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INTRODUCTION
Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) is a minimally invasive technique 
with a broad capability of obtaining cytologic samples from mediastinal lesions. However, some controversies about 
its diagnostic yield (DY) remain unsettled. Firstly, the sensitivity of EBUS-TBNA in mediastinal restaging of primary 
lung cancer (PLC), after induction treatment with chemoradiotherapy, is lower (67-76%) compared with the sensitivity 
for the initial staging (81-93%). Therefore, confirmation of negative EBUS-TBNA with surgical mediastinoscopy is 
advised for a conclusive diagnosis.1,2 Secondly, for PLC staging, the likelihood of malignant nodal involvement after 
negative EBUS-TBNA ± transesophageal bronchoscopic ultrasound-guided fine needle aspiration (EUS-B-FNA) is 
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Abstract OBJECTIVE: Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) is widely used to diagnose mediastinal 
lesions; however, small cytology samples from EBUS-TBNA may be inadequate in cases of benign lung diseases, hematologic disorders, 
and to assess the molecular profile of primary lung cancer (PLC). EBUS-guided transbronchial mediastinal cryobiopsy (TMC) obtains 
histological samples and potentially implies a higher diagnostic yield (DY) than EBUS-TBNA. The clinical impact of this technique and 
the perioperative patient management are still unclear. Our aim was to critically analyze our experience with TMC.

MATERIAL AND METHODS: A single center retrospective study was conducted to evaluate TMC DY and perioperative routine over 
11 months (February 2023-January 2024).

RESULTS: Forty-one patients were included. The overall DY was 41.5% and 95.1% for EBUS-TBNA and TMC, respectively. TMC provided 
a higher DY than EBUS-TBNA in cases of hematologic disorders, benign diseases, and uncommon tumors (31% for EBUS-TBNA and 
100% for TMC; 95% confidence interval (CI): 52.1-85.8, P < 0.001). For PLC, the DY and the assessment of immunohistochemical 
marker expression did not significantly differ between the two techniques (80% for EBUS-TBNA and 100% for TMC; 95% CI: -4.79-
44.8, P = 0.13). The management of antithrombotic therapy was the same as that of EBUS-TBNA. Sedatives were administered to 
achieve deep sedation. After the procedure, no step-up in the level of care was observed, either in outpatients or in patients with a 
Charlson Comorbidity Index ≥5.

CONCLUSION: TMC had a better DY than EBUS-TBNA in hematologic disorders, benign lung disease, and uncommon tumors, with 
an optimal tolerability profile.
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13-15%. Both American College of Chest Physicians (ACCP) 
and European Respiratory Society (ERS) Guidelines suggest 
additional mediastinoscopy before surgery.1,3,4 Thirdly, the DY 
for lymphoproliferative disorders is between 31-65%, and 
the 2011 statement of British Thoracic Society guidelines, 
“insufficient evidence to recommend EBUS-TBNA for routine 
use in the diagnosis of lymphoma,” remains valid.5,6 Lastly, the 
sensitivity of the technique in benign mediastinal diseases is 
around 60%. Further resource-consuming efforts are commonly 
needed due to the clinical overlap of benign disorders, which 
demand completely different therapies (i.e., infective versus 
autoimmune diseases).7 Transbronchial biopsy with a cryoprobe 
of large outer diameter (1.9/2.4 mm), has been widely used 
for sampling lung parenchyma in the diagnosis of diffuse 
lung diseases, a setting in which the DY of traditional forceps 
biopsy is limited by crushing artifacts. Similarly, EBUS-guided 
transbronchial mediastinal cryobiopsy (TMC) is a minimally 
invasive technique, allowing to obtain large, architecturally 
preserved histology samples from mediastinal lesions, using a 
thin cryoprobe (outer diameter 1.1 mm). Data from published 
literature suggest that EBUS-TMC has a better DY than EBUS-
TBNA in hematologic diseases, benign lung disorders, and 
typically, but not always, in uncommon tumors, potentially 
addressing diagnostic limitations with cytology samples.8-11 
Despite its growing use, a clear indication for TMC application 
is still subject to ongoing debate, and the technical aspects are 
not standardized. We hypothesized that TMC implementation 
may favorably impact cases in which the diagnostic performance 
of EBUS-TBNA is suboptimal, potentially improving patient 
outcomes (i.e., avoidance of repeated procedures and/or 
mediastinoscopy, with their associated morbidity), ultimately 
enhancing the cost-effectiveness of the procedure. In this study, 
we aimed to evaluate the DY of TMC and describe the peri-
procedural management of patients undergoing TMC.

