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Giulia Moraes Piazzi, Pedro Sampaio de Barros Vieira, Prof. Dr. Claudio Zambotti.
Técnica de barra cruzada versus técnica de barras paralelas para pectus excavatum:
revisdo sistematica e meta-analise. [Trabalho de Conclusdo de Curso]. Sdo Paulo:
Faculdade de Medicina, Universidade Santo Amaro, 2025.

INTRODUGAO: Pectus excavatum é a deformidade congénita mais comum da parede
toracica anterior, e sua corregdo minimamente invasiva (MIRPE) tradicionalmente
utiliza barras paralelas (PB) para elevar o esterno e restaurar a curvatura toracica.
Entretanto, em deformidades profundas, rigidas ou assimétricas, a configuragéo
cruzada (cross-bar, CB) foi desenvolvida para oferecer maior controle rotacional e
melhor redistribuicdo das forgas corretivas, ja que o arranjo em “X” cria vetores opostos
de sustentagdo e compressio capazes de otimizar a remodelagao toracica. Embora
ambas as técnicas sejam amplamente utilizadas, a evidéncia comparativa entre PB e
CB permanece limitada, justificando a investigagdo de possiveis diferengcas em
resultados perioperatorios e na eficacia da correcdo. METODOLOGIA: Seguindo as
diretrizes PRISMA 2020, PubMed, Embase e Cochrane Library foram pesquisadas até
24 de outubro de 2025. Foram incluidos estudos que comparavam diretamente as
técnicas CB e PB e que relatavam ao menos um desfecho pré-definido. Quatro estudos
observacionais retrospectivos (n = 1.021) preencheram os critérios de inclusao.
Razdbes de chances (OR) e diferencas de médias (DM) foram calculadas utilizando o
modelo de efeitos aleatorios de DerSimonian—Laird. O risco de viés foi avaliado pelo
ROBINS-I, e a certeza da evidéncia pelo método GRADE. RESULTADOS E
DISCUSSAO: Entre os 1.021 pacientes analisados, 449 foram submetidos & técnica
CB e 572 a técnica PB. Nao houve diferenga significativa no tempo operatério (DM
4,79 min; 1IC95% -6,27 a 15,85) ou no tempo de internagdo (DM 0,24 dias; 1C95%
-0,39 a 0,88). As taxas de derrame pleural (OR 3,59; 1C95% 0,82-15,72) e
pneumotodrax (OR 1,08; IC95% 0,39-2,97) também foram comparaveis entre as
técnicas. A técnica CB apresentou uma pequena, porém estatisticamente significativa,
melhora no Haller Index pés-operatério (DM -0,10; IC95% -0,17 a —0,03). As analises
de sensibilidade revelaram heterogeneidade influenciada por estudos individuais,
especialmente para tempo operatério e tempo de internagdo. O risco global de viés
variou de moderado a seério, e a certeza da evidéncia variou de baixa a muito baixa
para todos os desfechos avaliados. CONCLUSAO: De forma geral, CB e PB
apresentam perfis perioperatorios equivalentes e taxas semelhantes de complicacbes
na MIRPE. A técnica CB pode oferecer uma vantagem modesta no remodelamento
toracico pés-operatério.

Palavras-chave: Desfechos pods-operatérios. Meta-analise. MIRPE. Pectus
excavatum.



ABSTRACT

BACKGROUND: Pectus excavatum is the most common congenital deformity of the
anterior chest wall, and its minimally invasive correction (MIRPE) traditionally relies on
parallel bars (PB) to elevate the sternum and restore thoracic contour. However, in
deep, rigid, or asymmetric deformities, the cross-bar (CB) configuration was developed
to provide greater rotational control and improved redistribution of corrective forces, as
the “X” arrangement creates opposing vectors of support and compression that can
optimize chest wall remodeling. Although both techniques are widely used, comparative
evidence between PB and CB remains limited, highlighting the need to investigate
potential differences in perioperative outcomes and corrective efficacy.
METHODOLOGY: Following PRISMA 2020 guidelines, PubMed, Embase, and the
Cochrane Library were searched through October 24, 2025. Studies directly comparing
CB and PB and reporting at least one predefined outcome were eligible. Four
retrospective observational studies (n = 1,021) met inclusion criteria. Pooled odds ratios
(ORs) and mean differences (MDs) were calculated using a DerSimonian—Laird
random-effects model. Risk of bias was assessed with ROBINS-I and certainty of
evidence with GRADE. RESULTS AND DISCUSSION: Among the 1,021 patients
analyzed, 449 underwent CB and 572 PB repair. Operative time (MD 4.79 min; 95% CI
—-6.27 to 15.85) and length of hospital stay (MD 0.24 days; 95% CI -0.39 to 0.88) did
not differ significantly between techniques. Rates of pleural effusion (OR 3.59; 95% CI
0.82-15.72) and pneumothorax (OR 1.08; 95% CI 0.39-2.97) were similarly
comparable. CB was associated with a small but statistically significant improvement
in postoperative Haller Index (MD -0.10; 95% CI -0.17 to —0.03). Sensitivity analyses
revealed study-driven heterogeneity for operative time and hospital stay. Overall risk of
bias ranged from moderate to serious, with low to very low certainty of evidence across
outcomes. CONCLUSION: CB and PB techniques demonstrate equivalent
perioperative profiles and complication rates in MIRPE. CB may confer a modest
advantage in postoperative thoracic remodeling.

