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Abstract
Background  A 3.0-mm ultrathin bronchoscope (UTB) with a 1.7-mm working channel provides better accessibility 
to peripheral bronchi. A 4.0-mm thin bronchoscope with a larger 2.0-mm working channel facilitates the use of a 
guide sheath (GS), ensuring repeated sampling from the same location. The 1.1-mm ultrathin cryoprobe has a smaller 
diameter, overcoming the limitation of the size of biopsy instruments used with UTB. In this study, we compared the 
endobronchial ultrasound localization rate and diagnostic yield of peripheral lung lesions by cryobiopsy using UTB 
and thin bronchoscopy combined with GS.

Methods  We retrospectively evaluated 133 patients with peripheral pulmonary lesions with a diameter less than 
30 mm who underwent bronchoscopy with either thin bronchoscope or UTB from May 2019 to May 2023. A 3.0-mm 
UTB combined with rEBUS was used in the UTB group, whereas a 4.0-mm thin bronchoscope combined with rEBUS 
and GS was used for the thin bronchoscope group. A 1.1-mm ultrathin cryoprobe was used for cryobiopsy in the two 
groups.

Results  Among the 133 patients, peripheral pulmonary nodules in 85 subjects were visualized using r-EBUS. The 
ultrasound localization rate was significantly higher in the UTB group than in the thin bronchoscope group (96.0% 
vs. 44.6%, respectively; P < 0.001). The diagnostic yield of cryobiopsy specimens from the UTB group was significantly 
higher compared to the thin bronchoscope group (54.0% vs. 30.1%, respectively; p = 0.006). Univariate analysis 
demonstrated that the cryobiopsy diagnostic yields of the UTB group were significantly higher for lesions ≤ 20 mm, 
benign lesions, upper lobe lesions, lesions located lateral one-third from the hilum, and lesions without bronchus sign.

Conclusions  Ultrathin bronchoscopy combined with cryobiopsy has a superior ultrasound localization rate and 
diagnostic yield compared to a combination of cryobiopsy and thin bronchoscopy.
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Introduction
Lung cancer is characterized by high prevalence glob-
ally and is the leading cause of cancer-related deaths [1]. 
In recent years more and more patients with peripheral 
pulmonary nodules (PPNs) are successfully diagnosed 
owing to advances in lung cancer screening through 
chest computed tomography (CT) scans [2, 3]. Obtaining 
tissue from PPNs for pathological examination to con-
firm a diagnosis is crucial due to the potential of malig-
nant transformation [4]. CT-guided transthoracic needle 
biopsy (CT-TTNB) is a safe and effective method [5]. 
However, application of this method is limited by expo-
sure to radiation and high rates of complications such as 
bleeding and pneumothorax. In addition, smaller lesion 
size is a major risk factor for high complication rates [6]. 
Bronchoscopy is a promising alternative to CT-TTNB, 
owing to its high efficacy and safety.

The diagnostic yield of PPNs by bronchoscopy has 
significantly increased owing to advances in various 
ancillary technologies such as radial endobronchial ultra-
sound (rEBUS), virtual bronchoscopic navigation (VBN), 
electromagnetic navigational bronchoscopy, and ultra-
thin bronchoscopy [7–10]. Combining 3.0-mm UTB with 
rEBUS is effective for PPNs diagnosis [11–13]. Studies 
demonstrated that use of ultrathin bronchoscopy as an 
adjunctive examination approach for thin bronchoscopy 
significantly enhances the ultrasound localization rate 
and the diagnostic yield of PPNs [14, 15]. However, the 
thin diameter in UTB restricts the size of biopsy instru-
ments, resulting in smaller biopsy specimens compared 
to traditional forceps biopsy approach. Cryobiopsy facili-
tates the collection of larger and higher quality speci-
mens compared to forceps biopsy [16]. Previous findings 
demonstrated that the diagnostic yield of PPNs using 
rEBUS was significantly higher when the probe was 
within the lesion rather than adjacent to it [17]. This may 
be due to the difficulty of forceps biopsy to obtain tissue 
from the lateral side of the lesions. However, a previous 
study demonstrated that conducting cryobiopsy with the 
rEBUS probe positioned adjacent to the lesions exhibits 
relatively similar diagnostic yields compared to placing 
the probe within the lesions [18].