MATERIAL AND METHODS

Study Design and Participants

We retrospectively evaluated all patients who consecutively 
underwent TMC at our large tertiary facility, the Interventional 
Pulmonology Unit of Cardarelli Hospital, Naples, Italy, over 
11 months from February 17, 2023, to January 31, 2024. The 
primary outcome was the DY of TMC, defined as a conclusive 
diagnosis obtained from histological samples. Analogously, 
EBUS-TBNA was considered conclusive if the specimens 
provided a formal cytological or histopathological diagnosis. 
All patients provided written informed consent before 
bronchoscopy. Subject characteristics, including age, sex, 

Charlson Comorbidity Index, antithrombotic therapy (ATT), 
type of hospital admission, and reason for bronchoscopy, were 
traced using the hospital’s electronic medical records. Chest 
computed tomography (CT) with contrast was performed in all 
patients, and the ultrasonographic characteristics of the target 
lesion(s) were reviewed. All patients undergoing TMC were 
routinely provided multimodal intravenous analgosedation 
with midazolam + propofol±fentanyl, administered by an 
interventional pulmonologist not directly involved in the 
procedure, for patients categorized as American Society of 
Anesthesiologists (ASA) class I-III, or by an anesthesiologist 
for patients ASA III-IV. Sedation was maintained to target a 
Ramsay sedation scale score of 4-5 [that is, deep sedation (DS)]. 
Furthermore, for breathing support, all patients were connected 
to the ventilator through a Mapleson C circuit after placement 
of a laryngeal mask airway (LMA). One highly experienced 
interventional pulmonologist performed three passes of EBUS-
TBNA using a convex probe ultrasound bronchoscope (BD 
UC180F, Olympus, Tokyo, Japan) at the point where the target 
lesion had the closest contact (≤1 cm) to the tracheobronchial 
wall. The choice of needle size (19G or 21G, ViziShot 2, 
Olympus, Tokyo, Japan) was at the operator’s discretion. All 
passes were performed at the same angle as the first TBNA, 
aiming to facilitate the tunnelling process and widen the 
airway puncture. At the end of the third needle pass, needle 
lenght was progressively shortened, and the needle sufficiently 
agitated at every proximal retraction. This technique created 
a continuous pathway through the tracheobronchial wall and 
the capsule of the node, finally allowing for the insertion of the 
1.1 mm cryoprobe (Erbecryo 20402-401, Tubingen, Germany). 
After ensuring in Doppler mode, that intralesional vessels were 
avoided, the cryoprobe was cooled down for 4 seconds, and 
the frozen biopsy tissue was retracted en bloc with the scope 
and probe.12 All patients had a post-procedural chest X-ray 
(CXR). The collected adverse events (AEs) were: pneumothorax, 
pneumomediastinum, mediastinitis, bleeding (mild: no 
intervention other than intermittent suctioning±cold saline 
instillation; moderate: need for continuous suctioning±blockade 
balloons; severe: any other additional intervention, including 
bronchoscopic intervention, blood product administration, 
or change in level of care), and death. AEs were monitored 2 
hours after bronchoscopy and after 24 hours (via phone call for 
outpatients). To ensure that any difference in DY by technique 
(TMC and EBUS-TBNA) did not depend on patient characteristics 
or target lesion echo features, we examined multiple variables 
according to the outcome of EBUS-TBNA (that is, the diagnostic 
EBUS-TBNA group and the non-diagnostic EBUS-TBNA group). 
After verifying the homogeneity of the sample, the DY of each 
technique was analyzed to distinguish between neoplastic and 
non-neoplastic diseases.

Ethical Considerations

The study received approval from the Research Ethics Committee 
of Cardarelli Hospital (Campania 3, AORN_063) (approval 
number: 00023093, date: 10.10.2024). The requirement for 
consent was waived owing to the retrospective nature of the 
study. This study was conducted in accordance with the ethical 
principles of the Declaration of Helsinki, as revised in 2013.

Main Points

• Transbronchial mediastinal cryobiopsy (TMC) obtains 
diagnostic tissue both in benign and malignant lung 
diseases.