Keywords: Postoperative outcomes. Meta-analysis. MIRPE. Pectus excavatum.
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1 INTRODUGAO

Pectus excavatum (PE), também conhecido como “térax em funil’, & a
deformidade congénita mais comum da parede toracica anterior, correspondendo a
aproximadamente 65-95% dessas anomalias'. Caracterizado por deslocamento
posterior do esterno e das cartilagens costais adjacentes, o PE resulta em graus
variaveis de depressdo toracica anterior?.. A condigdo geralmente se manifesta na
infancia ou adolescéncia e esta frequentemente associada a sofrimento psicossocial,
incluindo insatisfagdo com a imagem corporal, redugdo da interagdo social e menor
qualidade de vida geral®.

Embora diversas abordagens cirurgicas tenham sido desenvolvidas, alcangar uma
corregao completa e duradoura continua sendo um desafio — particularmente em
pacientes com deformidades complexas ou assimétricas. Historicamente, técnicas
abertas como o procedimento de Ravitch eram amplamente utilizadas, mas o advento
da correcdo minimamente invasiva pelo método de Nuss transformou significativamente
0 cenario do tratamento do PE*. Aperfeicoamentos continuos da técnica de Nuss —
incluindo o uso de multiplas barras e configuragées em barra cruzada — tém buscado
melhorar a qualidade da correc¢ao, reduzir complicagcdes e otimizar os desfechos em
longo prazo®. Embora a adigdo de multiplas barras possa ser benéfica em casos de
assimetria, essa estratégia também tem sido associada a maior desconforto pos-
operatorio e inflamacgao.

As corregcbes minimamente invasivas do PE podem ser amplamente
categorizadas em técnicas sem duplas barras, que promovem elevagéao esternal isolada,
e técnicas com duplas barras, que combinam elevagdo com compressao anterior para
otimizar o remodelamento da parede toracica. Entre estas, as configuragbées de duplas
barras demonstraram melhores resultados, incluindo menor tempo de internacéo e
menos complicagdes quando comparadas as corregdes com barra unica®. Notavelmente,
a configuragéo dessas barras — paralelas ou cruzadas em “X” — pode influenciar tanto
a estabilidade mecanica quanto os resultados clinicos. As técnicas de barra cruzada,
especialmente quando combinadas com crioanalgesia e dispositivos estabilizadores,
tém mostrado resultados comparaveis ou até superiores, sem aumento da morbidade’.

No entanto, as evidéncias permanecem conflitantes quanto a superioridade de
uma configuragéo sobre a outra, em parte devido a heterogeneidade dos desenhos dos

estudos e das populagdes avaliadas.
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Com a intengdo de esclarecer essa questdo, conduzimos uma revisao sistematica e
meta-analise comparando os desfechos das técnicas de barras paralelas versus barras
cruzadas na corregao cirurgica minimamente invasiva do PE.

O objetivo deste estudo € avaliar os desfechos perioperatérios e a eficacia pos-
operatéria das técnicas de CB versus PB, sobretudo tendo em vista o PE como
deformidade congénita mais comum da parede toracica, e a corregdo minimamente
invasiva (MIRPE) continua a evoluir em busca de melhores resultados e menor
morbidade. Mesmo diante das configura¢gdes com barra cruzada (CB) e barras paralelas

(PB) serem amplamente utilizadas, os dados comparativos ainda sao limitados.

2 METODOLOGIA
2.1 Critérios de elegibilidade

Foram incluidos estudos que atendessem a todos os seguintes critérios: (1)
pacientes com pectus excavatum; (2) desenho como ensaio randomizado ou estudo
observacional; (3) comparagéo direta entre as técnicas cross-bar e parallel-bar; e (4)
relato de pelo menos um desfecho pré-definido. Foram excluidos estudos que: (1)

utilizaram outras técnicas cirurgicas ou (2) ndo apresentaram grupo comparador.

2.2 Estratégia de busca e selecao dos estudos

Realizou-se uma busca sistematica nas bases PubMed, Embase e Cochrane
Library desde a criagao até 24 de outubro de 2025. A estratégia detalhada para cada
base encontra-se na Tabela Suplementar S1. As listas de referéncias dos estudos
incluidos e de revisdes sistematicas prévias também foram examinadas para identificar
estudos adicionais. Dois revisores realizaram independentemente a triagem inicial no
Rayyan, avaliaram titulos, resumos e posteriormente os textos completos. Divergéncias

foram resolvidas por consenso.
2.3 Extragao de dados
Dois autores extrairam independentemente os dados em um formulario

padronizado, incluindo: caracteristicas gerais do estudo (primeiro autor, ano de

publicagdo, desenho, pais), numero de participantes, caracteristicas dos pacientes
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(idade, sexo, indice de massa corporal, indice de Haller), tempo de seguimento e
desfechos reportados.

2.4 Desfechos

Os desfechos de interesse foram: (1) derrame pleural; (2) tempo de internacao
hospitalar; (3) tempo operatério; e (4) Indice de Haller pds-operatério. Outras
complicagbes foram coletadas e resumidas qualitativamente quando a sintese

quantitativa nao foi possivel.
2.5 Avaliagao do risco de viés e da certeza da evidéncia

O risco de viés foi avaliado independentemente por dois revisores utilizando a
ferramenta ROBINS-I V2'2. Nao foi possivel avaliar adequadamente viés de publicagao,
pois analises com menos de 10 estudos ndo possuem poder estatistico suficiente para
identificar assimetria em graficos de funil. A certeza da evidéncia foi avaliada segundo

o sistema GRADE, sendo classificada como alta, moderada, baixa ou muito baixa™.

