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ABSTRACT  

Pectus excavatum and pectus carinatum may occur as isolated deformities or as manifestations of inherited syndromes that 

increase treatment risks. Consequently, clinical decisions require assessment of sternal anatomy, cardiovascular disease, and 

connective tissue abnormalities. This review aimed to summarize clinical genetic features of syndromic deformities and their 

implications for diagnosis and correction. Russian and international publications from 2021 to 2026 were analyzed, including 

clinical guidelines, genetic studies, surgical series, and systematic reviews. The findings indicate that Marfan and Loeys–

Dietz syndromes require attention to aortic and other vascular disease, whereas vascular Ehlers–Danlos syndrome raises 

concerns about tissue fragility and bleeding. In Noonan syndrome, cardiac abnormalities and hemostatic disorders are 

especially relevant. Together, these differences support a staged examination considering family history, systemic signs, 

functional findings, and targeted genetic testing when indicated. The choice between surgical and conservative treatment 

should reflect deformity morphology, age, symptoms, and coexisting conditions. Although genetic diagnosis may change 

operative timing and safety measures, it does not determine a preferred repair technique. Evidence for syndrome-specific 

surgical benefits remains limited by heterogeneous samples, incomplete molecular confirmation, and insufficient long-term 

follow-up. Therefore, the proposed diagnostic pathway requires further prospective validation. 
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INTRODUCTION 

Pectus excavatum and pectus carinatum are major developmental abnormalities of the anterior chest wall. However, outwardly 

similar deformities may represent isolated developmental features or manifestations of inherited syndromes that affect 

treatment strategy. 

Official statistics underscore the importance of early recognition of congenital abnormalities. According to Rosstat, 932.9 

cases of congenital anomalies, deformities, and chromosomal disorders per 100,000 children aged 0–14 years were first 

registered in Russia in 2024, compared with 917.5 in 2023. Among newborns weighing at least 1,000 g, these conditions were 

recorded in 44,500 infants in 2024 and 45,400 in 2023; the proportion increased from 3.7% to 3.8% [1]. These figures concern 

the entire diagnostic category, not chest wall deformities specifically. 

Because national reporting does not distinguish pectus excavatum from pectus carinatum, prevalence estimates must be 

supplemented by specialist reviews [2]. Nevertheless, such estimates cannot establish whether a deformity is isolated or 

syndromic. Assessment should therefore extend beyond sternal shape to systemic features that could affect prognosis and 

treatment. 

This principle underlies preoperative assessment. International recommendations address chest wall morphology, symptoms, 

functional limitations, and comorbidities, with specialist consultation when inherited disease is suspected [3]. Russian studies 

also emphasize age, progression, and cardiopulmonary status [4]. Thus, operative indications depend on overall health as well 

as sternal anatomy. 

This evaluation is particularly important when Marfan, Loeys–Dietz, Ehlers–Danlos, or Noonan syndrome is suspected, 

because chest wall changes may coexist with extra-skeletal risks [5]. Genetic evaluation should be guided by family history 

and cardiovascular, ocular, and other systemic findings [6]. Early presentation increases suspicion but does not establish a 

syndromic diagnosis [7]. Molecular testing should therefore address a specific clinical hypothesis. 

Recognition of a syndromic cause directly affects procedural safety. In hereditary aortopathies, the aorta and cardiac valves 

require priority assessment; with tissue fragility, hemostasis, fixation, and healing must be considered. Identified risks may 

alter operative timing or extent, or necessitate treatment of associated conditions first. Selection of minimally invasive, open, 

or conservative management should integrate anatomy, symptoms, and genetically determined constraints. 
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The aim of this review was therefore to synthesize current evidence on genetic syndromes associated with pectus excavatum 

and pectus carinatum and to establish their implications for diagnosis, preoperative evaluation, and surgical decision-making. 