Smaller diameter cryoprobes have been developed in 
recent years [19, 20]. The ultrathin cryoprobes with a 
1.1-mm diameter are more flexible than conventional 
cryoprobes, overcoming the limitations associated with 
conventional cryoprobes and forceps biopsy. Therefore, 
our objective was to evaluate the value of ultrathin bron-
choscopy in improving the endobronchial ultrasound 
localization rate and enhancing the cryobiopsy diagnos-
tic yield of PPNs.

Materials and methods
Patients
Patients with unexplained solitary peripheral pulmonary 
nodules (PPNs) who attended the First Affiliated Hos-
pital of Ningbo University from May 2019 to May 2023 
were enrolled into the study. The main inclusion criterion 
was having a localized pulmonary lesion with the longest 
diameter < 30  mm under chest computed tomography, 
which required biopsy for diagnosis. The main exclusion 
criteria were as follows: subjects with central pulmo-
nary lesions, the target lesions were directly visualized 
through bronchoscopy, cases lacking a final diagnosis or 
with incomplete follow-up. A total of 133 subjects were 
enrolled into the study, with 83 consecutive patients from 
May 2019 to August 2022 assigned into the thin bron-
choscope group, and 50 consecutive patients from Sep-
tember 2022 to May 2023 were assigned into in the UTB 
group. The UTB technique was implemented in our hos-
pital from September 1, 2022. This study was approved 
by the ethics committee of the First Affiliated Hospital of 
Ningbo University (Protocol No. KS20224007).

Procedures
All patients underwent chest CT scan prior to the bron-
choscopy examination. All endoscopic procedures were 
performed by two experienced physicians at the Respi-
ratory Endoscopy Center of the First Affiliated Hospital 
of Ningbo University. All patients received lidocaine for 
local anesthesia of the pharynx, and intravenous propofol 
and fentanyl for general anesthesia. A laryngeal mask air-
way was used ensure airway patency in the patients.

UTB Group: A 3.0-mm UTB (BF-MP290F; Olym-
pus, Tokyo, Japan) with a 1.7-mm working channel was 
advanced as close as possible to the target lesion. When 
the UTB was sufficiently close to the lesion, a 1.4-mm 
diameter radial endobronchial ultrasound (rEBUS) probe 
(UM-S20-17 S; Olympus) was inserted through the work-
ing channel and advanced towards the lesion. Once the 
rEBUS probe was positioned as possible as to the cen-
ter of the lesion, its location would be recorded and the 
position of the bronchoscope would be maintained. 
The distance from the entrance of the bronchoscope to 
the lesion was determined using the rEBUS probe. Sub-
sequently, the probe wasremoved while maintaining 
the bronchoscope in the exact same position. A marker 
(stop clip from the K-201 biopsy kit) was applied over 
the cryoprobe, aligning its length with the measured dis-
tance to the lesion. Brush cytology and forceps biopsy 
were sequentially performed using the K-201 biopsy kit. 
The brush cytology was performed in duplicates and five 
replicates were performed for the forceps biopsy. Subse-
quently, an ultrathin cryoprobe with a 1.1-mm diameter 
(No. 20402-402; Erbe, Tubingen, Germany) was used 
for cryobiopsy. Before conducting cryobiopsy for each 
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patient, the operator determined the freezing capac-
ity of the cryoprobe in vitro by estimating the duration 
required for the wet cryoprobe to form an ice-ball with 
a diameter of 2–3  mm and this duration was used for 
performing the cryobiopsy. The freezing time typically 
lasted 4  s. After freezing, the cryoprobe and broncho-
scope were removed together. The specimen was thawed 
and transferred into a formalin bottle. The target num-
ber of specimen was one. After each cryobiopsy, if nec-
essary, the location of the lesion was reconfirmed by the 
rEBUS probe. Fluoroscopic guidance was not performed 
during the procedure to minimize radiation exposure. 
Bronchoalveolar lavage was performed only on the tar-
get bronchus for ethical considerations, if the lesion was 
invisible on the rEBUS image.

