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Background: Pectus excavatum (PE) could be part of a genetic disorder, which then has implications 

regarding comorbidity, the surgical correction of PE, and reproductive choices. However, referral of a pa- 

tient presenting with PE for genetic analysis is often delayed because additional crucial clinical signs may 

be subtle or even missed in syndromic patients. We reviewed the literature to inventory known genetic 

disorders associated with PE and create a standardized protocol for clinical evaluation. 

Methods: A systematic literature search was performed in electronic databases. Genetic disorders were 

considered associated with PE if studies reported at least five cases with PE. Characteristics of each ge- 

netic disorder were extracted from the literature and the OMIM database in order to create a practical 

guide for the clinician. 

Results: After removal of duplicates from the initial search, 1632 citations remained. Eventually, we in- 

cluded 119 full text articles, representing 20 different genetic disorders. Relevant characteristics and im- 

portant clinical signs of each genetic disorder were summarized providing a standardized protocol in 

the form of a scoring list. The most important clinical sign was a positive family history for PE and/or 

congenital heart defect. 

Conclusions: Twenty unique genetic disorders have been found associated with PE. We have created a 

scoring list for the clinician that systematically evaluates crucial clinical signs, thereby facilitating decision 

making for referral to a clinical geneticist. 

© 2021 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1. Introduction 

Pectus excavatum (PE) is the most common congenital chest

wall deformity with an estimated prevalence of 1 in 30 0–10 0 0

live births [ 1 , 2 ]. It is characterized by anomalous growth of several

ribs and the sternum, which gives the chest a sunken appearance

[ 1 , 2 ]. The etiology of PE is not fully understood and a direct genetic

link has yet to be found [ 3 , 4 ]. Current leading hypotheses are fo-

cused on a defective collagen metabolism, resulting in biomechan-

ical weakness and an overgrowth of the sternocostal cartilage [5] .

Associations of PE with several genetic disorders have been sug-

gested [ 3 , 6 , 7 ]. The fact that PE could be part of a genetic disorder

is of clinical importance and bears significance in regard to comor-

bidity (such as vascular fragility in Loeys-Dietz syndrome and or
∗
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increased cancer risk in Noonan syndrome or Gorlin syndrome),

the recurrence risk, the timing of the correction, type of surgical

technique, stabilization of the sternum, long-term outcomes, and

reproductive choices related to the genetic disorder [ 8 , 9 ]. 

Even with experienced pediatricians-pediatric surgeons primary

recognition of an underlying genetic disorder in patients with PE is

often difficult, because additional crucial representative signs may

be subtle or even missed [10] . Referral for clinical genetic evalua-

tion and genetic analysis could therefore be delayed or not occur at

all, resulting in delayed or missed diagnoses of an underlying ge-

netic disorder [10] . A standardized clinical evaluation could assist

clinicians treating PE patients in their decision-making for referral.

We performed a systematic review in order to obtain an

overview of associated congenital genetic disorders with PE. Based

on the findings, we then created a practical clinical guide contain-

ing a scoring list that could help the treating clinician to decide

whether a patient with PE should be referred for clinical genetic
evaluation. 
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Abbreviations 

Abbreviation Definition 

aCGH Array comparative genomic hybridization 

BAC Bacterial artificial chromosome 

CAP The College of American Pathologists 

CHG Comparative genomic hybridization 

CLIA Clinical laboratory improvements amendments 

DHPLC Denaturing high performance liquid chro- 

matography 

FISH Fluorescence in situ hybridization 

GTG G-bands after trypsin and giemsa staining 

MLPA Multiplex ligation-dependent probe amplifica- 

tion 

NA Not applicable 

NR Not reported 

PCR Polymerase chain reaction 

PE Pectus excavatum 

QFQ Q-bands fluorescence using quinacrine 

RT-PCR Reverse transcription polymerase chain reac- 

tion 

RAS/MAPK Ras mitogen activated protein kinase 

TGF-beta Transforming growth factor beta 

U Unknown 

2. Methods 

2.1. Study design and search strategy 

We performed a systematic review of the literature and re-

ported our strategy according to the PRISMA statement for trans-

parent reporting of systematic reviews [11] . A systematic litera-

ture search was performed with assistance of a biomedical special-

ist (December 27th, 2019). The EMBASE, Medline (ovidSP), Web-

Of-Science, Cochrane CENTRAL and Google scholar databases were

searched for publications reporting PE in humans with genetic dis-

orders (Appendix A in the supplement and Fig. 1 ). Keywords used

in the literature search were “pectus excavatum”, “gene”, “muta-

tion” and “syndrome”. 

2.2. Participants, interventions, comparators 

Two reviewers (RB and WM) independently screened for rele-

vance the titles and abstracts of all citations identified from the

initial search, and subsequently evaluated the full texts of relevant

citations on eligibility for inclusion in this review. 