2.6 Analise estatistica

Razdes de chances (ORs) foram calculadas para desfechos dicotdmicos e
diferencas médias (MDs) para desfechos continuos, utilizando o modelo de efeitos
aleatorios de DerSimonian—Laird, com intervalos de confianga de 95%". Considerou-se
significancia estatistica quando P < 0.05. A heterogeneidade entre estudos foi avaliada
pelo teste Q de Cochran e pelo indice I?, sendo considerada significativa quando P <
0.10 e 1> > 25%. Para desfechos heterogéneos, realizou-se analise de sensibilidade
leave-one-out para identificar estudos influentes. Todas as analises foram conduzidas
no software R (versdo 4.3.3; R Foundation for Statistical Computing, Viena, Austria).

3 RESULTADOS E DISCUSSAO

3.1 Selegao dos estudos

Conforme detalhado na Figura 1, a busca inicial identificou 122 registros. Apos a
remogao de duplicatas e a avaliagao dos estudos com base em titulo e resumo, 6 artigos
permaneceram para leitura completa segundo os critérios pré-definidos. Destes, quatro
estudos observacionais retrospectivos publicados entre 2020 e 2023 foram incluidos™®—
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9. Dois estudos foram excluidos na fase de revisdo do texto completo: o estudo de
DiFiore et al. por ndo apresentar grupo comparador?®, e o estudo de Park et al. por avaliar
a técnica total crane lift".

Figura 1 - Diagrama de fluxo PRISMA 2020 mostrando a identificagao, triagem e inclusao
dos estudos. Dos 122 registros inicialmente identificados, quatro estudos observacionais
retrospectivos foram incluidos apos avaliagdo do texto completo conforme critérios pré-
especificados

‘ Identification of studies via databases and registers

|

Records removed before
= screening:
= Records identified from: Duplicate records removed (n
Qo PubMed (n = 56) = 47)
% Embase (n = 63) Records marked as ineligible
3 Cochrane (n = 3) by automation tools (n = 0)
- Records removed for other
reasons (n = 0)
Records screened Records excluded
(n=75) (n =69)
Reports sought for retrieval Reports not retrieved
= (n=6) (n=0)
=
@
2
=3
(7]
Reports assessed for eligibility
(n=6) Reports excluded:
Single-arm study (n = 1)
Different intervention (n = 1)
§ Studies included in review
S (n=4)
= Reports of included studies
= (n=4)

Fonte: Os autores (2025)

3.2 Caracteristicas dos pacientes

Um total de 1 021 pacientes foi incluido nos quatro estudos, sendo 449 (43,98%)
submetidos a técnica cross-bar (CB) e 572 (56,02%) a técnica parallel-bar (PB). A
maioria (80,2%) era do sexo masculino, com média de idade de 20,5 anos (20,8 anos no
grupo CB e 20,3 anos no grupo PB). O IMC médio foi de 20,3 kg/m? em ambos 0s grupos,
e o Indice de Haller pré-operatério médio foi de 4,6 no grupo CB e 4,5 no grupo PB. As

principais caracteristicas demograficas e clinicas estdo resumidas na Tabela 1.
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Tabela 1 - Caracteristicas demograficas e clinicas basais dos pacientes submetidos a
correcdao minimamente invasiva do pectus excavatum (MIRPE) utilizando a técnica cross-
bar (CB) ou parallel-bar (PB) nos estudos incluidos.

First

author, Desi Country Peri
gn od
year

prer 2o
Ersoz, R- Isr::I ai,d 2-
2023 Obs , 202

Russia,
. 2

multicenter
South 201
Hyun, R- Korea, 6-
2023 | Obs single- 201
center 9
South 201
Moon, R- Korea, 5-
2020 @ Obs single- 201
center 8
200
Sayan, R- Z?nrk:i’ 5-
2022  Obs 9 201
center 8

Ng. of Male, n (%) Mean age,
patients years
C
B PB CB PB CB PB
20 21 (;;69 (1765 23.918 22.6+
5 3 ' ' 4 8.1
) 3)
135 68
175 9 (86.0 (75. 18.(1)¢6 12.?
) 5) . .
31 36
36 44 (86.1 (81, 17'(;*4 12'3*
) 8) ' '
29 45 | 159
51 (88.2 (77. 20.1 20.7
> ) e

Mean BMI, Mean Haller | Follo
kg/cm? Index w-up
time,
mont
CB PB CB PB hs
21.9+1. 21.4+1. 4.3+2. 4.48% NA
8 4 0 2.1
18.7+2. 18.5+2. 5.0%2. 4.5#1 .
6 7 1 1 40.8
18.0+2. 18.9+2. 4.9+1. 4.5#1
1 6 5 0 NA
NA NA NA NA  24-36

*median; CB: cross-bar; PB: parallel-bar; R-Obs: retrospective observational; BMI: body mass index; NA = not

available.
Fonte: Os autores (2025)

3.3 Analise agrupada

3.3.1 Desfechos relacionados ao tempo cirurgico

Trés estudos relataram tempo operatério e tempo de internagao’®,',". Nao houve

diferencga estatisticamente significativa entre os grupos para tempo operatério (DM 4,79
minutos; IC 95% -6,27 a 15,85; p = 0,40; |12 = 78%; Figura 2A) nem para tempo de
internagao hospitalar (DM 0,24 dias; IC 95% -0,39 a 0,88; p = 0,46; 1> = 80%; Figura 2B).
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Figura 2 - Graficos Forest Plot para os desfechos relacionados ao tempo, comparando as
configuragées cross-bar (CB) e parallel-bar (PB) na MIRPE: (A) Tempo operatoério
(minutos); (B) Tempo de internagao hospitalar (dias)

