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Supplementary Table 1 - Characteristics of the included studies 

First Author (Year) 
Country Study Design Biopsy 

method 

Subjects, 

N 

Age * Male 

% 
(male/female) 

Frutcher (2014)41 Israel 
Retrospective 

cohort 
TBLC 75 56.2 (± 16.0) 55 (41/34) 

Griff (2014)32 Germany 
Retrospective 

cohort 
TBLC 52 63.0 (± 13.0) 69 (36/16) 

Pajares (2014)40 Spain 
Randomized 

clinical trial 
TBLC 39 60.0 (± 10,3) 51 (20/19) 

Hernández-González 

(2015)42  
Spain 

Retrospective 

cohort 
TBLC 33 64.0 (30-79) 33 (11/22) 

Cascante (2016)45 Spain Prospective cohort TBLC 55 58.8 (± 8.9) 58 (32/23) 

Kronborg-White 

(2016)43 
Denmark Prospective cohort TBLC 38 61.0 (29–80)** 58 (22/16) 

Ramaswamy (2016)44 
United 

States 

Retrospective 

cohort 
TBLC 56 60.0 (± 12.0) 54 (30/26) 

Bango-Álvarez 

(2017)22 
Spain Prospective cohort TBLC 106 60.0 (33-81) 65 (69/37) 

Lentz (2017)46 
United 

States 

Retrospective 

cohort 
TBLC 104 58.2  (20-83) 56 (58/46) 

Linhas (2017)24 Portugal Prospective cohort TBLC 90 60.0 (± 13.0) 59 (53/37) 

Cho (2018)23 United 

States 

Retrospective 

cohort 
TBLC 40 57.2 (± 13.0) 70 (28/12) 

Cooley (2018)25 United 

States 

Retrospective 

cohort 
TBLC 159 57.0 (± 14.0) 46 (73/86) 

Dhooria (2018)26  India Retrospective 

cohort 
TBLC 128 51.3 (± 13.9) 41 (53/75) 

Abdelghani (2019)27 United 

States 
Prospective cohort TBLC 40 63.0  (26-82) 60 (24/16) 

            30 Turkey Retrospective 

cohort 
TBLC 82 58.4 (±9.33) 54 (44/38) 

Hagmeyer (2019)29 Germany Cross sectional TBLC 61 66.0 (± 11.0) 59 (36/25) 

Harari (2019)28 Italy Retrospective 

cohort 
TBLC 73 66.6 (± 8.6) 62 (45/28) 

Hetzel (2019)18  Germany Prospective cohort TBLC 359 62.8 (± 14.0) 55 (198/153) 

Samitas (2019)15 Canada 
Retrospective 

cohort 
TBLC 50 61.0 (43–81)** 58 (29/21) 

Shafiek (2019)31 Egypt Randomized 

clinical trial 
TBLC 12 45.6 (± 9.2) 33 (4/8) 

Aburto (2020)37 Spain Prospective cohort TBLC 257 63.3 (± 11.8) 65 (166/91) 

Bondue (2020)34 Belgium Prospective cohort TBLC 81 62.0 (26–81)** 49 (40/41) 

Gnass (2020)38 Poland Prospective cohort TBLC 114 54.0  (±14) 52 (59/55) 

Hussein (2020)39 Egypt Prospective cohort TBLC 23 46.2 (± 13.5) 35 (8/15) 

Koslow (2020)33 United 

States 

Retrospective 

cohort 
TBLC 120 62.0  (± 14.0) 56 (67/53) 

Pajares (2020)40 Spain Prospective cohort TBLC 124 65.7 (± 11.9) 58 (72/52) 

Wang (2020)36 China Prospective cohort TBLC 70 62.7 (± 8.4) 34 (24/46) 

Ravaglia (2016)59 Italy Retrospective TBLC 297 60.0 (21–78)** 58 (172/125) 
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cohort VATS 150 59.0 (15-74)** 57 (85/65) 

Romagnoli (2019)61  
France, 

Italy 
Cross sectional 

TBLC 21 
65.0 (60-69)** 

48 (10/11) 

VATS 21  48 (10/11) 

Troy (2019)60 Australia Cross sectional 
TBLC 65 66.1 (± 9.3) 48 (31/34) 

VATS 65 66.1 (± 9.3) 48 (31/34) 

Fibla (2012)2 Spain Prospective cohort VATS 224 57.1 (25-77) 48 (106/118) 

Kayatta (2013)52 United 

Kingdom 

Retrospective 

cohort 
VATS 

194 
58.0 

 
52 (113/81) 

Luo (2013)51 China 
Retrospective 

cohort 
VATS 32 52.2 (30-76) 63 (20/12) 