Studies meeting the following criteria were considered for in-

clusion: 1) available full-text article; 2) performed in humans; 3)

investigating and reporting associations between PE and congen-

ital genetic disorders; 4) written in English; and 5) cohort study,

case series, and case reports. Phenotypes of rare diseases are hard

to capture as publications of large case series are scarce [ 12 , 13 ]. For

the purpose of this review congenital genetic disorders, including

subtypes, were considered associated with PE when a minimum of

5 cases with PE were reported. Subtypes within a genetic disor-

der were considered similar if the clinical presentation was alike,

and if affected genes causing that certain subtype within a genetic

disorder, shared the same signaling pathway. The following exclu-

sion criteria applied: 1) genetic disorders with severe comorbidity

and without a spectrum 2) acquired or undefined genetic disor-

ders; 3) cases with multiple genetic disorders; 4) duplicate cases;

5) number of cases with PE not reported. If study populations over-

lapped between studies, only the most extensively described study
was included. Reference lists from relevant reviews were scanned 
for additional publications that met our inclusion criteria. All dis-

agreements between reviewers were resolved by discussion. 

2.3. Data extraction, data analysis & construction of a practical guide

All extracted data were summarized in an Excel spreadsheet

(Microsoft Office, 2019). The following study characteristics were

collected by two persons (RB and WM) separately: name of the

congenital genetic disorder, authors, year of publication, type of

study, number of cases with PE, family history, results of genetic

analysis (affected gene, mutation, locus), and technique of genetic

analysis. 

Characteristics and clinical signs of each heritable disorder were

extracted according to the Human Phenotype Ontology ( https:

//hpo.jax.org ) from all studies and the OMIM database ( https://

www.omim.org/ ), an online catalog of human genes and genetic

disorders. Identified congenital genetic disorders were categorized

based on etiology and pathophysiology in order to facilitate in-

terpretation of similarities and differences between genetic disor-

ders. Subsequently all relevant characteristics and important clin-

ical signs of each genetic disorder were summarized and divided

into the following organ systems: craniofacial features, muscu-

loskeletal system, cardiovascular and pulmonary system, neuro-

logic and cognitive system, and other systems. Additionally, the

prevalence rates of all relevant clinical signs of each genetic disor-

der were extracted from the literature. After comparison of clinical

signs between genetic disorders, all overlapping clinical signs be-

tween genetic disorders as well as the most relevant and pathog-

nomonic clinical signs for each genetic disorder were extracted.

Aiming to develop a structural and practical guide for the clinician

in the form of a scoring list, we categorized clinical signs into areas

within the corresponding organ system. Clinical signs that were

more consistently associated with multiple genetic disorders and

clinical signs suggestive for the most common genetic diagnosis

associated with PE (RASopathy, Turner syndrome and Marfan syn-

drome [ 7 , 14 ]) were selected and defined as major criteria. Clinical

signs suggestive for other/less common genetic diagnosis associ-

ated with PE were selected and defined as minor criteria. Not eas-

ily recognizable clinical features in a surgical consultation setting

were not included in the scoring list. Dysmorphic facial features

were standardized following the elements of morphology [15] . 

2.4. Study quality assessment 

Using the tool for evaluating the methodological quality of case

reports, case series and uncontrolled cohort studies proposed by

Murad et al., (RB and WM) independently evaluated selected arti-

cles on study quality until consensus was reached. [16] . Study qual-

ity is scored on four domains – selection, ascertainment (exposure

and outcome), causality, and reporting – which assess multiple

items. With regard to our research question, the “exposure” item

was scored based on whether the genetic disorder was properly re-

ported and how the genetic diagnosis was assessed. The “outcome”

item was scored as the presence of PE. The causality domain was

only assessed on the “follow-up” item, as all other items are rele-

vant mainly in studies investigating adverse drug events [16] . 

3. Results 

The initial search yielded 2563 articles. After removal of dupli-

cates, titles and abstracts of 1632 articles were screened on rele-

vance and 553 articles were assessed full text. Following eligibility

assessment, 119 full text articles were included in the systematic

review ( Fig. 1 ). 

https://hpo.jax.org
https://www.omim.org/
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Fig. 1. Flowchart of search strategy describing the number of articles identified, screened, eligible, and included in this review. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1. Study characteristics 

Study characteristics are presented in Table 1 [17–137] and

more detailed study chracteristics are presented in Appendix C.

Sixteen uncontrolled cohort studies, 46 case series and 57 case re-

ports have been included, representing 20 different congenital ge-

netic disorders and 487 patients with PE and an underlying genetic

disorder. Genetic disorders have been diagnosed through either ge-

netic molecular analysis ( n = 51 studies) or clinical features and

family history ( n = 23 studies). Forty-five studies mentioned nei-

ther genetic molecular analysis nor clinical evaluation and thus ad-

ditional clinical signs. These 45 studies represent 250 patients and

11 congenital genetic disorders. 

