Supplementary

Table S1 Definition of perioperative complications

Record as postoperative
complication requiring Record as
Compilications reoperation/-intervention any other
or serious intraoperative complication?
complication?

(Tension) pneumothorax/hematothorax requiring drainage Yes No
Hematothorax without intervention No Yes
Pneumothorax without intervention No No
Hemato(pneumo)thorax due to trauma No No
Pleural effusion/pleuritis exsudativa requiring drainage Yes No
Pleural effusion/pleuritis exsudativa without intervention No Yes
Bar displacement requiring reoperation Yes No
Bar displacement without intervention No Yes
Stabilizer dislocation requiring reoperation Yes No
Stabilizer dislocation without intervention No Yes
Neuropraxia No Yes
Cardiac (=myocardial) perforation/laceration Yes No
Liver piercing (often due to thoracoscopic trocar) Yes No
Early bar removal (for any reason, such as infection, chronic pain etc) Yes No
Bar infection for which no surgical intervention (antibiotics) No Yes
Chronic pain complaints for which no surgical intervention No No
Chronic pain complaints for which surgical intervention (e.g., muscle release, bar

removal etc) Yes No
Intercostal muscle rupture during surgery Yes No
Pericarditis without any surgical treatment No Yes
Pericarditis requiring pericardiocentesis Yes No
Pericardial tear during surgery Yes No
Mucus plugs/atelectasis for which bronchoscopic toilet Yes No
Mucus plugs/atelectasis without intervention No No
Wire breakage/exteriorization for which reoperation Yes No
Wire breake without intervention No No
Hematoma formation requiring reoperation/intervention Yes No
Hematoma formation without intervention No No
Reoperation for pain control (e.g., intercostal nerve block) Yes No
Sternum fracture (during or after surgery) Yes No
Bar allergy requiring removal Yes No
Bar allergy without intervention No No
Wound infection without surgical intervention (this includes opening at the bedside) No Yes

Table S1 (continued)
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Table S1 (continued)

Record as postoperative
complication requiring Record as
Complications reoperation/-intervention any other
or serious intraoperative complication?
complication?
Wound infection requiring surgical intervention (e.g., incision and drainage) Yes No
Seroma without surgical intervention (this includes opening at the bedside) No Yes
Seroma requiring surgical debridement (i.e., incision and drainage) Yes No
Wound dehiscence without surgical intervention (this includes opening at the bedside) No Yes
Wound dehiscence requiring surgical intervention in the OR Yes No
Postoperative heart failure No No
Recurrence requiring reoperation or conservative treatment (e.g., vacuum bell etc) Yes No
Recurrence without any treatment No Yes
Undercorrection requiring reoperation or conservative treatment (e.g., vacuum bell etc) Yes No
Undercorrection without any treatment No No
Overcorrection requiring reoperation or conservative treatment (e.g., vacuum bell etc) Yes No
Overcorrection without any treatment No No
Pneumonia No Yes
Additional bending of the bar Yes No
Empyema, conservative treatment No Yes
Empyema requiring surgical intervention Yes No
Cardiac arrhytmia No No
Gastrointestinal ileus No No
Postoperative ICU admission yes No
Unintended intra-operative chest tube placement No No
Urinary retnetion requiring catheterization No No
Lower extremity paralysis due to epidural placement No Yes
Intraoperative conversion to thoracotomy for cardiac massage Yes No
Diaphragmatic puncture during surgery Yes No
Parenchymal damage during surgery Yes No
Neuropathic pain No Yes
Death Yes No
Horner syndrome No No
Subcutaneous emphysema No No

PM consider intercostal neuralgia as neuropathic pain. PM intraoperative hypotension, tachycardia and so on without clinical
consequences are not considered.
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Table S2 PubMed

Database PubMed
Platform National Library of Medicine
Date of search June 24", 2023

Number of results 968

Mesh Medical subject headings
tiab Words in title or abstract
* Truncation

#1 “Funnel chest”[Mesh] 2,719

#2 Funnel chest*[tiab] OR “pectus excavatum”[tiab] OR funnel breast*[tiab] OR 3,141
chonechondrosternon(tiab] OR foveated chest*[tiab] OR koilosternia[tiab]

#3 Nussltiab] OR bar[tiab] OR MIRPE[tiab] OR minimal* invasive repair|tiab] 32,921

#4 #1 OR #2 3,548

#5 #3 AND #4 968

Table S3 EMBASE

Database EMBASE
Platform Ovid
Date of search June 24", 2023

Number of results 371

/exp EMtree keyword with explosion
:ab,ti Words in title or abstract
* Truncation

#1 ‘funnel chest’/exp 1,427

#2 (‘funnel breast*’ or ‘funnel chest*’ or ‘chonechondrosternon’ or ‘foveated chest*’ 1,169
or ‘koilosternia’ or ‘pectus excavatum’).ti,ab.

