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Basic Principles of Bronchoscopic Cryotherapy
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Joule-Thomson Effect
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Working Channel

1.1 mm

single-use

1.7 mm
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Erbe Elektromedizin GmbH specifications. - Steinack C, et al. Respiration 2025;104(8):603-614.

Flexible Cryoprobe, OD 1.1 mm, length 1.15 m
(with oversheath, OD 2.6 mm, length 817 mm)
No. 20402-401

Flexible Cryoprobe, OD 1.1 mm, length 1.15 m
(with oversheath, 0D 2.6 mm, length 757 mm)
No. 20402-402

Flexible Cryoprobe, OD 1.7 mm, length 1.15 m
No. 20402-410

.

Flexible Cryoprabe, OD 2.4 mm, length 115 m
No. 20402-411

ERBE USA. ERBECRYO® 2. 2023.
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Optimize Initial Freezing Time of Transbronchial
Cryobiopsy for the Diagnosis of Interstitial

Lung Disease: A Prospective Randomized Parallel
Group Study

Xiaobo Chen? Yongshun YeP? QianHan® ZhenyuLiang® Weiquan Xiao?
Difei Chen® Liya Lu® Yingying Gu® Nanshan Zhong® Shiyue Li?

Prospective randomized parallel-group study
1.9-mm cryoprobe -> ILD TBLC
% 1008 = 25 472 2 Z HYH > freezing time 3, 4, 5, 6

Respiration 2022;101:299-306.



Sample size, mm?

r=10633 3sgroup 4sgroup 5Ssgroup 6sgroup
5] &
40 ¢ Patients, n 25 25 25 25
Bleeding, n (%)
30 - 0-1 grade 105 (89) 02(73.6) B4(68.3) 63 (54.8)
2 grade 13011 33(264) 39(31.7) 52(45.2)
Pneumothorazx, m (%) 0 1(4) 104 1(4)
20 Pathological diagnosis, n (36)
Definitive 15 (60) 19(76)  21(84) 23 (92)
104 Possible 2(8) 51(20) 2(8) 1(4)
Failed 81(32) 1(4) 2(8) 1(4)
Multidisciplinary diagnosis, n (%) 16 (64) 22(88) 22 (88) 24 (95)"
0 | T T | |
2 3 4 5 6 7 * p < 0.05, significant difference among 4 groups, but no difference among 4 s, 5 5, and
Freezing time, 5 6 s groups.

Diagnostic yield of MDD - showing no significant differences among 4s, 5s, 6s groups

Freezing time S 7t = grade 2 0| 22| bleeding risk &7}t

we recommended 48 as the initial freezing time of TBCB

Respiration 2022;101:299-306.



ERJ OPEN RESEARCH
RESEARCH LETTER
5.5. KHO ET AL.

@

Exploring the optimal freeze time and passes of the ultrathin
cryoprobe in transbronchial cryobiopsy of peripheral
pulmonary lesions

ERJ Open Res 2024; 10: 00506-2023

Research letter/short report
Retrospective, single-centre
69 cases using the 1.1-mm ultrathin cryoprobe - rEBUS-guided PPL-TBCB
81 cases using the 1.9-mm reusable cryoprobe - rEBUS-guided PPL-TBCB

ERJ Open Res 2024; 10: 00506-2023.



1.1mm cryoprobe

TABLE 1 Factors influencing diagnostic yield and bleeding rate of ultrathin cryoprobe (N=69)

Diagnostic yield
Conclusive Inconclusive p-value
Mean target size
<2cm 21/27 (77.8) 6/27 (22.2) 0.767
>2cm 34/42 (81.0) 8/42 (19.0)
rEBUS orientation
Concentric 27/31 (87.1) 4/31 (12.9) 0.232
Nonconcentric 28/38 (73.7) 10/38 (26.3)
Cryobiopsy pass
2-passes cut-off
<2 passes 6/8 (75.0) 2/8 (25.0) 0.660
=2 passes 49/61 (80.3) 12/61 (19.7)
3-passes cut-off
<3 passes 15/23 (65.2) 8/23 (34.8) 0.034
=23 passes 40/46 (81.0) 6/46 (13.0)
Freeze time
4-s cut-off
<45 10/11 (90.9) 1/11 (9.1) 0.314
>4 45/58 (77.6) 13/58 (22.4)
6-s cut-off
<6s 29/36 (80.6) 7/36 (19.4) 0.855
265 26/33 (78.8) 7/33 (21.2)
8-s cut-off
<8s 42/51 (82.4) 9/51 (17.6) 0.358
>8s 13/18 (72.2) 5/18 (27.8)
10-s cut-off
<10's 51/64 (79.7) 13/64 (20.3) 0.987
210 s 4/5 (80.0) 1/5 (20.0)
Total specimen size
<8 mm 25/34 (73.5) 9/34 (26.5) 0.208
>8 mm 30/35 (85.7) 5/35 (14.3)

ERJ Open Res 2024, 10: 00506-2023.



1.1mm cryoprobe

Bleeding complication

Bleeding No bleeding p-value
Cryobiopsy pass

2-passes cut-off
<2 passes 6/8 (75.0) 2/8 (25.0) 0.144
>2 passes 29/61 (47.5) 32/61 (52.5)

3-passes cut-off
<3 passes 15/23 (65.2) 8/23 (34.8) 0.089
=3 passes 20/46 (43.5) 26/46 (56.5)

Freeze time

4-s cut-off
<45 5/11 (45.5) 6/11 (54.5) 0.703
>4 30/58 (51.7) 28/58 (48.3)

6-s cut-off
<6s 21/36 (58.3) 15/36 (41.7) 0.187
>6s 14/33 (42.4) 19/33 (57.6)

8-s cut-off
<8s 29/51 (56.9) 22/51 (43.1) 0.086
>8s 6/18 (33.3) 12/18 (66.7)

10-s cut-off
<10s 31/64 (48.4) 33/64 (51.6) 0.174
>10 s 4/5 (80.0) 1/5 (20.0)

Data are presented as n/N (%) unless otherwise stated. rEBUS: radial endobronchial ultrasound. Bold type
represents statistical significance.

ERJ Open Res 2024; 10: 00506-2023.



reach into the target site may hold greater importance [3, 8, 9]. This was reflected in our finding that
specimen size does not differ significantly between conclusive and inconclusive cases in our PPL-TBCB
cohort. Nevertheless, while the optimal number of cryobiopsy passes and freezing time for the ultrathin
cryoprobe in PPLs remains unknown, our findings suggest that a mean activation time of 6s and three
passes may yield a diagnostic yield comparable to that of the 1.9-mm cryoprobe. Interestingly, in cases
where only one activation was performed, we were able to reach a conclusive diagnosis in 75% of cases.

In conclusion, PPL-TBCB may not require larger specimen sizes, as quality of tissue outweighs the
quantity of tissue for accurate diagnosis. Comparable diagnostic yields in PPL-TBCB can be achieved by
~6 s of freezing time and three or more passes using the 1.1-mm cryoprobe with rEBUS guidance. The
use of the 1.1-mm cryoprobe is associated with improved accessibility, shorter procedural time and
potentially reduced incidence of severe bleeding. In the effort to enhance PPL diagnostic accuracy, further

prospective studies are needed to establish standardised protocols for the optimal use of the ultrathin
cryoprobe in PPLs.

