain, whereas other researches used
modified Shorr stain for slide preparations [36]. Dif-
ferent staining methods were reported to be associated
with varying sensitivity [37]. We may need a optimal
staining method for ROSE in future studies. Fourthly,
it may be a little different in every patients’ examination
and treatment before diagnosis, which led to some bias
in expense. In spite of this, it could still reflect every
patient’s cost during diagnosis to a certain degree.

Conclusions

In combination with ROSE, EBUS could increase the
diagnostic yield of PPLs, shorten the diagnosis time,
leading to a reduction of expense during diagnosis.
ROSE would be of importance in diagnosing PPLs and
medical burden.
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