3.2. Methodological quality 

All studies had moderate methodological quality as assessed

with the proposed tool for evaluating the methodological quality

of case reports and case series by Murad et al. (see Appendix B)

[16] . More than half of the studies described the genetic disorder

including the subtype, and as well described the diagnostic proce-

dure. In more than half of the studies, cases were described with

sufficient details to allow others to replicate their research or to al-

low practitioners to make inferences related to their own practice. 
3.3. Findings 

Twenty congenital genetic disorders could be divided into five

categories: chromosomal disorders ( n = 3), connective tissue dis-

eases ( n = 5), neurological disorders ( n = 3), syndromic disorders

( n = 8), and other disorders ( n = 1). These genetic disorders and

their most relevant clinical signs are presented in Table 2 , ranked

from highest prevalence of PE to lowest as reported by the litera-

ture [ 17 , 26 , 79 , 133–178 ]. A more detailed summary is presented in

Appendix D. 

The most frequent overlapping clinical signs between genetic

disorders within the craniofacial, musculoskeletal, cardiovascular

and pulmonary, neurocognitive and other systems are presented in

Table 3 . 

These clinical signs were summarized, divided by organ system

and the corresponding area, in a scoring list ( Fig. 2 ). 

4. Discussion 

In daily practice clinicians treating patients with PE are mostly

only aware of a potential underlying connective tissue disease [6] .

Genetic analysis is therefore typically performed on genes associ-

ated with connective tissue diseases, such as Marfan syndrome [6] .

From our systematic review we may conclude that PE can be as-

sociated not only with connective tissue disorders, but also with
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Table 1 

Syndromic and study characteristics in alphabetical order. 

Included genetic disorders 

Reported subtypes 

of genetic disorders Author 

Type of 

study 

Total N cases 

with PE in 

study Inheritance Gene(s) 

9q22 deletion Siggberg et al. (2011) Case series 6 AD PTCH1 and / or ROR2 

18p deletion Syndrome Horsley et al. (1998) Case report 1 AD NR 

Pachajoa et al. (2010) Case series 1 AD NR 

Tekeli et al. (2015) Case report 1 AD NR 

Schinzel et al. (1974) Case series 2 AD NR 

Aarskog-Scott Syndrome Bawle et al. (1984) Case report 1 X-linked NR 

Bottani et al. (2007) Case report 1 X-linked FGD1 

Al-Semari et al. (2013) Case series 2 X-linked FGD1 

Berman et al. (1975) Case series 7 X-linked NR 

ABCA3 mutations Doan et al. (2008) Case series 6 AR ABCA3 genes 

Allan-Herndon-Dudley 

syndrome 

Bialer et al. (1992) Case series 6 X-linked NR 

Remerand et al. (2019) Case series 3 X-linked MCT8/ SLC16A2 

Autism spectrum 

disorder 

Alkhunaizi et al. (2018) Case report 1 NR ADNP 

Van Dijck et al. (2019) Cohort 8 NR ADNP 

Cutis Laxa Duz et al. (2017) Case report 1 AD ELN 

Hucthagowder et al. (2006) Case report 1 AR FBLN4 

ARCL2 Morava et al. (2008) Case series 1 AR ATP6V0A2 

Sawyer et al. (2013) Case series 1 AR FBLN4 

ARCL2 Tuysuz et al. (2003) Case report 1 AR NR 

De Barsy 

Syndrome 

Kivuva et al. (2008) Case series 8 AR NR 

Ehlers-Danlos Syndrome 

type VIA 

Brady et al. (2017) Case series 12 AR PLOD1 or LH1 

Holt-Oram Syndrome Atik et al. (2014) Case series 1 AD TBX5 

Chryssostomidis et al. (2014) Case series 1 AD NR 

Antia et al. (1970) Case series 3 AD NR 

Gorlin Syndrome Pirschner et al. (2012) Case report 1 AD NR 

Midro et al. (2004) Case report 1 AD PTCH 

Snoeckx et al. (2008) Case report 1 AD PTCH1 

Musani et al. (2018) Case report 1 AD NR 

Hsu et al. (2018) Case series 2 AD PTCH1 

Loeys-Dietz Syndrome Byard et al. (2017) Case report 1 AD SMAD3 

Type 4 Fontana et al. (2014) Case report 1 AD SMYD2, PTPN14, CENPF, 

KCNK2,KCTD3, USH2A, 

ESRRG, SPATA17, RRP15, 

TGFB2 (1q41); CHRM3 

(1q43); KANK1 (9p24.3); 

RCAN1, CLIC6, RUNX1 

(21q22.12). 

Type 4 Ma et al. (2012) Case report 1 AD TGFBR2 

Type 2 Rahme et al. (2011) Case report 1 AD TGFBR2 

Suarez et al. (2011) Case report 1 AD TGFBR2 

Tug et al. (2010) Case report 1 AD TGFBR2 

Type 1 Vida et al. (2011) Case report 1 AD TGFBR2 

Yakoviev et al. (2011) Case report 1 AD NR 

Zimmermann et al. (2017) Case report 1 AD TGFBR2 

Type 4 Ritelli et al. (2014) Case series 1 AD TGFBR2 

Erkuta et al. (2010) Cohort 35 AD TGFBR1 or TFGBR2 

Ajmi et al. (2019) Case report 1 AD NR 

Hara et al. (2019) Case report 1 AD TGBR1 

Malan (Sotos-like) 

