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Background and Objective: A wide variety of congenital chest wall deformities that manifest in infants,
children and adolescents exists, among which are pectus excavatum and pectus carinatum. Numerous studies
have been conducted over the years aiming to better understand these deformities. This report provides a
brief overview of what is currently known about the epidemiology, etiopathogenesis, clinical presentation,
and classification of these deformities, and highlights the gaps in knowledge.

Methods: A search was conducted for all the above-described domains in the PubMed and Embase
databases.

Key Content and Findings: A total of 147 articles were included in this narrative review. Estimation
of the true incidence and prevalence of pectus excavatum and carinatum is challenging due to lacking
consensus on a definition of both deformities. Nowadays, several theories for the development of pectus
excavatum and carinatum have been suggested which focus on intrinsic or extrinsic pathogenic factors, with
the leading hypothesis focusing on overgrowth or growth disturbance of costal cartilages. Furthermore,
genetic predisposition to the deformities is likely to exist. Pectus excavatum is frequently associated with
cardiopulmonary symptoms, while pectus carinatum patients mostly present with cosmetic complaints. Both
deformities are classified based on the shape or severity of the deformity. However, each classification system
has its limitations.

Conclusions: Substantial progress has been made in the past few decades in understanding the
development and symptomatology of pectus excavatum and carinatum. Current hypotheses on the
etiology of the deformities should be confirmed by biomedical and genetic studies. For clinical purposes,
the establishment of a clear definition and classification system for both deformities based on objective

morphologic features is eagerly anticipated.
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Introduction

A wide variety of anterior congenital chest wall deformities
exists (1,2). Although present at birth in most cases, the
deformities often become more prominent during the
growth spurt. Anterior chest wall deformities may have
cardiopulmonary consequences for which many patients
seek (surgical) correction as a diminished cardiopulmonary
function interferes with their daily activities (1). In addition,
impaired quality of life due to body image disturbances
caused by the aesthetic appearance of the deformity is
prominent, particularly in the adolescent group, and this
alone may dictate (surgical) intervention (3-5).

Pectus excavatum, or “funnel chest”, is the most
common anterior chest wall deformity, and is characterized
by an inward displacement of the sternum and adjacent
costal cartilage (1,2). In contrast, pectus carinatum, the
second most common deformity, is characterized by a
protrusion of the sternum and costal cartilage. Other
deformities in the broad spectrum of congenital chest wall
deformities include more miscellaneous deformities like
Poland syndrome and cleft sternum (1). Pectus excavatum
can be surgically corrected via the classic open Ravitch
procedure or minimally invasive repair of pectus excavatum
(MIRPE) can be performed via the Nuss procedure. The
Nuss procedure is nowadays considered as the treatment
of choice as the sternum is remodeled by the placement of
a retrosternal bar while the costal cartilages are preserved,
and comes with considerably less morbidity, including
scarring, when compared to the Ravitch procedure. Pectus
carinatum can also be corrected via the Ravitch procedure,
but due to surgical morbidity, it is preferred to perform
minimally invasive repair of pectus carinatum (MIRPC) via
the Abramson procedure. In the Abramson procedure, a
presternal correctional bar is implanted and secured to rib-
attached stabilizers to redress the sternum. The procedure
has undergone several modifications (e.g., pectus carinatum
compression system) since it was first described to optimize
safety and results (6,7).

Over the years, numerous studies have been conducted,
aiming to optimize provided care by better understanding
the epidemiology, etiopathogenesis, and clinical features of
these deformities. This report aims to provide an overview
of what is currently known about the clinical features,
epidemiology, etiopathogenesis, and classification of the
most common chest wall deformities (i.e., pectus excavatum
and carinatum) and highlight the gaps in knowledge. We
present this article in accordance with the Narrative Review
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reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-957/rc).

Methods

An electronic search was conducted in the PubMed and
Embase databases on June 12", 2023, for each of the
following domains: clinical presentation, epidemiology,
classification, and etiopathogenesis (Table 1). Furthermore,
the search terms “pectus excavatum”, “pectus carinatum”,
“congenital chest wall disorder”, and the medical subject
headings (MeSH) terms “funnel chest” and “pectus
carinatum” were used to identify relevant studies. Titles
and abstracts of all articles were screened for eligibility. No
publication date restrictions were imposed. Studies deemed
irrelevant to the above-mentioned domains, or pectus
excavatum or carinatum were excluded. In total, 147 articles
were included in this narrative review.