• TMC is safe in comorbid patients and in outpatient 
setting.

• Management of antithrombotic therapy may be the same 
as with endobronchial ultrasound-guided transbronchial 
needle aspiration.

• Deep sedation allows for a smooth procedure.
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Statistical Analysis

Continuous variables are presented as mean and standard 
deviation (SD), and categorical variables as frequencies and 
percentages. ANOVA test for continuous variables and Pearson’s 
chi-square test for categorical variables were performed. The 
primary outcome was analyzed using Pearson’s chi-square 
test. A P < 0.05 level of significance was used. All tests were 
performed using the Jamovi software, version 2.3 (The Jamovi 
Project 2024, Sydney, Australia). 

RESULTS
The study included 41 subjects (20 males, 21 females), of 
whom 23 were outpatients and 18 inpatients. The reasons 
for bronchoscopy were suspicion of PLC (n = 12, 29.3%), 
hematologic disorders and benign lung diseases (n = 18, 
43.9%), recurrence of known solid cancer (n = 6, 14.6%), 
and recurrence of known hematologic malignancy (n = 5, 

12.2%). Nineteen patients were on ATT (antiplatelet and/
or anticoagulant therapy), but the therapy was discontinued 
in preparation for bronchoscopy, only in seven cases. The 
management of ATT was the same as that of EBUS-TBNA: 
both low-dose aspirin (primary and secondary prevention of 
cardiovascular events) and low-molecular-weight heparin 
(prophylaxis of venous thromboembolism) were not 
discontinued.13,14 Oral anticoagulants were stopped, however, 
when the thromboembolic risk outweighed the procedural risk 
of bleeding (i.e., pulmonary embolism, thrombosis of large 
venous vessels), parenteral anticoagulants were continued. The 
descriptive characteristics of the sample and target lesion(s) 
according to EBUS-TBNA DY are reported in Table 1. In brief, 
the average diameter of the lesions was 2.4 cm ± 1; the most 
biopsied lymph node station was 7 (n = 28, 65.1%); in 3 cases, 
EBUS-TBNA + TMC was performed directly on centrally-
located mass (hilo-perihilar), with a mean diameter of 7 cm ± 
3.2; the mean number of cryoprobes per station was 2.7±0.6. 

Table 1. Descriptive characteristics of the sample by EBUS-TBNA diagnostic yield

Diagnostic EBUS-TBNA
n = 15

Non-diagnostic EBUS-TBNA 
n = 26

Overall
n = 41 

P

Age, years 61.1±14.2 (30.0-75.0) 59.1±13.9 (19.0-80.0) 59.8±13.9 (19.0-80.0) 0.65 

Sex 0.27

 Male 9 (60.0%) 11 (42.3%) 20 (48.8%) 

 Female 6 (40.0%) 15 (57.7%) 21 (51.2%) 

Charlson Comorbidity Index 0.067

 ≤5 6.0 (40.0%) 18 (69.2%) 24 (58.5%) 

 5+ 9 (60.0%) 8 (30.8%) 17 (41.5%) 

Number of cryobiopsies 0.72

 2 4 (26.7%) 9 (34.6%) 13 (31.7%) 

 3 8 (53.3%) 14 (53.8%) 22 (53.7%) 

 4 3 (20.0%) 3 (11.5%) 6 (14.6%) 

Largest EBUS-TBNA needle, G 0.21

 21 11 (73.3%) 23 (88.5%) 34 (82.9%) 

 19 4 (26.7%) 3 (11.5%) 7 (17.1%) 

Diagnostic group 0.017

 N miss 0 2 2

 Non-PLC 8 (53.3%) 21 (87.5%) 29 (74.4%) 

 PLC 7 (46.7%) 3 (12.5%) 10 (25.6%) 

Final diagnosis 0.26

 PLC 7 (46.7%) 3 (11.5%) 10 (24.4%) 

 Sarcoidosis 3 (20.0%) 7 (26.9%) 10 (24.4%) 

 Other lung granulomatosis 2 (13.3%) 4 (15.4%) 6 (14.6%) 

 Rare solid malignant tumor 1 (6.7%) 3 (11.5%) 4 (9.8%) 

 Benign reactive lymphadenitis 0 (0.0%) 4 (15.4%) 4 (9.8%) 

 Castleman disease 1 (6.7%) 2 (7.7%) 3 (7.3%) 

