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Purpose  The diagnostic yield of transbronchial biopsy (TBB) using radial probe endobronchial ultrasound (RP-EBUS) is 71%, which is 
lower than that of transthoracic needle biopsy. We investigated the performance and safety of sequential transbronchial cryobiopsy 
(TBC) using a novel 1.1-mm diameter cryoprobe, after conventional TBB using RP-EBUS for the diagnosis of peripheral lung lesions 
(PLLs).
Materials and Methods  From April 2021 to November 2021, 110 patients who underwent bronchoscopy using RP-EBUS for the 
diagnosis of PLL ≤ 30 mm were retrospectively included in our study. All records were followed until June 2022.
Results  The overall diagnostic yield of combined TBB and TBC was 79.1%, which was higher than 60.9% of TBB alone (p=0.005). The 
diagnostic yield of sequential TBC was 65.5%, which increased the overall diagnostic yield by 18.2%. The surface area of tissues by 
TBC (mean area, 18.5 mm2) was significantly larger than those of TBB by 1.5-mm forceps (3.4 mm2, p < 0.001) and 1.9-mm forceps 
(3.7 mm2, p=0.011). In the multivariate analysis, PLLs with the longest diameter of ≤ 22 mm were found to be related to additional 
diagnostic benefits from sequential TBC (odds ratio, 3.51; 95% confidence interval, 1.043 to 11.775; p=0.042). Complications were 
found in 10.5% of the patients: pneumothorax (1.0%), infection (1.0%), and significant bleeding (8.6%). None of the patients devel-
oped any life-threatening complications.
Conclusion  Sequential TBC with a 1.1-mm cryoprobe improved the performance of conventional TBB using RP-EBUS without serious 
complications.
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Introduction

Since the introduction of the National Lung Screening Tri-
al, low-dose computed tomography (CT) screening for early 
detection of lung cancer has become a standard in high-risk 
populations [1]. Although it contributed to reducing lung 
cancer mortality, most peripheral lung lesions (PLLs) were 
finally diagnosed as benign [2]. Identifying whether a PLL is 
malignant or benign is becoming increasingly important for 
pulmonary physicians to avoid unnecessary invasive proce-
dures [3].

Radial probe endobronchial ultrasound (RP-EBUS) has 
been traditionally used for the detection of PLLs during 
bronchoscopy [4]. A major advantage is that PLLs can be 
sampled more safely using ancillary tools such as guide 
sheath (GS), as opposed to transthoracic needle biopsy [5,6]. 
However, a recent meta-analysis reported that the pooled  
diagnostic yield of transbronchial biopsy (TBB) using RP-

EBUS for PLLs is about 71%, which is much lower than that 
of transthoracic needle biopsy [7].

The combination of RP-EBUS and transbronchial cryobi-
opsy (TBC) for PLLs is considered one of the alternatives to  
improve the performance of conventional TBB using  
RP-EBUS [8-10]. A recent study regarding the additional 
TBC using a 1.9-mm diameter cryoprobe after forceps bio-
psy demonstrated promising results [11]. However, it is 
difficult to insert a 1.9-mm diameter cryoprobe through a 
2.0-mm channel of a thin bronchoscope, especially in both 
upper lobes which require large bending angle of the bron-
choscope (S1 Fig.). Recently, a novel 1.1-mm diameter cryo-
probe was introduced for the diagnosis of PLL, which has 
little evidence so far. We investigated the performance and 
safety of sequential TBC using a 1.1-mm cryoprobe, which 
was performed after conventional TBB using RP-EBUS for 
the diagnosis of PLLs.
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Materials and Methods

1. Study population
This retrospective cohort study was performed from April 

2021 to November 2021 using the bronchoscopy registry of 
Pusan National University Hospital, a tertiary referral hos-
pital in Busan, South Korea. The inclusion criteria were as 
follows: (1) patients aged ≥ 18 years, (2) patients with PLL  
≤ 30 mm, and (3) patients who underwent bronchoscopy  
using RP-EBUS. Exclusion criteria were as follows: (1)  
patients who received additional procedures, including con-
vex probe EBUS, (2) patients who underwent bronchoscopic 
re-biopsy for mutation analyses [12], or (3) patients with 
visually inspectable endobronchial lesion. PLL was defined 
as an abnormal pulmonary opacity beyond the segmental 
bronchus on a CT scan [13]. This study was approved by the 
institutional review board of the Pusan National University 
Hospital (IRB No. 2112-027-110). The medical records of all 
study subjects were followed up until June 2022.

