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Diagnostic accuracy  



Tomassetti S. et al. AJRCCM 2016

58 cryobiopsy. 59 SLB. 2 clinicians, 2 radiologists, 2 pathologists



COLDICE:  agreement for histopathological diagnosis

Primary Endpoint
• Agreement with SLB performed concurrently in 

the same patients for histopathological diagnosis 
(2018 guideline-refined histopathology):
Agreement 70.8%
K 0.70 (95% CI, 0.55, 0.86)

Key Secondary Endpoint
• Inter-observer variability between individual 

pathologists (specific histopathology pattern):
Agreement 69.2%
K 0.47 (95% CI, 0.30, 0.64)

Troy LK, et al. Lancet Respir Med. 2019 



COLDICE:  agreement for histopathological diagnosis

Primary Endpoint
• Agreement with SLB performed concurrently in the 

same patients for MDD diagnosis (MDD consensus 
diagnosis):
Agreement 76.9%
K 0.62 (95% CI, 0.47, 0.78)

Key Secondary Endpoint
• Consensus diagnosis and level of diagnostic confidence 

after addition of either cryobiopsy or VATS samples 
(change in diagnostic confidence or unanticipated 
diagnosis)
TBLC: 48/65 (74%) versus
SLB: 50/65 (77%); (p=0.55) 

Troy LK, et al. Lancet Respir Med. 2019 



COLDICE: TBLC diagnosis concordance with SLB

High confidence 
TBLC were 95% 

concordant with SLB 
at MDD

For unclassifiable or low 
confidence TBLC MDD 

diagnoses, SLB provided a 
definite or high 

confidence diagnosis only 
in a minority! 

Troy LK, et al. Lancet Respir Med. 2019 
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Ryerson CJ, et al. AJRCCM 2017. Walsh SLF, et al.  AJRCCM 2019. Hetzel J, et ERJ 2020
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Prognostic validation



Prognostic validation of cryobiopsy

After exclusion of non-fibrotic ILDs, 
mortality was still higher in patients with 
final IPF diagnosis compared with other 
fibrotic non-IPF ILDs even in a multivariate 
analysis.

Non IPF

IPF

Tomassetti S. et al. LRM 2020



Prognostic validation of cryobiopsy

Cases diagnosed on cryobiopsy (A) and surgical lung biopsy (B) 
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Tomassetti S. et al. LRM 2020



Prognostic validation of cryobiopsy

Cases diagnosed on cryobiopsy (A) and surgical lung biopsy (B) 

Non UIP
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Tomassetti S. et al. LRM 2020



Cooper WA, et al. Am J Respir Crit Care Med 2021



Probable UIP on cryobiopsy is strongly 
predictive of UIP at surgical biopsy

(OR 23.4, 95%CI 6.36-86.1, p<0.0001) 

Cooper WA, et al. Am J Respir Crit Care Med 2021



Colby TV, et al. Arch Pathol Lab Med 2017



• Training important to achieve operator competency, as diagnostic yield increases
and adverse events decrease with experience.

• Introducing TBLC in less experienced centers may result in higher rates of
complications

• For other invasive procedures, it has been shown that formal training programs
can increase operator competency

Raghu G, et al. Am J Respir Crit Care Med 2022  



Procedure – technical aspects



Ravaglia C. Respiration 2016. Hetzel J.  Respiration 2018



Maldonado F, et al. Chest 2020

Summary of recommendations 

1. In patients with suspected interstitial lung disease (ILD), we suggest that transbronchial cryobiopsy
(TBC) can be used to provide histopathologic findings for multidisciplinary discussion diagnosis
(Weak Recommendation, Very Low-Quality Evidence).

2. In patients with suspected ILD undergoing TBC, we suggest biopsy of at least two different sites
(either different segments in the same lobe or different lobes) (Weak Recommendation, Low-
Quality Evidence).

3. In patients with suspected ILD undergoing TBC, we suggest biopsy with the tip of the cryoprobe
located 1 cm from the pleura (Ungraded Consensus-Based Statement).

4. In patients with suspected ILD undergoing TBC, we suggest the use of fluoroscopy (Ungraded
Consensus-Based Statement).