CB PB Mean Difference Mean Difference

A) Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Ers6z 2023 73.11 4113 205 70.13 3847 213 35.6% 2.98[-4.66,10.62] —-.—
Hyun 2023 132.00 33.90 157 116.80 30.10 90 34.7% 15.20[ 7.03, 23.37] ——
Sayan 2022 78.60 37.52 51 83.80 34.28 225 29.7% -5.20[-16.43, 6.03] ——
Total (95% CI) 413 528 100.0% 4.79 [ -6.27, 15.85] —’—-
Heterogeneity: Tau? = 74.323; Chi? = 9.29, df = 2 (P = 0.0096); I = 78% f T I f !
Test for overall effect: Z = 0.85 (P = 0.40) 20 -10 0 10 20

Favors CB Favors PB

CB PB Mean Difference Mean Difference

B) Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Ers6z 2023 6.87 3.36 205 6.42 220 213 324% 0.45[-0.10, 1.00] B

Hyun 2023 6.00 1.50 157 5.35 0.75 90 39.3% 0.65[0.37,0.93] ——

Sayan 2022 4.00 243 51 456 148 225 283% -0.56[-1.25,0.14] —W—

Total (95% Cl) 413 528 100.0% 0.24 [-0.39, 0.88] —e——

Heterogeneity: Tau? = 0.248; Chi? = 9.98, df = 2 (P = 0.0068); I = 80% f T I I !

Test for overall effect: Z = 0.75 (P = 0.46) -1 -05 0 0.5 1

Favors CB Favors PB

Fonte: Os autores (2025)

3.3.2 Complicagbes pos-operatorias

Apenas derrame pleural e pneumotorax foram relatados por dois ou mais estudos.
N&o houve diferenca estatisticamente significativa entre CB e PB para derrame pleural
(OR 3,59; IC 95% 0,82—-15,72; p = 0,09; 12 = 58%; Figura 3A) nem para pneumotorax (OR
1,08; IC 95% 0,39-2,97; p = 0,14; 12 = 0%; Figura 3B).
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Figura 3 - Graficos Forest Plot para complicagcbes pos-operatérias comparando as
técnicas CB e PB: (A) Derrame pleural; (B) Pneumotérax

A) CB PB Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% CI
Ers6z 2023 10 205 4 213 421% 2.68[0.83, 8.68] !
Hyun 2023 4 157 2 90 32.3% 1.15[0.21, 6.41]
Sayan 2022 5 51 1 225 256% 24.35[2.78,213.32]
Total (95% Cl) 19 413 7 528 100.0% 3.59 [0.82, 15.72]
Heterogeneity: Tau® = 0.990; Chi® = 4.81, df = 2 (P = 0.0903); I = 58% J
Test for overall effect: Z = 1.70 (P = 0.09) 0.01 0.1 1 10 100
Favors CB Favors PB
B) CB PB Odds Ratio Odds Ratio
Study Events Total Events Total Weight MH, Random, 95% CI MH, Random, 95% ClI
Ers6z 2023 5 205 5 213 652% 1.04[0.30, 3.65] :
Hyun 2023 4 157 2 90 348% 1.15[0.21, 6.41]
Total (95% Cl) 9 362 7 303 100.0% 1.08 [0.39, 2.97]
Heterogeneity: Tau? = 0; Chi? = 0.01, df = 1 (P = 0.9260); I = 0% '
Test for overall effect: Z = 0.14 (P = 0.89) 0.2 05 1 2 5

Favors CB Favors PB

Fonte: Os autores (2025)

Ersoz et al. (2023) relataram um caso de derrame pericardico no grupo CB, menor
incidéncia de deslocamento de barra no grupo CB (4 versus 2), taxas semelhantes de
dor toracica persistente (7 vs 8), e uma recorréncia significativamente menor apdés
correcdo com CB (7 vs 1)'®. No estudo de Hyun et al., hemotérax ocorreu na mesma
frequéncia nos dois grupos (1 caso cada), enquanto plexopatia braquial ocorreu apenas
no grupo CB (2 casos) e infecgao de ferida operatoria foi discretamente maior no CB (6

vs 4 casos)". O estudo de Moon et al. n&o relatou complicagbes’®.

3.3.3 Desfecho de eficacia

O indice de Haller pés-operatério foi reportado por dois estudos'’—8. A técnica CB
resultou em reducéo significativamente maior do indice de Haller em comparacéo a PB
(DM -0,10 pontos; IC 95% -0,17 a —-0,03; p < 0,01; 12 = 0%; Figura 4).



