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Abstract
Introduction: Transbronchial lung cryobiopsy (TBLC) is increasingly being used as an alternative to
video-assisted thoracoscopic surgery (VATS) biopsy to establish the histopathologic pattern in interstitial
lung disease (ILD).
Methods: A systematic literature search of the PubMed and Embase databases, from October 2010 to
October 2020, was conducted to identify studies that reported on diagnostic yield or safety of VATS or
TBLC in the diagnosis of ILD.
Results: 43 studies were included. 23 evaluated the diagnostic yield of TBLC after multidisciplinary
discussion, with a pooled diagnostic yield of 76.8% (95% confidence interval (CI) 70.6–82.1), rising to
80.7% in centres that performed ⩾70 TBLC. 10 studies assessed the use of VATS and the pooled
diagnostic yield was 93.5% (95% CI 88.3–96.5). In TBLC, pooled incidences of complications were 9.9%
(95% CI 6.8–14.3) for significant bleeding (6.9% for centres with ⩾70 TBLC), 5.6% (95% CI 3.8–8.2) for
pneumothorax treated with a chest tube and 1.4% (95% CI 0.9–2.2) for acute exacerbation of ILD after
TBLC. The mortality rates were 0.6% and 1.7% for TBLC and VATS, respectively.
Conclusions: TBLC has a fairly good diagnostic yield, an acceptable safety profile and a lower mortality
rate than VATS. The best results are obtained from more experienced centres.

Background
Interstitial lung diseases (ILDs) are a group of diseases characterised by inflammation and scarring of the
lung parenchyma [1, 2] but differ in aetiology, pathological findings, treatment options and prognosis [1,
3]. In patients with suspected ILD, the clinical and imaging findings of chest radiography and conventional
computed tomography are generally nonspecific and performing high-resolution computed tomography
(HRCT) is essential to improve diagnostic accuracy [4–6]. Still, in many ILDs, clinical setting and HRCT
appearances alone are insufficient to provide a definitive diagnosis [6, 7].

Surgical lung biopsy (SLB) has been considered the gold standard method to establish the histopathologic
pattern of a specific type of ILD and better guide the treatment [8–10]. When SLB is deemed necessary,
the approach of choice is by video-assisted thoracoscopic surgery (VATS), a less invasive technique that
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has largely replaced open lung biopsy (OLB) [11]. Nevertheless, this surgical technique also carries risks
and complications, and some subgroups of patients (older subjects, patients with significant comorbidities
and/or advanced respiratory disease) have high operative mortality, which explains the need to consider the
risk:benefit ratio before performing such biopsy [11, 12].

Transbronchial lung cryobiopsy (TBLC) is an innovative bronchoscopic method for tissue sampling of
patients with suspicious diffuse parenchymal lung diseases. A cryoprobe is inserted distally into the
bronchus, cooled at −79°C (using carbon dioxide) or −89°C (using nitrous oxide) within seconds, and
then retrieved with the attached frozen lung tissue [13]. It is increasingly being used for assessing ILDs
because it provides tissue samples with a higher percentage of alveolar tissue and fewer crush artefacts,
when compared to conventional transbronchial biopsies [14]. Furthermore, this technique has attracted
considerable interest in the pulmonology community as a promising and potentially safer alternative to
SLB [7, 15, 16].

Therefore, we conducted a systematic review and meta-analysis to evaluate the diagnostic yield and safety
of TBLC versus VATS lung biopsy in patients with suspected ILD.

Methods
We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement for the
present systematic review [17]. The protocol was registered and allocated the identification number
CRD42020213326 in the PROSPERO database.

Eligibility criteria
Inclusion criteria were as follows: 1) reported at least one of the procedures (SLB by VATS or TBLC)
used for the diagnosis of suspected ILD; 2) reported at least one of the study outcomes; 3) written in
English or Portuguese; 4) published within the last 10 years.

To be included in the systematic review, studies had to respect all the inclusion criteria. We excluded
abstracts, editorials, reviews, comments and case reports. Given the heterogeneity of parenchymal changes
from different ILDs, which potentially impact the biopsy results, studies describing the outcomes of
procedures in a sole specific ILD subset were also excluded.

Additionally, when multiple publications from the same centre with overlapping recruitment periods were
found, we only included the study with the largest sample size to prevent double counting of patients.

Outcomes evaluated
Two outcomes were defined for this systematic review: diagnostic yield and safety. Diagnostic yield
indicates the final clinical diagnosis held by a multidisciplinary team or, when not available, the final
histopathological diagnosis. For evaluation of the safety of TBLC, we analysed the incidence of bleeding,
pneumothorax and acute exacerbation of ILD. Bleeding was further divided into four categories: “none”;
“mild bleeding” (self-limiting bleeding, managed with suction); “moderate bleeding” (controlled with cold
saline, vasoconstrictive drugs or by endobronchial blocker); and “severe bleeding” (any bleeding causing
hemodynamic or respiratory instability, requiring tamponade or other surgical interventions, transfusions,
or admission to the intensive care unit) [7, 18].

As for VATS, we recorded the incidence of recurrent pneumothorax, persistent air leak (defined as an air
leak that lasts longer than 5–7 days), pneumonia/empyema, haemothorax, thoracic pain and ILD acute
exacerbation. Data from 30-day mortality was collected from both techniques.

Search and selection of the studies
We performed a systematic search of the literature from October 2010 to October 2020 to check all studies
that reported relevant information on the diagnostic yield or safety of VATS lung biopsy or TBLC in the
diagnosis of ILD. The search was performed in PubMed/MEDLINE and Embase, and the following search
terms were used (both as free text and appropriate subject indexing terms): “interstitial lung disease” OR
“diffuse parenchymal lung disease” AND “video-assisted thoracic surgery” OR “VATS” OR “cryobiopsy”
OR “cryo-transbronchial”. The search did not include the terms “diagnostic yield” or “safety” to maximise
the number of research results.