 

MATERIALS AND METHODS 

An analytical review was conducted of publications on hereditary and genomic causes of pectus excavatum and pectus 

carinatum. Sources included PubMed, GeneReviews, international consensus statements, and Russian and international 

medical journals. The principal search period was 2021–2026; earlier diagnostic frameworks were included only when they 

remained relevant to contemporary criteria for inherited disorders. 

Systematic and narrative reviews, clinical guidelines, cohort studies, genetic case series, surgical studies, and research on 

conservative treatment were included. Comparisons covered deformity type, age at presentation, family history, syndromic 

signs, molecular diagnosis, cardiovascular complications, operative techniques, and duration of follow-up. Established causal 

genetic associations were distinguished from associations reported in small samples. 

Evidence was organized into clinical-genetic categories and synthesized qualitatively. Frequencies were compared only with 

regard to the relevant denominators and patient-selection criteria. No original clinical cases or quantitative meta-analysis were 

presented because studies differed in diagnostic definitions, age, deformity severity, surgical methods, and outcome measures. 

 

RESULTS AND DISCUSSION 

Genetic mechanisms and limits of the evidence 

Pectus excavatum and pectus carinatum arise when the coordinated growth of costal cartilage, bone, and connective-tissue 

matrix is disturbed. Similar sternal shapes, however, do not establish a common inherited cause. In a review of nine studies, 

Ranjan and colleagues identified diverse familial and genetic associations but noted the absence of large genome-wide studies 

of isolated pectus excavatum [8]. Familial clustering merits attention but does not itself establish a monogenic syndrome. 

Possible roles for COL5A1, COL5A2, ACAN, and SMAD4 have mainly been discussed in limited case series; the clinical 

relevance of a detected variant depends on its pathogenicity and phenotypic concordance [8]. Strokova and colleagues 

identified heterogeneous cellular phenotypes in costal cartilage, suggesting altered tissue remodeling [9]. Genetic hypotheses 

and cellular findings thus address different aspects of pathogenesis, but neither currently predicts thoracoplasty outcomes. 

Familial aggregation is particularly important when chest wall deformity coexists with aortic disease. In isolated deformity, a 

genetic finding without an established causal link may instead lead to unnecessary testing. Clinical utility depends on whether 

a result changes surveillance or management. 

Accordingly, established extra-skeletal risks should be assessed in confirmed syndromes, targeted investigations pursued 

when combinations of signs are suspicious, and broad sequencing avoided as an automatic response to isolated deformity 

[8,9]. This approach reduces both missed hereditary aortopathy and overdiagnosis of connective-tissue disease. 

Marfan syndrome: from chest wall assessment to aortic evaluation 

Marfan syndrome, caused by pathogenic FBN1 variants, combines skeletal manifestations with a risk of progressive 

aortopathy. In a Russian cohort of 66 children, Gritsevskaya and colleagues associated selected manifestations with variant 

characteristics; another study described variability in neonatal presentations [10,11]. A shared molecular diagnosis therefore 

does not imply identical cardiovascular risk. Even marked sternal deformity cannot by itself determine the timing of surgery. 

External features raise suspicion but do not independently establish the diagnosis. Dietz considers chest wall deformity 

alongside body proportions, spine, feet, eyes, and cardiovascular findings [12]. Chakova and colleagues likewise emphasize 

correct classification of FBN1 variants [13]. Variants of uncertain significance require interpretation in light of clinical and 

family findings; genetic results cannot replace preoperative evaluation. 

Aortic-root dilatation, valve abnormalities, and possible dissection are the principal surgical concerns. International guidance 

recommends echocardiography, longitudinal monitoring, and additional imaging when indicated [14]. Active aortopathy may 

require treatment before chest wall surgery; in stable patients, thoracoplasty should be discussed with cardiology and genetics 

specialists [12,14]. Altered connective tissue calls for careful fixation and follow-up but does not automatically prohibit repair. 

The potential need for future cardiac or aortic procedures should also influence planning of retrosternal support, its removal, 

and possible revision, because these decisions may affect subsequent thoracic access. 