Thin Bronchoscope Group: The basic procedure was 
similar to the UTB group. A 4.0-mm thin bronchoscope 
(BF-P260F/BF-F260/BF-260; Olympus, Tokyo, Japan) 
with a 2.0-mm working channel was used. A rEBUS 
probe with 1.4-mm diameter (UM-S20-17  S; Olympus) 
and a 1.95-mm guide sheath (GS) were inserted into the 
working channel when the bronchoscope was sufficiently 
close to the lesion. The bronchus was selected when the 
rEBUS was located as close as possible to the center of 
the lesion. Subsequently, the probe was withdrawn and 
brushing, forceps biopsy, and cryobiopsy were con-
ducted as described in the UTB group. Only bronchoal-
veolar lavage was performed for lesions which could not 
be visualized by rEBUS. Fluoroscopy was not conducted 
during the entire procedure.

Bleeding is common during cryobiopsy. However, 
bleeding is effectively controlled by performing the pro-
cedure using angioplasty balloon [21, 22], two-scope 
technique [23, 24] and rigid bronchoscope [25]. These 
instruments were not used in the present study. A flex-
ible video bronchoscope was used to minimize bleeding. 
After the bronchoscope and the cryoprobe were with-
drawn, another endoscopic operator promptly inserted 
the flexible video bronchoscope to observe the bleeding 
status.

Diagnosis
The histological and cytological results were interpreted 
by experienced pathologists. Histological findings that 
resulted in a definitive diagnosis (such as malignant and 
benign tumors, granulomatous inflammation, organiz-
ing pneumonia, and fungal infection) were considered 
diagnostic. Uncertain histological findings, such as non-
specific fibrosis and inflammation, were considered non-
diagnostic [26, 27]. The final diagnosis was determined 
based on pathological results, microbiological analysis or 
clinical follow-up. Benign lesions that could not be diag-
nosed by pathological or microbiological methods were 
confirmed radiologically and clinically. All patients with 

non-diagnostic lesions were followed up for at least 1 
year after bronchoscopy to monitor lesion reduction or 
disappearance.

Endpoints
The primary endpoint in this study was the ultrasono-
graphic localization rate (number of patients with ‘within’ 
or ‘adjacent to’ the image/total number of patients) and 
the diagnostic yield of cryobiopsy. The secondary end-
points included the safety and cryobiopsy diagnostic 
yields based on the nature of the lesion (benign or malig-
nant), lesion size, lesion location, and ultrasonic probe 
location on the rEBUS image. Bleeding occurrences were 
graded as follows: 0, no bleeding; 1, mild bleeding that 
required bronchoscopy suctioning, without other endo-
scopic procedures; 2, moderate bleeding that required 
bronchoscopy occlusion-collapse and/or cold saline 
instillation; 3, severe bleeding leading to hemodynamic 
or respiratory instability, requiring tamponade, surgi-
cal interventions, blood transfusion or admission to the 
intensive care unit [28].

Statistical analysis
Statistical analysis were performed using the SPSS soft-
ware version 26 (SPSS Inc., Chicago, Illinois). Categori-
cal variables were analyzed using the Pearson’s chi-square 
test or Fisher exact test. Continuous variables were ana-
lyzed using the Mann-Whitney U test. A p-value < 0.05 
was considered significant.

Results
Patients and lesions
The 168 patients were diagnosed with PPNs through 
chest CT scans and accepted bronchoscopy examination 
(Fig. 1). Two patients were excluded from the study due 
to presence of visible lesions under bronchoscopy, and 33 
patients were excluded due to undiagnosed or incomplete 
follow-up. The remaining 133 patients were included in 
the study, with 83 patients assigned into the thin bron-
choscope group and 50 patients assigned into the UTB 
group. Baseline characteristics of the patients and lesions 
were not significantly different between the two groups 
(Table 1). The bronchoscopy findings and final diagnosis 
are shown in Table 2.

Ultrasonographic localization rate and diagnostic yields
The location of the rEBUS probe relative to the lesion 
significantly improved when an UTB was used(P < 0.001; 
Table  3). The ultrasound localization rates in the thin 
bronchoscope group and UTB group were 44.6% and 
96.0%, respectively. The diagnostic yield of cryobiopsy 
was significantly higher in the UTB group than in the 
thin bronchoscope group (54.0% vs. 30.1%, respectively; 
p = 0.006). The yields of different biopsy methods between 
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the two group were compared, indicating that the UTB 
group exhibited higher diagnostic yields than the thin 
bronchoscope group. In the UTB group, the diagnos-
tic yield of cryobiopsy combined with forceps biopsy 
was higher compared to cryobiopsy alone. However, 
when comparing the lesions visualized by the rEBUS 
probe in both groups, there was no statistically signifi-
cant difference observed in the diagnostic yield obtained 
through various biopsy methods between the two groups 
(Table  4). The mean freezing time in the thin broncho-
scope group and the UTB group were 4.84  s (range, 
3–8 s) and 3.75 s (range, 3–4 s), respectively (p < 0.001). 
The number of specimens retrieved by cryobiopsy was 
not significantly different between the groups (a mean of 
1.19 in the thin bronchoscope group and 1.15 in the UTB 
group; p = 0.442).