For the selection of the studies to be included in the systematic review, titles and abstracts were
independently reviewed for eligibility by two authors (I.R. and R.E.G.). Disagreement on any study selection
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was resolved by an independent review of a third author (H.N.B.). After the first selection, the nonexcluded
studies underwent a full-text review, and data was collected from the studies that were considered eligible.

Data extraction
Before the beginning of the reading of the selected articles, a set of items were established to be extracted:
1) publication details (authors, year of publication and country of origin); 2) study design (cross-sectional,
cohort or randomised clinical trial); 3) sample size and population demographics (mean age and sex
distribution); 4) details of the procedure (number of biopsies per patient; cryoprobe used and cooling time
for TBLC studies); 5) characteristics of biopsy specimens (number, surface area, and largest diameter); 6)
diagnostic yield (final clinical-pathologic diagnosis); 7) complications associated to the procedure (severe
bleeding, pneumothorax and others); and 8) mortality associated with the procedure.

Quality assessment
The quality and validity of each article were assessed using the CASP (Critical Appraisal Skills
Programme) checklists by two reviewers independently. The CASP checklists are a commonly used tool to
evaluate the quality appraisal in various types of studies. Based on study design, the CASP cohort study
checklist [19], the CASP randomised controlled trial checklist [20] or the CASP diagnostic study checklist
[21] were used.

Data analysis
Extracted data were pooled and weighted proportionately to its sample size for all outcomes of interest.
The pooled proportions were calculated using the Freeman–Tukey transformation, using a DerSimonian
random effects model in the presence of significant heterogeneity. Forest plot graphs were used to illustrate
the weighted outcomes as well as the pooled estimation with the 95% confidence interval (CI).
Heterogeneity of results was assessed by the I2 statistic, and an I2>40% was considered indicative of
significant heterogeneity [22]. The statistical analysis was performed using the Comprehensive
Meta-Analysis Package version 2.2.064 (Biostat, Englewood, NJ, USA) statistical software.

Results
Search results
The initial search identified 1320 citations, and 933 titles and abstracts were review after the removal of
duplicates (figure 1). Of these, 68 publications were full text reviewed and 43 studies were included in the
final systematic review.

Study characteristics
The 43 studies included 4550 patients (sample size range 12–359). TBLC was performed in 2824 patients
and SLB (by VATS) in 1814. From the included studies (supplementary table S1), 27 [15, 18, 23–47]
evaluated the use of TBLC in the diagnosis of suspected ILDs, 13 [2, 48–59] assessed the use of SLB, and
three [60–62] compared the use of TBLC and SLB. In two studies [61, 62], both TBLC and SLB were
performed sequentially on the same patient. There were 24 retrospective cohorts, 14 prospective cohorts,
three cross-sectional studies and two randomised controlled trials comparing TBLC with conventional
forceps sampling (supplementary table S2). 41 studies reported mean or median age, ranging from 45.6 to
66.6 years, and 42 studies reported sex distribution, ranging from 33% to 73% male. The number of tissue
samples per subject was reported in 33 studies, ranging from one to eight biopsies in the TBLC group and
one to three in the SLB group (supplementary table S3). The mean biopsy area was described in eight
studies of TBLC, varying from 9 mm2 to 44.4 mm2.

Outcomes of included studies for each technique are summarised in tables 1 and 2. 25 studies reported
histopathological diagnostic and 33 reported final diagnostic yield after histopathologic results were
combined with clinical and radiological features in a multidisciplinary team discussion. 41 studies reported
procedure-related complications.

Study quality
The quality of full-text studies included in this revision was variable (supplementary tables S4, S5 and S6).
Most cohort studies (n=38) were considered to have selected the cohort in an acceptable way, but in
relation to the outcomes, only 14 studies (36.8%) had precise results. Two of the three diagnostic studies
described the methodology well and had reliable results. Regarding the randomised clinical trials included
(n=2), both had nonblinded randomisation and, although the results were not considered totally precise, all
important outcomes were evaluated.
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Diagnostic accuracy and yield
28 studies evaluated the diagnostic yield of TBLC, and a subanalysis was performed based on the criteria
applied by each study to define the diagnostic yield (histopathological pattern alone versus final
multidisciplinary diagnosis). 17 studies reported diagnostic yield from histopathologic assessment (figure 2a),
with a pooled diagnostic yield of 77.1% (95% CI 70.1–82.8; I2=88.7%, p<0.001); 23 studies reported
diagnostic yield after multidisciplinary team discussion, with a pooled diagnostic yield of 76.8% (95% CI
70.6–82.1; I2=86.3%, p<0.001). When looking solely at centres that performed ⩾70 TBLCs, which has
been suggested as the minimum number to achieve proficiency in the technique [63], the diagnostic yield
after multidisciplinary team discussion rises to 80.7% (95% CI 71.6–87.4; I2=92.1%, p<0.001).

16 studies analysed the use of SLB in the diagnosis of ILD. Eight studies reported histopathologic
diagnosis (figure 2b), with a pooled diagnostic yield of 95.3% (95% CI 84.7–98.7; I2=87.5%, p<0.001);
10 studies reported the diagnostic yield after multidisciplinary team discussion, with a pooled estimate of
93.5% (95% CI 88.3–96.5; I2=81.1%, p<0.001).