2. Bronchoscopy procedures
S2 Fig. shows a representative case. After conscious seda-

tion with intravenous midazolam and fentanyl, oropharyn-
geal intubation was performed using an 8.0-mm inner  
diameter endotracheal tube under the guidance of a 4.0-mm 
diameter thin bronchoscope (BF-P260F, Olympus, Tokyo, 
Japan). After inspection of the tracheobronchial tree, a thin 
bronchoscope was introduced close to the target PLL under 
the guidance of the CT image [14] and virtual bronchoscopic 
navigation (LungPoint, Broncus Medical, Mountain View, 
CA) [15,16]. To localize the target PLL, RP-EBUS (UM-S20-
17S, Olympus) combined with GS (K-201, Olympus) was 
inserted. If not detected, a 3.0-mm diameter ultrathin bron-
choscope (BF-MP190F, Olympus) was inserted using RP-
EBUS without GS. When the PLL was identified, TBB using 
1.5-mm forceps (FB-233D, Olympus) and/or transbronchial 
needle aspiration using a dedicated needle (PeriView FLEX, 
NA-403D-2021, Olympus) was performed under X-ray fluor-
oscopic guidance. If adequate tissue was not collected, at 
the discretion of the investigator, 1.9-mm forceps were used  
after removing the GS via a thin bronchoscope. After the ini-
tial TBB, the location of the target PLL was identified again 
using RP-EBUS with or without GS followed by a 1.1 mm 
cryoprobe insertion. The freezing time was determined at 
the discretion of the pulmonologist (range, 6 to 8 seconds). 
After freezing the target lesion, the bronchoscope and a 1.1-
mm cryoprobe with the specimen were removed en bloc, and 
frozen specimens were thawed in normal saline at room 
temperature. Thereafter, the bronchoscope was immediately 
reinserted into the bronchial tree to determine the severity of 
bleeding at the biopsy site. When bleeding was uncontrolled 

with a thin or ultrathin bronchoscope, a therapeutic bron-
choscope with a larger channel size (BF-1T260 or BF-1TQ290, 
Olympus) was inserted to secure a clear view from substan-
tial bleeding. Additionally, a balloon catheter (B5-2C, Olym-
pus) was used to control bleeding at the pulmonologist’s 
discretion. Samples of conventional TBB and TBC were fixed 
in different tubes of 10% formalin solution, and histological  
diagnoses were separately evaluated by the same patholo-
gists.

Chest radiographs were obtained 2-4 hours after bronchos-
copy to check for iatrogenic pneumothorax. After the pro-
cedure, oral prophylactic antibiotics were prescribed for 3-5 
days to prevent infectious complications.

3. Diagnosis
The presence of atypical cells, non-specific inflammation, 

or suspicious findings in histological reports were regarded 
as inconclusive, which led to one of the following clinical  
decisions: surgical biopsy, repeated bronchoscopy, transtho-
racic needle biopsy or clinical follow-up with a CT scan eve-
ry 3-6 months.

Benign disease, not otherwise specified, was defined as fol-
lows: (1) ≥ 30% reduction in the mean size of the lung lesion 
(average of the longest diameter and perpendicular diameter 
on axial CT image), or (2) no change or < 30% reduction in 
the mean size during a follow-up period of at least 12 months 
(last follow-up, 30 June 2022). The final diagnoses were  
determined based on the histological results, microbiological 
studies, or clinical follow-up.