1.1mm cryo-biopsy for PPL = freezing time 6 T, 33| 0| & passE M7 (1.9mm0]| 233+ outcome)

ERJ Open Res 2024; 10: 00506-2023.
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Respiration 2025;104:603-613 Received: August 4, 2024
. Accepted: February 27, 2025
DO 10.1159/000545338 Published online: March 25, 2025

Diagnosis of Peripheral Pulmonary
Lesions Using Forceps and 1.1- or
1.7-mm Cryoprobes: A Randomised Trial

Carolin Steinack?® Jan Hendrik Riischoff® Maurice Roeder®
Silvan Manuel Vesenbeckh? Silvia Ulrich? Martina HabereckerP
Miriam Nowack? Malcolm Kohler? Daniel P. Franzen®< Thomas Gaisl?®

#Department of Pulmonology, Interventional Lung Center, University Hospital Zurich, Zurich, Switzerland;
bDepartment of Pathology and Molecular Pathology, University Hospital Zurich, Zurich, Switzerland: “Department
of Internal Medicine, Spital Uster, Uster, Switzerland

Single-centre, investigator-initiated, open label, randomised trial

Forcep & Cryobiopsy with a 1.1-mm (freezing time 7-10s, n=29) or 1.7-mm cryoprobe (freezing time 4—-6s, n=25)

Respiration 2025,;104:603—-613.



Table 2. Diagnostic yield, specimen properties, and adverse events in the entire cohort

Group 1.1-mm cryoprobe 1.7-mm cryoprobe p value
N (%) 29 (53.7%) 25 (46.3%)
Overall diagnostic yield 22 (75.9%) 22 (88.0%) 0.261
Lesion size <10 mm 1 (100%) 0 (0.0%) -
Lesion size >10-20 mm 6 (50.0%) 3 (75.0%) 0.417
Lesion size >20 mm 15 (93.8%) 19 (100%) 0.282
Diagnostic yield for malignancies 23 (87.0%) 18 (94.4%) 0435
Overall diagnostic yield CBs 0.198
No definitive diagnosis 9 (31.0%) 4 (16.0%)
Definitive diagnosis 20 (69.0%) 21 (84.0%)
Overall diagnostic yield FB 0.599
No definitive diagnosis 16 (55.2%) 12 (48.0%)
Definitive diagnosis 13 (44.8%) 13 (52.0%)
Diagnosis 0.493
Lung, adenocarcinoma 15 (51.7%) 13 (52.0%)
Inflammatory 3 (10.3%) 3 (12.0%)
Organising pneumonia 2 (6.9%) 4 (16.0%)
Lung, squamous cell cancer 3(103%) 1 (4.0%)
Lung, carcinoid 3 (10.3%) 0 (0.0%)
Lymphoma 1 (3.4%) 1 (4.0%)
Pneumonitis 0 (0.0%) 1 (4.0%)
Hepatocellular carcinoma 1 (3.4%) 0 (0.0%)
Thyroid carcinoma 0 (0.0%) 1 (4.0%)
Lung, large cell cancer 1 (3.4%) 0 (0.0%)
Renal cell carcinoma 0 (0.0%) 1 (4.0%)
Cryobiopsy long-axis diameter, mm 4.1+1.9 5.8+44 0.071
Cryobiopsy short-axis diameter, mm 2.8+1.4 3.4+13 0.1
Tumour long-axis diameter on cryo-specimens, mm 2.7£1.6 3.3x1.7 0.282 . .
Tumour short-axis diameter on cryo-specimens, mm 2.1£1.2 2.3x1.3 0.580 1-1'mm (free2|ng time 7_105)
Number of CBs 0.300 . .
1 4 (138%) 5 (20.0%) vs 1.7-mm (freezing time 4-6s)
2 6 (20.7%) 10 (40.0%)
3 19 (65.5%) 10 (40.0%)
Artifact-free lung parenchyma 0.148
25-49% of specimen 3 (11.5%) 1 (4.2%)
50-74% of specimen 5(19.2%) 1 (4.2%) . . . . .
75-100% of specimen 5 (34.6%) 18 (75.0%) —> diagnostic yield, specimen quality, molecular
>50 alveolar spaces on cryo-specimens 0.202 . ers . o —
No 13 (44.8%) 7 (28.0%) pathology suitability, bleeding HO| A 72| St X}0| 7}
Yes 16 (55.2%) 18 (72.0%)
Procedural-related bleeding 0.847 gi 9}1 EI'-
No 26 (89.7%) 22 (88.0%)
Yes 3 (10.3%) 3 (12.0%)

Values are displayed as n (%), mean * SD, or median [IQR].

Respiration 2025;104:603—613.
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Cryoextraction

Blood Clot - Foreign Body — Bedside Lifesaver
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Sriratanaviriyakul N, et al. J Bronchology Interv Pulmonol 2015;22(4):288-293. - Schmidt LH, et al. J Thorac Dis 2019;11(11):4319-4327.



ORIGINAL INVESTIGATION

Safety and Clinical Utility of Flexible Bronchoscopic
Cryoextraction in Patients With Non-neoplasm
Tracheobronchial Obstruction

A Retrospective Chart Review

Narin Sriratanavirivakul, MD,* 1] Francis Lam, MD,T}
Brian M. Morrissey, MD,* 1} Nicholas Stollenwerk, MD,* 1}
Michael Schivo, MD,* 1] and Ken Y. Yoneda, MD*71

Retrospective chart review

38 cryotherapy sessions performed on 30 subjects

J Bronchol Intervent Pulmonol 2015;22:288-293



TABLE 1. Patient Data

Characteristic Sessions Patients
Patient population
Total sessions and patients 38 30
Age range, y (mean) 28-73 (52.6)
Male/female 20/10
Airway
Nonintubated 5 5
Endotracheal tube 32 24
Tracheostomy I I
Indication
Blood clots 26 20
Mucous plugging 6 5
Foreign body 4 4
Plastic bronchitis 2 1

TABLE 3. Clinical Outcome by Session

Airway Improvement in
Patency* Oxvygenation/  Complications™®
Indication (%) Ventilation® (%) (%)
Blood clots 24/26 (92) 14/21 (66.7) 1/26 (3.8)
Mucous 4/6 (66.7) 4/6 (66.7) 0 (0)
plugging
Foreign 2/4 (50) 3/4 (75) 0 (0)
body
Plastic 2/2 (100) NA 0 (0)
bronchitis
Total 32/38 (84.2) 21/31 (67.7) 1/38 (2.6)

*Number ol sessions.
MNA indicates not available.

Sriratanaviriyakul N. J Bronchology 2015.
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FIGURE 1. Airway cast of a case with hemoptysis. a#

FIGURE 2. Airway cast of a case with plastic
bronchitis. a#

Sriratanaviriyakul N. J Bronchology 2015.
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Schmidt LH. J Thorac Dis 2019. - Mahanani DA, et al. Respir Med Case Rep 2016;19:74-77.



Case #1 : 67/F blood clot extraction

2026.4
STEMI with Acute HF -> PCI, VA-ECMO

VA-ECMO -> weaning
: hemoptysis, Lt. lung total atelectasis
Sp02 80~85% (ventilator FiO2 1.0)

> U YU ofE 2 BFs 2| | E




Case #1 : 67/F blood clot extraction

BFS
Total obstruction by blood clot in Lt. main bronchus

Sp02 80~85% (ventilator FiO2 1.0)
E-tube 7.5mm

VV-ECMO ?? A= Ei7] A|ZE vs HHE TY7H S 7tsE <2
E-tube change (8.0mm) ?? Arrest risk




Case #1 : 67/F blood clot extraction

A 'F Cryo-extraction try !