The diagnostic yields of the cryobiopsy method in the 
thin bronchoscopy group and UTB group were 30.1% 
(25 of 83) and 54.0% (27 of 50), respectively (P = 0.006; 
Table 5). Larger lesions, malignant nature, lesions located 
in the middle one-third from the hilum, and the presence 
of bronchus sign were associated with higher diagnostic 
yield in the two groups. Univariate analysis demonstrated 
that the diagnostic yields of the UTB group were signifi-
cantly higher for lesions ≤ 20 mm, benign lesions, upper 
lobe lesions, lesions located in the lateral one-third from 

the hilum, and lesions without bronchus signs compared 
to the diagnostic yields in the thin bronchoscope group. 
Among the 37 lesions visualized by the rEBUS probe in 
the thin bronchoscope group, specimens could not be 
obtained from 13 lesions using forceps biopsy, including 
7 benign lesions. Among the 48 lesions visualized by the 
rEBUS probe in the UTB group, specimens could not be 
obtained from 7 lesions using forceps biopsy, including 5 
benign lesions.

Safety
Adverse events are presented identified in this study in 
Table  6. The 85 subjects with lesions visualized by the 
rEBUS probe did not exhibit iatrogenic pneumothorax, 
procedure-related lung infection, or mortality. There 
were no statistically significant differences in the num-
ber of adverse events between the UTB and thin bron-
choscope groups (18 of 48 [37.5%] vs. 20 of 37 [54.1%], 
respectively;P = 0.128).

Discussion
The UTB has better accessibility and bronchial selectivity 
compared with the thin bronchoscope. In a previous ran-
domized study, Oki et al. observed that ultrathin bron-
choscopy effectively detects more distal bronchi than thin 
bronchoscopy. The mean segmental bronchial generation 

Fig. 1  Flow of patients enrolled in the study. rEBUS: radial probe endobronchial ultrasound. GS: guide sheath
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detected using UTB, thin bronchoscopy, and VBN were 
5.5, 4.4, and 5.1, respectively [13]. These results indicate 
that UTB is more effective in identifying the bronchial 
path than using direct vision under the guidance of VBN 
under direct vision, improving the operability for periph-
eral small bronchi.

Previous studies reported that the position of rEBUS 
probe relative to the lesion is an important predic-
tive factor for diagnosing the lesion [29]. Therefore, it is 
imperative to improve the ultrasound localization rate 
to reduce non-diagnostic results in cases with “invis-
ible” images that cannot be processed. Using UTB as an 
adjunct to thin bronchoscopy significantly improves the 
relative position of the radial ultrasound probe and the 
diagnostic yield of peripheral pulmonary lesions [14, 
15]. Nishii et al. conducted a retrospective study com-
prising 44 cases that were ‘adjacent to’ and ‘invisible’ 
under the rEBUS imaging. The location of the rEBUS 
probe improved significantly to the lesion after replac-
ing thin bronchoscopy with ultrathin bronchoscopy. The 
results showed that among the 12 patients with ‘adjacent’ 
images, the rEBUS position was upgraded to ‘within’ 
images in 8 patients. In addition, among the 32 patients 
with “invisible” images, the rEBUS images were upgraded 
in 26 patients [14]. Moreover, Oki et al. conducted a mul-
ticenter prospective study comprising 87 patients who 
had undergone both thin bronchoscopy and ultrathin 

bronchoscopy. The relative position of the rEBUS probe 
to the lesion improved significantly when ultrathin bron-
choscopy was conducted (P < 0.001).The rates were 44.8% 
and 82.8% under the thin bronchoscopy and ultrathin 
bronchoscopy, respectively [15]. In our retrospective 
study, a significantly higher ultrasound localization rate 
was observed in the ultrathin bronchoscopy group com-
pared to the thin bronchoscopy group (44.6% vs. 96.0%, 
respectively; P < 0.001), consistent with previous findings.