Syndrome 

Oshima et al. (2017) Case report 1 AD NFIX 

Klaassens et al. (2015) Case series 4 AD NFIX and / or CACNA1A 

Marfan Syndrome Abanador-Kamper et al. (2014) Case report 1 AD FBN1 

Acherjya et al. (2018) Case report 1 AD NR 

Bakalli et al. (2009) Case report 1 AD NR 

Barkhudaryan et al. (2015) Case report 1 AD NR 

Datta et al. (2009) Case report 1 AD NR 

Ellasher et al. (1998) Case report 1 AD NR 

Ferrante et al. (2003) Case report 1 AD NR 

High et al. (2005) Case report 1 AD NR 

Ozyurt et al. (2015) Case series 1 AD NR 

Peng et al. (2016) Case report 1 AD FBN1 

Wang et al. (2016) Case report 1 AD FBN1 

Zencirci et al. (2010) Case report 1 AD FBN1 

Aalberts et al. (2010) Case series 5 AD FBN1 

Ghandi et al. (2013) Case series 2 AD NR 

Herzka et al. (2000) Case series 2 AD NR 

Reyes-Hernandez et al. (2016) Case series 2 AD FBN1 

( continued on next page ) 
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Table 1 ( continued ) 

Included genetic disorders Reported subtypes 

of genetic disorders 

Author Type of 

study 

Total N cases 

with PE in 

study 

Inheritance Gene(s) 

Sureka et al. (2014) Case series 2 AD FBN1 

Baran et al. (2007) Cohort 13 AD NR 

De Maio et al. (2016) Cohort 49 AD FBN1 

Furtado et al. (2011) Cohort 4 AD FBN1 

Goliaday et al. (1985) Cohort 7 AD NR 

Hawks Arn et al. (1989) Cohort 28 AD NR 

Hilhorst-Hofstee et al. (2011) Cohort 3 AD FBN1 

Roman et al. (1989) Cohort 29 AD NR 

Sponseller et al. (2010) Cohort 75 AD NR 

Streeten et al. (1987) Cohort 15 AD NR 

Aggarwal et al. (2018) Case report 1 AD NR 

Löhnhardt et al. (2019) Case report 1 AD NR 

Rizvi et al. (2018) Case series 1 AD NR 

Wang et al. (2018) Case series 1 AD NR 

Zeng et al. (2018) Case report 1 AD FBN1 

Zakkar et al. (2019) Case series 2 AD NR 

Zhang et al. (2015) Cohort 2 AD NR 

Neurofibromatosis Type 1 Croonen et al. (2012) Case report 1 AD NF1 

Type 1 Raja et al. (2012) Case report 1 AD NR 

Segmental 

neurofibromatosis 

Sezer et al. (2006) Case series 1 AD NR 

Type 1 Rieley et al. (2011) Case series 1 AD NR 

Type 1 Koczkowska et al. (2018) Cohort 4 AD NR 

Noonan Syndrome Bufalino et al. (2010) Case report 1 AD PTPN11 

Chevallier et al. (2011) Case report 1 AD NR 

Cohen et al. (1991) Case series 6 AD NR 

Hanna et al. (2009) Case series 1 AD SOS1 

Karbach et al. (2012) Case series 1 AD PTPN11 

Menon et al. (2008) Case report 1 AD NR 

Pearl et al. (1977) Case series 2 AD NR 

Schon et al. (1992) Case report 1 AD NR 

Ucar et al. (1998) Case report 1 AD NR 

Sanchez Cascos et al. (1983) Case series 9 AD NR 

Slezak et al. (2010) Case series 2 AD SOS1 

Couser et al. (2018) Case report 1 AD SHOC2 

McDonald et al. (2018) Case report 1 AD PTPN11 

Petrin et al. (2019) Case report 1 AD NR 

Rodriguez et al. (2019) Case report 1 AD RAF1 

Noonan syndrome with 

multiple lentigines 

Gupta et al. (1998) Case report 1 AD NR 

Jozwiak et al. (1998) Case series 1 AD NR 

Type 2 Kuburovic et al. (2011) Case series 1 AD RAF1 

Santoro et al. (2014) Case report 1 AD NR 

Sutton et al. (2016) Case report 1 AD NR 

Begic et al. (2014) Case series 3 AD PTPN11 

Kato et al. (2010) Case series 1 AD PTPN11 

Jurko et al. (2019) Case series 1 AD PTPN11 

Shprintzen-Goldberg 

Syndrome 

Stoll et al. (2002) Case report 1 AR NR 

Greally et al. (1998) Case series 8 AR NR 

Simpson-Golabi-Behmel 

Syndrome 

Yano et al. (2011) Case series 2 X-linked NR 

Shawky et al. (2014) Case report 1 X-linked NR 

Spencer et al. (2016) Case series 1 X-linked GPC3 

Thomas et al. (2012) Case report 1 X-linked GPC3 

Hughes-Benzi et al. (1996) Case series 8 X-linked GPC3 

Neri et al. (1988) Case series 2 X-linked NR 

Fu et al. (2019) Case report 1 X-linked GPC3 

Turner Syndrome Saikia et al. (2017) Case series 3 NA NA 

Mehta et al. (1993) Cohort 3 NA NA 

Miguel-Neto et al. (2016) Cohort 10 NA NA 

X-Linked myotubular 

myopathy 

Amburgey et al. (2017) Cohort 8 X-linked MTM1 

Inoue et al. (2018) Case report 1 X-linked MTM1 

NA = Not applicable; NR = Not reported; PE = Pectus excavatum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