Case #1 : 67/F blood clot extraction

001/ 3¢ ST

Blood clot extractionA| E-tube tip®| & 2§ Rt. main bronchusk. 2&
> Sp02 S E|X| %£Z.. impending arrest




Case #1 : 67/F blood clot extraction

Lt. side down position & ambu bagging
-> cryo-extraction in Rt. main bronchus



Case #1 : 67/F blood clot extraction

Successful cryo-extraction in Lt. main bronchus



Case #1 : 67/F blood clot extraction

Successful cryo-extraction in Lt. main bronchus

> Gld%| Rot S5 S0l BEE + A2L, Al H 7tset =X = Cf A|d S of= Ao| EChi



PART 2-2

Peripheral Lung Cryobiopsy

with r-EBUS - Robotic - ENB
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Kim SH, et al. Cancer Res Treat 2023;55(2):506-512.
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- Arimura K, et al. Respir Investig 2019,57:150-156.



[ Thoracic Oncology Original Research ] g CHEST

Diagnostic Outcomes and Safety of (@ Cheokforupastes)
Cryobiopsy Added to Conventional

Sampling Methods
An Observational Study

Yuji Matsumoto, MD, Toshiyuki Nakai, MD, Midori Tanaka, MD, Tatsuya Imabayashi, MD,; Takaaki Tsuchida, MD,
and Yuichiro Ohe, MD

Retrospective study
Conventional biopsies + Cryobiopsy vs Conventional biopsies

Chest. 2021 Nov;160(5):1890-1901.



Patients who undenuent bronchoscopy for peripheral

pulmonary lesionsJune 2017 to May 2018}§n = 608)

. yes j Excluded
Rebiopsy FL (n = 55)
no
not attempted (n = 290)
Cryobiopsy
abandoned (n = 6)
performed
Y L J Y
Inside the study Outside the study
population (n = 257) population (n = 296)

Figure 1 — Flow diagram displaying patient selection.

Chest. 2021 Nov;160(5):1890-1901.



TABLE 1 | Baseline Characteristics Comparing Inside

and Outside the Study Population

With Crycbiopsy

Without Cryobiopsy

Variable (Inside the Study) (Outside the Study)
Age, y 70 (33-86) 70 (29-88)
=70 130 (50.6) 158 (53.4)
=70 127 (49.4) 138 (46.6)

Sex
Male 134 (52.1) 191 (64.5)
Female 123 (47.9) 105 (35.5)
22.9(7.1-115.4)| 24.9(6.4-103.6)
= 20.0 98 (38.1) 109 (36.8)
> 20.0 159 (61.9) 187 (63.2)
Morphology
152 (59.1) 245 (82.8)
Part-solid 92 (35.8) 44 (14.8)
Pure ground- 13 (5.1) 7 (2.4)
glass
Lobe
RUL and LUS 132 (51.3) 151 (51.0)
RML and lingula 39 (15.2) 27 (9.1)
RLL and LLL 86 (33.5) 118 (39.9)
Location
Outer 192 (74.7) 210(70.9)
Inner 65 (25.3) 86 (29.1)
Distance from the 8.2 (0-52.1) 5.9 (0-55.2)
costal pleura,
mm
=10.0 147 (57.2) 178 (60.1)
> 10.0 110 (42.8) 118 (39.9)
Bronchus sign
Positive 192 (74.7) 251 (84.8)
Negative 65 (25.3) 45 (15.2)
Related bronchial 7(3-12) 7 (2-13)
generation
=6 111 (43.2) 147 (49.7)
=6 146 (56.8) 149 (50.3)
Visibility on
radiograph
Visible 187 (72.8) 243 (82.1)
Invisible 70 (27.2) 53(17.9)
Total 257 (100) 296 (100)

Chest. 2021 Nov;160(5):1890-1901.



TABLE 4 | Transition of Diagnostic OQutcomes With Cryobiopsy for Each Variable

Variable Additional Diagnosable Cases by Cryobiopsy Conventional Diagnosable Cases P Value

Age, y .263
=70 14 (10.8) 103 (79.2)
>70 8 (6.3) 106 (83.5)

Sex .825
Male 11 (8.2) 111 (82.8)
Female 11 (8.9) 98 (79.7)

Size, mm .102
= 20.0 12 (12.2) 73 (74.5)
> 20.0 10 (6.3) 136 (85.5)

Morphology .463
Solid 14 (9.2) 123 (80.9)
Part-solid 6 (6.5) 77 (83.7)
Pure ground-glass 2 (15.4) 9 (69.2)

Lobe .524
RUL and LUS 9 (6.8) 105 (79.6)
RML and lingula 3(7.7) 34 (87.2)
RLL and LLL 10 (11.6) 70 (81.4)

Location .803
Quter 17 (8.8) 153 (79.7)
Inner 5(7.7) 56 (86.2)

Distance from the costal pleura, mm .269
= 10.0 10 (6.8) 121 (82.3)
> 10.0 12 (10.9) 88 (80.0)

Bronchus sign .011
Positive 12 (6.3) 169 (88.0)
Negative 10 (15.4) 40 (61.5)

Related bronchial generation .502
=6 8 (7.2) 95 (85.6)
> 6 14 (9.6) 114 (78.1)

Visibility on radiograph .120
Visible 13 (7.0) 159 (85.0)
Invisible 9 (12.9) 50 (71.4)

R-EBUS finding .001
Within 4 (3.0) 124 (92.5)

18 (14.9) 84 (69.4)
Invisible 0 (0) 1 (50.0)

Aspiration needle .003
With 13 (16.1) 59 (72.8)
Without 9 (5.1) 150 (85.2)

ROSE .344
With 17 (7.8) 179 (81.7)
Without 5(13.2 30 (78.9

Total

(69.4% vs 84.3%)

Overall diagnostic yield was 89.9% (81.3%+8.6%)

“adjacent to” = ZIEt=2| O| =0| 7}& AL}

Chest. 2021 Nov;160(5):1890-1901.



TABLE 5 | Complications

Adverse Event Cases

Bleeding
Mild 101 (39.3) Hemorrhage grade
Moderate 100 (38.9) Mild: blood suctioning required for < 1min
Severe 3(1.2)

Moderate: suctioning required for > 1min, repeat wedging of the bronchoscope, or

Life-threatening 0 (0) the application of cold saline, diluted vasoactive substances, or thrombin
Hypoxemia 11 (4.3)
Severe: selective intubation needed for < 20 min
Pneumothorax 2 (0.8)
Lung abscess 2 (0.8) Life-threatening: persistent selective intubation, or emergency care required.

Cerebral infarction 1(0.4)

Chest. 2021 Nov;160(5):1890-1901.



