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Abstract
Background Guidelines recommend endobronchial ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA) as an initial investigatory technique for mediastinal nodal staging in lung cancer. However,
EBUS-TBNA can be limited by the inadequacy of intact tissues, which might restrict its diagnostic yield
in mediastinal lesions of certain aetiologies. We have previously shown that EBUS-guided transbronchial
mediastinal cryobiopsy can provide intact samples with greater volume.
Methods This randomised study determined the diagnostic yield and safety of transbronchial mediastinal
cryobiopsy monitored by endosonography for the diagnosis of mediastinal lesions. Patients with a
mediastinal lesion of ⩾1 cm in the short axis were recruited. Following identification of the mediastinal
lesion by linear EBUS, fine-needle aspiration and cryobiopsy were sequentially performed in a randomised
order. Primary end-points were diagnostic yield, defined as the percentage of patients for whom
mediastinal biopsy provided a definite diagnosis, and procedure-related adverse events.
Results In total, 197 patients were enrolled and randomly allocated. The overall diagnostic yield was
79.9% and 91.8% for TBNA and transbronchial mediastinal cryobiopsy, respectively (p=0.001).
Diagnostic yields were similar for metastatic lymphadenopathy (94.1% versus 95.6%, p=0.58), while
cryobiopsy was more sensitive than TBNA in uncommon tumours (91.7% versus 25.0%, p=0.001) and
benign disorders (80.9% versus 53.2%, p=0.004). No significant differences in diagnostic yield were
detected between “TBNA first” and “Cryobiopsy first” groups. We observed two cases of pneumothorax
and one case of pneumomediastinum.
Conclusions Transbronchial cryobiopsy performed under EBUS guidance is a safe and useful approach
that offers diagnostic histological samples of mediastinal lesions.

Introduction
Both neoplastic and benign lesions can present as an abnormal mediastinal mass and/or lymphadenopathy.
Fast and correct diagnosis of such is mandatory for clinical management and prognosis, and this requires
sufficient materials to be obtained for high-quality pathological, genetic, immunological and other
assessments [1]. Since the introduction of endobronchial ultrasound (EBUS), enabling real-time
supervision of transbronchial needle aspiration (TBNA), this minimally invasive procedure has
revolutionised the diagnostic approach for mediastinal diseases, with a shift from more invasive biopsies,

Copyright ©The authors 2021. For
reproduction rights and
permissions contact
permissions@ersnet.org

This article has supplementary
material available from
erj.ersjournals.com

This article has an editorial
commentary:
https://doi.org/10.1183/
13993003.01496-2021

Received: 8 Jan 2021
Accepted: 27 April 2021

https://doi.org/10.1183/13993003.00055-2021 Eur Respir J 2021; 58: 2100055

EUROPEAN RESPIRATORY JOURNAL
ORIGINAL RESEARCH ARTICLE

J. ZHANG ET AL.

https://orcid.org/0000-0002-7638-2506
mailto:fanye2008728@googlemail.com
https://crossmark.crossref.org/dialog/?doi=10.1183/13993003.00055-2021&domain=pdf&date_stamp=
https://bit.ly/3uiLkiD
https://bit.ly/3uiLkiD
https://doi.org/10.1183/13993003.00055-2021
https://doi.org/10.1183/13993003.00055-2021
mailto:permissions@ersnet.org
erj.ersjournals.com
https://doi.org/10.1183/13993003.01496-2021
https://doi.org/10.1183/13993003.01496-2021


such as mediastinoscopy, to this simple, well-tolerated and cost-efficient process with a far better safety
profile [2–4].

The current evidence-based guidelines by the European Respiratory Society, the American Thoracic
Society and the American College of Chest Physicians recommend needle-based strategies as the initial
approach for the staging of lung cancer [5, 6]. Although EBUS-TBNA provides an excellent diagnostic
yield for primary pulmonary malignancies, the limited amount of tissue it retrieves might be insufficient to
allow for confident diagnosis of rare tumours or benign mediastinal diseases, which frequently require
histopathological rather than cytological samples and an evaluation of the overall background architecture
[7, 8]. Hence, despite the considerable success of EBUS-TBNA, there remains significant room for
improvement in the diagnosis of mediastinal masses and intrathoracic lymphadenopathies.