Records identified 

through database 

searching

(n=1320)

Records af  ter duplicates removed 

(n=933)

Records screened 

(n=933)
Records excluded 

(n=865)

Full-text articles excluded,

(n=25) with reasons:

• Did not include

 cryobiopsy or VATS (n=2)

• Included open lung

 surgical biopsy (n=4)

• Included diagnosis other

 than suspected ILD (n=4)

• Abstract only (n=2)

• Studies with duplicate

 participants (n=11)

• Case report (n=1)

• Review series (n=1)

Full-text articles assessed 

for eligibility

(n=68)

Studies included in

qualitative and

quantitative synthesis 

(meta-analysis)

(n=43)

FIGURE 1 Flowchart of study selection. ILD: interstitial lung disease; VATS: video-assisted thoracoscopic
surgery.
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TABLE 1 Outcomes of transbronchial lung cryobiopsy (TBLC) of the included studies

Method of
diagnosis

First author (year) [ref.] Biopsy
method (n)

Diagnostic
yield, %

Mortality,
n (%)

Pneumothorax,
n (%)

Chest drain,
n (%)

Bleeding, n (%) ILD acute
exacerbation, n (%)

Mild Moderate Severe

Histology
HERNÁNDEZ-GONZÁLEZ

(2015) [43]
TBLC (33) 79.0 NA 4 (12) 1 (3.0) 3 (9.0) 7 (21) 0 (0.0) NA

RAVAGLIA (2016) [60] TBLC (297) 82.8 1 (0.3) 60 (20.2) 46 (15.5) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.3)
LINHAS (2017) [25] TBLC (90) NA 0 (0.0) 22 (22.4) 18 (20.0) 8 (8.9) 5 (5.6) 0 (0.0) 0 (0.0)
LENTZ (2018) [47] TBLC (104) 44.2 0 (0.0) 3 (3.0) 3 (3.0) 100 (96.0) 0 (0.0) 4 (4.0) NA

COOLEY (2018) [26] TBLC (159) 69.0 0 (0.0) 17 (11.0) 14 (8.8) 0 (0.0) 6 (3.8)# NA

HAGMEYER (2019) [30] TBLC (61) 82.0 2 (3.2) 10 (16.4) NA NA 7 (14.5) 8 (13.1) 2 (3.2)
HARARI (2019) [29] TBLC (73) 88.0 NA 8 (10.9) 2 (2.7) 6 (19.0) 0 (0.0) 1 (1.4) NA

ROMAGNOLI (2019) [62] TBLC (21) 81.0 NA 2 (9.5) 1 (4.8) NA NA NA 1 (4.8)
SAMITAS (2019) [15] TBLC (50) 80.0 NA 5 (10.0) 0 (0.0) 19 (38.0) 12 (24.0) 0 (0.0) 0 (0.0)
CHO (2019) [24] TBLC (40) 85.0 0 (0.0) 0 (0.0) 0 (0.0) 36 (90.0) 2 (5.0) 2 (5.0) NA

ABDELGHANI (2019) [28] TBLC (40) 92.5 1 (1.3) 2 (5.0) 2 (5.0) 6 (15.0) 5 (8.3) 0 (0.0) NA

HETZEL (2019) [18] TBLC (359) NA 1 (0.3) 27 (7.5) NA 203 (56.5) 54 (15.0) 4 (1.1) NA

TROY (2020) [61] TBLC (65) 90.0 1 (2.0) 1 (4.0) NA 14 (22.0)¶ 0 (0.0) 2 (3.1)
ABURTO (2020) [38] TBLC (257) 80.2 0 (0.0) 5 (2.0) NA 18 (7.0)+ 1 (0.4)
BONDUE (2020) [35] TBLC (81) 84.0 NA 17 (21.0) 9 (11.0) 47 (58.0) 25 (31.0) 4 (5.0) 1 (1.2)
KOSLOW (2020) [34] TBLC (120) 52.4 2 (1.6) 6 (5.0) 1 (0.9) NA 8 (7.0)# 1 (0.8)
PAJARES (2020) [36] TBLC (124) 54.8 NA 3 (2.4) 2 (1.6) 72 (60.0) 8 (6.5) 1 (0.8) NA

GNASS (2020) [39] TBLC (114) 79.0 NA 5 (4.4) 5 (4.4) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
WANG (2020) [37] TBLC (70) 68.6 1 (1.4) 3 (4.3) 3 (4.3) 0 (0.0) 0 (0.0) 4 (5.7) 0 (0.0)

Continued
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TABLE 1 Continued

Method of
diagnosis

First author (year) [ref.] Biopsy
method (n)

Diagnostic
yield, %

Mortality,
n (%)

Pneumothorax,
n (%)

Chest drain,
n (%)

Bleeding, n (%) ILD acute
exacerbation, n (%)

Mild Moderate Severe

MDD
FRUCHTER (2014) [42] TBLC (75) 70.0 NA 2 (2.7) 0 (0.0) 3 (4.0) 0 (0.0) 0 (0.0) 0 (0.0)
GRIFF (2014) [33] TBLC (52) 79.0 0 (0.0) 0 (0.0) 0 (0.0) NA NA 0 (0.0) NA

PAJARES (2014) [41] TBLC (39) 51.4 NA 3 (7.7) NA 12 (30.8) 22 (56.4) 0 (0.0) 0 (0.0)
HERNÁNDEZ-GONZÁLEZ

(2015) [43]
TBLC (33) 79.0 NA 4 (12) 1 (3.0) 3 (9.0) 7 (21) 0 (0.0) NA

CASCANTE (2016) [46] TBLC (55) 87.3 0 (0.0) 8 (14.5) 7 (12.7) 4 (7.3) 1 (1.8) 1 (1.8) NA

RAMASWAMY (2016) [45] TBLC (56) 66.0 NA 11 (20) NA NA NA 1 (2.0) 0 (0.0)
KRONBORG-WHITE (2017)

[44]
TBLC (38) 74.0 NA 10 (26) 8 (21.0) NA 6 (15.0) 1 (3.0) 0 (0.0)

BANGO-ÁLVAREZ (2017) [23] TBLC (106) 86.0 0 (0.0) 5 (4.7) 2 (1.9) 89 (84.0) 17 (16) 0 (0.0) 0 (0.0)
LENTZ (2018) [47] TBLC (104) 68.3 0 (0.0) 3 (3.0) 3 (3.0) 100 (96.0) 0 (0.0) 4 (4.0) NA