Pompeo (2013)47 Italy Prospective cohort VATS 30 62.0 (± 10) 50 (15/15) 

Morris (2014)53 United 

Kingdom 

Retrospective 

cohort 
VATS 

66 
58.9 

 
47 (31/35) 

Bagheri (2015)54 Iran 
Retrospective 

cohort 
VATS 38  47.7 (22-79) 50 (19/19) 

Samejima (2015)55 Japan 
Retrospective 

cohort 
VATS 285 65.0 (18-85)** 57 (161/124) 

Khalil (2016)56 
United 

Kingdom 

Retrospective 

cohort 
VATS 115 NA NA 

Lieberman (2017)57 
United 

States 

Retrospective 

cohort 

VATS 

OLB 

45 

2 
57.4 (± 12.8) 44.7 (21/26) 

Jeon (2018)58 South 

Korea 

Retrospective 

cohort 
VATS 35  NA 

54  
(19/16) 

Sugino (2019)48 Japan Retrospective 

cohort 
VATS 143 64.0 (33-81)** 48 

(69/74) 

Cherchi (2020)50 Italy Retrospective 

cohort 
VATS 99 66.0 

(± 10) 
73 

(74/26) 

Pastre (2020)49 United 

States 

Retrospective 

cohort 
VATS 268 63.0 

(± 13) 
54 (144/124) 

* Results are presented as mean (± standard deviation or range) unless stated otherwise 

** Median (range) 
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Supplementary Table 2 - Summary of the characteristics of the included studies by type and region 

Coluna1 

Coluna2 
TBLC VATS 

Study design, n 

Retrospective cohort 13 * 12 * 

Prospective cohort 12 2 

Cross sectional 3 ** 2 ** 

Randomized controlled trial 2*** 0 

Total 30 16 

Continent, n 

 

Europe 16 † 7 † 

North America 7 3 

Asia 4 5 

Australia 1 ‡ 1 ‡ 

Africa 2 0 

Total 30 16 

* One of the retrospective cohorts deals with TBLC and SLB. 

** Two of the cross sectional studies deal with TBLC and SLB.  

*** Two randomized controlled trial comparing TBLC with conventional forceps sampling. 

† Two of the European cohorts deal with TBLC and SLB. 

‡ The Australian cohort deals with TBLC and SLB. 

 



 5 

Supplementary Table 3 - Biopsy method and characteristics of samples 

First Author (Year) Biopsy method (n) 
No. of 

Samples/Subject* 

Surface Area of 

Samples, mm2 * 
Diameter, mm* 

Cryoprobe 

Diameter (mm) 

Cooling time 

(s) 

UIP pattern, 

n (%) 

Frutcher (2014)41 TBLC (75) 3 (2-4) 9 (6-18) NA 2.4 4 7 (9.3) 

Griff (2014)32 TBLC (52) 1-2 NA 6.9 (± 4.4) 1.9 3-5 11 (21.0) 

Pajares (2014)40 TBLC (39) 3.7 (± 0.9) 14.7 (± 11) 4.1 (± 1.5) 2.4 3–4 7 (17.9) 

Hernández-González (2015)42  TBLC (33) 2.7 (0–5) NA 4 (± 1.7) 1.9 3–4 6 (18.2) 

Cascante (2016)45 TBLC (55) 2.8 (1-5) 20.7 (2-42) NA 2.4 3-4 18 (32.7) 

Kronborg-White (2016)43 TBLC (38) 4** NA 6.4 (± 2.5) 1.9 or 2.4 5 to 7 10 (26.3) 

Ramaswamy (2016)44 TBLC (56) 2 (1-4) NA 4 – 26 2.4 4–5 NA 

Bango-Álvarez (2017)22 TBLC (106) 3 15.7 (± 9) 5.1 1.9 5 22 (20.8) 

Lentz (2017)46 TBLC (104) 2.2 (± 0,6) NA 6.9 1.9 4–5 19 (18.3) 

Linhas (2017)24 TBLC (90) NA NA NA 2.4 5 18 (20.0) 

Cho (2018)23 TBLC (40) 5.17 (± 1.2) 40.0 (± 2) 5.7 (± 2) 1.9 4-12 1 (3.0) 

Cooley (2018)25 TBLC (159) 4. 9 (± 1.47) NA 6.1 (± 2.2) 1.9 or 2.4 6.1 (± 1.3) 11 (6.9) 

Dhooria (2018)26  TBLC (128) 3 (1–7)** NA 5 (2–10)** 1.9 5 (3–8) 11 (8.6) 

Abdelghani (2019)27 TBLC (40) 3.45 (± 1.2) 36.2 (± 21.5) NA 1.9 5-7 15 (37.5) 