Original Article

Additional 1.1-mm cryobiopsy trial guided by rapid on-site
cytologic evaluation of touch imprint cytology result of small
forceps biopsy in peripheral pulmonary lesions: a prospective
single-center study

Yuki Tﬂkjgmva]"‘, Ken Sato', Suzuka Matsuoka’, Mayu Goda', Keisuke Shiraha', Takeru Ichikawa’,

Shoichiro Matsumoto', Tomoyoshi Inoue’, Miho Fujiwara’, Jun Nishimura', Hiromi Watanabe',
Kenichiro Kudo', Akiko Sato', Tetsuya Isoda’. Yoko Shinno’, Keiichi Fujiwam], Takuo Sh.i’.bﬂ}*ﬂ].‘llﬂl

Single-center prospective study
PPLs <30 mm were enrolled

1.5-mm forcep biopsy vs 1.1-mm cryo-biopsy =2 Rapid on-site cytologic evaluation of touch imprint cytology (ROSE-TIC)

Transl Lung Cancer Res 2025;14(12):5273-5282.



Study enrollment

(N=51)
One patient had PPL size
E— ] .
of =30 mm in diameter
Y

Patients with PPLs
less than 30 mm in diameter
(N=50)

Y

Bronchoscopic examination
with rEBUS, fluoroscopy

Y

A minimum of five times of small FB
with 1.5-mm single-use oval cup forceps

A
ROSE-TIC

N

Positives MNegatives
(N=24) (N=26)

i ,,

Additive 5 to 10 times Add ultrathin CB with
of FB a 1.1-mm cryoprobe

Transl Lung Cancer Res 2025;14(12):5273-5282.



Table 4 Histopathological diagnostic vield by ROSE-TIC results

ROSE-TIC-positives (n=24)

ROSE-TIC-negatives (n=26)

Diagnosis Overall (n=50)
FB' FB FB + CB

Specific 21 9 19 40

Non-specific 3 17 7 10

Total 24 26 26 50

Diagnostic yield (%) 87.50 34.62 73.08 80.00

T including eytological findings (touch imprint cytology and forceps lens fluid), a specific diagnosis was made in 95.8% (n=23) of ROSE-
TIC-positives. The ROSE-TIC-negative group showed no enhancement in cytological findings. CB, cryobiopsy; FB, forceps biopsy; ROSE-

TIC, rapid on-site cytological evaluation of touch imprint cytology.

Transl Lung Cancer Res 2025;14(12):5273-5282.



ROSE-TIC-positives ROSE-TIC-negatives
(n=24) (n=28)

A A

Specific diagnosis ORI :-:-f-f-f-f-f-f-f-r;-féif-f-f-f-f-f-:-:-:-:-:-:-:-:-:-:-:-:-:-:-: L
Diagnostic yield: 80% (40/50) [©© il L g gy g e

F
v
F Y
v

Specific diagnosis obtained by FB Enhanced by CB
Diagnostic yield: 60% (30/50)

FB only@t H| S| CB =7} A| diagnostic yield7t 20% & (60% > 80%)

Transl Lung Cancer Res 2025;14(12):5273-5282.



Table 5 Comparison of diagnostic vields according to visual parameters

FB FB + CB
Visual parameters Total P value
n % n %
Diameters of the PPLs
<20 mm 38 20 23 28 74 0.003*
20-30 mm 12 10 83 12 100 0.50
rEBUS findings
Within 23 19 83 23 100 0.12
Adjacent to 18 10 56 14 78 0.12
Blizzard 9 1 11 3 33 0.50
CT findings
Solid 25 22 88 24 96 0.50
Partial Solid 17 7 41 13 76 0.040*
GGN 9 1 11 3 33 0.50

*, P<0.05. CB, cryobiopsy; CT, computed tomography; FB, forceps biopsy; GGN, ground-glass nodule; PPLs, peripheral pulmonary

lesions; rEBUS, radial endobronchial ultrasound.

Transl Lung Cancer Res 2025;14(12):5273-5282.



FB = non specific ____ +CB > ADC

S00 pm

500 pm

Figure 3 Effective case of additional cryobiopsy for ROSE-TIC negative lesion. (A) A case of an 8-mm right upper lobe pulmonary nodule.
(B) EBUS-GS revealed the lesion adjacent to the bronchus. (C) Histopathological findings of torceps biopsy have no specitic findings
(hematoxylin and eosin staining). (D) Histopathological findings of cryobiopsy showed adenocarcinoma (hematoxylin and eosin staining).
EBUS-GS, endobronchial ultrasound with guide sheath; ROSE-TIC, rapid on-site cytological evaluation of touch imprint cytology.

Transl Lung Cancer Res 2025;14(12):5273-5282.
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Figure 4 Comparison of the sample size between CB and FB.
Statistical analysis was made by the Mann-Whitney U test. CB
samples were significantly larger than FB samples (median: 2.70 vs.

1.35 mm’; P<0.001). CB, cryobiopsy; FB, forceps biopsy.

Transl Lung Cancer Res 2025;14(12):5273-5282.



Table 3 Complications of the bronchoscopic procedure

ROSE-TIC-positive ROSE-TIC-negative Total

Complications

(h=24) (n=26) (n=50)

Bleeding

Grade 0 19 17 36

Grade 1 3 6 9

Grade 2 2 3 5

> Grade 3 0 0 0
Pneumothorax 1 0 1
Pneumonia 0 1 1

ROSE-TIC, rapid on-site evaluation of touch print cytology.

Hemostatic strategies : two-scope method, tube wedging, and non-intubated CB method.

Transl Lung Cancer Res 2025;14(12):5273-5282.
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Thin bronchoscopic cryobiopsy using G

a hasobronchial tube

Masahide Oki'", Hideo Saka'~, Yoshihito Kogure', Hideyuki Niwa', Akane Ishida’, Arisa Yamada',
Atsushi Torii' and Chiyoe Kitagawa'

Oki et al. BMIC Pulmonary Medicine (2022) 22:361.



a b

Fig. 1 a A customized 5.0-mm silicone endotracheal tube with a connecter. b The tube was attached to a 4.0 mm bronchoscope

H A OEF L rigid bronchoscopy 810| conscious sedation¥|A| transnasal2 A 7}SSICHE & ™I

Oki et al. BMIC Pulmonary Medicine (2022) 22:361.



a b C d

Fig. 2 Wedged-tube cryobiopsy. a Advancement of the long bronchial tube through the nose to the target bronchus under thin bronchoscopic
control. b Wedged bronchial tube. ¢ Cryobiopsy. d Prevention of blood flooding into the central airway by draining with the bronchial tube

Oki et al. BMIC Pulmonary Medicine (2022) 22:361.



Table 4 Safety

Variables Value
Complications
Bleeding
Grade 0; no bleeding 15 (20.5)
Grade 1; mild bleeding 58 (795)
<50 mL 53
>50 mL 5
Grade 2, 3; moderate, severe bleeding 0 (0)
Pneumothorax 22(2.7)
Pneurmomediastinum 1(1.4)
Pneumonia 1(1.4)
Supplemental oxygen during bronchoscopy
Yes 35 (47.9)
No 38 (52.1)

Data are presented as no. or no. (%) unless otherwise stated
*These patients did not require thoracic drainage

Oki et al. BMIC Pulmonary Medicine (2022) 22:361.
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It was frozen for 2 or 3 s for the frozen tissue specimens to pass through the 2.0-mm working channel [8, 9]. The
freezing time for the initial cryobiopsy was set at 2 s and increased to 3 s depending on the amount of specimens

obtained.
The tissue specimens attached to the frozen tip were collected by the assistant by extracting the cryoprobe through

the working channel, while the operator wedged the bronchoscope into the peripheral bronchus and fixed it in place.