COOLEY (2018) [26] TBLC (159) 79.0 0 (0.0) 17 (11.0) 14 (8.8) 0 (0.0) 6 (3.8)# NA

DHOORIA (2018) [27] TBLC (128) 78.1 4 (3.1) 14 (10.9) 11 (8.6) 13 (10.2) 4 (3.1) 3 (2.3) 3 (2.3)
HAGMEYER (2019) [30] TBLC (61) 75.0 2 (3.2) 10 (16.4) NA NA 7 (14.5) 8 (13.1) 2 (3.2)
HARARI (2019) [29] TBLC (73) 94.5 NA 8 (10.9) 2 (2.7) 6 (19.0) 0 (0.0) 1 (1.4) NA

ROMAGNOLI (2019) [62] TBLC (21) 42.9 NA 2 (9.5) 1 (4.8) NA NA NA 1 (4.8)
SAMITAS (2019) [15] TBLC (50) 76.0 NA 5 (10.0) 0 (0.0) 19 (38.0) 12 (24.0) 0 (0.0) 0 (0.0)
SHAFIEK (2019) [32] TBLC (12) 83.3 NA 0 (0.0) 0 (0.0) 1 (8.3) 0 (0.0) 0 (0.0) NA

ÇIRAK (2020) [31] TBLC (82) 91.5 NA 6 (7.3) 0 (0.0) 23 (28.4) 15 (18.3) 1 (1.21) NA

TROY (2020) [61] TBLC (65) 60.0 1 (2.0) 1 (4.0) NA 14 (22.0)¶ 0 (0.0) 2 (3.1)
ABURTO (2020) [38] TBLC (257) 90.3 0 (0.0) 5 (2.0) NA 18 (7.0)+ 1 (0.4)
BONDUE (2020) [35] TBLC (81) 74.0 NA 17 (21.0) 9 (11.0) 47 (58.0) 25 (31.0) 4 (5.0) 1 (1.2)
HUSSEIN (2020) [40] TBLC (23) 95.6 0 (0.0) 2 (8.7) 1 (4.3) 0 (0.0) 0 (0.0) 1 (4.4) 0 (0.0)
KOSLOW (2020) [34] TBLC (120) 55.0 2 (1.6) 6 (5.0) 1 (0.9) NA 8 (7.0)# 1 (0.8)
PAJARES (2020) [36] TBLC (124) 47.6 NA 3 (2.4) 2 (1.6) 72 (60.00) 8 (6.5) 1 (0.8) NA

ILD: interstitial lung disease; MDD: multidisciplinary discussion; NA: not available. #: classified as moderate/severe; ¶: classified as mild/moderate; +: bleeding not classified by severity.
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TABLE 2 Outcomes of video-assisted thoracoscopic surgery (VATS) of the included studies

Method of
diagnosis

First author (year)
[ref.]

Biopsy
method

(n)

Diagnostic
yield, %

Mortality,
n (%)

Pneumothorax,
n (%)

Prolonged air
leak, n (%)

Pneumonia/
empyema,

n (%)

Haemothorax,
n (%)

Thoracic
pain, n (%)

ILD acute
exacerbation,

n (%)

Histology
KAYATTA (2013) [53] VATS (196) 100 13 (6.7) NA NA NA NA NA NA

POMPEO (2013) [48] VATS (30) 97 NA NA 0 (0.0) NA NA NA 0 (0.0)
MORRIS (2014) [54] VATS (66) 74.2 1 (1.5) 7 (10.6) 1 (1.5) 4 (6.1) 0 (0.0) 3 (4.5) NA

BAGHERI (2015) [55] VATS (38) 94.7 NA NA 5 (13.1) NA NA NA NA

RAVAGLIA (2016) [60] VATS (150) 98.7 4 (2.7) NA 5 (3.3) 3 (2.0) NA NA 5 (3.3)
JEON (2018) [59] VATS (35) 100 0 (0.0) NA 0 (0.0) 0 (0.0) 0 (0.0) NA 0 (0.0)
ROMAGNOLI (2019) [62] VATS (21) 57.1 NA NA NA NA NA NA NA

CHERCHI (2020) [51] VATS (99) 98 1 (1.0) NA NA NA NA NA NA

MDD
FIBLA (2012) [2] VATS (224) 87 NA 6 (2.7) 2 (0.9) 0 (0.0) 1 (0.4) 8 (3.7) 0 (0.0)
LUO (2013) [52] VATS (32) 100 0 (0.0) 8 (25.0) NA 18 (56.3) 1 (3.1) NA 0 (0.0)
KAYATTA (2013) [53] VATS (196) 88.6 13 (6.7) NA NA NA NA NA NA

MORRIS (2014) [54] VATS (66) 90.5 1 (1.5) 7 (10.6) 1 (1.5) 4 (6.1) 0 (0.0) 3 (4.5) NA

SAMEJIMA (2015) [56] VATS (285) 84.9 0 (0.0) 11 (3.9) 2 (0.7) 0 (0.0) 0 (0.0) NA 3 (1.0)
KHALIL (2016) [57] VATS (115) 100 0 (0.0) NA 0 (0.0) NA NA NA 1 (0.8)
LIEBERMAN (2017) [58] VATS (45)

OLB (2)
100 1 (2.1) 5 (10.6) NA NA NA 1 (2.1) NA

SUGINO (2019) [49] VATS (143) 100 0 (0.0) 5 (3.5) 4 (2.8) NA NA NA 2 (1.4)
TROY (2020) [61] VATS (65) 74 1 (2.0) NA NA NA NA 1 (2.0) 2 (3.1)
PASTRE (2021) [50] VATS (268) 94 4 (1.5) 2 (0.7) 1 (0.4) 2 (0.7) 1 (0.4) NA 7 (2.6)

ILD: interstitial lung disease; MDD: multidisciplinary discussion; NA: not available; OLB: open lung biopsy.
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Statistics for each studyDiagnosis Authors, year, reference Event rate and 95% CI