The narrow working channel of ultrathin bronchoscopy 
limits the size of biopsy instruments that can be used and 
limits the size of specimens can be obtained. The speci-
men size can be controlled by increasing the freezing 
time. The sample can be obtained through the broncho-
scope as a whole instead of using the working channel. 
These factors ensure that larger specimens obtained and 
higher histological quality is achieved when perform-
ing cryobiopsy with ultrathin bronchoscopy, ultimately 
improving the diagnostic yield. Several factors affect the 
freezing time, including the cryosurgical system (ERBE 
CA vs. ERBE CA II), the type of freezing gas and the 
characteristics of the biopsied lung tissue [28]. The cryo-
surgical system (ERBE CA) and the freezing gas (carbon 
dioxide) were not changed during this study. The pres-
sure of the carbon dioxide gas is an important factor that 
affects the freezing time during the cryobiopsy proce-
dure. Therefore, we evaluated the freezing capacity of the 
cryoprobe before performing the cryobiopsy procedure 
to estimate the freezing time required to collect sufficient 
samples. (The freezing time was estimated based on the 
time it takes for the ice-ball’s diameter to reach 2–3 mm). 
In this study, we observed that the freezing time in the 
thin bronchoscope group was significantly longer than in 
the UTB group. This difference in freezing time can be 
attributed to the variation in carbon dioxide pressure, 
resulting in a greater dispersion degree in the freezing 
time in the thin bronchoscope group. Oki et al. (2023) 
conducted a prospective study comprising 50 subjects 
who underwent forceps biopsy and cryobiopsy under 
the guidance of ultrathin bronchoscopy and rEBUS. The 
findings showed that feasibility of cryobiopsy was 98%. 
In addition, the median size of specimens obtained by 
cryobiopsy was significantly larger than the size obtained 
by forceps biopsy (7.0 mm2 vs. 1.3 mm2, respectively; 
P < 0.001). The diagnostic yields of forceps biopsy, cryo-
biopsy, and a combination of the two methods were 
54% (27/50), 62% (31/50), and 74% (37/50), respectively 
[27]. Kim et al. reported that using a 1.1-mm cryoprobe 
for transbronchial cryobiopsy of peripheral pulmonary 
lesions is an effective and reliable method, which is not 
associated with serious complications. [30]. In summary, 
cryobiopsy with ultrathin bronchoscopy is a feasible 
and safe method for diagnosing of small peripheral lung 
lesions.

Table 1  Characteristics of the patients and lesions
Characteristics Thin broncho-

scope group
UTB group P-

val-
uea

Number of patients 83 50
Sex
  Male 52(62.7) 25(50) 0.152
  Female 31(37.3) 25(50)
Age (years, range) 58.8(17–82) 60.8(22–85) 0.568
Lesion size (mm, range) 17.6(3-29.9) 19.3(9.2–29.9) 0.146
Size distribution
  ≤20 56(67.5) 29(58) 0.271
  >20 to < 30 27(32.5) 21(42)
Lesion location in bronchopulmonary segment
  Right upper lobe 22(26.5) 13(26) 0.849
  Right middle lobe 10(12.0) 7(14)
  Right lower lobe 17(20.5) 7(14)
  Left upper lobe 19(22.9) 11(22)
  Left lower lobe 15(18.1) 12(24)
Lesion location from the hilum
  Middle one-third 26(31.3) 16(32) 0.935
  Lateral one-third 57(68.7) 34(68)
Bronchus sign
  Present 48(51.8) 34(68) 0.243
  Absent 35(48.2) 16(32)
Data are presented as n (%) or median (range), unless otherwise stated
a Pearson’s chi-squared test or the Mann–Whitney U test was used
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Bronchoscopy has varying diagnostic rates depending 
on the lesion size, lesion characteristics, lobar location of 
the lesion, lesion location from the hilum and presence of 
bronchus signs. A previous meta-analysis demonstrated 
that larger lesions (> 20 mm), presence of bronchus signs, 
and malignancy were associated with higher diagnostic 
yields [31]. The findings from a prospective multicenter 
study demonstrated a correlation between lesions located 
in non-upper lobes and higher diagnostic yield through 
multivariate analysis [32]. TAY et al. reported that 
lesions larger than 20 mm, malignant nature, and lesions 
located within 50 mm from the hilum are associated with 
enhancing location rate of rEBUS [33]. A prospective 
study revealed that the forceps biopsy diagnostic yields 