Cryoprobes were initially applied within the airways for debulking of endobronchial lesions through
freezing and thawing [9, 10]. Because of its ability to harvest a relatively large amount of pulmonary
tissue, cryobiopsy has recently been used for the sampling of diffuse lung disease, a setting in which
forceps biopsies are of limited value [11, 12]. To improve the acquisition of sufficient high-quality material
for histological evaluation, we recently developed a new approach for mediastinal sampling in which we
combined transbronchial mediastinal cryobiopsy with the guidance of linear EBUS [13]. This strategy
yields more mediastinal tissue for analysis than needle aspiration, with few observed complications. The
present study prospectively determined the efficacy and safety of this intervention for sampling of
mediastinal material, with diagnostic yield and procedure-related adverse events as the primary outcomes.

Methods
Study design
This study was designed as a randomised trial to evaluate the diagnostic yield and safety of transbronchial
mediastinal cryobiopsy in patients with mediastinal diseases (supplementary material). Patients were
randomised to receive TBNA followed by cryobiopsy (“TBNA first” group) or cryobiopsy followed by
TBNA (“Cryobiopsy first” group) with a distribution of 1:1. Block randomisation was performed using a
computer-generated permuted block scheme (blocks of four) by an independent statistician who was not
involved in the actual clinical study. Owing to the nature of the intervention, neither participants nor
consenting investigators could be blinded to allocation. The study protocol was approved by the ethics
committees of the University of Heidelberg and of the Third Military Medical University, and the study
design has been registered at the Chinese Clinical Trial Registry (ChiCTR1900025531). All patients
provided written informed consent prior to bronchoscopy. The study followed the International Conference
on Harmonisation Guideline for Good Clinical Practice and the principles of the Declaration of Helsinki.

Participants
Patients with at least one mediastinal lesion (⩾1 cm in the short axis) and a minimum age of 15 years
referred for diagnostic bronchoscopy to the Thoraxklinik Heidelberg or Xinqiao Hospital were eligible for
trial entry (supplementary material). Chest computed tomography (CT) or positron emission tomography
was performed in all patients prior to bronchoscopy, and the size of the mediastinal lesion was measured.
Patients were recruited irrespective of the lesion station. Patients were excluded in cases of mediastinal
cysts or abscesses, contraindications to endoscopy or mediastinal biopsy, or potential need for additional
procedures other than EBUS (such as endobronchial biopsy). Sample size was calculated based on the
largest EBUS-forceps biopsy study so far, which reported an 18% increase in the overall diagnostic yield
compared to needle aspiration [14]. Based on these results, a sample size of at least 73 patients per study
group was calculated necessary to yield 90% power, assuming a type 1 error of 5%.

Procedures
In all cases, an EBUS procedure was performed by an experienced bronchoscopist under conscious
sedation using a convex probe ultrasound bronchoscope (BF-UC260F-OL8 or BF-UC260F, Olympus,
Tokyo, Japan) (supplementary material). First, the airways were endoscopically and ultrasonically
examined. Once the lesion was detected by EBUS, its location, size and blood supply were recorded. Next,
four TBNAs and three cryobiopsies were conducted in random order in all patients as specified below.

EBUS-TBNA was performed as previously described [15]. For transbronchial mediastinal cryobiopsy, a
small incision in the tracheobronchial wall adjacent to the mediastinal lesion was made using a
high-frequency needle-knife (Olympus KD-31C-1, Olympus). The knife was thereafter replaced by the
cryoprobe (Erbe 20402-401, Erbe, Tübingen, Germany), which was introduced into the lesion. The probe
was cooled down with liquid carbon dioxide for 7 s, and then retracted with the bronchoscope and the
frozen biopsy tissue. Samples were retrieved by thawing in saline and then fixed in formalin.
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The pathological specimens were examined by pathologists blinded to the sequence of biopsy techniques.
Rapid on-site cytopathological evaluation was not routinely performed. A biopsy was considered
diagnostic if the pathological assessment of the sample resulted in a definite diagnosis. Suspicious findings
from the biopsy procedures were considered as negative cases. Patients with a plausible benign diagnosis
received surgery (mediastinoscopy or surgical lymph node resection) or were followed up with a CT scan
after 6 months to exclude a malignant cause. All patients underwent post-procedural chest radiography and
were followed for potential EBUS-related adverse events for 4 weeks after biopsy.

Outcomes
The primary end-points of the analysis were 1) the diagnostic yield of transbronchial mediastinal
cryobiopsy, defined as the percentage of patients for whom mediastinal biopsy provided a definite
diagnosis, and 2) EBUS procedure-related adverse events such as airway bleeding, pneumothorax,
pneumomediastinum or mediastinitis. Secondary end-points included sample adequacy and size, and
duration of procedure. Samples providing a definite diagnosis or samples with the presence of lymphocytes
were considered as adequate, as previously described [16].