Event

rate

Lower

limit

Upper 

limit

Relative

weight

Histological 0.997 0.960 1.000 9.16
0.967 0.798 0.995 11.51
0.742 0.624 0.833 15.40
0.947 0.813 0.987 13.29
0.987 0.948 0.997 13.38
0.986 0.813 0.999 9.11
0.571 0.360 0.760 14.80
0.980 0.923 0.995 13.36
0.953 0.847 0.987

MDD

0.886 0.833 0.924 16.49
0.905 0.807 0.956 13.88

0.871 0.820 0.909 16.78
0.985 0.799 0.999 4.16

0.998 0.973 1.000 4.20
0.996 0.935 1.000 4.19
0.990 0.854 0.999 4.17
0.997 0.947 1.000 4.19
0.738 0.619 0.831 15.81
0.940 0.904 0.963 16.13

Histological: I2=87.5%; p<0.001
MDD: I2=81.1%; p<0.001

0.935 0.883 0.965
0.939 0.897 0.965

–1.00 –0.50 0.00 0.50 1.00

Diagnostic yield

Overall

b)

Diagnosis Statistics for each studyAuthors, year, reference Event rate and 95% CI

Event

rate

Lower

limit

Upper

limit

Relative

weight

0.788 0.617 0.895 5.17

0.442 0.350 0.539 6.62
0.690 0.614 0.757 6.75
0.820 0.703 0.897 5.80
0.877 0.780 0.935 5.65
0.810 0.588 0.927 4.32
0.800 0.667 0.889 5.66

0.908 0.809 0.958 5.15
0.805 0.752 0.849 6.81
0.840 0.743 0.904 6.00
0.533 0.444 0.621 6.69
0.548 0.460 0.633 6.71
0.789 0.705 0.855 6.45
0.686 0.568 0.783 6.28
0.771 0.701 0.828

MDD 0.973 0.900 0.993 2.84
0.788 0.657 0.879 4.50
0.513 0.360 0.664 4.59
0.788 0.617 0.895 4.10
0.875 0.759 0.940 4.19

0.737 0.576 0.852 4.37
0.661 0.528 0.772 4.75

0.858 0.778 0.913 4.77
0.683 0.587 0.765 5.03
0.690 0.614 0.757 5.15
0.781 0.701 0.844 5.02

0.915 0.832 0.959 4.25

0.754 0.631 0.846 4.69
0.945 0.863 0.979 3.69
0.429 0.240 0.640 4.03
0.760 0.623 0.858 4.54
0.833 0.523 0.958 2.63

0.600 0.477 0.711 4.87
0.907 0.864 0.937 5.01
0.741 0.635 0.824 4.87
0.957 0.748 0.994 1.90
0.550 0.460 0.637 5.12
0.476 0.390 0.564 5.13
0.768 0.701 0.823

Overall 0.769 0.722 0.810

–1.00 –0.50 0.00 0.50 1.00

Diagnostic yield

Histological: I2=88.7%; p<0.001
MDD: I2=86.3%; p<0.001

#Centres that performed ≥70 TBLC

a)

HERNÁNDEZ-GONZÁLEZ et al. (2015) [43]

LENTZ et al. (2018) [47]
COOLEY et al. (2018) [26]
HAGMEYER et al. (2019) [30]
HARARI et al. (2019) [29]# 
ROMAGNOLI et al.  (2019) [62]
SAMITAS et al. (2019) [15]

TROY et al. (2020) [61]
ABURTO et al. (2020) [38]# 
BONDUE et al. (2020) [35]#
KOSLOW et al. (2020) [34]# 
PAJARES et al. (2020) [36]# 

0.828 0.781 0.867 6.83RAVAGLIA et al. (2016) [60]# 

0.850 0.704 0.931 5.06
0.925 0.792 0.976 4.05

CHO et al. (2019) [24]#
ABDELGHANI et al. (2019) [28]

GNASS et al. (2020) [39]#
WANG et al.(2020) [37]#

FRUCHTER et al. (2014) [42]#
GRIFF et al. (2014) [33]
PAJARES et al. (2014) [41]
HERNÁNDEZ-GONZÁLEZ et al. (2015) [43]
CASCANTE et al. (2016) [46]

KRONBORG-WHITE et al. (2017) [44]
RAMASWAMY et al. (2016) [45]

BANGO-ÁLVAREZ et al. (2017) [23]
LENTZ et al. (2018) [47]
COOLEY et al. (2018) [26]#
DHOORIA et al. (2018) [27]#

ÇIRAK et al. (2020) [31]#

HAGMEYER et al. (2019) [30]
HARARI et al. (2019) [29]#
ROMAGNOLI et al. (2019) [62]
SAMITAS et al. (2019) [15]
SHAFIEK et al. (2019) [32]

TROY et al. (2020) [61]
ABURTO et al. (2020) [38]#
BONDUE et al. (2020) [35]#
HUSSEIN et al. (2020) [40]
KOSLOW et al. (2020) [34]#
PAJARES et al. (2020) [36]#

KAYATTA et al. (2013) [53]
POMPEO et al. (2013) [48]
MORRIS et al. (2014) [54]
BAGHERI et al. (2015) [55]
RAVAGLIA et al. (2016) [60]
JEON et al. (2018) [59]
ROMAGNOLI et al. (2019) [62]
CHERCHI et al. (2020) [51]

KAYATTA et al. (2013) [53]
MORRIS et al. (2014) [54]

FIBLA et al. (2012) [2]
LUO et al. (2013) [52]

SAMEJIMA et al. (2015) [56]
KHALIL et al. (2016) [57]
LIEBERMAN et al. (2017) [58]
SUGINO et al. (2019) [49]
TROY et al. (2020) [61]
PASTRE et al. (2021) [50]