4. Variables and outcomes
Before the procedure, radiological variables were analyzed 

as follows: the level of bronchus on the CT scan, the presence 
of bronchus sign, the morphological category of lung nod-
ule, the longest and mean diameters of the target lesion, the 
distance from the visceral pleura to the target lesion, and the 
lobar location of the target lesion. During the procedure, the 
following variables were recorded: procedure duration from 
the insertion of the bronchoscope into the mouth to remov-
al from the mouth, ultrasonographic findings of the target  
lesion [4,17], freezing time of crybiopsy, and bleeding with 
its management after biopsy. After the procedure, procedure-
related complications such as pneumothorax, infection, res-
piratory failure, and other unexpected complications were 
also recorded in electronic medical records.

The primary outcomes of the present study were the over-
all histopathological diagnostic yield (combined TBB and 
TBC) and the additional yield of TBC. The secondary out-
come was the tissue surface area, calculated by multiplying 
the longest diameter by its vertical diameter using the largest 
tissue sample in each bronchoscopy procedure. Diagnostic 
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yield was calculated as the number of procedures with a suc-
cessful diagnosis divided by the total number of procedures.

5. Statistical analysis
Continuous and categorical variables in the study results 

are presented as mean (range) and number (percentage), re-
spectively. Pearson’s chi-square or Fisher exact test was used 
to compare categorical variables. In addition, continuous 
variables were compared using the independent t test, paired 
t test, or Wilcoxon signed-rank test according to the normal-
ity test. The diagnostic yield between the combined proce-
dures (TBB and TBC) and the conventional TBB was com-
pared using the two-proportion test. Using variables with 
a p-value < 0.2 in univariate analyses or known important 
characteristics, multivariate logistic regression analysis was 
performed to identify the factors with diagnostic benefits 
from sequential TBC. p-values < 0.05 were considered statis-
tically significant and R software for Windows (ver. 4.1.3, R 
Foundation for Statistical Computing, Vienna, Austria) was 
used for statistical analyses.

Results

1. Study population
During the study period, 125 patients with PLL ≤ 30 mm 

underwent bronchoscopy using RP-EBUS (Fig. 1). After  
excluding 15 patients, 110 patients who were scheduled for a 
combined procedure with conventional TBB using RP-EBUS 
and sequential TBC using a 1.1-mm cryoprobe were included 
in the study. The baseline characteristics of the study popu-
lation are presented in Table 1. The mean lesion size in the 

Excluded for analysis (n=15)
- Combined procedure of TBB
  and convex probe EBUS (n=11)
- Rebiopsy (n=2)
- Endobronchial lesion identified (n=2)

Patients who received
bronchoscopy using radial probe

EBUS for the diagnosis of
PLLs during study period (n=230)

Patients with PLL ≤ 30 mm (n=125)

Study patients (n=110)

Fig. 1.  Flow diagram of the study patients. EBUS, endobronchi-
al ultrasound; PLL, peripheral lung lesion; TBB, transbronchial  
biopsy. 

Table 1.  Baseline characteristics of the study patients

Variable	 No. (%)

Age (yr), median (range)	 69 (31-87)
Sex	
    Male	 58 (52.7)
    Female	 52 (47.3)
Longest diameter of PLL on 	 22 (9-30)
  axial CT scan (mm), mean (range)	
    ≤ 20 	 42 (38.2)
    > 20 to ≤ 30 	 68 (61.8)
Distance from the PLL to visceral 	 15 (0-66)
  pleura (mm), mean (range)	
Lobar location	
   Right upper lobe or left upper division	 53 (48.2)
   Others	 57 (51.8)
Bronchus level of PLL on CT scan, 	 5 (3-8)
  mean (range)a)

Character of lesion	
    Solid	 92 (83.6)
    Part-solid	 16 (14.5)
    Ground glass opacity	 2 (1.8)
Bronchus sign	
    Positive	 66 (60.0)
    Negative	 44 (40.0)

CT, computed tomography; PLL, peripheral lung lesion. a)The 
target lesion was identified based on the lobar bronchus as the 
first generation.