Respiration 2023,;102:503-514.
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Novel Robotic-Assisted Cryobiopsy for Peripheral Pulmonary Lesions

Catherine L. Oberg'* - Ryan P. Lau? - Erik E. Folch® - Tao He' - Reza Ronaghi' - Irawan Susanto' - Colleen Channick! -
Rodrigo Garcia Tome' - Scott Oh'

Retrospective analysis of 120 peripheral pulmonary lesions

Biopsied via robotic bronchoscopy using needle aspirate, forceps, and cryobiopsy

Lung (2022) 200:737-745.



Nodule Size

Diagnostic Yield by Lesion Size and Biopsy Modality
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Number of Nodules

[@ Needle + forceps M Needle + cryobiopsy

M Non-diagnostic

] Forceps alone [J Cryobiopsy alone

B Forceps + cryobiopsy M All modalities

Cryobiopsy EFE2 2 ZICHEl % > 2F 18%

Yield per tool, diagnostic cases n=108

Needle alone 0(0%)
Forceps alone 2(1.9%)
Cryobiopsy alone 19 (17.6%)
Needle + forceps 1 (0.9%)
Needle 4+ cryobiopsy 5(4.6%)
Forceps + cryobiopsy 53 (49.1%)
Needle + forceps + cryobiopsy 28 (25.9%)
Molecular analysis n=49
Local IHC/FISH adequacy 49 (100%)
Needle 2 (100%)
Forceps 18 (100%)
Cryobiopsy 29 (100%)
NGS adequacy 45 (81.6%)
Needle 1 (50%)
Forceps 15 (83.3%)
Cryobiopsy 29 (100%)

*|HC—immunohistochemistry, FISH—fluorescence in situ hybridi-
zation, NGS—next-generation sequencing

Lung (2022) 200:737-745.
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Research Paper

Cryobiopsy versus fine-needle aspiration for shape-sensing robotic-assisted | w
sampling of small lung nodules

David Abia-Trujillo™ , Rodrigo Funes-Ferrada ”, Alejandra Yu Lee-Mateus °,
Alanna Barrios-Ruiz °, Andras Khoor ”, Neal M. Patel *, Britney N. Hazelett ",
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Retrospective cohort study

256 patients, with a combined 284 procedures, and 324 nodules sampled.

Biopsied via robotic bronchoscopy using needle aspirate, cryobiopsy

Lung Cancer 196 (2024) 107967.
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Diagnostic Yield: Cryobiopsy vs. Fine Needle Aspiration

Module Characteristic

Diagnostic tools
. Cryobiopsy
| Fine Needle Aspiration

Lung Cancer 196 (2024) 107967.



PART 2-3

Mediastinal Cryobiopsy

EBUS-guided TBMC — Lymphoma & Sarcoidosis
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Proposal for a standardized methodology for performing
endobronchial ultrasound-guided mediastinal cryobiopsy: a

four-step approach
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Step 1: the planning (select the best place, choose it wisely)

Figure 1 Thorax CT from different levels for the same patient. (A) Asterisk showing the space between 4R station and the tracheobronchial

wall. (B) CT showing how the space between the 4R station and the right paratracheal wall decreases as we move down the trachea. CT,
computed tomography.

wallo| Zt& 7172 LNQ| levelS &F=CF.

g Hol=:#lE > oeE
11L, 11Ri, 7, 11Rs, 4R, 2L, 2R, 10R, 10L, 3p, 4L

Mediastinum 2024,8:30.



Step 2: the puncture (the first puncture will guide the rest of the process)

Figure 2 Lymph node stations and Doppler-mode on the ultrasound image. (A) Arrow showing a vessel in the proximal zone of the lymph

node. (B) Arrow showing the location with the thinnest mucosa and lymph node capsule. (C) Needle sheath avoiding cartilage before

performing the puncture. ADP, adenopathy. Figure 4 22-gauge SonoTip TopGain crown cut tip needle.

22G SonoTip TopGain crown-cut needle #11 : G 5213t puncture trace &2l 7t

Mediastinum 2024,8:30.



Step 3: “the tunnel” : ZI* X#/ 2 Lt cryoprobe &2 B} 2 X

... M1Q TIB04 AP1O0N _e1FPg]

MNDTAR  RA00 BGTT BOTS

Figure 5 Arrows on the ultrasound image showing the trace left by
the TBNA needle inside the lymph node. TBNA, transbronchial Figure 6 Arrow pointing at the broken lymph node capsule.

needle aspiration.

« 2 XM FHF TBNAS Al > mucosa—submucosa—lymph node capsul= S1tSH= tunnel= BHELH
Aspiration StX| 25 =CH! Why?> proximal lymph node 2/ 2| traumaZl bleeding= Z0|7| 2/ 5H A

«  8-122| " & needle movement

«  O|F needle Z0|E 2 1 cm & proximal capsule £2{0| &S

* needleO] Mg GlO| SOIXULt LtE o A2 B capsuleO| SZ 0| EFACHL ZHE

Mediastinum 2024,8:30.



Step 4: the cryobiopsy

MOJ NB0s A100% 3

-

»
y
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.\\"-_ Ay <

MDISR RA0BGTT B0

Figure 9 Arrow in the ultrasound image and Doppler mode Figure 8 Introduction of the cryoprobe. (A) 1.1 mm ecryoprobe being introduced gently into the working channel of the EBUS

= : c 2 bronchoscope. (B) No endoscopic vision for letting us locate the previous puncture site. (C) Ultrasound image showing the needle trace
pointing the tip of the cryoprobe in the correct and desired = ¢ .
. inside the lymph node. EBUS, endobronchial ultrasound.

position.

needle trace2} broken capsule= Z=SIIZ CIA| 20l

* 1.1 mm cryoprobe= EBUS bronchoscope working channel 2 & &

EBUS scope leverE neutral position =3-5= freezing

Cryoprobe2t EBUS scope= /M| it H M frozen tissueE 2|

Mediastinum 2024;,8:30.



Step 4: the cryobiopsy

Figure 10 Ultrasound image of the crvoprobe. (A) Ultrasound image confirms the eryoprobe tip positioned distally within the lymph node.

(B) Cryoprobe’s tip located in the lymph node’s medial area. (C) Cryoprobe’s tip positioned in the proximal zone of the lymph node.

« 3 samples per station : 15t distal area = 2" medial area = 3 capsule =X proximal area

Mediastinum 2024,8:30.



Step 4: the cryobiopsy

Figure 12 Cryobiopsy attached to the tip of the 1.1 mm
cryoprobe.

Figure 11 The Cryoprobe firmly grasped with the fourth and fifth fingers, once fixed, the lever of the EBUS scope should be in neutral
position. The pedal needs to be pressed for 3—5 seconds until the sample is secured outside the airway. EBUS, endobronchial ultrasound.