Results
Patient characteristics
Between September 2019 and March 2020, 197 patients (117 male, 80 female; 69 from Thoraxklinik
Heidelberg, 128 from Xinqiao Hospital) with mediastinal lesions were enrolled in the study and underwent
biopsies (figure 1). One patient (from “TBNA first” group) was excluded because he did not tolerate TBNA
and the bronchoscopic procedure had to be stopped. Both TBNA and cryobiopsy were successfully
conducted in the remaining 196 patients. Baseline data for these patients are presented in table 1. In brief, the
mean age of participants was 57.6 years (range 15–88 years) and the average diameter of the lesions was
2.2 cm (range 1.0–8.6 cm). The majority of the lesions were located in the mediastinum: station 7 (n=49), 4R
(n=67), 2R (n=4), 4L (n=19) and 2L (n=3); hilar lymphadenectasis were also accessible: station 12R (n=4),
11R (n=14), 10R (n=18), 12L (n=2), 11L (n=7) and 10L (n=10).

Diagnostic yield
The results from the mediastinal biopsies are reported in table 2. All patients completed follow-up except
two (one from each group), who declined further investigations (figure 1). Overall, a definite diagnosis

Eligible patients with mediastinal lesions 

on CT or PET-CT scan

Randomisation (n=197)

  Mediastinal lesions ≥1 cm

Excluded

  Contraindication for EBUS

  Mediastinal cyst, abscess, additional procedure

    required

Allocated to "TBNA first" group (n=99)

Intervention completed (n=98)

Intervention uncompleted (n=1)

(intolerance to TBNA procedure)

Allocated to "Cryobiopsy first" group (n=98)

Intervention completed (n=98)

Intervention uncompleted (n=0)

Lost to follow-up (n=1) Lost to follow-up (n=1)

Analysed (n=97)

Excluded from analysis (n=2)

Analysed (n=97)

Excluded from analysis (n=1)

FIGURE 1 Patient flow. CT: computed tomography; PET: positron emission tomography; EBUS: endobronchial
ultrasound; TBNA: transbronchial needle aspiration.
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could be established based on the mediastinal specimens in 181 patients (93.3%). Of those, 108 were
diagnosed with sarcoidosis and seven with pneumoconiosis. In 152 patients (78.4%), both TBNA and
cryobiopsy were able to establish a definite and identical diagnosis. In 26 additional cases in which TBNA
biopsy failed to yield a definite diagnosis, the diagnosis could be established from the cryobiopsy (six
non-small cell lung cancer (NSCLC), six lymphoma, one seminoma, eight tuberculosis and five
sarcoidosis). Conversely, in three NSCLC patients, the diagnosis was only established by TBNA, resulting
in an overall diagnostic yield of 79.9% for TBNA and 91.8% for cryobiopsy (p=0.001). Our subgroup
analysis demonstrated no significant difference in diagnostic yield between the two techniques for patients
with common lung cancer (94.1% for TBNA versus 95.6% for cryobiopsy, p=0.58). However, the
diagnostic yield of mediastinal cryobiopsy was significantly higher than of TBNA biopsies for uncommon
tumours (91.7% versus 25.0%, p=0.001) and benign lesions (80.9% versus 53.2%, p=0.004).

In four lung cancer patients, more detailed pathological information was available from
immunohistochemistry staining of the cryobiopsy samples (revealing two adenocarcinomas with sarcoma-
like differentiation, one squamous cell cancer with tuberculosis and one small cell cancer with large cell
neuroendocrine carcinoma), which was not possible in the corresponding TBNA samples. In cases of
NSCLC, almost all of the cryobiopsy materials (93.3%) were suitable for gene mutation PCR testing,
while this ratio was only 73.5% for TBNA, which is consistent with previous reports (p<0.001) [17, 18].
Studies have shown the potentially limited ability of EBUS-TBNA to diagnose and subtype
lymphoma [19]. In this study, mediastinal cryobiopsy could establish the diagnosis for the majority of
lymphoma patients (87.5%), and all cases diagnosed were successfully sub-classified, which was superior
to EBUS-TBNA (supplementary material). Both the overall diagnostic yield and the diagnostic yields of
either TBNA or cryobiopsy were similar between the “TBNA first” group and the “Cryobiopsy first” group
(table 3). Notably, the likelihood of a cryobiopsy specimen being diagnostic was independent of patient
characteristics, lesion size or station (data not shown).