#3 (‘nuss’ or ‘bar’ or ‘mirpe’ or ‘minimal* invasive repair’).ti,ab. 13,037
#4 #1 OR #2 1,507
#5 #3 AND #4 371
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Table S4 Individual study characteristics

First author

Article title

Year of publication (year)

Study design

Range of inclusion (date/year — date/year)
Number of months (months)

Number of years (years)

Number of included patients (n)

Annual case volume (number of patients / years)
Country

City

Institution

Age (mean, years)

Age (standard deviation, years)

Males (n)

Haller index (mean)

Haller index (standard deviation)

Prior treatment (n, further specified)

Duration of surgery (minutes, mean)

Duration of surgery (minutes, standard deviation)
Length of hospital stay (days, mean)

Length of hospital stay (days, standard deviation)
Clinically significant perioperative complications (n)
Clinically significant perioperative complications (%, number/sample size)
Bar displacement (n)

Bar displacement (%, number/sample size)
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Table S5 Individual study characteristics

N Start End
Author Publication Study type Cour.1try/ City Institution enrollment enroliment Number of
Year region . . months
period period

Al-Assiri (36) 2009 Prospective Canada Calgery Alberta Children’s Hospital 01/06/2003  01/04/2005 22
observational

Anbarasu (8) 2022 Retrospective USA Houston  Texas Children’s Hospital 01/02/2016  01/02/2020 48
observational

Antonoff (37) 2009 Retrospective USA Minneapolis University of Minnesota  01/01/2004  01/01/2018 168
observational

Barua (38) 2012 Retrospective UK Nottingham Nottingham City Hospital 01/01/2006  01/12/2010 59
observational

Boehm (39) 2024 Retrospective ~ Germany Munich Children’s Hospital 01/01/2000 01/12/2002 35
observational

Bohosiewicz 2005 Retrospective Poland Katowice Upper-Siliesian Child and 01/07/1998  01/03/2003 56

(40) observational Mother’s Health Centre

Castellani (3) 2008 Retrospective Austria Graz Medical Univserity of Graz 01/04/2000 01/04/2006 72
observational

Chen (41) 2023 Retrospective China Hong Kong Queen Elizabeth Hospital 01/11/2013  01/11/2021 96
observational

Choi (42) 2017 Retrospective Korea Seoul Seoul St. Mary’s Hospital  01/03/2011  01/12/2015 57

observational

Cierpikowski 2018 Retrospective Poland Wroclaw Wroclaw Medical University 01/01/2002 01/12/2016 179
(43) observational

Clark (44) 2011 Retrospective USA Honolulu  Kapi’olani Medical Center 01/01/2007 01/12/2010 47
observational for Women and Children

Coelho (45) 2009 Prospective Brazil Curitiba Hospital Universitario 01/01/2003 01/07/2008 66
observational Cajuru and Santa Casa de

Misericordia

de Loos (25) 2021 Retrospective the Heerlen Zuyderland Medical Centre 01/06/2006 01/12/2018 150
observational Netherlands

Del Frari (46) 2013 Retrospective Austria Innsbruck Innsbruck Medical 01/08/2002 01/06/2012 118
observational University

Densmore 2010 Retrospective USA Milwaukee Children’s Hospital of 01/01/1999  01/12/2004 71

47) observational Wisconsin

Dzielicki (48) 2006 Retrospective Poland Abrze  Silesian Medical University 01/01/1999  01/12/2005 83
observational

Esteva Mir6 2020 Retrospective Spain Barcelona Consorci Corporacid 01/01/2010 01/01/2018 96