Freezing time: 3-528 A%

6% O| A freezingS 6™ sample sizeZt B S 7}5HXA| 210, pneumothoraxLt pneumomediastinum /& 0| 7}

Mediastinum 2024,8:30.
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Mediastinal lymph node cryobiopsy guided by endobronchial
ultrasound: a comprehensive review of methods and outcomes
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Table 2 Overall yield for EBUS-TBC and EBUS-TBINA

Cryobiopsy TBNA
Author, year
Population Yield Percentage Population Yield Percentage

Cheng, 2024 (9) 154 141 91.6 154 118 76.6
Zhang, 2021 (8) 194 178 91.8 194 155 79.9
Fan, 2023 (10) 136 126 92.6 135 109 80.7
Poletti, 2024 (11) 48 46 95.8 48 26 54.2
Genova, 2022 (12) 5 3 60.0 5 - 80.0
Gershman, 2022 (13) 24 20 833 24 21 87.5
Gonuguntla, 2021 (14) - 4 100.0 4 3 75.0
Ariza-Prota, 2022 (15) - 4 100.0 4 3 75.0
Ariza-Prota, 2023 (16) 50 48 96.0 50 41 82.0
Salcedo, 2023 (17) 50 45 90.0 50 32 64.0

EBUS-TBC, endobronchial ultrasound-guided transbronchial cryobiopsy; EBUS-TENA, endobronchial ultrasound-guided transbronchial

needle aspiration.

Mediastinum 2025,9:6.



Table 3 Yield in benign pathology

No. of patients with Cryobiopsy TBNA yield

Study benign pathology  yield (%) (%)
Cheng, 2024 (9) 47 78.7 59.6
Zhang, 2021 (8) 47 80.9 53.2
Fan, 2023 (10) 48 g4 B66.7
Gonugunitla, 2 100 100
2021 (14)

Ariza-Prota, 12 100 60

2023 (18)

TBNA, transbronchial needle aspiration.

Sarcoidosis yield
Zhang et al. 100% vs 66%
Fan et al. 100% vs 75%
Cheng et al. 92% vs 75%

Lymphoma yield
Zhang et al. 88% vs 13%

Mediastinum 2025,9:6.



Complications

The most common complication was bleeding. Most studies reported minor bleeding (grade 0-1).

Pneumothorax or pneumomediastinum was another reported complication noted on post-procedural
radiography. These occurred at a rate of <2% and resolved without further intervention.

None of the above complications were statistically significant compared to the control group, suggesting
that cryobiopsy offers no significant additional procedural risk.

Mediastinum 2025,9:6.
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Cryoablation for Lung Cancer

Transbronchial Approach + Cryo-Immunotherapy



Lung Cancer Cryoablation2| Rationale

M= Percutaneous2| H4|
= 271/7F Stage IANSCLC Pneumothorax 25-34%
Oligometastasis / CHE A cancer Hemothorax / S7HS 2 &4
ILD SEHH Y (F==/RTEH) SH.T45 QF ot A
e lesion BtE & 7t5 Needle tract seeding (=)

Transbronchial Cryoablation2| &7

89 2E (pneumothorax /) - Day-care 2|2l A|& 7} - Multiple lesion =3 ablation - RFA/MWAR} 2| &l & ZE (cryo-immunology)

Velez A. Front Immunol 2023;14:1203539. - Hinshaw JL. J Vasc Interv Radiol 2010;21:1424-1428.



Lung cancer

@ Original research
Transbronchial cryoablation in peripheral lung
OPEN ACCESS . . s
parenchyma with a novel thin cryoprobe and initial

clinical testing

Chuanjia Gu, "** Haibin Yuan,* Chi Yang,>® Fangfang Xie,"** Junxiang Chen, "**
Lei Zhu,’ Yifeng Jiang,® Jiayuan Sun ® "#?

stage |A peripheral lung cancer or metastases
1.9-mm thin flexible cryoprobe
CBCT-guided transbronchial cryoablation

first-in-human 9

Gu C. Thorax 2024,;79(7):633-643. -.
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18 swines 36 cryoablation points
Figure 1

9 points
{ two cycles
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10min freezing time 9 points
three cycles
9 points
two cycles
18 points
15min freezing time 9 points

three cycles

Follow-up
Pathology: 24h. 4wk, 3mon
after cryoablation
CT: 24h, 48h, 1wk, 4wk,
3mon after cryoablation

(A) Cryotherapy system and novel thin flexible cryoprobe. (B) Adaptability of the novel flexible cryoprobe to different models of

bronchoscopes (BF-1T260, BF-260 and BF-P260F). (C) Experimental overview. (D) Experimental grouping and procedures created with BioRender.com.

Gu C. Thorax 2024;79(7):633-643. -.
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Figure 2 Representative CT findings of dynamic changes from the group 15min for three cycles during cryoablation (A) and 3 months post
cryoablation (B).

Gu C. Thorax 2024,79(7):633-643. -.



Figure 3 Representative histopathological findings at 24 hours after ablation in the groups 10 min for two cycles (A), 10 min for three cycles (B),
15 min for two cycles (C) and 15 min for three cycles (D). Gross pathology of the ablation zone along the bronchus at the area of cryoprobe insertion

Gu C. Thorax 2024,;79(7):633-643. -.



Table 3  Patients and tumour characteristics receiving transbronchial cryoablation

Case Gender Location Pathology Density Size (mm) Distance to pleura (mm) Comorbid disease or history

1 F RUL LUAD mGGO 24.29x18.21 0.00 Multiple primary lung cancer, hypertension, cerebral infarction

2 F RUL LUAD mGGO 13.58x13.23 19.50 After RML lobectomy for lung cancer, multiple primary lung cancer, hypertension, cerebral infarction
3 F RLL LUAD Solid 19.84x16.49 14.16 Lung metastasis from colon cancer, after LUL lobectomy for lung cancer, hypertension

4 M LLL LUAD Solid 15.49%12.65 1247 CHD, Parkinson's disease

5 F RLL LUAD mGGO 18.43x11.40 30.04 After RUL lobectomy for lung cancer, multiple primary lung cancer, hypertension

6 F LLL LUAD pGGO 9.65x7.37 28.94 After RML lobectomy for lung cancer, multiple primary lung cancer

7 F LUL LUAD Solid 14.47x12.94 31.63 Asthma, refusal to surgery

8 F LuL LUAD mGGO 17.44x14.15 10.66 CHD, hypertension, diabetes

9 F RLL LUAD pGGO 12.19x10.51 410 After LLL lobectomy for lung cancer, multiple primary lung cancer

CHD, coronary heart disease; F, female; LLL, left lower lobe; LUAD, lung adenocarcinoma; LUL, left upper lobe; M, male; mGGO, mixed ground-glass opacity; pGGO, pure ground-glass opacity; RLL, right lower lobe; RML, right middle lobe; RUL,

right upper lobe.

9 patients, 9 lesion = transbronchial cryoablation= Al
stage |A peripheral lung cancer or pulmonary metastasis
T=0| B AL === AHF Tt 2HAt

navigation bronchoscopy, radial EBUS, cone-beam CT &

HN4HE2 MM Z D 2{8l| 7= freezing + 3= thawing > O| 2 freezing time= 10

Gu C. Thorax 2024,79(7):633-643. -.



Figure 6 Cone-beam CT (CBCT)-guided transbronchial cryoablation in case 1. CBCT images during the first cryoablation showing the target lesion

before the procedure (A1), interprocedural confirmation of the cryoprobe inside the target lesion (A2) and the lesion immediately after cryoablation

(A3). CBCT images of the second cryoablation showing the cryoprobe in three different target bronchi during cryoablation (B1-B3) and the lesion

covered completely within the ablation area immediately after cryoablation (B4). Chest CT before cryoablation (C1), 1 day (C2) and 1 month (C3)after o Thore 02878063 605
the first cryoablation and 1 day (C4), 1 month (C5), 3 months (C6) and 12 months (C7) after the second cryoablation. MPR, multiplanar reconstruction ; '
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- Technical efficacy at 3 months : 77.78%

(7/9)

- disease control rate of 100% at 3 months

| I _l i
‘.) %- ’ ‘3 ‘-; ‘-} No postprocedural complications were observed.