 Lymphoma 1 (6.7%) 1 (3.8%) 2 (4.9%) 

 Non-diagnostic 0 (0.0%) 2 (7.7%) 2 (4.9%) 
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Thirty-nine patients (95.1%) had a definite diagnosis based on 
the mediastinal specimens: PLC (n = 10, 24.4%), uncommon 
tumors (n = 4, 9.8%), hematologic disorders (n = 9, 22.0%), 
and benign lung diseases (n = 16, 39.0%). In two patients, 
neither technique established a definite diagnosis. The overall 
DYs were 41.5% for EBUS-TBNA and 95.1% for TMC. TMC 
showed a DY comparable to EBUS-TBNA for patients with PLC 
(80% for EBUS-TBNA and 100% for TMC, 95% confidence 
interval (CI): -4.79-44.8, p=0.13), however, TMC showed 
a significantly better DY in case of non-PLC pathologies: 
uncommon tumors (25% for EBUS-TBNA and 100% for TMC, 
95% CI: 32.5-100, P < 0.02), hematologic disorders (28.6% for 
EBUS-TBNA and 100% for TMC, 95% CI: 50.6-100, P < 0.001), 
and benign lung diseases (37.5% for EBUS-TBNA and 100% 
for TMC, 95% CI: 38-70, P < 0.001) (Table 2). In nine subjects 
with a history of previous non-diagnostic EBUS-TBNA, EBUS-
TBNA continued to result non-diagnostic, whereas TMC was 
diagnostic in all cases. AEs were mild bleeding (n = 4, 9.7%), 
nonspecific chest discomfort (n = 2, 4.8%), and dysphonia 
(n = 1, 2.4%), which regressed after a short course of oral 
corticosteroids. No higher incidence of bleeding was observed 
in patients on ATT than in patients who did not receive ATT, or 
those who discontinued ATT.

DISCUSSION
In this retrospective analysis, we found that TMC provided a 
higher DY than EBUS-TBNA in cases of hematologic disorders 
(benign or malignant), benign lung diseases, and uncommon 
tumors. The DY was 31% for EBUS-TBNA and 100% for TMC 
(95% CI: 52.1-85.8, P < 0.001). For PLC, the DY, as well as the 

assessment of immunohistochemical marker expression, did 
not significantly differ between the two techniques (80% for 
EBUS-TBNA and 100% for TMC; 95% CI: -4.79-44.8, P = 0.13) 
(Figure 1). The DY of EBUS-TBNA samples may be hampered 
by blood and bronchial cell contamination, crushing artifacts 
and necrosis; furthermore, the diagnostic discordance between 
cytologic and histologic specimens and the fact that cytological 
findings of different lesions often resemble one another (i.e., 
granulomatous components are present in lymphoma, 
tuberculosis and sarcoidosis) are the main limiting factors to 
the use of EBUS-TBNA in hematologic disorders as well as in 
benign lung diseases.15,16 Since TMC obtains intact histology 
samples, cryobiopsies could definitively overcome the 
cytopathology issues of EBUS-TBNA, giving a conclusive 
diagnosis in these conditions, as the results of this study 
confirm, in accordance with literature.8-11,17,18 In our sample, in 
case of suspicion of relapsed/refractory (R/R) hematological 
malignancies after chemoradiotherapy (n = 5, 12.2%), TMC 
established a diagnosis in four patients thanks to the high-
quality specimens (one patient: confirmation of R/R disease, 
with biopsy adequate both for subtyping and determining the 
histologic grade; three patients: benignant lymphadenitis, no 
R/R disease), with no need of further sampling procedures 
(negative follow-up after six months of radiological surveillance). 
Conversely, also in real-life scenarios, when EBUS-TBNA is 
negative for R/R hematological malignancies, it is deemed 
insufficient for a reliable result; thus, invasive histologic 
confirmation is required.19 Future research should address the 
role of TMC as a decision support tool in this specific patient 
population. In the group finally diagnosed with PLC, the 

Table 1. Continued

Diagnostic EBUS-TBNA
n = 15

Non-diagnostic EBUS-TBNA 
n = 26

Overall
n = 41 

P

Target size on CT (short axis), cm 2.7 (0.8) (1.6-4.2) 2.2 (1.0) (0.9-5.5) 2.4 (1.0) (0.9-5.5) 0.11