Table 2.  The final diagnosis of the study patients

Variable	 No. (%)

Successful diagnosis using the bronchoscope
    Malignant disease	
        Lung cancer	 76 (69.1)
        Metastasis from breast cancer	 3 (2.7)
        Metastasis from colon cancer	 1 (0.9)
        Metastasis from renal cell carcinoma	 1 (0.9)
        Lymphoma	 1 (0.9)
    Benign disease	
        Pulmonary tuberculosis	 2 (1.8)
        Nontuberculous mycobacterial lung disease	 2 (1.8)
        Fungal infection	 1(0.9)
Unsuccessful diagnosis using the bronchoscope	
    Malignant disease	
        Lung cancer	 10 (9.1)
    Benign disease	
        Pulmonary tuberculosis	 1 (0.9)
        Chondroid harmatoma	 1 (0.9)
        Benign disease, not otherwise specified	 7 (6.4)
        Unknowna)	 4 (3.6)
a)Patients who failed to follow up for 12 months.
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longest diameter was 22 mm (range, 9 to 30 mm), and 42  
patients (38.2%) had PLL ≤ 20 mm. The prevalence of malig- 
nancy was 83.6% and the final diagnoses of all the study  
patients are shown in Table 2.

2. Bronchoscopy procedures
Table 3 shows the results of the bronchoscopy procedures. 

Using RP-EBUS, ‘within’ and ‘adjacent to’ images were found 
in 82 (74.5%) and 23 patients (20.9%), respectively. Except for 
five patients (4.5%) with invisible lesions on RP-EBUS, 105 
patients underwent sequential TBC after conventional TBB 
(S3 Table).

3. Outcomes
The overall histopathological diagnostic yield of the bron-

choscopy procedure (co-primary outcome) was 79.1% (87 of 
110), which was significantly higher than the 60.9% (67 of 
110) yield of conventional TBB alone (p=0.005). The histo-
pathological diagnostic yield of sequential TBC was 65.5% 
(72 of 110), and 20 patients (18.2%) were additionally diag-
nosed using sequential TBC (Fig. 2). Brush cytology and nee-
dle aspiration were both diagnostic in one case (one in nine 
for brushing cytology and one in six for needle aspiration), 
which did not contribute to the increase in the diagnostic 
yield of conventional TBB. Especially, there was no differ-
ence in the diagnostic yield of TBC between PLL with acute 

angle (the apical segment of right upper lobe and apicoposte-
rior segment of left upper division) and the others (63.3% vs. 
66.3%, p=0.774). Additional surgical biopsy, repeated bron-
choscopy, transthoracic needle biopsy, and follow-up CT 
scan were performed in eight, three, one, and seven patients, 
respectively, in study subjects whose diagnosis was not con-
firmed by the bronchoscopy procedure (S4 Table).

The mean longest diameter of the tissue sample collected 
by sequential TBC was 5.3 mm (range, 2 to 26 mm), which 
was significantly longer than those of conventional TBB  
using 1.5-mm forceps (2.4 mm; range, 1 to 6; p < 0.001) and 
1.9-mm forceps (2.5 mm; range, 1 to 4; p=0.014) (Fig. 3). In  
addition, there were significant differences in the mean sur-
face area of the tissue between sequential TBC (18.5 mm2; 
range, 4 to 78) and both TBB using 1.5-mm forceps (3.4 mm2; 
range, 1 to 18; p < 0.001) and 1.9-mm forceps (3.7 mm2; range, 
1 to 12; p=0.011).

4. Diagnostic benefits of cryobiopsy
Univariate and multivariate logistic regression analyses 

were performed to determine the factors related to the addi-
tional diagnostic benefit from sequential TBC (20 patients  
diagnosed with cryobiopsy only vs. 67 diagnosed irrespec-
tive of the cryobiopsy results) (Table 4). As a result, PLLs 
with the longest diameter of ≤ 22 mm were related to addi-
tional diagnostic benefits from sequential TBC in the mul-
tivariate analysis (odds ratio, 3.51; 95% confidence interval, 
1.043 to 11.775; p=0.042).