PART 2-5

Cryorecanalization

Malignant Central Airway Obstruction
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—»  Cryorecanalization of central airway tumors (n =233) | —— A
; — Cryobiopsy of central airway tumors (n =7) ——» B
Total sessions
N =262
( ) — Blood clot removal (n = 20) —> C
L Foreign body removal (n = 2) —> D

A: Analyses of factors associated with success rate (Table 3)
A + C: Assessment of outcomes according to etiology (Table 4)
A + B: Analyses of factors associated with moderate to severe intrabronchial bleedings (Table 6)

Fig. 2. Flow diagram of bronchoscopic cryotherapy sessions.

Retrospective, single-center study at Asan Medical Center, Seoul, Republic of Korea, from January
2009 to December 2020
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Table 2. Procedure characteristics of cryotherapy sessions

Characteristics Values (%)
Total number of sessions 262 (100.0) |
Anesthesia
Moderate sedation 209 (79.8) |
General anesthesia 53(20.2)
Respiratory failure before procedure
No symptom 135 (51.5)
Dyspnea 37 (14.1)
Nasal 02 inhalation 64 (24.4)
Ventilator 26 (10.0)
Cause of cryotherapy
Cryorecanalization of central airway tumors 233 (88.9)
Cryobiopsy of central airway lesions 7(2.7)
Blood clot 20(7.6)
Foreign body 2 (0.8)
Bronchoscopy
Flexible bronchoscopy 2392 (88.5) |
Rigid bronchoscopy 30(11.5)
Concomitant method
Stent placement 12 (4.6)
Laser 54 (20.6)
Electrocoagulation knife 6(2.3)
Photodynamic therapy 7(2.7)
ECMO 18 (6.9)

Values are presented as number (%).
ECMO = extracorporeal membrane oxygenation.
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Table 4. Outcomes according to etiology of cryorecanalization for central airway obstruction

Variables No. of Reestablishment of airway patency Symptom relief* No. of Survival after intervention,
sessions Complete Partial None patients mon®
No. (%) No. (%) No. (%) No. (%) Mean = SD
Total 253 161 (63.6)  69(27.3)| 23(9.1)  93/125(74.4) 202 30.5 + 39.2
Malignancy
NSCLC 127 81(63.8)  37(29.1) 9(7.1) 53/71 (74.6) 100 93.1+ 34.3
SCLC 6 3(50.0) 2 (33.3) 1(16.7) 2/4 (50.0) 4 6.7+ 6.1
Metastasis of thyroid cancer 8 3 (37.5) 5 (62.5) 0 (0.0) 0/0 3 13.1+11.6
Metastasis of colon cancer 7 5(71.4) 2 (28.6) 0 (0.0) 2/2 (100.0) 6 14.7+12.9
Metastasis of RCC 35 91 (60.0) 9 (25.7) 5(14.3)  10/13(76.9) 29 99.9 + 29.4
Metastasis of HCC 8 4(50.0) 4 (50.0) 0 (0.0) 6/6 (100.0) 7 7.9+7.1
Other malignancy 18 10 (55.6) 3 (16.7) 5(27.8) 5/8 (62.5) 16 40.1+ 50.9
Benign lesion 04 15 (62.5) 7 (29.9) 9 (8.3) 5/6 (83.3) 24 792.3 + 45.0
Blood clot 20 19 (95.0) 0 (0.0) 1(5.0) 10/15 (66.7) 20 -

SD = standard deviation, NSCLC = non-small cell lung cancer, SCLC = small cell lung cancer, RCC = renal cell carcinoma, HCC = hepatocellular carcinoma.
*Data from 125 sessions are included, after excluding patients with no oxygen requirement or subjective symptoms of dyspnea before the procedure.
°For patients who underwent more than one intervention, calculations were based on the date of the first intervention. Patients with blood clots were excluded.
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Table 3. Factors associated with success rate of cryorecanalization for central airway obstruction

Variables Sessions Reestablishment of airway patency Univariate analysis® Multivariate analysis®
Complete Partial None
No. (%) No. (%) No. (%) OR (95% CI) P value OR (95% CI) P value

Total number of sessions 233 142 (60.9) 69 (29.6) 22 (9.4)
Location

Central® 178 109 (61.2) 54(30.3) 15 (8.4) Reference

Peripheral® 55 33 (60.0) 15 (27.3) 7(12.7) 0.631(0.243-1.637) 0.344
Distal airway atelectasis

Absent 61 37 (60.7) 22 (36.1) 2 (3.3) Reference Reference

Present 172 105 (61.0) 47 (27.3) 20(11.6) 0.258(0.058-1.137) 0.375(0.076-1.842) 0.227
Length of airway invasion

<2cm 101 67 (66.3) 29 (28.7) 5(5.0) Reference Reference

> 2cm 132 75(56.8)  40(30.3) 17 (12.9) 0.352(0.125-0.990) 0.486 (0.160-1.476)  0.203

OR = odds ratio, Cl = confidence interval

®*Factors associated with partial to complete reestablishment of airway patency were analyzed using univariate and multivariate logistic regression analyses.
*The location of the central type included the trachea, carina, both main bronchi, and right bronchus intermedius.

“The location of the peripheral type included the lobar bronchus.
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GNUH'  Cryorecanalization

Iniver

Table 5. Safety profile

Variables Values
Cryorecanalization 233
Total bleeding 78 (33.5)
Mild 12 (5.6)
Moderate
Severe
Respiratory failure 1(0.4)
Death 1(0.4)
Cryobiopsy 7
Complication 0(0.0)
Blood clot 20
Complication 0 (0.0)
Foreign body 2
Complication 0 (0.0)

Values are presented as number (%o).
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Table 6. Univariate and multivariate analyses of factors associated with moderate to severe intrabronchial
bleeding (sessions N = 240)