            30 TBLC (82) 3 NA 2 – 3 2.4 3 to 6 21 (25.6) 

Hagmeyer (2019)29 TBLC (61) NA NA NA 1.9 3-4 18 (29.5) 

Harari (2019)28 TBLC (73) 3-4 NA 5 1.9 3-6 39 (61.0) 

Hetzel (2019)18  TBLC (359) 3.2 (± 1.2) NA NA 1.9 or 2.4 3 to 7 NA 

Samitas (2019)15 TBLC (50) 2.75 (± 0.9) NA 5.2 (±1. 83) 1.9 3–5 3 (6.0) 

Shafiek (2019)31 TBLC (12) 2-4 NA 3.9 (± 1.2) 2.4 NA NA 

Aburto (2020)37 TBLC (257) 4 (1–5)** NA NA 2.4 4 NA 

Bondue (2020)34 TBLC (81) 4 (1–5) 20.9   (9-44) NA 1.9 or 2.4 NA 21 (26.0) 

Gnass (2020)38 TBLC (114) 2-5 NA 7 (5-10) 1.9 5-8 8 (7.0) 

Hussein (2020)39 TBLC (23) 2-3 NA 10.2  (± 1.4) 2.4 3 to 6 2 (8.7) 

Koslow (2020)33 TBLC (120) 3-6 NA NA 1.9 3-7 NA 

Pajares (2020)40 TBLC (124) 3.5 NA NA 2.4 3-4 10 (8.1) 

Wang (2020)36 TBLC (70) NA NA NA 2.4 NA 4 (5.7) 
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Ravaglia (2016)59 
TBLC                     (297) 1-8 44.4 NA 2.4 5 92 (31) 

VATS (150) NA NA NA - - 74 (49.3) 

Romagnoli (2019)61  
TBLC (21) 5 (2-6)** NA 7  (5-8)** 2.4 5-6 9 (42.9) 

VATS (21) 2 NA 46.1 (±13.8) - - 8 (38.1) 

Troy (2019)60 
TBLC (65) 5 (3-7)** NA 7.1 (± 1.9) 1.9 or 2.4 4.6 (± 0.7) 41  (63.0) 

VATS (65) NA NA 46.5 (± 14.9) - - 39 (60.0) 

Fibla (2012)2 VATS (224) 1-2 NA NA - - NA 

Kayatta (2013)52 VATS (196) 2-3 NA NA - - 83 (42.0) 

Luo (2013)51 VATS (32) 1-2 NA NA - - 4 (12.5) 

Pompeo (2013)47 VATS (30) 1.8 (± 0.4) NA NA - - 13 (43.3) 

Morris (2014)53 VATS (66) NA NA NA - - 19 (28.8) 

Bagheri (2015)54 VATS (38) NA NA NA - - 9 (23.7) 

Samejima (2015)55 VATS (285) 2 (1-3) NA NA - - NA 

Khalil (2016)56 VATS (115) 1-3 NA NA - - 31 (27.0) 

Lieberman (2017)57 
VATS                                                                                                                                                       

OLB 

(45) 

(2) 
NA NA NA - - NA 

Jeon (2018)58 VATS  (35) NA NA NA - - 12 (34.3) 

Sugino (2019)48 VATS (143) 1-3 NA NA - - 31 (21.7) 

Cherchi (2020)50 VATS (99) 1.2 (± 0.4) NA NA - - 60 (61.0) 

Pastre (2020)49 VATS (268) NA NA NA - - 67 (25.0) 

*Results are presented as mean (± standard deviation or range) or range unless stated otherwise 

** Median (range) 
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Supplementary Table 4 - Quality Assessment of studies (CASP Cohort Study Checklist) 

CASP Cohort Study Checklist 

First Author (Year) 

Validity of the study Results Usefulness of results 
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Kronborg-White (2016)43                             
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Abdelghani (2019)27                             



 8 

            30                             
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Bondue (2020)34 
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Supplementary Table 5 - Quality Assessment of studies (CASP Diagnostic Study Checklist) 

CASP Diagnostic Study Checklist 

First Author 
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Supplementary Table 6 - Quality Assessment of studies (CASP Randomised Controlled Trial Checklist) 

CASP Randomised Controlled Trial Checklist 

First Author (Year) 

Validity of the study Results Usefulness of results 
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 Supplementary Figure 1 - Acute ILD exacerbation after TBLC. The diamond indicates the pooled effect. 