(49) observational Sanitaria Parc Tauli de

Sabadell

Gould (50) 2017 Retrospective USA Kansas City Children’s Mercy Hospital 01/12/1999  01/09/2015 189
observational

Haecker (51) 2003 Retrospective  Switzerland Basel University Children’s 01/02/2000 01/03/2003 37
observational Hospital Basel

‘Table S5 (continued)
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Table S5 (continued)

- Start End
Author Publication Study type Cour.1try/ City Institution enrollment  enrollment Number of
Year region ) . months
period period

Holmes (52) 2019 Retrospective USA Rochester Mayo Clinic 01/01/1998  01/12/2017 239
observational

Hurme (53) 2008 Retrospective Finland Turku Turku University Hospital 01/11/2002  01/02/2007 51
observational

Inge (2) 2003 Retrospective USA Birmingham  Children’s Hospital of 01/06/1996  01/12/1999 42
observational Alabama

Jacobs (54) 2002 Retrospective USA Saint All Children’s Hospital - - 40
observational Petersburg

Katrancioglu 2018 Retrospective Turkey Sivas Medicine faculty of 01/07/2007  01/05/2016 106

(55) observational Cumbhurlyet University

Kelly (56) 2022 Prospective USA Norfolk  Children’s Hospital of the 01/07/2008 01/07/2018 120
observational King’s Daughters

Kim (57) 2007 Retrospective Korea Seoul Guro Hospital 01/08/1999  01/07/2004 59
observational

Kirupaharan 2022 Retrospective Canada Hamilton McMaster Children’s 01/07/2003  01/09/2019 194

(58) observational Hospital

Krasopoulos 2006 Retrospective United London Royal Brompton Hospital NR NR 24

(59) observational Kingdom

Li (60) 2023 Retrospective China Shanghai  Shanghai Ninth People’s  01/08/2020 01/08/2021 12
observational Hospital

Lo (61) 2020 Retrospective Taiwan New Taipei  Taipei Tzu Chi Hospital 01/08/2014  01/01/2018 4
observational City

Mao (62) 2009 Retrospective China Wuhan Pediatric Center of Union  01/07/2003  01/02/2008 25
observational Hospital

Meng (63) 2018 Retrospective China Shanghai Xinhua Hospital 01/01/2009 01/01/2012 36
observational

Mennie (64) 2018 Retrospective Australia  Melbourne The Royal Children’s 01/01/2005 01/06/2015 125
observational Hospital

Molik (65) 2001 Retrospective USA Indianapolis James Whitcomb Riley =~ 01/01/1995  01/12/1999 59
observational Children’s Hospital

Nguyen (66) 2021 Retrospective Vietnam Hanoi  Viet Duc University Hospital 01/01/2015 01/12/2019 59
observational

Park (67) 2010 Retrospective Korea Ansan Korea University Ansan ~ 01/08/1999  01/09/2008 109
observational Hospital

Parrado (68) 2019 Retrospective USA Phoenix Phoenix Children’s Hospital 01/06/2017  01/07/2018 26
observational

Pawlak (69) 2018 Retrospective Poland Poznan Poznan University of 01/07/2002 01/09/2016 170
observational Medical Sciences

Pilegaard (70) 2016 Retrospective Denmark Aarhus  Aarhus University Hospital 01/09/2001 01/03/2016 174

observational

Table S5 (continued)
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Table S5 (continued)

- Start End
Author Publication Study type Cour.ﬂry/ City Institution enroliment enroliment Number of
Year region ) . months
period period

Shu (71) 2011 Retrospective China Hangzhou Children’s Hospital 01/06/2004  01/02/2011 27
observational

Song (72) 2018 Retrospective Korea Seoul  Soonchunhyang University 01/04/2006 01/12/2014 104
observational Hospital Cheonan

Stanfill (73) 2012 Retrospective USA Peoria Children’s Hospital of 01/11/2000 01/02/2010 111
observational lllinois

Torre (5) 2021 Retrospective Italy Genoa Giannina Gaslini Institute of 01/06/2005 01/01/2020 175
observational Genoa

Uemura (74) 2003 Retrospective Japan Iwakuni  lwakuni National Hospital 01/08/1998  01/12/2001 40
observational

Umuroglu 2013 Retrospective Turkey Istanbul Medical School of Marmara 01/08/2005 01/06/2011 70