5. Safety profile 
Of the 105 study patients who underwent sequential TBC, 

procedure-related complications were found in 11 patients 
(10.5%). Pneumothorax without chest tube insertion was 
identified in one patient (1.0%). Prophylactic antibiotics were 
prescribed to 104 study subjects (99.0%), and a procedure-
related lung infection was found in one case (1.0%) without 
antibiotics. Uncontrolled bleeding with a thin or ultrathin 

Table 3.  Results of bronchoscopy variables

Variable	 Value

Type of bronchoscope used
    Thin bronchoscope	 95 (86.4)
    Ultrathin bronchoscope	 15 (13.6)
Endobronchial ultrasound findings	
    Within	 82 (74.5)
    Adjacent	 23 (20.9)
    Invisible	 5 (4.5)
Patients who received biopsy using 	 104 (94.5)
  a 1.5-mm forceps	
    No. of biopsies	 5 (3-11)
Patients who received biopsy using 	 13 (11.8)
  a 1.9-mm forceps	
    No. of biopsies	 4 (2-6)
Patients who received brushing cytology	 9 (8.2)
    No. of brushings	 2 (2-2)
Patients who received needle aspiration	 6 (5.5)
    No. of needle aspirations	 2 (2-3)
Patients who received sequential cryobiopsy	 105 (95.5)
    No. of cryobiopsies	 1 (1-3)
Total procedure time (min)	 21 (8-38)

Values are presented as number (%) or mean (range).

52 (47.3%)

Diagnosis using
conventional

methods
15 (13.6%)

n=110

23 (20.9%)

Diagnosis using
cryobiopsy

samples
20 (18.2%)

Fig. 2.  Venn diagram of results of the bronchoscopy procedure.
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bronchoscope was found in nine patients (8.6%); therapeu-
tic bronchoscopy with a larger channel size was used in all 
patients, and hemostatic tamponade using a balloon catheter 
was performed in five patients (4.8%). None of the study 
patients developed life-threatening complications, includ 
ing serious bleeding or mortality.

Discussion

This is the first study to evaluate the additive impact of a 
1.1 mm cryoprobe on conventional TBB using RP-EBUS. We 
found that the diagnostic yield of the combined procedure 
of conventional TBB and sequential TBC using RP-EBUS 
was 79.1% in patients with PLL ≤ 30 mm, which suggest that  
sequential TBC using a 1.1-mm cryoprobe is a potential 
method to improve the performance of TBB using RP-EBUS.

The cryobiopsy method, which uses the cryoadhesive  
effect (the Joule-Thomson effect) [18], can easily collect large 
amounts of appropriate tissue samples, and thus, can be 
used in bronchoscopy procedures for the diagnosis of PLL 
[8]. Previous meta-analysis showed that there was no dif-
ference in the pooled diagnostic yield between cryobiopsy 
and forceps biopsy for PLLs when combined with RP-EBUS 
(77.0% and 72.0%, respectively) [9], whereas, Matsumoto et 
al. [11] recently reported that the diagnostic yield of conven-
tional TBB and sequential TBC using a 1.9-mm cryoprobe 
for PLLs (irrespective of lesion size) was found to be up to 
89.9%. However, 1.9-mm cryoprobe is not flexible enough to 
advance to bronchi with an acute angle, such as both upper 
lobes. Therefore, the position of the RP-EBUS and the cryo-
probe may be different on fluoroscopic images, which may 
confuse respiratory physicians in identifying the exact loca-
tion of the target lesion. On the contrary, 1.1-mm cryoprobe is 

Table 4.  Characteristics of patients with additional diagnostic benefits from cryobiopsy

Variable
	                                Univariate analysis		                            Multivariate analysis

	 OR (95% CI)	 p-value	 OR (95% CI)	 p-value

Age > 60 yr	 2.17 (0.446-10.534)	 0.338	   4.47 (0.780-25.585)	 0.093
Female sex	 1.09 (0.403-2.970)	 0.860	 0.85 (0.287-2.530)	 0.773
Other than upper lobesa)	 1.85 (0.670-5.110)	 0.235	 -	 -
Longest diameter ≤ 22 mmb)	 3.25 (1.112-9.499)	 0.031	   3.51 (1.043-11.775)	 0.042
Distance from pleura, mm	 1.02 (0.987-1.055)	 0.224	 -	 -
Negative bronchus sign	 2.07 (0.739-5.782)	 0.167	 1.42 (0.442-4.571)	 0.555
Bronchus level of the lesion	 1.28 (0.873-1.864)	 0.209	 -	 -
Ground glass nodule	 2.46 (0.702-8.605)	 0.159	   2.86 (0.687-11.907)	 0.149
Adjacent on EBUS finding	 1.61 (0.438-5.920)	 0.473	 -	 -
CI, confidence interval; EBUS, endobronchial ultrasound; OR, odds ratio. a)Upper lobes are defined as the right upper lobe or left upper 
division, b)A cutoff value of 22 mm was used, which was the median longest diameter of the study patients. 