Despite adequate sampling material, 13 patients (6.7%) had a plausible benign yet non-definite diagnosis
after both TBNA and cryobiopsy. Three of these cases underwent a cervical mediastinoscopy, one had the
lesion surgically resected and one had a regular bronchoscopy. Of these patients, three were diagnosed
with NSCLC, one with lymphoma and one with a non-specific benign disorder. The remaining eight
patients refused further invasive examination; however, subsequent follow-up CT scans showed either

TABLE 1 Baseline characteristics

“TBNA first” group “Cryobiopsy first” group p-value

Subjects n 99 98
Age (years) 57.1±11.4 58.2±13.3 0.53
Sex 0.27
Female 44 (44.4%) 36 (36.7%)
Male 55 (55.6%) 62 (63.3%)

Ethnic origin 0.84
Asian 65 (65.7%) 63 (64.3%)
Caucasian 34 (34.3%) 35 (35.7%)

BMI (kg·m−2) 23.4±2.7 22.6±3.6 0.06
Smoking (pack-year) 18.6±20.6 18.8±21.8 0.95
Lesion size (short axis, cm) 2.3±1.2 2.2±1.1 0.81
Lesion station n 0.61
7 28 21
12R 2 2
11R 10 4
10R 7 11
4R 33 34
2R 2 2
12L 0 2
11L 2 5
10L 4 6
4L 10 9
2L 1 2

Data are presented as n (%) or mean±SD, unless otherwise stated. TBNA: transbronchial needle aspiration; BMI:
body mass index.
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regression or stabilisation of lesion size in line with the initially suspected benign diagnosis, and further
work-up was not pursued.

Adverse events
No major complications were noted during the procedure, or at the time of the 4-week follow-up (table 4).
The most common adverse event observed was minor bleeding, which subsided without the need for
intervention. Chest radiography detected two cases (1.0%) of pneumothorax and one case (0.5%) of
pneumomediastinum, all of which resolved spontaneously without the requirement for drainage or other
interventions.

Sample adequacy and size
Specimens were considered adequate in all TBNA and cryobiopsy samples. The mean diameter and area of
the samples retrieved from cryobiopsy were 4.6 mm (range 2.2–8.1 mm) and 10.7 mm2 (range
3.4–29.8 mm2), which was even larger than samples obtained from forceps biopsy (supplementary figure
S1). No differences in sample size were observed among the different passes of cryobiopsy.

TABLE 3 Diagnostic yields of “TBNA first” procedure and “Cryobiopsy first” procedure

“TBNA first” group “Cryobiopsy first” group p-value

Subjects n 97 97
Diagnostic yield (overall) 0.77
No 6 (6.2%) 7 (7.2%)
Yes 91 (93.8%) 90 (92.8%)

Diagnostic yield (TBNA) 0.37
No 17 (17.5%) 22 (22.7%)
Yes 80 (82.5%) 75 (77.3%)

Diagnostic yield (cryobiopsy) 0.6
No 7 (7.2%) 9 (9.3%)
Yes 90 (92.8%) 88 (90.7%)

TBNA: transbronchial needle aspiration.

TABLE 2 Diagnostic yields of TBNA and transbronchial mediastinal cryobiopsy

Total TBNA Cryobiopsy p-value

Subjects n 194 194 194
Diagnostic yield n (%) 0.001
No 13 (6.7%) 39 (20.1%) 16 (8.2%)
Yes 181 (93.3%) 155 (79.9%) 178 (91.8%)

Common tumour n
Lung, adenocarcinoma 75 68 72
Lung, squamous cell 24 24 23
Lung, large cell 3 3 3
Lung, NSCLC (NOS) 7 6 5
Lung, small cell 26 26 26
Total n (%) 135 (69.6%) 127 (65.5%) 129 (66.5%) 0.58

Uncommon tumour n
Lung, carcinoid 1 0 1
Lung, sarcomatoid 1 1 1
Lymphoma 8 1 7
Seminoma 1 0 1
Thymic carcinoma 1 1 1
Total n (%) 12 (6.2%) 3 (1.5%) 11 (5.7%) 0.001

Benign disorder n
Sarcoidosis 15 10 15
Tuberculosis 16 8 16
Pneumoconiosis 7 7 7
Total n (%) 47 (24.2%) 25 (12.9%) 38 (19.6%) 0.004

TBNA: transbronchial needle aspiration; NSCLC: non-small cell lung cancer; NOS: not otherwise specified.
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Operation time
The overall procedure time for the EBUS examination was 31.9±9.1 min (range 15.0–53.4 min). The
procedural time for the cryobiopsy was slightly longer than for the TBNA (11.7±5.3 min versus
9.4±2.6 min, p<0.001).