(75) observational University

Watanabe 2004 Retrospective Japan Sapporo Sapporo Medical University 01/07/1999  01/01/2003 42

(76) observational School of Medicine

Zganjer (77) 2006 Retrospective Croatia Zagreb  Children’s Hospital Zagreb 01/01/2000 01/12/2005 71
observational

Zhang (78) 2021 Retrospective China Chongging Chongging University Three 01/09/2011  01/01/2020 100
observational Gorges Hospital

Zhang (79) 2015 Retrospective China Guangzhou Guangdong General 01/09/2006  01/08/2014 95
observational Hospital

© AME Publishing Company. https://dx.doi.org/10.21037/jtd-24-690



Table S6 Individual patient and interventional characteristics

Volume Age Duration Length of
Publication Sample Male 9 Haller index Prior treatment of surgery hospital stay
Author ) (cases/ (years, )
Year size (n) (n, %) (mean, SD) (n, %) (minutes, mean, (days, mean,
year) mean, SD)
SD) SD)
Al-Assiri (36) 2009 30 16 21(70) 14.3(3.2) 4.3(1.3) NR NR 4.1 (1.2)
Anbarasu (8) 2022 265 66 226 (85) 15.8(2.5) 4.3(1.1) NR NR NR
Antonoff (37) 2009 14 1 12 (86) 19.5(5.2) NR NR 109 (30) 3.9 (2.2
Barua (38) 2012 11 2 11 (100) 20.8 (5.1) NR NR NR 9.6 (6.0)
Boehm (39) 2024 21 7 20 (95) 14.4 (2.7) NR NR 53 (22) NR
Bohosiewicz 2005 66 14 55 (83) 11.8 (4.6) NR NR NR NR
(40)
Castellani (3) 2008 167 28 135 (81) 16.3 (8.9) NR 1 silicone implant, 2 NR NR
Ravitch
Chen (41) 2023 179 22 168 (94) 21.3(5.5) 4.7 (1.4) NR 81 (31) 4.5 (2.4)
Choi (42) 2017 994 209 756 (76) 9.6 (13.6) 4.6 (2.0) NR NR NR
Cierpikowski 2018 236 16 197 (83) 17.4 (3.8) NR NR NR 8.3 (no SD)
43)
Clark (44) 2011 32 8 23 (72) NR 4.4 (no SD) NR 124 (no SD) 4.7 (no SD)
Coelho (45) 2009 20 4 13(65) 15.4(4.6) 4.3(0.6) NR 54 (12) 6.3 (5.2)
de Loos (25) 2021 327 26 281 (86) 19.1(7.2) 3.8(0.9; 0 33 (11; n=324) 5.0 (1.5)
n=277)
Del Frari (46) 2013 29 3 22 (76) 17.6 (6.6) NR 1 prior Nuss procedure 107 (30) 8.6 (2.0)
Densmore (47) 2010 117 20 88 (75) 12.9(4.8) 4.0(1.5; 3 118 (51) 5.8 (1.3)
n=65)
Dzielicki (48) 2006 461 67 362 (79) 15.2 (7.3) NR 20 patients redo after 52 (27) 5.3(2.1)
unsuccesful Ravtich
Esteva Miré 2020 31 4 21(68) 14.7(6.0) 6.1(2.8) 0 NR 7.9 (2.9)
(49)
Gould (50) 2017 554 35 443 (80) 14.3 (3.1) NR 0 52 (17) 4.2 (1.1)
Haecker (51) 2003 22 7 20 (91) 15.5(7.6) NR NR 136 (26) 13.4 (3.1)
Holmes (52) 2019 436 22 NR 15.02.7) 4.4(1.3) 19 cases of recurrent NR 4.0(1.3)
pectus excavatum
Hurme (53) 2008 25 6 20 (80) 14.04.7) 4.1(1.0 NR NR 8.5(3.4)
Inge (2) 2003 43 12 NR  11.6(3.9) NR NR 70 (no SD) 2.4 (no SD)
Jacobs (54) 2002 31 9 NR 14.5(6.9) NR 0 NR 4.6 (1.8)
Katrancioglu 2018 59 7 50 (85) 17.6 (5.1) NR NR NR 4.6 (1.2)
(65)
Kelly (56) 2022 996 100 NR 15.2(6.2) 5.5(8.2) NR NR 4.1 (1.7)
Kim (57) 2007 113 23 82(73) 7.2(.7) 43(1.1) NR 57 (29) 8.0 (1.6)
‘Table S6 (continued)
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Table S6 (continued)