20

Figura 4 - Grafico Forest Plot para o desfecho de eficacia, mostrando a comparagao do
indice de Haller (HI) pés-operatério entre as técnicas CB e PB

CcB PB Mean Difference Mean Difference
Study Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Hyun 2023 2.60 0.30 157 270030 90 79.6% -0.10[-0.18,-0.02] —.—
Moon 2020 260 0.30 36 270040 44 204% -0.10[-0.25, 0.05] ————@#—7—
Total (95% CI) 193 134 100.0% -0.10[-0.17, -0.03] e
Heterogeneity: Tau? = 0; Chi? = 0.00, df = 1 (P = 1.0000); I = 0% [ f T I
Test for overall effect: Z =-2.83 (P < 0.01) -02 -01 0 0.1 0.2

Favors CB Favors PB

Fonte: Os autores (2025)

3.4 Analise de sensibilidade

As analises leave-one-out s&o apresentadas nas Figuras S1-S3. Para o tempo
de internacéo, a exclusdo do estudo de Sayan et al. eliminou a heterogeneidade e alterou
o resultado de n&o significativo para significativo em favor da técnica PB'®. Para derrame
pleural, a exclusdo do mesmo estudo também eliminou a heterogeneidade, porém sem
alterar a significancia estatistica. Para tempo operatorio, a exclusdo de qualquer estudo
individual reduziu substancialmente a heterogeneidade.

3.5 Risco de viés e certeza da evidéncia

Conforme apresentado na Figura 5, entre os quatro estudos ndo randomizados
incluidos, o risco de viés variou de moderado a sério. A maioria dos estudos apresentou
definigdo clara das intervengdes e desfechos radiologicos objetivos, com baixo risco nos
dominios de classificacdo e mensuracdo dos desfechos. Entretanto, todos eram
retrospectivos e sem randomizagdo; confuséo relacionada a gravidade da deformidade,

experiéncia do cirurgido e variagdes institucionais representou a principal limitago.
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Figura 5 - Sumario do risco de vieses utilizando a ferramenta ROBINS-| para os estudos
nao randomizados incluidos que comparam as configuracoes CB e PB

Risk of bias domains

D1 D2 D3 D4 D5 D6 D7 [Overall
om0 ® ® ® ® ® O O
ez @ O © ® O ® O @
©
=
"z @ O @ & @ © O @
= @ @ ® © 0 ® O @
Domains: Judgement
D1: Bias due to confounding. )
D2: Bias due to selection of participants. . Serious

D3: Bias in classification of interventions. -
D4: Bias due to deviations from intended interventions.

D5: Bias due to missing data. . Low
D6: Bias in measurement of outcomes.

D7: Bias in selection of the reported result.

Moderate

Fonte: Os autores (2025)

Apenas Moon et al. realizaram ajuste multivariado limitado®, enquanto os demais
dependeram de comparacdes descritivas. A gestdo de dados ausentes foi geralmente
adequada, mas o énfase seletiva em resultados significativos e a auséncia de protocolos
pré-registrados contribuiram para viés de relato. Assim, o risco global de viés foi
classificado como moderado a sério, indicando que confusdo residual e condutas néo
padronizadas podem influenciar os estimadores de efeito.

A certeza da evidéncia pelo GRADE foi baixa a muito baixa para todos os
desfechos, devido a limitagdes metodoldgicas, imprecisdo e inconsisténcia, conforme
detalhado na Tabela Suplementar S2. Todos os estudos eram retrospectivos e néo
randomizados, com risco de confusdo moderado a sério. Houve rebaixamento adicional
por inconsisténcia (heterogeneidade substancial, I? = 58-80%) e imprecisao (intervalos
de confianga amplos cruzando o nulo, tamanho amostral reduzido e baixo numero de
eventos).

Nesta revisdo sistematica e meta-analise de quatro estudos publicados entre 2020
e 2023 (n = 1.021), comparando configura¢des cross-bar (CB) versus parallel-bar (PB)

na MIRPE, observamos: auséncia de diferengas em tempo operatério e tempo de
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internacao; taxas comparaveis de complicacdes como derrame pleural e pneumotorax;
e uma melhora pequena, porém estatisticamente significativa, no indice de Haller pos-
operatorio favorecendo CB. As analises de sensibilidade evidenciaram heterogeneidade
impulsionada por estudos individuais para tempo operatério e tempo de internacao; a
remogao de Sayan et al. reduziu a heterogeneidade do tempo de internagao e deslocou
o efeito em diregao a técnica PB.

A auséncia de diferengas no tempo operatoério e no tempo de internagao hospitalar
€ consistente com séries comparativas nas quais fatores institucionais — como
protocolos de analgesia, critérios de alta, estratégias de estabilizacdo e métodos de
elevagao esternal — provavelmente exercem maior impacto que o arranjo geométrico
das barras®),2. A mudanca em direcdo ao PB apods a exclusdo de um unico estudo
sugere que praticas especificas de cada centro e preferéncias técnicas podem dominar
esses desfechos relacionados ao processo assistencial. Na pratica, elementos como
padronizacdo em estilo ERAS, analgesia multimodal e critérios uniformes de alta
parecem modular o tempo de internagao mais fortemente do que a escolha entre CB e
PBZ4_26.

As taxas agrupadas de derrame pleural e pneumotérax foram semelhantes entre
CB e PB. A tendéncia quase significativa de maior incidéncia de derrames com CB reflete
achados de coortes que relatam aumento de efusdes serosas e reinternagcdes em
configuragdes cruzadas, possivelmente devido a trajetorias distintas das barras, pontos
de contato e padrées de drenagem?—?°. O pneumotorax, por sua vez, evento de baixa
frequéncia e etiologia multifatorial, manteve-se estavel entre as técnicas. Complicagdes
raras — como plexopatia braquial observada no grupo CB — parecem depender do
operador e de nuances técnicas (tragédo, posicionamento, numero de barras), reforcando
a importancia de verificagbes intraoperatorias rigorosas como medida de mitigagao®°—>*.