Histological

FIGURE 2 Meta-analysis of the diagnostic yield of a) transbronchial lung cryobiopsy (TBLC) and b)
video-assisted thoracoscopic surgery, according to diagnostic criteria. The diamonds indicate the pooled
effects. CI: confidence interval; MDD: multidisciplinary discussion.
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Only three studies compared TBLC diagnostic accuracy with the gold standard of SLB, in which two
studies [61, 62] compared sequential TBLC followed by SLB performed on the same patient. ROMAGNOLI

et al. [62] evaluated sequential TLBC and SLB in 21 patients. A histopathological pattern was obtained in
81% of the TBLCs. However, it was concordant with the SLB histopathological pattern in only 38% of
cases (κ=0.22), and with the final diagnosis after multidisciplinary team discussion in 48% (κ=0.31). In
the same study, SLB was considered the gold-standard procedure and a histopathological diagnosis was
achieved in all cases, which was concordant with the definitive diagnosis after multidisciplinary discussion
in 62% of cases (κ=0.51). TROY et al. [61] also performed both techniques sequentially but achieved
different results. Agreement between TBLC and SLB on histopathological assessment was present in
70.8% cases (κ=0.7) and, for multidisciplinary discussion final diagnosis, raw agreement between TBLC
and SLB was 76.9% (κ=0.62). The final diagnostic yield after multidisciplinary discussion was reached in
60% of the TBLC and 74% of SLB. RAVAGLIA et al. [60] compared TBLC against SLB performed in
different patients. A total of 297 patients were submitted to TLBC and 150 to SLB. Only the
histopathological diagnostic rate was described for both techniques, with 82.8% and 98.7% for TBLC and
SLB, respectively.

Procedure-related complications
41 studies reported procedure-related complications. In relation to TBLC, 26 studies described the
occurrence of bleeding. The mean reported frequency for mild bleeding was 29.9% (range 0–96%),
moderate bleeding 9.1% (range 0–56.4%) and severe bleeding 1.6% (range 0–13.1%). Pooled incidence of
significant bleeding (data available for moderate to severe degrees) was 9.9% (95% CI 6.8–14.3) (figure 3a).
There was significant heterogeneity between studies (I2=85.2%; p<0.001). When analysing studies that
performed ⩾70 TBLCs, the incidence of significant bleeding falls to 6.9% (95% CI 4.2–11.2; I2=86.5%,
p<0.001).

Pneumothorax was reported in 30 TBLC studies. It was present in 261 patients, with a mean occurrence
rate of 9.2% (range 0–26%). From the studies that reported the need for chest drain, the pooled incidence
of patients with pneumothorax that required drainage was 5.6% (95% CI 3.8–8.2) (figure 3b) and
significant heterogeneity was observed (I2=71.5%; p<0.001). The incidence of pneumothorax requiring
chest drain for studies that performed ⩾70 TBLC was 5.3% (95% CI 3.3–8.6; I2=79.2%, p<0.001). Finally,
acute exacerbation of ILD after TBLC was reported in 18 studies, with a pooled incidence rate of 1.4%
(95% CI 0.9–2.2%), with an I2 of 0% (p=0.851) (supplementary figure S1).

Considering SLB, 13 studies reported procedure-related complications. The pooled incidence rate of
recurrent or persistent pneumothorax (figure 3b) was 5.5% (95% CI 2.5–11.4) with significant
heterogeneity (I2=84.0%; p<0.001); 2.1% (95% CI 0.3–13.9) for pneumonia or empyema (supplementary
figure S2a), with significant heterogeneity (I2=93.3%; p<0.001); 3.4% (95% CI 2.0–5.8%) for thoracic
pain (figure S2b), with no significant heterogeneity (I2=0%; p=0.763); 1.8% (95% CI 0.8–4.0) for
persistent air leak (figure S2c), with significant heterogeneity (I2=54.5%; p=0.003); and 2.0% (95% CI
1.3–3.1%) for acute ILD exacerbation (figure S2d), with no significant heterogeneity (I2=0%; p=0.635).

30-day mortality was reported in 29 studies. The mortality rate was 0.6% (range 0–3.2%) and 1.7% (range
0–6.7%) in TBLC and SLB, respectively.

Discussion
In this meta-analysis, TBLC was shown to have a pooled diagnostic yield after multidisciplinary
discussion of 76.8%, which raises to 80.7% in experienced centres, while SLB had 93.5%. This means
that around eight in every 10 cases may achieve confident diagnosis without undergoing surgery. A
difference of similar magnitude was observed for histopathological diagnosis with TBLC, compared to
SLB. While histopathological diagnostic yield is a simple measure of biopsy efficacy, evaluating specimen
adequacy and the presence of a characteristic histological pattern, which could arguably be considered a
more direct measure of comparison between biopsy techniques, the contribution to the final ILD diagnosis
must be harmonised with other variables in the context of multidisciplinary team discussion. Therefore, we
believe that the real impact of the biopsy technique should be discerned within the frame of a
multidisciplinary evaluation of the clinical case.

Conversely, the safety profile analysis benefits TBLC, especially when considering the post-procedural
30-day mortality rate, which is 0.6% for TBLC and more than double, 1.7%, in SLB. This figure is in line
with a previous meta-analysis that included both VATS and OLB, where the pooled 30-day mortality rate
was 2.2%, but could be as high as 7.8% in studies containing mechanically ventilated patients [3]. Possible
explanations for the higher mortality in SLB may be the risk of pneumonia, empyema or ILD acute
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Authors, year, reference Statistics for each study Event rate and 95% CI

Event 

rate

Lower

limit

Upper

limit

Relative

weight

0.007 0.000 0.097 1.60

0.564 0.407 0.709 4.95

0.212 0.105 0.383 4.56

0.036 0.009 0.134 3.40

0.184 0.090 0.339 4.59

0.002 0.000 0.026 1.61

0.160 0.102 0.243 5.14

0.056 0.023 0.127 4.43

0.038 0.015 0.098 4.23

0.100 0.038 0.238 4.16

0.038 0.017 0.081 4.60

0.055 0.026 0.110 4.71

0.125 0.053 0.267 4.35

0.195 0.123 0.295 5.09

0.246 0.154 0.369 5.03

0.014 0.002 0.091 2.48

0.162 0.127 0.203 5.44

0.240 0.142 0.377 4.92

0.038 0.002 0.403 1.57

0.358 0.261 0.468 5.24

0.004 0.000 0.066 1.61

0.043 0.006 0.252 2.44

0.067 0.034 0.128 4.79

0.073 0.038 0.134 4.86

0.057 0.022 0.143 4.21

0.099 0.068 0.143

–1.00 –0.50 0.00 0.50 1.00

Moderate/severe bleeding

Overall: I2=85.2%; p<0.001

#Centres that performed ≥70 TBLC

a)