Fig. 3.  Comparisons of the mean longest diameter (A) and the surface area (B) of tissue between cyobiopsy samples and forceps biopsy 
samples.
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flexible enough to advance to the bronchi with an acute angle 
as seen in S1 Fig.; this could be a potent tool for the diagnosis 
of PLL. However, the issue concerning the affordability of 
performing TBC combined with RP-EBUS still exists, since 
RP-EBUS is not covered by the National Health Insurance in 
South Korea.

In the current study, 67 patients were successfully diag-
nosed without sequential TBC; whereas 20 patients were  
diagnosed using cryobiopsy samples only. In the multivari-
ate analysis, PLLs with the longest diameter of ≤ 22 mm were 
identified as an independent factor with an additional diag-
nostic benefit from cryobiopsy. Previous studies have shown 
that the size of the PLL is significantly related to the diagnos-
tic yield of bronchoscopy [19-22]; that is, the smaller the size, 
the lower the diagnosis rate. Our data suggest that sequential 
TBC is a reasonable method to increase the diagnostic yield 
of small PLL, especially those ≤ 22 mm. However, 15 patients 
were diagnosed using forceps samples only. This could be 
associated with potential bleeding, edema, and position 
change of lung nodules during TBB prior to TBC, but war-
rants further studies with larger cohorts for validation.

The overall complication rate of the bronchoscopy proce-
dures was 10.5% in the study, which was higher than that of 
conventional TBB using RP-EBUS in previous studies (0%-
7.4%) [23]. Most of which were uncontrolled bleeding using a 
thin or ultrathin bronchoscope after TBC (8.6%); however, all 
were adequately managed using a therapeutic bronchoscope 
with or without a balloon catheter. In addition, one patient 
with pneumothorax (1.0%) and one patient with infectious 
complications (1.0%) were identified, which was similar to 
that of a previous study of TBB alone [5]. Interestingly, most 
of the study patients received prophylactic antibiotics, and 
infectious complications occurred in only one patient who 
did not receive antibiotics. Generally, cryobiopsy causes 
more bleeding than forceps biopsy, and organized blood clots 
can block small airways, leading to obstructive pneumonia. 
Our findings suggest that oral prophylactic antibiotics can 
prevent infectious complications after cryobiopsy of PLLs.

The current study has some limitations. First, this study 
was conducted with a retrospective design at a single institu-
tion. Although a potential selection bias may have affected 
the study results, data from all subjects were consecutively 
collected. Second, reference data as a definitive histopatho-
logical diagnosis is insufficient. It is ideal to compare small 
biopsy results with surgical samples to verify false-positive 
results. In the present study, some patients were diagnosed 
with advanced malignant disease, such as lung metastasis 
from breast cancer, or refused surgical treatment. Therefore, 
we classified the malignant result of the bronchoscopy speci-
men as a definitive diagnosis. Although the probability is  
extremely low, false-positive results cannot be completely 

ruled out. Third, a pathological diagnosis was not estab-
lished in 11 patients (10.0%). Furthermore, seven patients  
underwent regular CT scans for 12 months without addition-
al procedures for tissue biopsy and were finally categorized 
as having benign disease, not otherwise specified. Although 
unlikely, malignancy may have been misclassified as benign 
based on the CT findings. Fourth, we evaluated the surface 
area of tissue samples by multiplying the longest diameter 
by its vertical diameter. However, this approach might not 
reflect the exact surface area of each sample, since there were 
heterogeneous features in the shape of the tissue sample.

In conclusion, sequential TBC using a novel 1.1-mm cryo-
probe improved the performance of conventional TBB using 
RP-EBUS. Although procedure-related complications, such 
as bleeding, were relatively high, all patients were managed 
without life-threatening complications.
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