Discussion
In this prospective comparative dual-centre clinical trial, we tested for the diagnostic yield and safety of
transbronchial mediastinal cryobiopsy as a novel sampling technique for diagnostic tissue acquisition from
mediastinal lesions and perihilar lymphadenopathies. EBUS-guided transbronchial mediastinal cryobiopsy
is safe, and might be superior in the diagnosis of uncommon tumours and benign disorders compared to
conventional TBNA. As such, EBUS-guided transbronchial mediastinal cryobiopsy provides a promising
and readily implementable strategy for improved diagnosis of mediastinal lesions.

Needle aspiration is currently the standard approach for differential diagnosis of lymph node metastases.
Yet, the diagnostic value of TBNA is frequently restricted by the small sample volume available for
cytopathological evaluation, which thus provides little information on overall tissue histoarchitecture. This
limitation has been proposed to contribute to suboptimal diagnostic yields in rare tumours and benign
lesions [20–22]. Furthermore, given the evolving role of targeted therapies and immunotherapy in the
treatment of lung cancer, alternative strategies with an increased yield of diagnostic material, allowing for
large-scale molecular testing and immunological profiling, may lead to improved diagnosis and earlier
introduction of appropriate individualised therapies [23, 24].

Along these lines, previous reports by us and others have demonstrated that the addition of mediastinal
forceps biopsy under real-time ultrasound guidance to TBNA significantly improves specimen quality and
diagnostic yield, particularly in patients with sarcoidosis and lymphoma [8, 14, 25–27]. EBUS-guided
mediastinal forceps biopsy has since been adopted by several interventional pulmonology centres as a
routine assessment tool for uncommon neoplasms and benign lesions, despite being potentially beset by
the need for specialised skills, prolonged procedure duration and the inability of the forceps to pass the
bronchial wall in some cases. However, one of the largest prospective trials of transbronchial forceps
biopsy reported a lower diagnostic sensitivity of this technique as compared to needle aspiration in
malignant nodes [26].

At present, cryoprobes have been typically used for pulmonary tissue acquisition in interstitial lung
diseases, where they have proven superior to forceps biopsy due to the ability to harvest a sufficient
sample volume with improved quality for pathological evaluation [11, 12, 28]. In previous work, we have
provided evidence that the application of a cryoprobe for transbronchial biopsies in solitary pulmonary
lesions is a safe and useful approach to obtain histological samples [28]. In the present study, we
demonstrate that transbronchial cryosampling is safe and feasible in mediastinal lesions, and may yield a
higher diagnostic sensitivity than the conventional needle aspiration approach. To ensure both acquisition
of larger tissue samples and patient safety, we combined transbronchial cryosampling with real-time
guidance by EBUS. Similar to the fine-needle, the cryoprobe could be successfully introduced into the
mediastinal and hilar lesions in all cases and yield adequate material. Indeed, the size of the material
retrieved with the cryoprobe was approximately three times that achieved using mediastinal forceps biopsy.

TABLE 4 Procedure-related adverse events

“TBNA first” group “Cryobiopsy first” group p-value

Subjects n 98 98
Bleeding n
Grade 2 9 9
Grade 3 0 2
Grade 4 0 0
Total n (%) 83 (84.7%) 86 (87.8%) 0.53

Pneumothorax n (%) 1 (1.0%) 1 (1.0%) 1
Pneumomediastinum n (%) 0 (0%) 1 (1.0%) 1
Death n (%) 0 (0%) 0 (0%) -