Loeys–Dietz syndrome and vascular risk 

In Loeys–Dietz syndrome, sternal deformities coexist with inherited abnormalities of TGF-β signaling. Loeys and Dietz 

identify arterial tortuosity, aneurysms, and cutaneous and craniofacial findings as reasons for expanded evaluation [15]. 

Unlike a typical FBN1-associated aortopathy, vascular involvement may extend beyond the aortic root. Chest wall 

morphology alone therefore cannot capture the full preoperative vascular risk. 

Aortic disease guidelines and syndrome-specific guidance both emphasize vascular phenotype rather than echocardiography 

alone when broader assessment is indicated [14,15]. Magnetic resonance or computed tomographic angiography should be 

individualized according to age and initial findings. Possible cervical instability also affects intubation and positioning. 

Thoracoplasty should therefore be planned with cardiology and anesthesia teams before placement of supporting hardware. 

Where vascular disease requires active treatment, operative sequencing should be determined in an expert center. Future 

vascular access deserves early discussion when retrosternal metal bars are planned; no universal combined-treatment strategy 

exists. 
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Hypermobility or sternal asymmetry alone does not establish Loeys–Dietz syndrome without additional signs and family 

evidence. Appropriate care combines recognition of serious vascular lesions with avoidance of unnecessary investigations 

[14,15]. Successful cosmetic correction does not remove the need for hereditary aortopathy surveillance. 

Ehlers–Danlos syndromes: differences in operative risk 

Ehlers–Danlos syndrome subtypes have different surgical implications. Malfait, Symoens, and Syx describe skin 

hyperextensibility, characteristic scarring, and joint hypermobility in the classical type, most often associated with COL5A1 

and COL5A2 [16]. Chest wall surgery must therefore account for skin quality, bruising, and the reliability of tissue closure. 

Sternal deformity itself is nonspecific and cannot determine the subtype. 

The vascular subtype associated with COL3A1 presents a different level of risk. Byers highlights arterial and hollow-organ 

rupture and the importance of avoiding unnecessary invasive procedures [17]. These precautions should not be applied 

indiscriminately to all hypermobility; subtype assignment requires clinical and molecular evidence [16,17]. Elective 

thoracoplasty in vascular Ehlers–Danlos syndrome demands especially stringent assessment, and any necessary procedure 

requires tissue-sparing technique and advance hemostatic planning. 

Supporting-tissue quality and scarring may influence reconstruction stability, but comparative studies of Nuss versus Ravitch 

repair in molecularly confirmed Ehlers–Danlos subtypes are insufficient. Tissue fragility is an established clinical concern, 

not a proven quantitative predictor of recurrence. 

Noonan syndrome and other RASopathies 

Noonan syndrome and related RASopathies involve altered RAS/MAPK signaling; the chest wall often combines upper 

protrusion with lower depression. Roberts reports congenital cardiac defects in 50–80% of affected individuals and 

hypertrophic cardiomyopathy in 20–30% [18]. Before correction, valve and myocardial status and exercise tolerance require 

assessment alongside sternal geometry. Genotype informs the clinical context but does not dictate an operative technique. 

Cardiac risk may be independent of mechanical compression. Roberts’ synthesis and a Russian report of severe syndromic 

cardiomyopathy support individualized echocardiographic and anesthetic evaluation [18,19]. Hemostatic abnormalities also 

matter: bleeding history should be obtained even without obvious hemorrhage, and hematology consultation sought when 

indicated [18]. Thoracoplasty cannot correct these underlying risks, and a satisfactory chest contour does not demonstrate 

resolution of cardiomyopathy. Cardiac follow-up is necessary whether management is operative or conservative. 

Only after cardiac and hemostatic evaluation should correction of a mixed deformity be selected. Observation and 

conservative measures may suit a flexible chest wall, whereas fixed deformities may require reconstruction. Decisions depend 

on morphology, symptoms, and extra-skeletal disease, rather than syndrome name alone [18,19]. 