5. In patients with suspected ILD undergoing TBC, we suggest that TBC be performed with a
bronchial blocker either through an endotracheal tube or rigid bronchoscope (Ungraded
Consensus-Based Statement).

6. In patients with suspected ILD undergoing TBC, we suggest the use of a small cryoprobe (1.9 mm)
rather than a larger cryoprobe (2.4 mm) (Ungraded Consensus-Based Statement).

The new ERS guidelines on CRYOBIOPSY are about to be released!!





Hetzel J, et al. Respiration 2020 

-The new disposable probes with 1.7 and 2.4 mm outer diameter yield similar biopsies compared to the standard 
cryoprobes



Maldonado F, et al. Chest 2020

Summary of recommendations 

1. In patients with suspected interstitial lung disease (ILD), we suggest that transbronchial cryobiopsy
(TBC) can be used to provide histopathologic findings for multidisciplinary discussion diagnosis
(Weak Recommendation, Very Low-Quality Evidence).

2. In patients with suspected ILD undergoing TBC, we suggest biopsy of at least two different sites
(either different segments in the same lobe or different lobes) (Weak Recommendation, Low-Quality
Evidence).

3. In patients with suspected ILD undergoing TBC, we suggest biopsy with the tip of the cryoprobe
located 1 cm from the pleura (Ungraded Consensus-Based Statement).

4. In patients with suspected ILD undergoing TBC, we suggest the use of fluoroscopy (Ungraded
Consensus-Based Statement).

5. In patients with suspected ILD undergoing TBC, we suggest that TBC be performed with a bronchial
blocker either through an endotracheal tube or rigid bronchoscope (Ungraded Consensus-Based
Statement).

6. In patients with suspected ILD undergoing TBC, we suggest the use of a small cryoprobe (1.9 mm)
rather than a larger cryoprobe (2.4 mm) (Ungraded Consensus-Based Statement).

Ravaglia C, et al. BMC Pulm Med 2019



Diagnostic yield of transbronchial lung cryobiopsy for diffuse
parenchymal lung diseases diagnosis: 1.7 mm and 1.9 mm probe

Material and methods

• 60 consecutive patients 
• Aim: to compare 1.9 and 1.7 mm probe (DY, adverse events, artifacts)
• Prospective, observational, monocentric study 
• Consecutive patients undergoing TBC 
• Suspected diffuse parenchymal lung diseases
• Randomized in two groups: A (1.7 mm probe) and B (1.9 mm probe)
• Data about biopsy characteristics, artifacts, DY, complications 
• Switch of probe admitted and reported

In preparation



Mean histopathologic DY: 93.3%

MDD: 98.3%
A à 100%
B à 93.6%

In preparation



No differences in Pneumothorax 
incidence (p 0.951)

No cases of severe bleeding 

Switch from 1.7 to 1.9 mm was 
reported in 4 cases

Switch from 1.7 to 1.9 mm was 
reported in 1 case

In preparation



Maldonado F, et al. Chest 2020

Summary of recommendations 

1. In patients with suspected interstitial lung disease (ILD), we suggest that transbronchial cryobiopsy (TBC) can be
used to provide histopathologic findings for multidisciplinary discussion diagnosis (Weak Recommendation,
Very Low-Quality Evidence).

2. In patients with suspected ILD undergoing TBC, we suggest biopsy of at least two different sites (either
different segments in the same lobe or different lobes) (Weak Recommendation, Low-Quality Evidence).

3. In patients with suspected ILD undergoing TBC, we suggest biopsy with the tip of the cryoprobe located 1 cm
from the pleura (Ungraded Consensus-Based Statement).

4. In patients with suspected ILD undergoing TBC, we suggest the use of fluoroscopy (Ungraded Consensus-Based
Statement).

5. In patients with suspected ILD undergoing TBC, we suggest that TBC be performed with a bronchial blocker
either through an endotracheal tube or rigid bronchoscope (Ungraded Consensus-Based Statement).

6. In patients with suspected ILD undergoing TBC, we suggest the use of a small cryoprobe (1.9 mm) rather than a
larger cryoprobe (2.4 mm) (Ungraded Consensus-Based Statement).