Volume Age Duration Length of
Publication Sample Male 9 Haller index Prior treatment of surgery hospital stay
Author ) (cases/ (years, .
Year size (n) (n, %) (mean, SD) (n, %) (minutes, mean, (days, mean,
year) mean, SD)
SD) SD)
Kirupaharan 2022 115 7 111 (97) 16.5(1.3) 4.2(1.4; NR 78 (12) 5.0 (1.5)
(58) n=54)
Krasopoulos 2006 20 10 20 (100) 20.2 (6.2) NR NR NR 6.1 (1.9
(69
Li (60) 2023 259 259 213(82) 15.5(6.7) 4.1(2.2; 9 prior pectus excavatum NR 4.0 (1.9)
n=202) surgery, 1 prior pectus
carinatum surgery
Lo (61) 2020 296 87 257 (87) 23.9(7.7) 4.0(1.3) NR 81 (15) 6.4 (1.7)
Mao (62) 2009 115 55 7263) 79(.1) 45(1.3 NR 60 (23) 8.5(2.4)
Meng (63) 2018 132 44 111 (84) 12.5(56.3) 3.9(0.4) NR 57 (22) 4.9(1.4)
Mennie (64) 2018 217 21 183 (84) 14.9(1.9) NR 5 Nuss 98 (28) 4.9(1.7)
Molik (65) 2001 35 7 NR 9.5 (3.9) NR NR 198 (no SD)* 4.8 (no SD)
Nguyen (66) 2021 365 74 309 (85) 15.6(3.7) 3.8(1.0) NR 50 (16) 5.1 (1.6)
Park (67) 2010 1170 129 941 (80) 10.3(12.9) 6.1 (11.8) 30 Ravitch, 6 Nuss NR NR
Parrado (68) 2019 101 47 82 (81) NRdueto 4.8(1.5) 0 120 (34) 3.5(0.8)
missing
data
Pawlak (69) 2018 1006 71 796 (79) 18.6(5.7) 3.7 (1.4) 44 prior repair 52 (19) 6.3 (2.0)
Pilegaard (70) 2016 1713 118 1457 16.2 (7.5) NR NR 36 (67) NR
(85)
Shu (71) 2011 406 180 313(77) 6.8(3.6) 5.2(1.6) NR 45 (14) 7.0 (1.0
Song (72) 2018 306 35 250(82) 12.4(7.7) 4.6(2.2) NR 68 (21) 7.3(3.4)
Stanfill (73) 2012 85 9 NR 15.2 (no 4.5 (no SD) NR 102 (no SD) 4.1 (no SD)
SD)
Torre (5) 2021 600 41 506 (84) 15.0 (6.1) 5.2 (5.1) NR 78 (45) 6.8 (9.4)
Uemura (74) 2003 107 32 75(70) 7.5@4.1) 6.1(3.5) NR 55 (47) NR
Umuroglu (75) 2013 214 37 184 (86) 17.9 (5.5) NR NR 73 (28) 6.4 (2.5)
Watanabe (76) 2004 53 15 38(72) 9.0(4.00 5.0(1.4) NR 76 (25) 8.9 (3.8
Zganijer (77) 2006 75 13 50 (67) NR NR NR NR 8.0 (2.3)
Zhang (78) 2021 44 5 36(2) 9.1(3.9 3.8(0.7) NR NR NR
Zhang (79) 2015 639 81 546 (85) 15.3(5.8) 4.3(1.7) 8 traditional procedures (6 64 (42) 5.2 (2.9)

sternocoastal elevations
and 2 sternal turnovers)
and 7 Nuss procedure
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Table S7 Study quality assessment