Chest wall deformities also occur in chromosomal disorders. Pollak and colleagues reported pectus excavatum in 22.81% and 

pectus carinatum in 5.26% of 57 individuals with 3q29 deletion; these proportions do not indicate the prevalence of the 

deletion among patients with chest wall deformities [20]. Vorobyeva and colleagues examined the association of pectus 

carinatum with Scheuermann disease, while Timofeev distinguished dysplastic features from proven inherited syndromes 

[21,22]. Chudaeva and Delyagin and colleagues added evidence on extra-skeletal manifestations of Marfan syndrome [23,24]. 

Thus, combinations of signs, rather than isolated sternal shape, warrant expanded evaluation (Table 1). 

 

Table 1. Clinical significance of genetic syndromes in chest wall deformity 

 

Syndrome Typical additional signs Main operative risk Preoperative decision 

Marfan (FBN1) Tall stature, 

arachnodactyly, ocular and 

spinal abnormalities 

Aortic-root dilatation, 

valvular disease 

Echocardiography; 

cardiology assessment of 

aorta and sequencing 

Loeys–Dietz (TGFBR1/2 

and others) 

Hypertelorism; palate, skin, 

and cervical abnormalities 

Aneurysms in multiple 

vascular beds; cervical 

instability 

Multidisciplinary review; 

vascular imaging and 

cervical assessment when 

indicated 

Classical Ehlers–Danlos Stretchable skin, abnormal 

scars, hypermobility 

Skin fragility and healing 

problems 

Plan incision, hemostasis, 

and layered closure 

Vascular Ehlers–Danlos Thin skin, bruising, family 

vascular events 

Spontaneous vessel and 

tissue rupture 

Assess acceptability of 

elective surgery in expert 

center 

Noonan / RASopathies Short stature, characteristic 

face, mixed pectus 

deformity 

Cardiomyopathy, cardiac 

defects, coagulopathy 

Echocardiography, 

anesthesia review, 

hemostatic evaluation if 

indicated 

Microdeletions and 

duplications 

Neurodevelopmental 

abnormalities, multiple 

congenital anomalies 

Variant-specific 

comorbidities 

Genetics consultation; 

chromosomal testing when 

clinically justified 

Note. This table identifies diagnostic priorities and does not establish absolute contraindications to thoracoplasty. Based on 

references [12,14–20]. 
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Table 1 shows that similar chest wall morphology can be associated with different systemic risks. Vascular assessment takes 

priority in hereditary aortopathies, tissue fragility in vascular Ehlers–Danlos syndrome, and cardiac and hemostatic evaluation 

in Noonan syndrome. Syndromic signs do not automatically preclude correction, but they change preoperative investigations 

and safety measures. These differences support a stepwise diagnostic pathway. 

Preoperative diagnosis: sequence of decisions 

Preoperative assessment begins with deformity morphology, age at onset, and family history. Billar and colleagues identify 

associated congenital signs and early onset as reasons to consider genetic evaluation [6,7]. Examination of the spine, joints, 

skin, and eyes, together with family history of aneurysm, is more informative than sternal shape alone. 

Next, the functional effects of the deformity must be distinguished from independent cardiovascular disease. International 

recommendations support symptom-based evaluation, and aortic disease guidance recommends echocardiography when 

hereditary aortopathy is suspected [3,14]. Electrocardiography, tomography, and functional testing should be ordered as 

indicated to avoid confusing deformity-related symptoms with primary cardiac disease. 

Molecular investigations should follow a clinical hypothesis: FBN1 variants require pathogenicity assessment; RASopathy 

results must be matched to phenotype; and multiple congenital anomalies may warrant testing for chromosomal abnormalities 

[13,18,20]. Genetic risks can then be weighed against the expected benefits of repair. The proposed pathway is an analytical 

synthesis, not a validated risk score (Table 2) [3,14–18]. 