TBNA: transbronchial needle aspiration.
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Importantly, the higher sample volume directly translated into a higher diagnostic yield of the cryoprobe as
compared to TBNA. This finding was not attributable to an underperformance of EBUS-TBNA in our
cohort, the sensitivity of which was in line with previously reported values [5]. Rapid on-site cytology was
not routinely utilised in the present protocol; however, the lack of this has been shown to have no impact
on the diagnostic ability of TBNA [29]. As compared to TBNA, and different from the lower sensitivity of
forceps biopsy, EBUS-guided transbronchial mediastinal cryobiopsy showed a similar diagnostic yield in
lung cancer patients, and, notably, a superior performance in diseases of other aetiologies [26]. Owing to
larger specimens, cancer genome sequencing could be performed on cryobiopsy samples in the majority of
NSCLC patients, which is better than what could be achieved with TBNA samples. That notwithstanding,
it should be noted that in three cases a definite diagnosis of NSCLC was only achieved by TBNA, and not
by mediastinal cryobiopsy. While case numbers for this difference may be too small to draw definite
conclusions, this finding indicates that a combination of different biopsy tools may further increase
diagnostic accuracy of mediastinal lesions. The ability of EBUS-TBNA to accurately diagnose and subtype
lymphoma has been questioned because of lesser sampling of core tissue, and recent research has
highlighted the value of histological specimens rather than TBNA-acquired cytology for diagnosing
lymphoma [30]. In accordance, the large volume of intact tissues from mediastinal cryobiopsy led to
improved likelihood ratios for the diagnosis and subtyping of lymphoma in our study, compared to needle
aspiration. Furthermore, the diagnostic yield of mediastinal cryobiopsy was not influenced by either the
sequence of biopsy approaches or the characteristics of patients and mediastinal lesions, consolidating the
robustness and wide applicability of this technique. Interestingly, EBUS-TBNA seemed to have higher
diagnostic yield when it was performed before cryobiopsy, which might be due to the reduced specimen
quality consequent to cryobiopsy-induced bleeding.

Similar to the previous EBUS report, EBUS-guided transbronchial mediastinal cryobiopsy was generally
safe and well tolerated, with only minor adverse events [31]. In theory, relevant complications for this
procedure may comprise iatrogenic bleeding, pneumomediastinum, mediastinal infection and
pneumothorax. In this study, no signs of severe bleeding, mediastinitis or perioperative death were
observed. Pneumomediastinum or pneumothorax as detected by post-procedural radiological examination
was evident in 1.5% of participants in the absence of clinical symptoms, and resolved spontaneously
without drainage or other interventions. Owing to the study design, it is impossible to attribute these
adverse events unambiguously to either needle aspiration or cryobiopsy. Transbronchial mediastinal
cryobiopsy was, in any case, associated with a significant prolongation of the bronchoscopic procedure as
compared to TBNA. This time difference was primarily attributable to the repetitive retrieval, reinsertion
and relocalisation of the EBUS scope for repeated sampling. However, the rather moderate prolongation of
the procedure by ∼2 min seems acceptable considering the benefits of a higher sample volume acquisition,
and suggests that this technique could be managed without greater difficulty by any experienced
interventional pulmonologist.

Several limitations need to be considered in the interpretation of the present study. First, three patients with
lung cancer were misdiagnosed by transbronchial cryobiopsy, despite the acquisition of more material as
compared to TBNA. We assume that this may have been attributable to the fact that cryobiopsies were
always conducted at the same location of the lesion, and as such may have missed the diseased tissue.
Further studies are needed to evaluate the diagnostic accuracy of cryobiopsies in different regions of
mediastinal lesions. Second, only the most suspicious lesions were sampled owing to an initial concern for
serious adverse events in case of multinode cryobiopsies. This approach may have limited the diagnostic
power of both TBNA and cryobiopsy. However, although systematic surgical mediastinal staging has a
better diagnostic yield compared to a site-selective approach in NSCLC, no data are presently available to
demonstrate an equal superiority of systematic assessment for EBUS-TBNA [32]. Nevertheless, it should
be noted that the accuracy of TBNA might potentially be improved by sampling additional lesions in
benign disorders [21]. Finally, the present trial was designed as a crossover study using both fine-needle
and cryoprobe in each participant. Because this is the first prospective report on the application of the
cryoprobe in mediastinal sampling, it would have been unethical to exclude patients from the standard
approach of TBNA. Importantly, the sequence of the two interventions did not affect their diagnostic yield,
ruling out systematic effects, while the crossover design allowed for direct comparison of the two
techniques in the identical patient cohort.

In summary, the present study reports what is to our knowledge the first use of EBUS-guided
transbronchial mediastinal cryobiopsy for the diagnosis of mediastinal lesions. In a dual-centre trial,
cryobiopsy proved safe and might offer a higher diagnostic yield as compared to conventional TBNA.
Transbronchial mediastinal cryobiopsy might provide an additive value to current diagnostic approaches for
mediastinal diseases, specifically in cases of uncommon tumours and benign lesions.
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