Table 2  Bronchoscopic findings and final diagnosis
Bronchoscopic findings Thin bronchoscope group(n = 83) UTB Group(n = 50)

Patients, n# Final diagnoses and outcomes Patients, n# Final diagnoses and outcomes
Diagnostic
  Malignant
    Lung cancer
    Adenocarcinoma 10(8) 15(13)
    Squamous cell carcinoma 1(1) 1(0)
    Small cell carcinoma 3(3)
    Cytology positive for malignancy 1(0) 1(1)
    Lymphoepithelial carcinoma 1(1)
  Benign
    Non-tuberculous mycobacteriosis 1(1)
    Tuberculosis 3(3) 4(3)
    Pulmonary abscess 1(1) 3(2)
    Pneumoconiosis 1(1)
    Aspergillosis 1(1)
    Cryptococcosis 3(0) 3(0)
    Bacterial pneumonia 1(1)
    Fungal infection 1(0) 1(0)
Non-diagnostic
  Malignant 15 7 adenocarcinoma;

1 squamous cell carcinoma;
7 pathologically proven lung cancer;

7 3 adenocarcinoma;
1 mucoepidermoid carcinoma;
3 pathologically proven lung cancer

  Benign 41 1 tuberculosis; 1 aspergillosis;
1 granuloma;
3 cryptococcosis;
1 organizing pneumonia;
28 improved
6 unchanged on ≥ 12-month follow-up;

14 2 tuberculosis; 1 fungal infection;
9 improved;
2 unchanged on ≥ 12-month follow-up

# numbers of diagnostic results for the cryobiopsy are shown in parentheses

Table 3  The rEBUS localization rate and diagnostic yield of the 
two group
Variables Thin bron-

choscope 
group

UTB group P-val-
uea

(n = 83) (n = 50)
Localization of probe in relation to the lesion
  Within the lesion 24(28.9) 24(48.0) < 0.001
  Adjacent to the lesion 13(15.7) 24(48.0)
  Invisible with rEBUS 46(55.4) 2(4.0)
Diagnostic yield of bronchoscopy
  Cryobiopsy 25/83(30.1) 27/50(54.0) 0.006
  Forceps biopsy 12/83(14.5) 20/50(40.0) 0.001
  Brushing 13/83(15.7) 21/50(42.0) 0.001
  Cryobiopsy with forceps 
biopsy

27/83(32.5) 32/50(64.0) < 0.001

  Brushing with forceps 
biopsy

20/83(24.1) 28/50(56.0) < 0.001

  Overall(brushing with for-
ceps biopsy with cryobiopsy)

27/83(32.5) 33/50(66.0) < 0.001

a Pearson’s chi-squared test was used

Table 4  Biopsy diagnostic yield of those visualized lesions by 
rEBUS
Variables Thin bronchoscope group UTB group P-value a

n/total(%) n/total(%)
Total 27/37(72.9) 33/48(68.8) 0.672
Cryobiopsy 25/37(67.6) 27/48(56.3) 0.288
forceps biopsy 12/37(32.4) 20/48(41.7) 0.384
Brushing 13/37(35.1) 21/48(43.8) 0.422
a Pearson’s chi-squared test was used
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of the UTB method for non-upper lobe lesions, lesions 
located in the peripheral one-third of the lung, benign 
lesions, lesions > 20 mm, and pleural lesions were signifi-
cantly higher compared to the use of thin bronchoscopy. 
Notably, logistic regression analysis demonstrated that 
these factors were not associated with higher diagnostic 
yields of UTB [13]. The present findings demonstrated 
that ultrathin bronchoscopic cryobiopsy has advantages 
over bronchoscopic fibroscopy, with higher diagnos-
tic yields for smaller lesions, benign lesions, upper lobe 
lesions, lesions in the lateral one-third from the hilum, 
and lesions without bronchial sign. This finding partially 
indicates that cryobiopsy can be used to circumvent the 
limitation of ultrathin bronchoscopy of the size of the 
biopsy instruments, improving the diagnostic yields for 

smaller lesions. In addition, the flexibility of the cryo-
probe and the higher ultrasound localization rate of 
ultrathin bronchoscopy enhance the diagnostic yield of 
upper lobe lesions.