 

Table 2. Diagnostic pathway before correction of chest wall deformity 

 

Stage Features assessed Method Implications 

1. Initial examination Deformity type, onset, 

progression, family history 

History; examination of 

skeleton, skin, and face 

Determine need for genetic 

consultation 

2. Heart Murmurs, arrhythmia, 

failure, suspected 

aortopathy 

ECG, echocardiography; 

other tests as indicated 

Identify conditions 

requiring priority treatment 

3. Genetics Combined external, 

familial, vascular, and other 

signs 

Genetics consultation; 

targeted test/panel/copy-

number analysis 

Clarify inherited disorder 

4. Anatomy Asymmetry, rigidity, 

compression, rotation 

Clinical assessment and 

justified imaging 

Select repair technique and 

support requirements 

5. Risks Tissue fragility, 

hemostasis, respiration, 

neck 

Anesthesiology and 

specialists; indicated 

laboratory tests 

Adjust eligibility, timing, 

and safety measures 

6. Multidisciplinary 

decision 

Overall benefit, functional 

and psychological goals 

Shared decision with 

patient and family 

Agree on observation, 

bracing, or surgery 

Note. The pathway is an author-derived analytical synthesis of references [3,6,14–18], not a clinically validated scale. 

 

As summarized in Table 2, evaluation proceeds from clinical and familial features to functional and systemic risks. Genetic 

tests should be ordered when clinically justified and interpreted alongside cardiac and anatomical findings. Final decisions 

must balance the anticipated benefit of correction with procedural safety; the proposed sequence is not a validated risk scale. 

It provides a framework for choosing conservative or operative management. 

Changes in surgical strategy according to genetic diagnosis 

Choice of correction depends on chest wall rigidity, asymmetry, age, and previous procedures as well as the depth of 

depression. The Nuss procedure elevates the sternum with a retrosternal support bar; the Ravitch technique reconstructs 

abnormal cartilage and, when necessary, the sternum [25]. Both are used in selected patients. In inherited syndromes, aortic, 

cardiac, and tissue status require additional consideration. No repair technique should be preferred solely on the basis of the 

syndrome label. 

Huerta and colleagues analyzed 10,053 procedures in patients aged 12–21 years: 8,673 (86%) were Nuss repairs and 1,380 

(14%) were Ravitch repairs [26]. These figures describe clinical practice rather than genotype-specific superiority. In a meta-

analysis of 21 studies involving 1,087 patients, Belgacem and colleagues found improvement in certain cardiac measures but 

no convincing improvement in the respiratory measures studied [27]. Another meta-analysis did not establish a consistent 

gain in maximal oxygen uptake [28]. Anatomical and functional success must therefore be distinguished. 

Different syndromes call for different safety precautions. Loeys and Dietz emphasize widespread vascular lesions; Byers 

describes tissue fragility in vascular Ehlers–Danlos syndrome; and Roberts highlights cardiac disease and hemostatic 

abnormalities in Noonan syndrome [15,17,18]. These concerns cannot be collapsed into a universal risk score. They affect 

different stages of preparation and may even change whether surgery is acceptable. In aortopathy, the timing of possible 

vascular and thoracic procedures must also be coordinated [3,14]. 

The Haller index describes anatomy but neither establishes an inherited diagnosis nor explains dyspnea by itself. Guidelines 

recommend interpreting it alongside symptoms and functional findings [3]. Surgical planning should aim for meaningful 
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individual benefit at acceptable systemic risk, rather than a particular tomographic value. Direct compression of cardiac 

chambers must be distinguished from underlying valvular or myocardial disease, which may produce similar symptoms but 

require different treatment. 

Conservative treatment and timing 

Conservative correction depends primarily on chest wall flexibility. Compression bracing is used for flexible pectus 

carinatum; AlGhamdi emphasizes proper fitting, adherence, and early response to pressure [29]. In inherited conditions with 

fragile skin, brace tolerance requires separate assessment. Outcomes depend on anatomy, tissue condition, and treatment 

adherence. 