Technique Authors, year, reference Statistics for each study Event rate and 95% CI

Event

rate

Lower

limit

Upper

limit

Relative

weight

TBLC FRUCHTER et al. (2014) [42]#
GRIFF et al. (2014) [33]
HERNÁNDEZ-GONZÁLEZ et al. (2015) [43]
CASCANTE et al. (2016) [46]

KRONBORG-WHITE et al. (2017) [44]
RAVAGLIA et al.  (2016) [60]# 

BANGO-ÁLVAREZ et al. (2017) [23]#
LINHAS et al. (2017) [25]#
LENTZ et al. (2018) [47]# 

CHO et al. (2019) [24]

COOLEY et al. (2018) [26]# 
DHOORIA et al. (2018) [27]# 

ABDELGHANI et al. (2019) [28]

ÇIRAK et al. (2020) [31]#

HARARI et al. (2019) [29]#
ROMAGNOLI et al. (2019) [62]
SAMITAS et al. (2019) [15]
SHAFIEK et al. (2019) [32]

BONDUE et al. (2020) [35]#
GNASS et al. (2020) [39]#
HUSSEIN et al. (2020) [40]
KOSLOW et al. (2020) [34]#
PAJARES et al. (2020) [36]# 
WANG et al. (2020) [37]#

FIBLA et al. (2012) [2]
LUO et al.  (2013) [52]
MORRIS et al. (2014) [54]
SAMEJIMA et al. (2015) [56]
LIEBERMAN et al.  (2017) [58]
SUGINO et al. (2019) [49]
PASTRE et al. (2021) [50]

0.007 0.000 0.097 1.71
0.009 0.001 0.134 1.71
0.030 0.004 0.186 2.77
0.127 0.062 0.244 6.10

0.211 0.109 0.368 6.15
0.155 0.118 0.201 7.54

0.019 0.005 0.072 4.12
0.200 0.130 0.295 7.02
0.029 0.009 0.086 4.88

0.012 0.001 0.167 1.70

0.088 0.053 0.143 6.92
0.086 0.048 0.149 6.70

0.050 0.013 0.179 4.06

0.006 0.000 0.089 1.71

0.027 0.007 0.103 4.10
0.048 0.007 0.271 2.73
0.010 0.001 0.138 1.71
0.038 0.002 0.403 1.67

0.111 0.059 0.200 6.45
0.044 0.018 0.101 5.74
0.043 0.006 0.252 2.74
0.008 0.001 0.057 2.81
0.016 0.004 0.062 4.13
0.043 0.014 0.125 4.86
0.056 0.038 0.082

VATS 0.027 0.012 0.058 14.74
0.250 0.130 0.426 14.80
0.106 0.051 0.206 14.89
0.039 0.022 0.068 15.82
0.106 0.045 0.231 14.08
0.035 0.015 0.081 14.28
0.007 0.002 0.029 11.37
0.055 0.025 0.114

–1.00 –0.50 0.00 0.50 1.00

Pneumothorax

TBLC: I2=71.5%; p<0.001
VATS: I2=84.0%; p<0.001

#Centres that performed ≥70 TBLC 

b)

FRUCHTER et al. (2014) [42]#

PAJARES et al. (2014) [41]

HERNÁNDEZ-GONZÁLEZ et al. (2015) [43]
CASCANTE et al. (2016) [46]

KRONBORG-WHITE et al. (2017) [44]

RAVAGLIA et al. (2016) [60]# 

BANGO-ÁLVAREZ et al. (2017) [23]#
LINHAS et al. (2017) [25]#

LENTZ et al. (2018) [47]#

CHO et al. (2019) [24]

COOLEY et al. (2018) [26]#

DHOORIA et al. (2018) [27]# 

ABDELGHANI et al. (2019) [28]

ÇIRAK et al. (2020) [31]#

HAGMEYER et al. (2019) [30]

HARARI et al. (2019) [29]#

HETZEL et al. (2019) [18]# 

SAMITAS et al. (2019) [15]

SHAFIEK et al. (2019) [32]

BONDUE et al. (2020) [35]#

GNASS et al. (2020) [39]#

HUSSEIN et al. (2020) [40]

KOSLOW et al. (2020) [34]#

PAJARES et al. (2020) [36]# 

WANG et al. (2020) [37]#

FIGURE 3 Complications related to the technique: a) moderate/severe bleeding after transbronchial lung
cryobiopsy (TBLC); b) pneumothorax after TBLC and video-assisted thoracoscopic surgery (VATS). The
diamonds indicate the pooled effects. CI: confidence interval.
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exacerbation in the post-operative period. Additionally, the collapse induced to the lung that will be
biopsied during VATS, which is necessary for visualisation of the pleural cavity, may also be deleterious
to the patients undergoing SLB. Previous research has linked repetitive alveolar collapse to epithelial cell
injury and idiopathic pulmonary fibrosis (IPF) progression [64, 65], and clinical studies have shown that
pneumothorax in IPF patients is associated to dismal prognosis, with high in-hospital mortality rate [66,
67]. Although pneumothorax requiring chest drainage after TBLC may also occur, with a pooled incidence
rate of 5.6% in our meta-analysis, we found a surprisingly identical rate of recurrent or persistent
pneumothorax after SLB, with a pooled frequency of 5.5% of cases, which provides a second hit with lung
collapse and potentially drives clinical worsening in susceptible patients.