several chromosomal disorders, neurologic disorders, syndromic

disorders, and pathogenic variants in the ACAD3 gene. When in-

terpreting these associations, one should be aware that some of

these genetic disorders are very rare (estimated prevalence ≥1:1

0 0 0 0 0 0)[ 76 , 169 , 179–184 ], while others are more common such

as Turner syndrome (estimated prevalence 1:2 500 females) [185] ,

and RASopathies such as Marfan syndrome (estimated prevalence

1:5 0 0 0–10 0 0 0) [14] , Noonan syndrome (estimated prevalence 1:1

0 0 0–2 50 0) [186] , and neurofibromatosis type 1 (estimated preva-
lence 1:3 0 0 0) [187] . Furthermore, some of these genetic disorders

only occur in women, such as Turner syndrome [185] , and others

only in men, such as Allan–Herndon–Dudley syndrome [181] , and

Simpson–Golabi–Behmel syndrome [184] . Lastly, affected genes of

associated genetic disorders with PE are involved with multiple

signaling pathways. The most observed affected signaling pathways

include the TGF-beta pathway [ 163 , 188–192 ] and the RAS/MAPK

pathway [ 193 , 194 ]. Knowledge of these genetic disorders and the

associated signaling pathways, not only broadens the differential
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Table 2 

congenital genetic disorders and their most relevant clinical signs divided by organ system. 

Genetic disorders 

Pectus excavatum 

(prevalence in%) Clinical signs (prevalence in%) 

ABCA3 mutations PE (67%) Musculoskeletal system 

- Clubbing fingers (67%) 

Cardiovascular and pulmonary system 

- Pulmonary symptoms (cough, tachypnoea, dyspnea and exercise intolerance) (100%) 

Other systems: 

- Failure to thrive (56%) 

Loeys-Dietz Syndrome 

(1–5) (TGF- β

pathway) 

PE (54%) Craniofacial features: 

- Bifid uvula (25–90%), cleft palate (25–90%), hypertelorism (0–90%), craniosynostosis (0–48%) 

Musculoskeletal system: 

- Joint hypermobility (68–100%), cervical congenital malformations (29%), talipes equinovarus (17%), limb joint 

contractures (5%) 

Cardiovascular and pulmonary system: 

- Aortic-arterial aneurysms and arterial tortuosity (52–90%) 

Other system: 

- Translucent skin (25%), high bruising susceptibility (25%) 

Aarskog-Scott 

Syndrome 

PE (50–75%) Craniofacial features: 

- Hypertelorism ( > 75%), short nose ( > 75%), widow’s peak (50–75%) 

Musculoskeletal system: 

- Short stature ( > 75%), brachydactyly ( > 75%), joint hypermobility (50–75%) 

Other systems: 

- Shawl scrotum ( > 75), inguinal hernia (50–75%) 

Shprintzen-Goldberg 

Syndrome 

PE (47%) Craniofacial features: 

- High-arched palate (100%), micrognathia (94%), hypertelorism (88%), down-slanting palpebral fissures (82%), low-set 

posteriorly rotated ears (76%), craniosynostosis (41%) 

Musculoskeletal system: 

- Muscular hypotonia (82%), arachnodactyly (71%), camptodactyly (59%), joint hypermobility (53%), scoliosis (41%), 

disproportionate tall stature (U), increased length of extremities (U) 

Neurologic and cognitive system: 

- Intellectual disability (82%) 

Other systems: 

- Inguinal or umbilical hernia (41–59%) 

Marfan Syndrome 

(Fibrilin/TGF- β

pathway) 

PE (41%) Craniofacial features: 

- Enophthalmos (71%), retrognathia (63%), dolichocephaly (60%), down-slanting palpebral fissures (58%), malar hypoplasia 

(36–78%) 

Musculoskeletal system: 

- Joint hypermobility (63%), increased length of extremities (62–92%), disproportionate tall stature (60–88%), scoliosis 

(53%), thoracolumbar kyphosis (40%), pes planus (25 - 34%), limited elbow extension (15%) 

Cardiovascular and pulmonary system: 

- Aortic aneurysm (77%), mitral valve prolapse (68%), history of pneumothorax (4–15%) 

Neurologic and cognitive system: 

- Dural ectasia (63–92%) 

Other systems: 

- Myopia (34–44%), striae distensae (30%) 

Malan Syndrome PE (40%) Craniofacial features: 

- High forehead (96%), long narrow face (85%) 