A vacuum bell may be used for selected children with pectus excavatum. Shominova, Mitupov, and Razumovsky reported 

early Russian experience [30]. Unlike bracing for carinatum, the device gradually elevates the sternum, but an early contour 

change does not establish a durable result. Conservative treatment is not a universal substitute for surgery in severe fixed 

deformity or substantial functional impairment. 

Treatment timing should reflect growth, symptoms, tissue flexibility, and patient preferences [3,29]. In mixed deformities, 

including those seen in Noonan syndrome, compression of one region alone may be inadequate [18]. Follow-up for inherited 

disease and its cardiovascular manifestations must continue regardless of the corrective approach. 

Postoperative outcomes and long-term follow-up 

Thoracoplasty success should be assessed by pain, exercise tolerance, activity, and patient satisfaction, not merely sternal 

position. Khakimov and Khodzhanov describe different anatomical causes of postoperative syndromes in children requiring 

different revision approaches [31]. Other Russian clinical data likewise show heterogeneous late contour changes [32]. 

Residual asymmetry, recurrence, and sternal displacement should not be grouped as one complication. Long-term reports 

should specify the date and method of bar removal, baseline asymmetry, and previous procedures; without these details, 

growth-related changes cannot be distinguished from fixation problems or separate disease processes. 

Cruz-Centeno and colleagues evaluated long-term recurrence and patient satisfaction, extending assessment beyond 

radiographic measures [33]. However, most surgical series do not stratify patients by molecularly confirmed syndromes. The 

proposed association between connective-tissue quality and late deformity therefore remains a hypothesis rather than an 

established genotype-specific recurrence rate. 

Syndrome-specific surveillance remains necessary after repair: aortic monitoring in Marfan and Loeys–Dietz syndromes, 

follow-up of cardiac disease in Noonan syndrome, and vascular precautions in vascular Ehlers–Danlos syndrome 

[12,15,17,18]. Normalizing sternal contour does not eliminate the underlying genetic disorder. 

 

LIMITATIONS OF THE REVIEW 

The evidence is limited by heterogeneous cohorts, genetic diagnostic criteria, and outcome measures. Early-onset studies 

often recruit patients with additional syndromic signs, so molecular diagnostic yield cannot be generalized to all children with 

chest wall deformity [7]. Anatomical improvement is not equivalent to functional improvement; postural-stability research 

and pediatric surgical reviews highlight the need for comparable long-term follow-up [34,35]. Future studies should record 

molecularly confirmed diagnoses, deformity morphology, cardiopulmonary function, operative technique, and outcomes after 

hardware removal. 

Most surgical series also lack molecular stratification. Barman and colleagues discuss putative genetic associations, while 

Ranjan and colleagues emphasize the limitations of candidate-gene studies: an identified variant does not necessarily change 

prognosis or surgical selection [8,36]. Accordingly, the proposed diagnostic pathway is an analytical synthesis rather than a 

validated score, and genotype-specific preferences for repair technique require prospective study. Established vascular, 

cardiac, and tissue risks should remain the priority in treatment decisions. 

 

CONCLUSION 

Pectus excavatum and pectus carinatum may be isolated disorders or components of inherited syndromes. The clinical value 

of genetic testing lies not simply in detecting a variant but in identifying aortopathy, cardiomyopathy, hemostatic disorders, 

or increased tissue fragility. Aortic and vascular assessment is a priority in suspected Marfan or Loeys–Dietz syndrome; 

cardiac and hemostatic assessment in Noonan syndrome; and careful evaluation of the acceptability of elective surgery in 

vascular Ehlers–Danlos syndrome. Repair should be selected according to morphology, age, symptoms, comorbidities, and 

multidisciplinary expertise. Genetic diagnosis should guide adaptation of care rather than automatically exclude surgery. 

Prospective studies are needed to relate molecularly confirmed syndromes to functional and long-term surgical outcomes. 
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