 

  

Author (year) Event rate and 95% CI

Event Lower Upper Relative Relative 
rate limit limit weight weight

Frutcher (2014) 0,007 0,000 0,097 2,89

Pajares (2014) 0,013 0,001 0,171 2,87

Kronborg-White (2016)0,013 0,001 0,175 2,87

Ramaswamy (2016) 0,009 0,001 0,125 2,89

Ravaglia (2016) 0,003 0,000 0,023 5,80

Bango-Álvarez (2017) 0,005 0,000 0,070 2,90

Linhas (2017) 0,005 0,000 0,082 2,90

Dhooria (2018) 0,023 0,008 0,070 17,06

Hagmeyer (2019) 0,033 0,008 0,122 11,26

Romagnoli (2019) 0,048 0,007 0,271 5,55

Samitas (2019) 0,010 0,001 0,138 2,88

Troy (2019) 0,031 0,008 0,115 11,29

Aburto (2020) 0,004 0,001 0,027 5,80

Bondue (2020) 0,012 0,002 0,082 5,75

Gnass (2020) 0,009 0,001 0,060 5,77

Hussein (2020) 0,021 0,001 0,259 2,85

Koslow (2020) 0,008 0,001 0,057 5,77

Wang (2020) 0,007 0,000 0,103 2,89

0,014 0,009 0,022

-1,00 -0,50 0,00 0,50 1,00
Acute ILD exacerbation Overall: I

2
 = 0%; p = 0.851 

 
 



 12 

Author (year) Event rate and 95% CI

Event Lower Upper Relative Relative 
rate limit limit weight weight

Fibla (2012) 0,036 0,018 0,070 61,51

Morris (2014) 0,045 0,015 0,132 22,83

Lieberman (2017) 0,021 0,003 0,136 7,80

Troy (2019) 0,015 0,002 0,101 7,85

0,034 0,020 0,058

-1,00 -0,50 0,00 0,50 1,00

Thoracic pain

Supplementary Figure 2 - Complications after VATS: a) Pneumonia/empyema; b) thoracic pain; c) 

persistent air-leak; d) acute ILD exacerbation. The diamond indicates the pooled effect. 

 

a) 
 

 
 
b) 

c) 
 

d)  
 

 

Author (year)

Event Lower Upper Relative Relative 
rate limit limit weight weight

Fibla (2012) 0,002 0,000 0,034 12,48

Luo (2013) 0,563 0,390 0,721 16,08

Morris (2014) 0,061 0,023 0,151 15,75

Samejima (2015) 0,002 0,000 0,027 12,48

Ravaglia (2016) 0,020 0,006 0,060 15,57

Jeon (2018) 0,014 0,001 0,187 12,44

Pastre (2020) 0,007 0,002 0,029 15,20

0,021 0,003 0,139

-1,00-0,50 0,00 0,50 1,00

Pneumonia/empyema

Meta Analysis

Overall: I
2
 = 93.3%; p < 0.001 

 
 

Author (year)

Event Lower Upper Relative Relative 
rate limit limit weight weight

Fibla (2012) 0,009 0,002 0,035 11,56

Pompeo (2013) 0,016 0,001 0,211 5,64

Morris (2014) 0,015 0,002 0,100 8,56

Bagheri (2015) 0,132 0,056 0,280 14,24

Samejima (2015) 0,007 0,002 0,028 11,57

Khalil (2016) 0,004 0,000 0,065 5,69

Ravaglia (2016) 0,033 0,014 0,078 14,53

Jeon (2018) 0,014 0,001 0,187 5,65

Sugino (2019) 0,028 0,011 0,072 13,93

Pastre (2020) 0,004 0,001 0,026 8,61

0,018 0,008 0,040

-1,00-0,50 0,00 0,50 1,00

Persistent air leak

Meta Analysis

Overall: I
2
 = 54.5%; p = 0.003 

 
 

Author (year) Event rate and 95% CI

Event Lower Upper Relative Relative 
rate limit limit weight weight

Fibla (2012) 0,002 0,000 0,034 2,32

Pompeo (2013) 0,016 0,001 0,211 2,29

Luo (2013) 0,015 0,001 0,201 2,29

Samejima (2015) 0,011 0,003 0,032 13,81

Khalil (2016) 0,009 0,001 0,059 4,61

Ravaglia (2016) 0,033 0,014 0,078 22,48

Jeon (2018) 0,014 0,001 0,187 2,29

Troy (2019) 0,031 0,008 0,115 9,02

Sugino (2019) 0,014 0,004 0,054 9,17

Pastre (2020) 0,026 0,013 0,054 31,71

0,020 0,013 0,031

-1,00 -0,50 0,00 0,50 1,00

Acute ILD exacerbation

Overall: I
2
 = 0%; p = 0.635 

 
 

Overall: I
2
 = 0%; p = 0.763 

 
 