This study had some limitations. This was a retro-
spective, single-center study, and experience and skills 
are essential factors for achieving good diagnostic yield. 
Therefore, the results may not be generalizable to other 
inexperienced institutions. In addition, the study had 
a small sample size. In this study, we observed that the 
diagnostic yield of the cryobiopsy combined with for-
ceps biopsy was higher than using the cryobiopsy alone 
in the UTB group. A randomized, prospective study 
with a larger sample size should be conducted to verify 
if a combination of cryobiopsy and forceps biopsy has 
higher diagnostic yields than cryobiopsy alone guided 
by the ultrathin bronchoscopy. Additionally, the freez-
ing time of transbronchial cryobiopsy is unstandard-
ized. A randomized controlled trial should be conducted 
to compare the ice-balls of different diameters (such as 
2.0  mm vs. 5.0  mm) to determine the diagnostic yield 
of cryobiopsy. Moreover, we did not perform biopsy on 
lesions that were invisible with rEBUS due to ethical rea-
sons. This may have affected the number of positive rates. 
However, previous results have shown that the diagnos-
tic yield of this population is significantly low (17%) [34]. 
In addition, we did not perform fluoroscopic guidance in 
the study, which may have limited accessibility of some 
of the lesions. Furthermore, the 1.95-mm guide sheath 
(GS) of the K-201 biopsy kit is too large to fit into the 
1.7-mm working channel of the UTB. Although the posi-
tion would be reconfirmed using the rEBUS probe after 
cryobiopsy, the bronchoscope position may shift after the 
rEBUS probe is withdrawn without GS in the UTB group. 
Therefore, it is imperative to perform fluoroscopic guid-
ance for cryobiopsy in the UTB group. Finally, not all 
final diagnoses were confirmed by pathological results. 
Although we carefully reviewed and analyzed the clinical 
data, the final diagnosis of benign or malignant obtained 
from clinical follow-up may not be entirely accurate.

In conclusion, ultrathin bronchoscopy has higher ultra-
sound localization rate compared to thin bronchoscopy, 
as an important predictive factor for diagnosing the 
lesion, the diagnostic yield of UTB combined with cryo-
biopsy is significantly higher than the thin bronchoscope 
group. And ultrathin bronchoscopy with cryobiopsy is 
not associated with serious complications. Besides, uni-
variate analysis demonstrated that ultrathin bronchos-
copy is a more feasible method for examination of smaller 
lesions, benign lesions, upper lobe lesions, lesions located 
in the lateral once-third from the hilum, and lesions 
without bronchus signs.

Table 5  Comparison of cryobiopsy diagnostic yields between 
the two groups
Variables Thin bronchoscope 

group(n = 83)
UTB group(n = 50) P-val-

uea

n/total (%) P-value n/total (%) P-value
Total 25/83(30.1) 27/50(54.0) 0.006
Lesion size in the largest diameter on CT scan
  ≤ 20 14/56(25.0) 0.143 15/29(51.7) 0.704 0.014
  > 20–30 11/27(40.7) 12/21(57.1) 0.259
Lesion nature
  Malignant 13/31(41.9) 0.070 14/24(58.3) 0.555 0.228
  Benign 12/52(23.1) 13/26(50) 0.016
Lobar location
  Upper lobe 12/38(31.6) 0.790 14/24(58.3) 0.555 0.038
  Other 
lobes

13/45(28.9) 13/26(50) 0.075

Lesion location from the hilum
  Middle 
one-third

10/26(38.5) 0.263 10/16(62.5) 0.408 0.130

  Lateral 
one-third

15/57(26.3) 17/34(50.0) 0.022

Bronchus sign
  Present 18/48(37.5) 0.086 19/34(55.9) 0.697 0.099
  Absent 7/35(20.0) 8/16(50.0) 0.047
a Pearson’s chi-squared test or Fisher’s exact test was used

Table 6  Safety
Variables Thin broncho-

scope group
UTB Group P-

val-
ue

(n = 37) (n = 48)
Complications
Bleeding
  Grade 0 (no bleeding) 17(45.9) 30(62.5) 0.128
  Grade 1 (mild bleeding)
  ≤50 ml 18(48.6) 16(33.3) 0.153
  > 50 ml 2(5.4) 2(4.2) 1.000
  Grade 2–3 (moderate-to-
severe bleeding)

0(0) 0(0)

Pneumothorax 0(0) 0(0)
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