Lymph node shape 0.39

 Irregular 13 (68.4%) 12 (48.0%) 25 (56.8%) 

 Round 4 (21.1%) 8 (32.0%) 12 (27.3%) 

 Oval 2 (10.5%) 5 (20.0%) 7 (15.9%) 

Echogenicity 0.51

 Homogenous 8 (42.1%) 14 (51.9%) 22 (47.8%) 

 Heterogeneous 11 (57.9%) 13 (48.1%) 24 (52.2%) 

Calcifications 0.58

 No 15 (78.9%) 23 (85.2%) 38 (82.6%) 

 Yes 4 (21.1%) 4 (14.8%) 8 (17.4%) 

Target station 0.32

 7 11 (57.9%) 17 (70.8%) 28 (65.1%) 

 11R 6 (31.6%) 1 (4.2%) 7 (16.3%) 

 10L 1 (5.3%) 1 (4.2%) 2 (4.7%) 

 11L 1 (5.3%) 2 (8.3%) 3 (7.0%) 

 4R 0 (0.0%) 2 (8.3%) 2 (4.7%) 

 10R 0 (0.0%) 1 (4.2%) 1 (2.3%) 

Patient characteristics and target lesion sonographic features according to EBUS-TBNA diagnostic yield. Data are presented as n (%) or mean±SD.  
EBUS-TBNA: endobronchial ultrasound-guided transbronchial needle aspiration, PLC: primary lung cancer, CT: computed tomography, SD: standard deviation
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sensitivity of EBUS-TBNA was slightly lower than the existing 
literature (80% versus 91-93%), probably due to a high 
prevalence in our cohort, of patients (n = 8, 80%) with 
extensively necrotic lymph-nodes on CT scan.3,4 Furthermore, 
we found the sensitivity of EBUS-TBNA for the diagnosis of 
granulomatous disorders below the range reported in the 
literature (37.5% versus 60%).7 This result also deviates from 
our practice as regular EBUS-endoscopists (EBUS-TBNA DY for 
lung granulomatosis at our interventional pulmonology unit is 
57%, unpublished data); factors that may have negatively 
impacted the DY in this group were history of previous non-
diagnostic EBUS-TBNA (n = 6, 27.2%) and recent course of 
steroids administered for other reasons, (n = 5, 22.7%) possibly 
partially attenuating inflammation. However, given the 
retrospective nature of the study, there were unmeasurable 
variables that may have introduced a bias toward the null 
hypothesis (more diagnostically challenging procedures were 
performed with EBUS-TBNA + TMC, given its theoretical 
advantage). Furthermore, we could not assess any eventual 

improvement in the DY for non-malignant lung diseases when 
utilizing a 19G needle versus TMC. Indeed, among the seven 
patients in whom the procedure was performed with the larger 
needle, only one had a final diagnosis of benignancy 
(sarcoidosis) on the TBNA specimen. Also if the choice of the 
needle size was at the operator’s discretion, we tended to use a 
19G needle only at the beginning of our learning curve with 
TMC to facilitate the insertion of the cryoprobe by creating a 
larger entry point rather than on the basis of suspected benign 
disease; this is in accordance with guidelines on EBUS-TBNA, 
suggesting using either a smaller (21G) or a larger (19G) needle 
in patients with suspected benign disease.20 However, studies 
comparing the DY of the two techniques, in which EBUS-TBNA 
was performed using only 19G needles, reported that TMC 
overcame EBUS-TBNA in cases of benign disorders, including 
infection and sarcoidosis.21,22 It is noteworthy that in all our 
patients who repeated bronchoscopy because of diagnosis 
initially missed by EBUS-TBNA, the latter continued to be non-
diagnostic, while a diagnosis was reached by cryobiopsy in all 

Table 2. EBUS-TBNA and TMC diagnostic yields by pathologies

Diagnostic yield by pathologies EBUS-TBNA  
n = 41

TMC 
n = 41

Overall 
n = 82 

P

Overall 17 (41.5%) 39 (95.1%) 56 (68.3%) <0.001

PLC  8 (80.0%) 10 (100%) 18 (90.0%) 0.13

Non-PLC 9 (31.0%) 29 (100%) 38 (65.5%) <0.001

Uncommon tumors 1 (25.0%) 4 (100%) 5 (62.5%) 0.028

Hematologic disorders 2 (28.6%) 9 (100%) 11 (61.1%) <0.001

Lung granulomatosis 6 (37.5%) 16 (100%) 22 (68.8%) <0.001

Data are presented as n (%).
EBUS-TBNA: endobronchial ultrasound-guided transbronchial needle aspiration, TMC: transbronchial mediastinal cryobiopsy, PLC: primary lung cancer