Musculoskeletal system: 

- Advanced bone age (76%), slender habitus (59%), scoliosis (32%) 

Neurologic and cognitive system: 

- Intellectual disability (100%), macrocephaly (33%) 

Other systems: 

- Postnatal overgrowth (33%) 

Simpson-Golabi- 

Behmel 

Syndrome 

PE (25%) Craniofacial features: 

- Coarse facies (90%), hypertelorism (53%), cleft palate and/or bifid uvula(13–26%) 

Cardiovascular and pulmonary system: 

- Congenital heart defects (36–46%) 

Other systems: 

- Kidney anomalies (64–82%), developmental delay (47%), pre- and postnatal overgrowth (43%), diaphragmatic hernia 

(10%) 

( continued on next page ) 
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Table 2 ( continued ) 

Genetic disorders Pectus excavatum 

(prevalence in%) 

Clinical signs (prevalence in%) 

X-Linked myotubular 

myopathy 

(phosphatase, 

endocytose and 

membrane trafficking) 

PE (24%) Craniofacial features: 

- Long face (92%) 

Musculoskeletal system: 

- Muscular hypotonia (100%), long slender fingers (17%) 

Cardiovascular and pulmonary system: 

- Respiratory problems (due to hypotonia) (96%) 

Other systems: 

- Feeding problems (due to hypotonia) (92%) 

Noonan Syndrome PE (23%) Craniofacial features: 

- Short or webbed neck (95%), hypertelorism (67%), low-set posteriorly rotated ears (44–90%), down-slanting palpebral 

fissures (38%), a high-arched palate (34–45%), Broad forehead (U) 

Musculoskeletal system: 

- Short stature (40–80%), scoliosis (10–54%) 

Cardiovascular and pulmonary system: 

- Pulmonic stenosis (20–50%), hypertrophic cardiomyopathy (10–30%) 

Neurologic and cognitive system: 

- Intellectual disability (25%) 

Other systems: 

- Cryptorchidism (60–80%), bleeding diathesis (10–89%) 

Neurofibromatosis 

type 1 

PE (22%) Musculoskeletal system: 

- Kyphoscoliosis (10–60%) 

Neurologic and cognitive system: 

- Neurofibromas (27- 56%) 

Other systems: 

- Cafe-au-lait spots (100%), Lisch nodules in the eye (95–100%) 

9q22 deletion 

Syndrome 

PE (20%) Craniofacial features: 

- Epicanthi (57%), short neck (23%), low-set ears (23%), thick ears (17%), thin upper lip vermilion (17%), broad eyebrows 

(17%), cleft palate (13%), narrow mouth (13%), broad eyebrows (17%), cleft palate (13%), narrow mouth (13%), broad 

eyebrows (17%) 

Musculoskeletal system: 

- Scoliosis (20%), kyphosis (10%) 

Neurologic and cognitive system: 

- Intellectual disability (80%), seizures (17%) 

Turner Syndrome PE (20%) Craniofacial features: 

- Low hairline (40%), short-webbed neck (25–40%), low-set ears (15%) 

Musculoskeletal system: 

- short stature (95–100%) 

Cardiovascular and pulmonary system: 

- Hypertension (50%), anomalies of cardiovascular system (3–42%) 

Neurologic and cognitive system: 

- Hearing impairments (30%) 

Other systems: 

- Only females (100%), amenorrhea (34–91%),%), lymphedema of hands and feet (25%), spoon-shaped nails (10%), 

anomalies of renal/collecting system (3–15%) 

Kyphoscoliotic 

Ehlers-Danlos 

Syndrome 

PE (16%) Craniofacial features: 

- High palate, epicanthi (U), down-slanting palpebral fissures (U), synophrys (U) and low-set ears (U) 

Musculoskeletal system: 

- Joint hypermobility (93%), kyphoscoliosis (74%), disproportionate tall stature (26%), increased length of extremities 

(26%), joint dislocations (24%), pes planus (15%), muscular hypotonia (U) 

Other systems: 

- Hyperextensible skin (65%), myopia (22%) 

Autism Spectrum 

Disorder (Based on 

ADNP gene mutation) 

PE (15%) Craniofacial features: 

- Thin upper lip vermilion (70%), prominent forehead with a high anterior hairline (50–66%), wide and depressed nasal 

bridge (50%), short nose with full, upturned nasal tip (47–49%), everted lower lip vermilion (46%), long philtrum (39%), 

small or dysplastic low-set and posteriorly rotated ears (12–49%), pointed chin (U) 

Musculoskeletal system: 

- Muscular hypotonia (78%), short stature (29%), 

Cardiovascular and pulmonary system: 

- Congenital heart defects (38%) 

Neurologic and cognitive system: 

- Mild to severe intellectual disability, autism (100%), severe speech and motor delay (96–99%), epilepsy (16%) 

Other systems: 

- Gastrointestinal problems (83%), visual problems (74%), hormonal deficiencies (24%) 

( continued on next page ) 
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Table 2 ( continued ) 

Genetic disorders Pectus excavatum 

(prevalence in%) 