' . . Variables Univariate analysis Multivariate analysis
GNUH Cryoreca na||Zat|On OR (95% CI) P value OR (95% CI) P value
By=SUHEIFA Female sex 1.9227 (0.626-2.402) 0.551

old age (> 75 years) 2.646 (1.067-6.565)  0.036 1.943 (0.714-5.290) 0.194
Smoking histary (> 30 PYs) 0.872 (0.491-1.549) 0.641
FEV1 < 50% 1.464 (0.635-3.378) 0.371
Comorbidity
2.935 (1.124-4.446)  0.022 2.820 (1.273-6.247)
HTN 2.045 (1.103-3.791) 0.023 1.609 (0.798-3.242) 0.183
COPD 1.477 (0.798-2.734) 0.214
Chronic kidney disease 1.056 (0.200-5.582) 0.949
Liver cirrhosis 2.714 (0.534-13.800) 0.229
Location
Trachea & carina Reference Reference
Right main bronchus 0.799 (0.375-1.702) 0.561 0.745 (0.318-1.745) 0.498
Left main bronchus 0.822 (0.356-1.900) 0.647 0.926 (0.366-2.347) 0.872
Upper lobe 0.305 (0.092-1.003)  0.051 0.356 (0.102-1.250) 0.107
Middle lobe 2.056 (0.377-11.213) 0.405 1.282 (0.216-7.606) 0.785
Lower lobe 0.685 (0.232-92.022) 0.493 0.757 (0.243-2.358) 0.631
Etiology
NSCLC Reference
SCLC 0.500 (0.057-4.422) 0.533
Metastasis of thyroid cancer 2.500(0.595-10.510) 0.211
Metastasis of colon cancer 0.417 (0.049-3.578) 0.425
Metastasis of RCC 0.741 (0.309-1.775) 0.501
Metastasis of HCC 2.500 (0.595-10.510) 0.211
Benign 0.833 (0.307-2.260) 0.720
Other malignancy 0.667 (0.208-2.138) 0.495
Stent placement 2.800 (0.870-9.016) 0.084 2.921 (0.808-10.557) 0.102
Respiratory failure before BC 3.767 (1.341-10.578)  0.012 3.546 (1.148-10.951)
Distal airway atelectasis
Absent Reference Reference
0.540 (0.291-1.003)  0.051 0.417 (0.199-0.875)
Length of airway invasion
<2cm Reference
J Korean Med Sci. 2023 Aug 14,38(32):e244. 59 em 0.715 (0.404—1.265} 0.949




Fig. 1. Cryotherapy for endobronchial metastasis of renal cell carcinoma. (A) Huge exophytic tumor mass in left
upper lobe bronchus (white arrow). (B) Freezing and extracting the tumor mass with cryoprobe. (C) Left upper
lobe bronchus after cryotherapy. (D) Extracted tumor mass.

J Korean Med Sci. 2023 Aug 14,38(32):e244.



Conclusion

« MCAO 2HX=0f CHSH Moderate sedation, flexible BFSE SollAM = 21t 0|11
MUEOE PHHEHA cryo-recanalization Al 4= ULt

- distal airway atelectasis or extensive airway invasion (>2cm) UG 2tE cryo-

recanallzatlong A|EOH = = AAE|'. (distal airway atelectasis =MA| =€ A= 23|H IS

« DM, respiratory failure before BC7t U= B bleeding risk7t 2 = U2 L
zo|st wWQ 7t 9lrt
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Case 2 : 86/M dyspnea aggravation 1MA, HFNC




Case 2 : 86/M dyspnea aggravation 1MA, HFNC
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Case 2 : 86/M BFS, Lt. main




Case 2 : 86/M Cryo-extraction #1, Lt. main




Case 2 : 86/M 1D after cryorecanalization #1
-> Room air, improved dyspnea

—

before




Case 2 : 86/M BFS Cryo-extraction = report

Of Y& &2 elM AXK 02 7, 1.8x 15 em Y. (BAF)

IL ]

—

Results of immunohistochemical stain;
CD56: positive, focal scattered

P40: positive

Thyroid transcription factor-1: negative
ALK(D5F3): negative

1HE)
Diagnosis: Bronchus, left main, bronchoscopic biopsy;
Non-small cell carcinoma,
favor Squamous cell carcinoma

Result of PD-L1 (SP263) test;
- Expression level: <1% positive in tumor cells



Case 2 : 86/M Cryo-extraction #2, Lt. main, after 1W




Case 2 : 86/M Cryo-extraction #2, Lt. main, after 1W

LLL (sup./basal)



Case 2 : 86/M 1D after cryorecanalization #2

before 1D after



Case 2 : 86/M Multidisciplinary approach

#. NSCLC, Lt. main bronchus involvement, SqQCC, cT4AN2MO, stage 11IB

> 1HO 2 cCRTE 27158 2HXHO| 9| K| F =5 = 0f| 2} palliative thoracic RT (30Gy/10fx or
50Gy/20fx or 60Gy/30) MZF 2

> B2 X2 X|ESH 2 2 BARIX| & refuse (O| 57 radiation esophagitis risk s T H 2 RIGHXA| o Al



Case 2 :86/M 1M opd f/u = f/u loss

Before discharge



Case 2 :86/M 14M later
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Case 2 :86/M 14M later

e -
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Case 2 :86/M 14M later

ICU &St intubation & cryo-recalalization ™ &

> B2 Xw ASHA[LL 2HAtE =0 A F oA LD Xt2| E| &5ty



Case 3:68/F  dyspnea

#1. Leiomyosarcoma, Lt.ovary

s/p TAH with BSO (2021.1.8): pT2bNO (15x11cm, 30/10HPF, rectal serosa +)
s/p Adjuvant Al #6 (2021.2.16~6.3)

sequential pelvic IMRT, 50.4Gy/28fx (2021.6.28~8.3)

--> Recur (lung, Lt.ovary, p-seeding, bone)

s/p palliative RT to Lt.4th rib, 35Gy/10fx (2022.12.9~12.22)

s/p palliative Al #5 (2023.1.6~4.30) : PD

s/p Pazopanib (2023.5~2023.12): PD

s/p Gemzar/Docetaxel #4 (2023.12.29~2024.3.14): SD (slowly progression. lung)
s/p Halaven #5 (2024.5.8~8.7) : SD (mixed R) --> PD (lung)

** Halaven 1level DR since 4th cycle

s/p Nivolumab+Ipilimumab #4 (2024.9.11~11.13): PD (lung)

ON VIP #1 (2024.12.6) with neulapeg refund

A2 20 23822 20253 38 F E{= Hospice care &

Ea0es dad det B EOtsst, sS4 gl 2

A= T2 H dyspnea, Ll & &Y dyspnea 45| 22tE|0f ER L & SH
> HFNC & - intubation




Case 3 : 68/F

MCAO in Rt. main & LLL bronchus



Case 3 : 68/F

GNL
Study Date: 2025-04-

Study Time: 17:54:!

MCAO in Rt. main bronchus, endoluminal type



Case 3 :68/F 15t Cryo-extraction

. GNL '001 K . / GNL 001

~ Study Date: 2025-04- g $Study Date: 2025-04-
Study Time: 17:54:. ' 4 Study Time: 17 :54:.

.- GNL
 Study Date: 2025-04-
- Study Time: 17:54:]

g ST VIR R VT V]

Cryo-extraction in Rt. main bronchus



Case 3 :68/F 15t Cryo-extraction

Study Date: 2025-04-,

Cryo-extraction in LLL basal trunk

s, GNL
Study Date: 2025-04-.
" Study Time: 18:08:
-
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Pl &
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1001

GNL
Study Date: 2025-04-;
Study Time: 18:08:
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Case 3 : 68/F

K// 4

Room air, DOE (-), 20| A| E[ &5} 4



Case 3:68/F 1M later

15 5 : dyspnea (-), 80% & &= 2| re-obstruction in Rt. main bronchus



Case 3:68/F 1M later

Cryo-extraction in Rt. main bronchus

—> Palliative RT to Rt.main bronchus lesion, 30Gy/10fx (2025.5.14-5.27)



Case 3 : 68/F

#3 Cryo-extraction #4 Cryo-extraction #5 Cryo-extraction
2M later 3M later 4M later

Lung & liver metastasis with ascites = rapid progression



Case 3 :

5M later = expired d/t hepatic failure



Thank You

Questions & Discussion