Figure 1. Diagnostic yield by technique in case of PLC and non-PLC diseases (uncommon tumors, hematologic disorders and benign lung disorders): 
TMC provides 69% a higher diagnostic yield than EBUS-TBNA in case of non-PLC diseases [31% for EBUS-TBNA and 100% for TMC; 95% confidence 
interval (CI): 52.1-85.8, P < 0.001]; for PLC, the diagnostic yield does not significantly differ between the two techniques (80% for EBUS-TBNA and 
100% for TMC; 95% CI: 4.79-44.8, P = 0.13)

PLC: primary lung cancer, TMC: transbronchial mediastinal cryobiopsy, EBUS-TBNA: endobronchial ultrasound-guided transbronchial needle 
aspiration
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cases, suggesting that TMC could be the investigation of choice 
in this population. In two patients, neither EBUS-TBNA nor 
TMC could establish a diagnosis: one underwent bronchoscopy 
for suspicion of relapsing gray zone lymphoma after 
chemotherapy, the other one, for restaging of primary lung 
adenocarcinoma after induction chemoradiotherapy; in these 
clinical scenarios, lymph nodes undergo fibrosis and necrosis, 
and residual malignant cells may be heterogeneously distributed 
within the node (center as well as subcapsular zone).23,24 This 
aspect could be particularly relevant because, unlike EBUS-
TBNA, which allows a bronchoscopist to extensively sample 
different zones of the target lesion (“fanning technique”), 
cryobiopsies may be performed only along the track originally 
created by the EBUS needle.25 Future research could explore 
how to increase DY in these patients (i.e., higher number of 
cryo-passes, use of elastography, creation of more tracks within 
the nodes). The ACCP guidelines released on September 2024, 
on the acquisition and handling of EBUS-TBNA samples, 
recommend performing four or more needle passes over three 
or fewer needle passes in patients with suspected malignant 
and non-malignant diseases: a greater number of passes 
provides adequate specimens for molecular and immunological 
assessments of malignancies and facilitates the recognition of 
the characteristic pathology of benign diseases.20 However, 
when we introduced TMC in our practice (February, 2023) and 
for all the study period (February, 2023-January, 2024), we 
complied with the guidelines on EBUS-TBNA in force at that 
time, and performed three separate needle passes per sampling 
site, so we cannot exclude the possibility that this factor favored 
cryobiopsy’s DY.26 However, the number of EBUS-TBNA passes 
to execute before TMC is not standardized across the studies, 
ranging from two, to three, to four.8,9,12,27,28 Only one study 
reported up to five passes of EBUS-TBNA before cryobiopsy, 
and even so TMC outperformed EBUS-TBNA in the diagnosis of 
uncommon tumors and benign disorders;29 a uniform 
methodology should be employed in this matter. The minimum 
number of cryobiopsies that should be conducted on each 
target lesion is not yet well established and can range between 
one and four. Kho et al.29 found that the DY of TMC plateaued 
after 2-3 cryo-passes; accordingly, in our study, we found that 
the DY of two cryo-passes was the same as that of three or more 
cryo-passes. The ideal cryoprobe activation time is undefined, 
ranging from three to seven seconds.8-12,25,30 In our experience, 
cooling down the cryoprobe for no more than four seconds 
allowed for an easy retraction of the scope from the airway, a 
longer time may translate into a progressive ascending cooling 
down of the probe, beyond the blunt tip, with increased 
resistance opposed by the tracheobronchial wall to the removal 
of the scope. We did not face technical difficulty with TMC 
performed on hilar (10R/L) and lobar (11R/L) lymph-nodes. In 
general, TMC is smoother when the cryoprobe enters the 
needle track at a near-perpendicular angle (i.e., stations 4R and 
7), preventing the sliding of the probe in the sub-mucosal layers 
above the lesion. Soo et al.31 described that cryobiopsy may 
present some difficulties for posterior tracheal lesions, and 
Ariza Prota et al.12 ranked the lymph node stations accessibility 
for TMC, from easiest to most challenging, as follows: 11L, 
11Ri, 7, 11Rs, 4R, 2L, 2R, 10R, 10L, 3p, and 4L. However, 
experience from larger studies shows that any station, from 2 to 
12, may be safely biopsied via TMC.30 In other studies, TMC has 