A vantagem observada no indice de Haller com CB foi pequena em magnitude
absoluta, mas consistente com o racional biomecanico segundo o qual a convergéncia
das barras redistribui forgas, aprimora o controle da rotagdo esternal e melhora o
remodelamento do hemitorax inferior e lateral**—22. Ainda assim, uma diferenca de —0,10
pontos no HI — embora estatisticamente significativa — possui relevancia clinica
variavel, dependendo da morfologia da deformidade (assimetria, rotagcado caudal) e dos
objetivos estéticos e funcionais do tratamento. Em linhas gerais, as evidéncias atuais
sugerem um perfil perioperatério equivalente entre CB e PB, com uma vantagem

anatémica modesta para CB.
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Diante de perfis semelhantes de tempo operatério, tempo de internagdo e
complicagdes, e um beneficio anatdbmico discreto para CB, a escolha da técnica deve
ser individualizada. CB pode ser preferivel em deformidades assimétricas ou com
rotacdo esternal caudal; PB, quando inserida em protocolos ERAS bem estabelecidos,
pode otimizar o tempo de internagéo. Independentemente da configuragdo adotada, o
planejamento pré-operatério (numero de barras e estabilizadores) e verificagoes
intraoperatorias rigorosas (posi¢ao, tracdo, prevencdo de compressdo axilar) sao
recomendados para minimizar eventos neurologicos e formagéo de seromas®—?'.

Este estudo possui limitagdes: (1) todos os estudos incluidos sdo observacionais,
com risco de confusdo (gravidade da deformidade, assimetria, experiéncia do cirurgiao,
variagdes de protocolo). Mitigac&o: uso de modelo de efeitos aleatdrios e analises leave-
one-out para testar robustez. (2) Heterogeneidade elevada em tempo de internagéao e
tempo operatério. Mitigagdo: analise de sensibilidade demonstrou heterogeneidade
impulsionada por estudo especifico, sem alterar a conclusdo geral de equivaléncia. (3)
Imprecisédo decorrente de baixa frequéncia de eventos e amplos intervalos de confianca.
Mitigacao: interpretagdo conservadora e sintese qualitativa dos desfechos escassos. (4)
Comparabilidade limitada, pois apenas um estudo apresentou ajuste multivariado.
Mitigacdo: avaliagdo formal pelo ROBINS-I e rebaixamento pelo GRADE. (5)
Impossibilidade de avaliar viés de publicagdo (<10 estudos) e variabilidade na
padronizacdo dos relatos apds retirada das barras e avaliagao de recorréncia. Mitigagao:

recomendagao explicita por padronizagéo futura dos desfechos e seguimento tardio.

4 CONCLUSAO

Entre pacientes submetidos a MIRPE, as técnicas cross-bar (CB) e parallel-bar
(PB) apresentam tempos operatérios, tempo de internagdo e taxas de complicagdes
comuns semelhantes, enquanto a configuragcdo CB demonstra uma melhora modesta e
consistente no indice de Haller pés-operatério. Diante das evidéncias de baixa certeza e
da variabilidade entre centros, a escolha da técnica deve ser individualizada,

considerando a morfologia da deformidade e a experiéncia da equipe local.
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1 INTRODUCTION

Pectus excavatum (PE), also known as “funnel chest,” is the most common
congenital anterior chest wall deformity, accounting for approximately 65-95% of such
anomalies'. Characterized by inward displacement of the sternum and adjacent costal
cartilages, PE results in varying degrees of anterior thoracic depression®. The condition
typically presents in childhood or adolescence and is frequently associated with
psychosocial distress, including poor body image, reduced social interaction, and
decreased overall quality of life3.

Although various surgical approaches have been developed, achieving complete
and durable correction remains a challenge—particularly in patients with complex or
asymmetric deformities. Historically, open techniques such as the Ravitch procedure
were commonly employed, but the advent of the minimally invasive Nuss procedure
significantly transformed the landscape of PE repair*. Continuous refinements to the Nuss
technique—including the use of multiple bars and cross-bar configurations—have aimed
to improve correction quality, reduce complications, and enhance long-term outcomes?®.
While the addition of multiple bars can be beneficial in cases of asymmetry, this approach
has also been associated with increased postoperative discomfort and inflammation.

Minimally invasive PE repairs can be broadly categorized into non—-double-bar
techniques, which provide isolated sternal elevation, and double-bar configurations,
which combine elevation with anterior compression to optimize chest wall remodeling.
Among these, double-bar techniques have demonstrated improved outcomes, including
shorter hospital stays and fewer complications compared with single-bar repairs®.
Notably, the configuration of these bars— whether parallel or crossed (X-bar)—may
influence both mechanical stability and clinical results. Cross-bar techniques, particularly
when combined with cryoanalgesia and stabilizing bridges, have shown comparable or
even superior outcomes without increasing morbidity’. Nevertheless, evidence remains
conflicting regarding the superiority of one configuration over another, in part due to
heterogeneity in study designs and patient populations.

To address this gap, we conducted a systematic review and meta-analysis
comparing the outcomes of parallel-bar versus cross-bar techniques in the minimally

invasive surgical repair of PE.


https://www.zotero.org/google-docs/?mGRPFQ
https://www.zotero.org/google-docs/?NabG2w
https://www.zotero.org/google-docs/?PC2CLg
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https://www.zotero.org/google-docs/?fvCpZ3
https://www.zotero.org/google-docs/?jyGpl2
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2 METHODOLOGY

2.1 Protocol and registration

This systematic review and meta-analysis was conducted in accordance with the
Cochrane Handbook and reported following PRISMA 2020 guidelines®®. The protocol
was registered in PROSPERO (CRD420251183264)°.