The new ERS guidelines on CRYOBIOPSY are about to be released!!



DY  95%

DY  77%

Maldonado F, et al. Chest 2020. Ravaglia C, et al. BMC Pulm Med 2019. Flaherty KR, et al. Am J Respir Crit Care Med
2001. Katzenstein AL, et al. Am J Surg Pathol 2002. Ravaglia C, et al. Respiration 2017



Complications 



Complications 

• Pneumothorax
• Bleeding
• Acute exacerbations 
• Fever – pneumonia 
• Respiratory failure
• Death 
• Neurological complications
• Other 



Complications: Pneumothorax Associated with cryobiopsy

The pneumothorax rate ranged from 1.4% to 20.2% with a median of 9.5% 

Maldonado F, et al. Chest Guidelines 2020



Ravaglia C, et al. BMC Pulm Med 2019



Complications: Bleeding Associated with cryobiopsy

Rate of severe bleeding ranged from 0% to 6.3% with a median of 1.1%

Rate of moderate bleeding ranged from 1.8% to 47%

Maldonado F, et al. Chest Guidelines 2020



Death Associated with cryobiopsy

Mortality rate is reported to be between 0% and 4.1% with a median of 0.3

Maldonado F, et al. Chest Guidelines 2020



Safety – patient selection

• Relative contraindications: 
• High bleeding risk 

• abnormal coagulation (trombocytopenia < 50x10^9/L)
• use of clopidogrel, anticoagulant or new antiplatelet drugs

• Pulmonary hypertension PAPs > 40mmHg
• Poor lung function 

• FVC < 50%
• DLCO < 35%

• Respiratory failure (PaO2  < 55mmHg on room air)
• Severe obesity (BMI > 35 Kg/m2)

Hetzel J, Maldonado F, Ravaglia C, et al. Respiration 2018. Lentz 2019. Ravaglia C 2019



Aburto M, et al. Respir Med 2020. Pannu J, et al. ERJ 2019. Ravaglia C, et al. BMC Pulmonary Medicine 2019 



• Expert higher volume centers may view TBLC as reasonable option in some
selected high-risk patients which would be excluded from surgery due to age,
lung function tests, comorbidities
• TLCB has been performed safely in a wide age range of patients (21–87 years),

with 56 patients (8%) over 75 years of age, with no complications, therefore no
age limits should be suggested (giving much more importance to comorbidities
and fitness for anesthesia).

Ravaglia C, et al. BMC Pulm Med 2019

Diagnostic yield and risk/benefit analysis of trans-bronchial lung 
cryobiopsy in diffuse parenchymal lung diseases: a large cohort of 699 

patients



Impact of Lung Biopsy on Lung Function in Idiopathic Pulmonary Fibrosis

Materials and methods

• Prospective, observational, monocentric study 

• consecutive patients undergoing TBC 

• Suspected diffuse parenchymal lung diseases

• LFTs collected (previous month and within the following 
month)

In preparation

CRYOBIOPSY +30 days + 90 days + 6 months + 1 year



Primary end-point
• changes in FVC from the last measurement performed before TBLC to the first measurement

performed after TBLC

pre-biopsy FVC – post-biopsy FVC x 100
__________________________

pre-biopsy FVC

Secondary end-points:
• relative changes in FEV1, TLC, DLCO
• complications in the month and year following the biopsy
• AE/deaths occurring within the following month

In preparation

Impact of Lung Biopsy on Lung Function in Idiopathic Pulmonary Fibrosis



Comparison of PFT between the last PFT before SLB and first PFT 
after the SLB

Pre-TBLC LFTs Post-TBLC LFTs Relative 
variation, %

P value

FVC, % pred 87.6% 89.4% 2.1% 0.931

DLCO, % pred 57.4% 58.0% 1.0% 0.734

Data Diagnoses

Total number of patients 31 16 IPF (43%) 

Age, years (range) 67 (56-79) 7 SR-ILD (29%) 

Gender, n (%)
male 
female

22 (71%)
9 (29%)

4 cHP (13%)
2 NSIP (10%)
1 CTD-ILD (3%)