. Overall
Comparability Outcome grade
Author Publication gglection Demonstration  Comparability Was follow- Adequacy .
ear . that outcome of  of cohorts on up long (maximum
Y Ascertainment | ) Assessment of follow-
interest was not  the basis of enough for grade/
) of outcome o .
present at start  the design or outcomes to cohorts points: 8)
of study analysis occur
Al-Assiri (36) 2009 1 0 1 0 0 4
Anbarasu (8) 2022 1 2 1 0 0 6
Antonoff (37) 2009 1 0 1 1 1 6
Barua (38) 2012 1 0 1 1 1 6
Boehm (39) 2024 1 0 1 1 0 5
Bohosiewicz 2005 1 0 1 0 0 4
(40)
Castellani (3) 2008 1 0 1 1 0 5
Chen (41) 2023 1 2 1 0 0 6
Choi (42) 2017 1 2 1 0 0 6
Cierpikowski 2018 1 0 1 1 1 6
43)
Clark (44) 2011 1 0 1 1 1 6
Coelho (45) 2009 1 0 1 1 1 6
de Loos (25) 2021 1 0 1 1 1 6
Del Frari (46) 2013 1 0 1 1 1 6
Densmore (47) 2010 1 0 1 1 1 6
Dzielicki (48) 2006 1 0 1 1 1 6
Esteva Mir6 2020 1 0 1 1 1 6
(49)
Gould (50) 2017 1 0 1 1 0 5
Haecker (51) 2003 1 0 1 1 1 6
Holmes (52) 2019 1 2 1 0 0 6
Hurme (53) 2008 1 0 1 1 1 6
Inge (2) 2003 1 0 1 1 1 6
Jacobs (54) 2002 1 0 1 1 1 6
Katrancioglu 2018 1 1 1 1 1 7
(65)
Kelly (56) 2022 1 0 1 1 1 6
Kim (57) 2007 1 0 1 1 1 6
Kirupaharan 2022 1 0 1 0 0 4
(58)
Table S7 (continued)
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Table S7 (continued)

Comparability Outcome 2\::;&2'
or P Soeoon Dnnreen, Copty
year Ascertainment interest was not  the basis of Assessment enough for of follow- grade/
present at start  the design or of outcome outcomes to cohorts points: 8)
of study analysis occur

Krasopoulos 2006 1 0 1 1 1 6
(59)

Li (60) 2023 1 0 1 1 0 5
Lo (61) 2020 1 0 1 1 1 6
Mao (62) 2009 1 0 1 1 0 5
Meng (63) 2018 1 0 1 0 0 4
Mennie (64) 2018 1 0 1 1 1 6
Molik (65) 2001 1 0 1 1 0 5
Nguyen (66) 2021 1 0 1 1 1 6
Park (67) 2010 1 0 1 1 1 6
Parrado (68) 2019 1 1 1 1 1 7
Pawlak (69) 2018 1 0 1 1 1 6
Pilegaard (70) 2016 1 1 1 1 1 7
Shu (71) 2011 1 0 1 1 1 6
Song (72) 2018 1 0 1 1 1 6
Stanfill (73) 2012 1 0 1 0 0 4
Torre (5) 2021 1 0 1 1 1 6
Uemura (74) 2003 1 0 1 1 1 6
Umuroglu (75) 2013 1 0 1 0 0 4
Watanabe (76) 2004 1 1 1 1 1 7
Zganijer (77) 2006 1 0 1 1 1 6
Zhang (78) 2021 1 0 1 1 1 6
Zhang (79) 2015 1 0 1 1 1 6

© AME Publishing Company.

https://dx.doi.org/10.21037/jtd-24-690



References

36.

37.

38.

39.

40.

41.

42.

43.

44,
45.

46.

47.

48.

49.

50.

51

52.

53.
54.

55.

56.

57.

58.

59.

Al-Assiri A, Kravarusic D, Wong V, et al. Operative innovation to the "Nuss" procedure for pectus excavatum: operative and
functional effects. ] Pediatr Surg 2009;44:888-92.

Antonoff MB, Erickson AE, Hess DJ, et al. When patients choose: comparison of Nuss, Ravitch, and Leonard procedures for
primary repair of pectus excavatum. | Pediatr Surg 2009;44:1113-8; discussion 118-9.

Barua A, Rao VP, Barua B, et al. Patient satisfaction following minimally invasive repair of pectus excavatum: single surgeon
experience. ] Surg Tech Case Rep 2012;4:86-8.

Boehm RA, Muensterer OJ, Till H. Comparing minimally invasive funnel chest repair versus the conventional technique: an
outcome analysis in children. Plast Reconstr Surg 2004;114:668-73; discussion 674-5.