2.2 Eligibility criteria

Inclusion in this meta-analysis was restricted to studies that met all of the following
eligibility criteria: (1) enrollment of patients with pectus excavatum; (2) design as a
randomized trial or observational study; (3) direct comparison between the cross-bar and
standard parallel-bar techniques; and (4) reporting of at least one outcome of interest.
Studies were excluded if they (1) involved other surgical techniques or (2) lacked a
comparator group.

2.3 Search strategy and study selection

We systematically searched PubMed, Embase, and Cochrane Library databases
from inception to October 24™, 2025. The detailed search strategy for each database is
provided in Supplementary Table S1. We also searched the references of the included
studies and previous systematic reviews and meta-analyses, aiming for the inclusion of
additional studies’’. Two authors (M.S.R and E.C.B) independently conducted the
search, imported results into Rayyan, a web-based systematic review tool, and triaged
the studies. After the exclusion of duplicates and titles/abstracts unrelated to the clinical
question, the eligibility of each remaining study was assessed based on the review of the
full-text articles. Disagreements were solved by consensus.

2.4 Data extraction

Two authors (L.M.D and G.C.S.) extracted the data from the included studies into
a standardized format, including: general data (first author, year of publication, study
design, and country), number of participants, patient characteristics (age, sex, body mass
index [BMI], and Haller Index), follow-up, and outcomes reported.


https://www.zotero.org/google-docs/?NIhGBu
https://www.zotero.org/google-docs/?7NvKcn
https://www.zotero.org/google-docs/?I8pEZx
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2.5 Outcomes

The outcomes of interest were: (1) pleural effusion, (2) length of hospital stay
(LOS), (3) operative time, and (4) Haller Index post procedure. Other complications were
systematically collected and qualitatively summarized, even when quantitative pooling or
graphical representation was not feasible.

2.6 Risk of bias and certainty assessment

Two independent reviewers (L.M.D and G.C.S.) assessed the Risk of Bias In Non
Randomized Studies of Interventions (ROBINS-I VV2) tool'?. Disagreements were solved
by consensus. Publication bias could not be assessed adequately because the power of
this test is insufficient to discriminate between chance and true funnel plot asymmetry
when analyzing fewer than 10 studies'3. We evaluated the certainty of evidence using the
Grading of Recommendations, Assessment, Development, and Evaluation (GRADE)

tool, classifying it as high, moderate, low, or very low certainty'.

2.7 Statistical analysis

We used the DerSimonian—Laird random-effects model to calculate pooled odds
ratios (ORs) and mean differences (MDs) for binary and continuous outcomes,
respectively, with 95% confidence intervals (Cls)'. Significance was regarded as a P-
value <0.05. Between-study heterogeneity was assessed using the Cochran Q test and
12 statistics, and we considered a P value of <0.10 and an 1> >25% as significant for
heterogeneity. For outcomes with significant heterogeneity, we performed leave-one-out
sensitivity analysis to identify influential studies and their effect on the pooled estimates.
We conducted all the statistical analyses using R statistical software (version 4.3.3; R

Foundation for Statistical Computing, Vienna, Austria).

3 RESULTS AND DISCUSSION
3.1 Study selection

As detailed in Figure 1, the initial search identified 122 results. After removal of
duplicate records and assessment of the studies based on title and abstract, 6 full-text
studies remained for full review according to prespecified criteria. Of these, four
retrospective observational studies, spanning from 2020 to 2023, were included'¢-"°.
Two studies were excluded during the full-text screening stage: the study by DiFiore et

al. lacked a comparator group?°, and the study by Park et al. evaluated the total crane
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lift technique?".

3.2 Patient characteristics

A total of 1,021 patients were included across the four studies, with 449 (43.98%)
undergoing the CB technique and 572 (56.02%) undergoing the PB technique. 80.2%
were male, with a mean age of 20.5 years (20.8 years in the CB group and 20.3 years in
the PB group). The mean BMI was 20.3 kg/m? in both groups, and the mean preoperative
Haller Index was 4.6 in the CB group and 4.5 in the PB group. The main demographic

and clinical characteristics are summarized in Table 1.

3.3 Pooled analysis
3.3.1 Time-related outcomes

Three studies reported operative time and LOS'®'7:19. There were no statistically
significant differences between groups for operative time (MD 4.79 minutes; 95% CI -6.27
to 15.85; p=0.40; 1>=78%; Figure 2A), and for LOS (MD 0.24 days; 95% CI -0.39 to 0.88;
p=0.46; 1>=80%; Figure 2B).

3.3.2 Postoperative complications

Only pleural effusion and pneumothorax were reported by two or more studies.
There were no statistically significant differences between groups for pleural effusion (OR
3.59; 95% CI1 0.82 to 15.72; p=0.09; 1*>=58%; Figure 3A), and for pneumothorax (OR 1.08;
95% CI 0.39 to 2.97; p=0.14; 1>=0%; Figure 3B). Ersoz et al. (2023) reported one
pericardial effusion in the CB group, fewer bar shifts with CB (4 vs 2), similar rates of
persistent chest pain (7 vs 8), and markedly lower recurrence after CB repair (7 vs 1)'S.
In addition, in the study by Hyun et al., hemothorax occurred at the same rate in both
groups (1 case each), while brachial plexopathy was observed only in the CB group (2
cases) and wound infection was slightly higher with CB (6 vs 4 cases)'’. The study by
Moon et al did not report any complication'®.