Smoking status, n (%)
active smoker
former smoker
never smoker

2 (6%)
21 (68%)
8 (26%)

1 sarcoidosis (3%)

Pending analysis in different sub-groups (IPF vs non-IPF diagnosis, treated vs non-treated, etc.)
Absence of control group

Impact of Lung Biopsy on Lung Function in Idiopathic Pulmonary Fibrosis

In preparation



Aussedat PH, et al Respiration 2020



New perspectives  



Richeldi L, et al. Am J Respir Crit Care Med 2021 



Kheir F, et al. Chest 2020  



Renzoni EA, Poletti V, Mackintosh JA. Lancet 2021  



Kronborg-White S, et al. Pulmonology 2021 



Benn BS, Lung. 2021 



Using Cone Beam Computed Tomography when performing transbronchial cryobiopsy in 
interstitial lung diseases: A Case-Series Study

Submitted 



Wijmans L, et al. Respiration 2019 

Confocal Laser Endomicroscopy as a Guidance Tool for 
Transbronchial Lung Cryobiopsies in Interstitial Lung Disorder



Cryobiopsy during medical thoracoscopy is feasible, safe and efficacious

Prospective trials are required for a better evaluation of its role as an
alternative diagnostic tool to VATS in the hands of trained pulmonologists

25 patients lung biopsy

In preparation



Gonununtla JK, 
Respirology Case 
Report. 2020 



Zhang J, Eur Respir J. 2021  



Zhang J, Eur Respir J. 2021  

Transbronchial mediastinal cryobiopsy in the diagnosis of mediastinal lesions: a randomised trial 

-97 patients were enrolled
-mediastinal lesion of⩾1 cm 

-overall DY 91.8% vs 79.9% 
-94.1% vs 95.6% (metastatic 
lymphadenopathy)
-91.7% vs 25.0% (uncommon tumors)
-80.9% vs 53.2% (for benign disorders)

-small incision in the wall (high-
frequency needle-knife - Olympus KD-
31C-1).



Potential application of cryobiopsy for histo-molecular characterization of mediastinal
lymph nodes in patients with thoracic malignancies: a case presentation series and
implications for future developments

Genova C, BMC Pulm Med. 2022 

-5 consecutive patients 
-mediastinal lymph nodes for oncologic reasons
-both EBUS TBNA and EBUS-TBcryobiopsy
-same procedure
-no complications 



Patient Gen
re

Age EBUS-TBNA EBUS-Cryo

1 F 42 Lymphocytes Lymphoma 

2 F 55 Lung ADK Lung ADK

3 M 74 Lymphocytes Lymphocytes 

4 F 37 Pending Pending 

5 F 62 Lymphocytes Carcinoid

6 M 46 Sarcoidosis Sarcoidosis 

7 M 67 Lung ADK Lung ADK

8 M 74 Lung ADK Lung ADK

9 M 37 Lymphocytes Sarcoidosis 

10 M 70 Amartoma Amartoma

GB Morgagni data, Forlì



Conclusions

• Histopathological concordance and diagnostic agreement at multidisciplinary discussion
between TBLC and surgical biopsy are good (70.8 and 76.9%, respectively).

• The combined findings generating the ‘probable’ UIP pattern (fibroblastic foci, patchy fibrosis
and absence of features to suggest a non-UIP diagnosis) in cryobiopsy samples are strongly
predictive of definite UIP in the corresponding SLB.

• IPF diagnosis made by multidisciplinary team on the basis of cryobiopsy is associated with higher
mortality when compared with both other interstitial lung diseases and other fibrotic interstitial
lung diseases; when a UIP pattern is found on cryobiopsy sample, this is associated with higher
mortality compared with other histological patterns

• Cryobiopsy confirmed as valid alternative to surgical lung biopsy for making histopathological
diagnosis in patients with suspected interstitial lung diseases in experienced centers

• New techniques for mediastinum sampling



THANK YOU FOR YOUR ATTENTION!
GB Morgagni Hospital, Forlì Italy

University of Bologna Campus Maddalena. Il mistero e l’immagine. Dal 27 marzo al 10 luglio 2022. Forlì

Forlì, city center