Clinical signs (prevalence in%) 

Gorlin Syndrome PE (13–20%) Craniofacial features: 

- Coarse face (54%), facial milia (50–60%), frontal bossing (27%) 

Musculoskeletal system: 

- Bifid ribs (26%), wedge-shaped vertebrae (15%) 

Cardiovascular and pulmonary system: 

- Cardiac fibromas (3%) 

Neurologic and cognitive system: 

- Macrocephaly (50%) 

Other systems: 

- Multiple jaw keratocysts (74%), basal cell carcinomas (74%), ovarian fibromas (17%) 

Allan-Herndon-Dudley 

Syndrome 

PE (9–58%) Musculoskeletal system: 

- Muscular hypotonia (75–100%) 

Neurologic and cognitive system: 

- Spastic paraplegia (71–94%), athetoid movements (50%), dysarthria (25%), severely impaired intellectual development 

(17–83%) 

18p deletion 

Syndrome 

PE (U) Craniofacial features: 

- Dental anomalies (29%), wide mouth, (14–57%), round face (U), dysplastic ears (U) 

Musculoskeletal system: 

- Muscular hypotonia (86%) 

Neurologic and cognitive system: 

- Intellectual disability (100%) 

Other systems: 

- Growth retardation (85%) 

Cutis Laxa (ELN, 

FBLN4, De Barsy 

Syndrome (cutis laxa) 

and ARCL2) 

PE (U) Craniofacial features (prevalence in%): 

- Long philtrum (90%), large ears (66%), high forehead (29%), beaked nose (17%) 

Musculoskeletal system (prevalence in%): 

- Joint hypermobility (29%) 

Cardiovascular and pulmonary system (prevalence in%): 

- Aortic root dilatation (55–66%), bicuspid aortic valves (33%), and emphysema (17%) 

Other systems (prevalence in%): 

- Loose redundant skin (neck, axillar regions, trunk, and groin) (52%), progeria-like appearance (U), diaphragmatic hernia 

(U) 

Holt-Oram Syndrome PE (U) Musculoskeletal system (prevalence in%): 

- Thumb anomaly (Absent thumb or triphalangeal, non-opposable, finger-like digit. The thumb metacarpal has both a 

proximal and a distal epiphyseal ossification center) (3–30%), bilateral asymmetric limb defects (Radial hypoplasia, 

absence of radius, ulnar hypoplasia. narrow, sloping shoulders) (1–40%) 

Cardiovascular and pulmonary system (prevalence in%): 

- Atrial septal defect (75%) 

Noonan Syndrome 

with multiple 

lentigines 

PE (U) Craniofacial features (prevalence in%): 

- Hypertelorism (82%) 

Cardiovascular and pulmonary system (prevalence in%): 

- Hypertrophic cardiomyopathy (70%), pulmonic stenosis (25%) 

Neurologic and cognitive system (prevalence in%): 

- Sensorineural deafness (20%) 

Other systems (prevalence in%): 

- Multiple lentigines (100%), growth retardation (50%), cryptorchidism 

PE = Pectus excavatum; U = unknown. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

diagnosis of the suspected underlying genetic disorder in patients

with PE, but could also have implications on the genetic panel used

for genetic analysis. 

Twenty unique genetic disorders were found to be associ-

ated with PE. Our results are in line with part of the reviews

of Kotzot et al., and Cobben et al., which present comprehensive

overviews regarding associations between genetic disorders and

multiple chest wall deformities, including pectus excavatum, pec-

tus carinatum, and cleft chest [ 7 , 14 ]. As the chest wall deformities

had not been analyzed separately, we have extended on their re-

search in order to identify genetic disorders specifically associated

with PE. 

Several studies propose that PE might be part of a genetic

disorder, such as a chromosomal disorder, RASopathy or Mar-

fan syndrome [ 7 , 14 ]. Nevertheless, the incidence of such syn-
dromes/disorders among patients seen for their PE is still unclear.

The authors of these studies state that PE is most often isolated

and that genetic causes are rare. This statement is illustrated by

Behr et al., who reported that 5.3% of their cohort of 187 PE pa-

tients was affected by Marfan syndrome, and by Akcali et al., who

reported that 2.7% of their 24 PE patients was affected by neu-

rofibromatosis type 1 [ 195 , 196 ]. It is however of great clinical im-

portance to recognize those patients with an underlying genetic

disorder as a cause of PE, primarily, because the comorbidity and

prognosis of the genetic disorder could have great consequences

for the patient and his or her psychosocial wellbeing, but also for

the family members [ 197 , 198 ]. Understanding the options to deal

with regarding the risk of recurrence of the genetic disorder in

relatives and the corresponding reproductive choices make genetic

counseling imperative in these patients [ 197 , 198 ]. Furthermore, the
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Fig. 2. A structural and practical referral scoring list for the clinician treating patients with a pectus excavatum. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