3.3.3 Efficacy-related outcome

Postoperative HI was reported by two studies'”'®. CB significantly reduced HI
compared to PB (MD -0.10 points; 95% CI -0.17 to 0.03; p<0.01; 1?>=0%; Figure 4).

3.4 Sensitivity analysis

Leave one-out analysis are detailed in Figures S1-S3. For LOS, the exclusion of
the study by Sayan et al eliminated heterogeneity while shifting the results from
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nonsignificant to significant favoring PB'°. For pleural effusion, the exclusion of the same
study also eliminated heterogeneity, however did not change significance of the results.
For operative time, the exclusion of any individual study significantly reduced
heterogeneity.

3.5 Risk of bias and certainty assessment

As detailed in Figure 5, across the four included non-randomized studies
comparing cross-bar and parallel-bar techniques for MIRPE, the risk of bias ranged from
moderate to serious. Most studies presented clear intervention definitions and objective
radiologic endpoints, supporting low risk in the classification and outcome measurement
domains. However, all were retrospective and lacked randomization; confounding by
deformity severity, surgeon experience, and institutional protocol differences was the
predominant limitation. Only Moon et al. performed limited multivariable adjustment’,
whereas the remaining studies relied solely on descriptive comparisons. Missing-data
handling was generally adequate, but selective emphasis on significant results and
absence of prespecified protocols yielded moderate reporting bias. Consequently, the
overall risk of bias judgment for the observational evidence was moderate-to-serious,
indicating that residual confounding and non-standardized management could
meaningfully influence effect estimates.

The GRADE certainty of evidence was low to very low across all outcomes due to
study design limitations, imprecision, and inconsistency, as detailed in Supplementary
Table S2. All included studies were retrospective and non-randomized, with moderate to
serious confounding risk. Additional downgrading was applied for inconsistency
(substantial heterogeneity, 1> = 58-80%) and imprecision (wide confidence intervals
crossing the null, small sample sizes, and low event counts).

In this systematic review and meta-analysis of 4 studies (2020-2023; n=1,021) CB
versus PB configurations in MIRPE, we found: no difference in operative time, LOS,
comparable complications for pleural effusion and pneumothorax; and a small but
statistically significant improvement in postoperative Haller Index favoring CB. Sensitivity
analyses showed study-driven heterogeneity for LOS and operative time; removing
Sayan et al. reduced LOS heterogeneity and shifted the effect toward PB.

The lack of differences in operative time and LOS is consistent with comparative
series in which institutional pathways (analgesia, discharge criteria, bar/stabilizer
strategy, sternal elevation) likely outweigh bar geom?? 2. The shift toward PB in LOS after
excluding a single study implies that center-level practices and technical preferences may
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dominate these process measures. Practically, ERAS-style standardization, multimodal
analgesia, and unified discharge criteria probably modulate LOS more than CB versus
PB per se?*25,

Pooled pleural effusion and pneumothorax were comparable between CB and PB.
The near-significant trend toward more effusions with CB mirrors cohort signals of
increased serous effusions/readmissions in crossed constructs, possibly related to bar
trajectories, contact points, and drainage pathways?’-2°. Pneumothorax, low-frequency
and multifactorial, remained stable across techniques. Rare events (e.g., brachial
plexopathy with CB) appear operator/technique dependent (traction/positioning, bar
count) 2230-32 supporting meticulous checks as mitigation.3334

The HI advantage with CB was small in absolute terms but considered with the
biomechanical rationale that bar convergence can redistribute forces, improve sternal
rotation control, and enhance lower/lateral chest remodeling?>2%-32, Nevertheless, a
-0.10 HI difference, though statistically significant, has context-dependent clinical
relevance, varying with defect morphology (asymmetry, caudal rotation) and
aesthetic/functional goals. Broadly, current evidence supports perioperative equivalence
of CB and PB, with a modest anatomic edge for CB.

Given similar operative/LOS/complication profiles and a modest HI benefit for CB,
technique selection should be individualized. CB may be advantageous in asymmetric or
caudally rotated deformities; PB within robust ERAS frameworks may optimize LOS.
Regardless of configuration, preoperative planning (bar/stabilizer number) and
intraoperative safety checks (position, traction, axillary compression) are advisable to
minimize neurologic events and seromas®-37.

This study has limitations: (1) Observational designs across all included studies
with confounding risk (severity/asymmetry, surgeon experience, protocol drift). Mitigation:
random-effects modeling and leave-one-out analyses to probe robustness. (2) High
heterogeneity in LOS/operative time. Mitigation: sensitivity analyses confirmed study-
driven heterogeneity without overturning the overall equivalence. (3) Imprecision due to
low event rates and wide Cls for complications. Mitigation: conservative interpretation and
qualitative synthesis for sparse outcomes. (4) Limited comparability (only one
multivariable-adjusted study). Mitigation: formal ROBINS-lI appraisal and GRADE
downgrading. (5) Publication bias not assessable (<10 studies) and limited standardized
reporting after bar removal/recurrence. Mitigation: explicit recommendation for

standardized reporting and late follow-up in future cohorts.
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4 CONCLUSION

Among MIRPE patients, CB and PB demonstrate similar operative time, LOS, and
common complications, while CB achieves a modest, consistent improvement in
postoperative HI. Given low-certainty evidence and inter-center variability, technique

choice should be personalized to defect morphology and local expertise.