Bohosiewicz ], Kudela G, Koszutski T. Results of Nuss procedures for the correction of pectus excavatum. Eur ] Pediatr Surg
2005;15:6-10.

Chen HYM, Cheng WYR, Chan H, et al. Associated risk factors for patients undergoing a unique or double Nuss bar placement
for pectus excavatum. Asian Cardiovasc Thorac Ann 2023;31:221-8.

Choi S, Park HJ. Complications after pectus excavatum repair using pectus bars in adolescents and adults: risk comparisons
between age and technique groups. Interact Cardiovasc Thorac Surg 2017;25:606-12.

Cierpikowski P, Rzechonek A, Blasiak P, et al. Surgical Correction of Pectus Excavatum by the Nuss Procedure: A 15-Year
Experience Study. Adv Exp Med Biol 2018;1047:31-40.

Clark JJ, Johnson SM. Single incision Nuss procedure for pectus excavatum. Pediatr Surg Int 2011;27:733-6.

Coelho Mde S, Silva RE, Bergonse Neto N, et al. Pectus excavatum surgery: sternochondroplasty versus Nuss procedure. Ann
Thorac Surg 2009;88:1773-9.

Del Frari B, Schwabegger AH. Clinical results and patient satisfaction after pectus excavatum repair using the MIRPE and
MOVARPE technique in adults: 10-year experience. Plast Reconstr Surg 2013;132:1591-602.

Densmore JC, Peterson DB, Stahovic LL, et al. Initial surgical and pain management outcomes after Nuss procedure. ] Pediatr
Surg 2010;45:1767-71.

Dzielicki J, Korlacki W, Janicka I, et al. Difficulties and limitations in minimally invasive repair of pectus excavatum--6 years
experiences with Nuss technique. Eur J Cardiothorac Surg 2006;30:801-4.

Esteva Mir6 C, Nuifiez Garcia B, Pérez-Gaspar M, et al. Applicability of Clavien-Dindo classification in Nuss procedure surgical
complications. Cir Pediatr 2020;33:154-9.

Gould JL, Sharp RJ, Peter SD, et al. The Minimally Invasive Repair of Pectus Excavatum Using a Subxiphoid Incision. Eur |
Pediatr Surg 2017;27:2-6.

Haecker FM, Bielek J, von Schweinitz D. Minimally invasive repair of pectus excavatum (MIRPE)--the Basel experience. Swiss
Surg 2003;9:289-95.

Holmes DM, Polites SF, Roskos PL, et al. Opioid use and length of stay following minimally invasive pectus excavatum repair
in 436 patients - Benefits of an enhanced recovery pathway. ] Pediatr Surg 2019;54:1976-83.

Hurme T, Savola J, Vilkki V. Minimally invasive repair for treating pectus excavatum--early results. Scand J Surg 2008;97:63-70.
Jacobs JP, Quintessenza JA, Morell VO, et al. Minimally invasive endoscopic repair of pectus excavatum. Eur ] Cardiothorac
Surg 2002;21:869-73.

Katrancioglu O, Akkas Y, Sahinoglu T, et al. Factors determining the complications in Nuss procedure. Turk Gogus Kalp
Damar Cerrahisi Derg 2018;26:621-5.

Kelly RE Jr, Obermeyer R], Goretsky MJ, et al. Recent Modifications of the Nuss Procedure: The Pursuit of Safety During the
Minimally Invasive Repair of Pectus Excavatum. Ann Surg 2022;275:e496-502.

Kim HK, Choi YH, Cho YH, et al. A comparative study of pericostal and submuscular bar fixation technique in the Nuss
procedure. ] Korean Med Sci 2007;22:254-7.

Kirupaharan S, Briatico D, Robinson T, et al. Postoperative management of pediatric patients undergoing minimally invasive
repair of pectus excavatum: Where are we now? ] Pediatr Surg 2022;57:927-31.

Krasopoulos G, Dusmet M, Ladas G, et al. Nuss procedure improves the quality of life in young male adults with pectus
excavatum deformity. Eur ] Cardiothorac Surg 2006;29:1-5.