Clearly, mortality rate and complications associated with SLB can also be influenced by comorbidities,
including immunocompromised status and low baseline lung function [3], especially in elderly patients. In
a large cohort study of TBLC cases, impaired lung function was also associated with increased rate of
post-procedural pneumothorax, but, conversely, was not related with higher mortality [68]. Moreover, we
show in our review that TBLC has been performed safely in patients with a wide range of age, further
reinforcing its role to diagnose advanced cases of fibrotic ILDs. On the other hand, the most common
complication related to TBLC is moderate to severe bleeding (9.9%), although less frequently in the most
experienced centres (6.9%) and often manageable with local endoscopic measures. In a previous
meta-analysis, the pooled incidence of moderate to severe bleeding differed widely (4.9–39.0%) [60, 69–
71]. This difference may be associated with variability in the reporting of this complication and the
absence of a prophylactic endobronchial balloon in some studies, which has been associated with lower
rate of significant bleeding [27]. Studies suggest that bleeding risk is independent of baseline functional
status, probe size, number of samples or multiple site sampling [68].

There are two features that distinguish the present systematic review and meta-analysis from the previous
ones. First, we focus on the final diagnostic yield after the multidisciplinary team discussion, as we believe
that a simple histopathological yield is not the most clinically informative outcome. Second, our research
included two recent trials comparing TBLC with SLB performed sequentially on the same patients [61,
62], which were absent in former meta-analyses. Interestingly, these trials presented contradicting results,
with ROMAGNOLI et al. [62] showing poor concordance between TBLC and SLB for the histologic
diagnosis and TROY et al. [61] showing that histopathologic agreement between TBLC and SLB was
70.8%, with the concordance increasing to 94.9% in cases of TBLC with high or definite diagnostic
confidence at multidisciplinary discussion. Given these conflicting outcomes, an updated meta-analysis
was deemed necessary. SHARP et al. [69] reported a pooled diagnostic yield of 84% (based on 10 studies
and abstracts) without specifying their diagnostic criteria; JOHANNSON et al. [70] reported 83% (based on
five studies) considering histopathological assessment alone and 79% (based on six studies) when TBLC
was incorporated into a multidisciplinary discussion; RAVAGLIA et al. [60] reported 80% (based on eight
studies) referring to the identification of a characteristic histological pattern and 81% (based on seven
studies) considering multidisciplinary discussion as the final diagnosis; and IFTIKHAR et al. [71] reported an
overall pooled diagnostic yield of 83.7% (based on 16 studies) considering both diagnostic criteria. Here,
we calculated a relatively lower diagnostic yield, which may be related to the higher number of studies
included in this analysis (23 studies, excluding abstracts), reporting a wide range of diagnostic yield, from
44.2% to 95.6%, possibly explained by technical differences, such as cryoprobe size, number of biopsies
and sampling site, duration of freezing time, use of fluoroscopy, method of sedation (moderate/deep), and
use of flexible versus rigid bronchoscopy. Both cryoprobe diameters (1.9 mm and 2.4 mm) were shown to
perform similarly in terms of diagnostic performance, although associated with significantly lower
pneumothorax rate for the 1.9 mm cryoprobe compared with the 2.4 mm (2.7% versus 21.2%) [68]. A
prospective study [72] has shown that two samples taken from two different segments significantly
increases the diagnostic rate, compared to two biopsies taken from the same segment alone (78% versus
96%). These results were confirmed by a retrospective cohort, in which both histopathological and
multidisciplinary team discussion diagnostic yield were significantly better when samples were obtained
from two different sites (either different segments in the same lobe or different lobes) [68]. Finally, the
incidence for pneumothorax needing drainage in former analyses was similar to ours, with 3% (1–8%)
[60], as was the 30-day mortality (0.3–0.7%) [60, 69, 71].

In summary, our results support the clinical use of TBLC, considering its lower invasiveness over SLB,
with less morbi-mortality, shorter hospitalisation stay and better cost-effectiveness profile [43]. In fact, the
use of TBLC in the diagnostic algorithm of ILD whose differential diagnosis includes fibrotic
hypersensitivity pneumonitis has been already suggested [73]. Another strength of the study is that we
compared TBLC with SLB performed through VATS, rather than OLB, since the latter has become less
recommended due to higher post-operative complications and longer hospital stays [74].
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Although we restricted our analysis to studies written in English or Portuguese, a selection bias is unlikely
given that only a minority of manuscripts (<2%) were excluded due to language restrictions, and the
present review included studies from 21 different countries. Yet, the heterogeneity found between studies
for diagnostic accuracy, occurrence of bleeding and pneumothorax, may be pointed out as a potential
drawback of our analysis. Heterogeneity may be explained by technical differences in the TBLC procedure
between studies and putative selection bias in studies. Overall, better results are found in the most
experienced centres. We have previously shown that approximately 70 procedures are needed to achieve
technical proficiency in TBLC, which is associated with significant improvement in sample quality and
fewer pneumothorax events, and better diagnostic yield, that reflect both proficiency in technical
performance and histopathological sample interpretation [63]. Our meta-analysis confirms that the pooled
diagnostic yield was higher and complication rates were lower in studies including 70 or more procedures.
However, significant heterogeneity was still observed in this subgroup analysis. In order to standardise
procedures, HETZEL et al. [16] have published an expert statement on TBLC proposing recommendations in
patient selection, contraindications, risks and technical performance. More recently, MALDONADO et al. [7]
published the first guidelines on the technical aspects of the TBLC procedure. The latter is expected to
homogenise the TBLC procedure between centres, which would result in more reliable results in future
studies.

Conclusion
In conclusion, our meta-analysis demonstrates that TBLC contributes to the diagnosis in a great number of
patients under study for ILD, with a reasonable safety profile, particularly in centres with more experience.
Therefore, it should be considered as an alternative to SLB or at least as a first-line procedure for lung
tissue sampling. Guidelines on TBLC techniques should improve the diagnostic yield and reduce the risk
of complications.
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