been performed through an oral bite under conscious sedation, 
or through an endotracheal tube under general anesthesia 
(GA), respectively.8-10,17,18 However, GA, has some critical 
drawbacks, including pronounced hemodynamic and 
respiratory impact, prolonged recovery phase, and high costs. 
These drawbacks could be disproportionate to the relatively 
simple technical needs of the procedure. Meanwhile, conscious 
sedation, in which verbal contact with the patient is possible at 
all times, may not always be ideal for both the patient’s 
tolerance and the operator’s comfort.32 In our patients, 
anesthetics were titrated to target a state of DS. Since the heart 
of the procedure lies in the insertion of the cryoprobe into the 
target lesion through the tunnel created by the EBUS needle, 
DS helped the operator to maintain the same angle in which the 
initial puncture was made by reducing cough and excessive 
transpulmonary swings, causing access limitation. By manually 
squeezing the bag of the Mapleson circuit connected to the 
LMA, episodes of inadequate spontaneous ventilation due to 
DS were easily corrected. LMA placement could be particularly 
advantageous in patients undergoing TMC when compared 
with oral bite, because it allows smooth, fast, and repeated 
entrances of the scope owing to better laryngeal exposure and 
avoids contact between the cooled cryoprobe with the attached 
frozen biopsy and the pharynx. Furthermore, the use of the 
LMA, compared to the endotracheal tube, makes TMC easier to 
perform on the upper paratracheal lymph nodes. In our study, 
there was no pneumothorax or pneumomediastinum, and the 
overall low incidence of these two AEs in the literature might 
call into question the appropriateness as well as the cost-
effectiveness of performing CXR after the TMC.33,34 No instances 
of mediastinitis were observed, and antibiotics were not 
routinely administered after the procedure, except in the case 
of necrotic target lesion(s); notably, the use of LMA could be 
advantageous in this regard, reducing the contamination of the 
bronchoscope and, by inference the cryoprobe as well, by 
oropharyngeal pathogens. In all observed cases, bleeding post 
TMC was mild and easily controlled; our findings suggest that 
the management of ATT could be similar to EBUS-TBNA, 
traditionally considered a procedure with a low relative 
bleeding risk.13 However, at our center, in case of severe airway 
bleeding, it is possible to convert the procedure to rigid 
endoscopy: while waiting for further evidence, the capabilities 
of the center in managing uncontrolled bleeding should be 
taken into account when considering ATT discontinuation for 
patients undergoing TMC. TMC was safe even in the presence 
of a Charlson Comorbidity Index ≥5, and no patient needed a 
step-up in the level of care after the procedure, delineating a 
good tolerability profile in the outpatients. In light of the 
findings of this study, the following recommendations could be 
implemented for use in daily practice: combined EBUS-TBNA 
and TMC is preferable to EBUS-TBNA alone in cases of 
suspected hematologic diseases, lung granulomatosis, CT 
features suggestive of uncommon lung tumors, history of 
diagnosis initially missed by EBUS-TBNA, and largely necrotic 
lesion(s) on CT scans. The decision to perform TMC as the first 
step in the diagnosis of PLC, in order to ensure adequate tissue 
acquisition for advanced molecular testing, should be weighed 
according to the local joint expertise of both interventional 
pulmonologists and pathologists (i.e., acquisition, handling and 
processing of the sample, trained personnel, availability of 
reliable novel tests). 



Thorac Res Pract. 2025;26(4):183-190 Corcione et al. Diagnostic Frontiers on Mediastinum: The cryoEBUS

189

This study has several limitations: importantly, it is a 
retrospective, single-center study with a relatively small sample 
size that allows for indication bias, thus making it unclear when 
TMC should be used. Furthermore, TMC was performed only by 
expert interventional pulmonologists; however, the technique is 
not intuitive and requires a learning curve.

CONCLUSION
In conclusion, TMC appears to be a valuable option for all 
diseases burdened by a low DY from EBUS-TBNA, probably 
leading to cost savings in specific diagnostic scenarios. The 
good tolerability profile makes TMC suitable for outpatients 
and patients with multiple comorbidities.
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