© AME Publishing Company. https://dx.doi.org/10.21037/jtd-24-690



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Li H, Wang E, Ji G, et al. Modified Nuss procedure for the treatment of pectus excavatum: Experience of 259 patients. Asian ]
Surg 2023;46:692-7.

Lo PC, Tzeng IS, Hsich MS, et al. The Nuss procedure for pectus excavatum: An effective and safe approach using bilateral
thoracoscopy and a selective approach to use multiple bars in 296 adolescent and adult patients. PLoS One 2020;15:¢0233547.
Mao YZ, Tang ST, Wang Y, et al. Nuss operation for pectus excavatum: a single-institution experience. World J Pediatr
2009;5:292-5.

Meng L, Wang M. Thoracoscopy Assisted Minimally Surgery (NUSS procedure) for Pectus Excavatum vs. Novel Modified
NUSS procedure - A Single-Center Retrospective Study. Heart Surg Forum 2018;21:E404-8.

Mennie N, Frawley G, Crameri J, et al. The effect of thoracoscopy upon the repair of pectus excavatum. J Pediatr Surg
2018;53:740-3.

Molik KA, Engum SA, Rescorla FJ, et al. Pectus excavatum repair: experience with standard and minimal invasive techniques. J
Pediatr Surg 2001;36:324-8.

Nguyen TM, Le VT, Nguyen HU, et al. An Initial 5-Year Single-Center Experience of 365 Patients Undergoing the
Video-Assisted Thoracoscopic Surgery for Nuss Procedure for Pectus Excavatum in Resource-Scare Setting. Front Surg
2021;8:693562.

Park HJ, Jeong JY, Jo WM, et al. Minimally invasive repair of pectus excavatum: a novel morphology-tailored, patient-specific
approach. ] Thorac Cardiovasc Surg 2010;139:379-86.

Parrado R, Lee J, McMahon LE, et al. The Use of Cryoanalgesia in Minimally Invasive Repair of Pectus Excavatum: Lessons
Learned. ] Laparoendosc Adv Surg Tech A 2019;29:1244-51.

Pawlak K, Gasiorowski L., Gabryel P, et al. Video-assisted-thoracoscopic surgery in left-to-right Nuss procedure for

pectus excavatum for prevention of serious complications - technical aspects based on 1006 patients. Wideochir Inne Tech
Maloinwazyjne 2018;13:95-101.

Pilegaard HK. Single centre experience on short bar technique for pectus excavatum. Ann Cardiothorac Surg 2016;5:450-5.
Shu Q, Shi Z, Xu WZ, et al. Experience in minimally invasive Nuss operation for 406 children with pectus excavatum. World J
Pediatr 2011;7:257-61.

Song IH, Lee SJ, Kim SS, et al. Surgical Outcomes of Double Compression and Complete Fixation Bar System in Pectus
Excavatum. Ann Thorac Surg 2018;106:1025-31.

Stanfill AB, DiSomma N, Henriques SM, et al. Nuss procedure: decrease in bar movement requiring reoperation with primary
placement of two bars. ] Laparoendosc Adv Surg Tech A 2012;22:412-5.

Uemura S, Nakagawa Y, Yoshida A, et al. Experience in 100 cases with the Nuss procedure using a technique for stabilization of
the pectus bar. Pediatr Surg Int 2003;19:186-9.

Umuroglu T, Bostanci K, Thomas DT, et al. Perioperative anesthetic and surgical complications of the Nuss procedure. J
Cardiothorac Vasc Anesth 2013;27:436-40.

Watanabe A, Watanabe T, Obama T, et al. The use of a lateral stabilizer increases the incidence of wound trouble following the
Nuss procedure. Ann Thorac Surg 2004;77:296-300.

Zganjer M, Zupanci¢ B, Popovi¢ L. A 5-year experience of a minimally invasive technique for correction of pectus excavatum in
Croatia. Acta Medica (Hradec Kralove) 2006;49:105-7.

Zhang Y, Chen Q, Luo Y, et al. Wire fracture in postoperative Nuss procedure: a problem that cannot be ignored. Transl
Pediatr 2021;10:569-78.

Zhang DK, Tang JM, Ben XS, et al. Surgical correction of 639 pectus excavatum cases via the Nuss procedure. J Thorac Dis
2015;7:1595-605.

© AME Publishing Company. https://dx.doi.org/10.21037/jtd-24-690