presence of a genetic disorder could influence the choice of anes-

thesia, the timing of the correction of PE, surgical technique, sta-

bilization of the sternum, and long-term outcome [8] . For exam-

ple, in patients with Marfan syndrome, the suppleness of the chest

wall is increased, resulting in a greater risk of recurrence follow-

ing any surgical intervention [199] . In case of a minimal invasive

approach, a longer duration of the Nuss bar should therefore be
considered [ 199 , 200 ]. Open procedures are feasible as well, but the

need for cardiac surgery should be evaluated and concomitant pro-

cedures should be performed where appropriate [199] . A second

important example is Noonan syndrome, as it is associated with

an increased risk of bleeding, bruising and a variety of bleeding ab-

normalities, such as factor XI deficiency and platelet abnormalities

[201] . Therefore, patients with Noonan syndrome should be clini-
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Table 3 

frequency of overlapping clinical signs. 

Categories Areas Clinical signs 

N overlapping 

clinical signs 

between genetic 

disorders 

Craniofacial Head Prominent forehead 4 

Craniosynostosis 2 

Undersized jaw 3 

Face Coarse face 2 

Epicanthi 2 

Down-slanting palpebral 

fissures 

4 

Eyes Hypertelorism 6 

Myopia 2 

Nose Beaked nose OR short nose 3 

Mouth Cleft plate 3 

Bifid uvula 2 

High arched palate 3 

Thin upper lip vermilion 2 

Neck Short (webbed) neck 3 

Ears Low-set 6 

Skeletal Stature Short stature 4 

Marfanoid appearance 3 

Spine Scoliosis 7 

Kyphosis 2 

Extremities Joint hypermobility AND/OR 

Joint dislocations 

6 

Pes planus 2 

Muscles Muscular hypotonia 6 

Cardiovascular 

and pulmonary 

Cardiac All congenital cardiac anomalies 9 

Vascular Aortic-arterial aneurysms 2 

Neurologic and 

cognitive 

Intellectual disability 4 

Intellectual disability 3 

Seizures 2 

Hearing impairments 2 

Other Skin Loose skin OR hyperextensible 

skin 

2 

Lesions (fibromas, cafe-au-lait 

spots, multiple lentigines, basal 

cell carcinomas) 

3 

Hernias Diaphragmatic hernia 2 

Inguinal AND/OR umbilical 

hernia 

2 

Urogenital Cryptorchidism 3 

Anomalies of renal/collecting 

system 

2 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

cally evaluated prior to any surgical procedure. Even if blood tests

are normal, these patients must be carefully monitored as the risk

for bleeding events is still present [201] . 

We created a standardized protocol for clinical evaluation, in

the form of a scoring list ( Fig. 2 ), aimed to assess whether a patient

with PE should be referred for genetic analysis. Standardizing this

clinical evaluation was deemed essential, since associated genetic

disorders can differ greatly in severity. For example, patients with

Marfan syndrome may have disorders that can range from mild

dysmorphic features or an isolated pectoral deformity, to those as-

sociated with severe, life-threatening complications such as pneu-

mothorax or aortic aneurysm [202] . Additional crucial representa-

tive clinical signs may therefore be subtle or even missed in pa-

tients with genetic disorders. Moreover, many representative clini-

cal signs are not likely to be linked to genetic disorders, because of

the rarity of genetic disorders associated with PE. These obstacles

make the decision to refer a patient presenting with PE for genetic

analysis often difficult mandating a standardized approach [ 9 , 10 ]. 

Added to the scoring list were a positive family history for PE, a

congenital cardiac anomaly and/or genetic disorder, as these char-

acteristics increase the probability of the presence of a genetic dis-

order [9] . Our scoring list includes only family history and rele-

vant clinical signs; additional diagnostic tests are not required, thus
making it feasible to use in an outpatient clinic setting. We recom-

mend routine use of our scoring list by clinicians treating PE pa-

tients. Its widespread use could potentially result in fewer delayed

and missed diagnoses of underlying genetic disorders in patients

with PE [9] . Implementation research is recommended to assess

whether the scoring list is effectively implemented and has the de-

sired result. 

4.1. Limitations 

This systematic review faces several limitations. An underesti-

mation of the number of unique genetic disorders associated with

PE is likely, as not all patients affected by PE and a genetic dis-

order are reported in the literature or in genetic databases. Con-

sequently, the data on prevalence of PE within each genetic disor-

der is incomplete. Furthermore, a few genetic disorders have mul-

tiple subtypes. As some studies did not report the affected gene or

genes – thus subtype of the reported genetic disorder – for some

genetic disorders it is unclear which subtypes are associated with

PE. As many genetic disorders are quite rare, this review is limited

to mainly case reports and case series with a moderate method-

ological quality. When interpreting the results of this review, one

should be aware of these limitations. 

5. Conclusion 

Twenty unique genetic disorders were found to be associated

with PE. Clinicians treating PE could easily miss representative cru-

cial clinical signs of an underlying disorder. We, therefore, recom-

mend routine use of our scoring list to prevent delayed and missed

diagnoses of underlying genetic disorders in patients with PE, as

this will facilitate decision making on referral for genetic analysis. 
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