Pectus excavatum
Epidemiology

Pectus excavatum accounts for approximately 65-95% of
all chest wall deformities depending on the population
being studied (2,8,9). Males are reported to be affected
three to five times more often than females. No direct racial
predisposition has been observed, although the deformity
is more frequently described in Caucasians than among
African Americans, Hispanics, or Asians (10,11).

In literature, incidence rates of up to 8 per 1,000 live
births have been reported (10,12). However, the true
incidence and prevalence of pectus excavatum are not well-
established yet and may be much higher than the currently
described rates (up to 5% based on radiologic reports),
as no large-scale, population-based studies have been
conducted (13). Due to the absence of a clear definition
of pectus excavatum and the key factor in diagnosing
being visual examination, a well-founded estimation
of the prevalence of the deformity is challenging (14).
The dynamic nature of the deformity, which in most
patients becomes more prominent and noticeable during
early childhood and adolescence, further complicates
determination of the number of cases in a population (15).
Furthermore, there is still limited awareness of the
deformity among the general population as well as
healthcare providers, which may add to underreporting

or misdiagnosing the deformity. While the global interest
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ltems Specification

Date of search June 12", 2023

Databases and other sources searched = PubMed and Embase

Search terms used

MeSH terms: “funnel chest” and “pectus carinatum”

» o« ” o«

Free text search terms: “pectus excavatum”, “pectus carinatum”, “congenital chest wall

» o« » o«

disorder”, “clinical presentation”, “epidemiology”, “classification”, and “etiopathogenesis”

Timeframe

Inclusion and exclusion criteria
domains

No publication date restrictions were imposed

Inclusion: all studies related to pectus excavatum or carinatum and the above-mentioned

Exclusion: studies deemed irrelevant to the above-mentioned domains, or pectus excavatum

or carinatum

Selection process
included in the review

N.J. conducted the literature search and analysis. All authors reviewed the final list of studies

MeSH, medical subject headings.

in pectus excavatum is currently higher than in pectus
carinatum, which might reflect the real-world prevalence,
the global trend in internet searches related to the topic
pectus excavatum is decreasing each year (14).

Etiopathogenesis

Over the years, several hypotheses for the development
of pectus excavatum have been proposed. The first
written account of the deformity dates back to 1596
when Bauhinus [1609] documented his observations
and proposed hypertension of the diaphragm during
embryonic development as the underlying pathophysiologic
mechanism (16). A multitude of hypotheses have been
introduced since then, which can be divided into intrinsic
or extrinsic underlying pathogenic factors. In the 19"
century, Williams [1872] and Langer [1880] attributed
the onset of the deformity to intrauterine pressure on the
sternum, resulting from abnormal embryo positioning (e.g.,
compression of the chin or knee) (17,18). Eggel [1870],
on the other hand, suggested that nutritional disturbances
or developmental failure could lead to weakness of the
sternum which ultimately results in a depression (19).
During that era, several other hypotheses were postulated
highlighting diseases such as syphilis, (fetal) rickets,
poliomyelitis, mediastinitis, and upper airway obstructions
as the underlying cause (20-24). Others advocated that the
deformity is the result of long periods of mechanical stress
on the sternum as seen in cobblers who use the anterior
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part of their chest as a working surface (25,26). They
even considered the deformity a professional disease (i.e.,
cobblers’ chest). However, these hypotheses were not widely
supported and disproved by later studies. Curschmann
[1936] was the first one to report an association between
pectus excavatum and connective tissue disorders (27).
In 1936, he described a case of pectus excavatum with
concurrent arachnodactyly and ectopia.

Retraction hypothesis

During the first half of the 20" century, the leading
theory was retraction of the sternum and adjacent costal
cartilage. Retraction was attributed to either direct
extensive traction by the diaphragm, or negative pressure
in the anterior mediastinum due to left displacement of
the heart (28,29). Woillez [1860] proposed a contracture
of the central diaphragmatic tendon as the reason for the
deformity, and as mentioned before, Bauhinus [1609]
already documented observations of a diaphragmatic pull in
1596 (16,30). However, it was only until 1939 that Brown
[1939] popularized the diaphragmatic retraction hypothesis
by reporting a thickened substernal ligament (31,32). He
even presented a surgical procedure (i.e., Brown procedure)
in which the diaphragm is released from its sternal
attachments (32). This hypothesis was further advanced by
Brodkin [1951], who noted an abnormal anterior portion
of the diaphragm (33). This part of the diaphragm, which
develops from the septum transversum, was deficient in
muscle tissue and more tendinous in pectus excavatum
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patients. He argued that inspiratory contractions of this
abnormal part of the diaphragm were the underlying cause
of the deformity. He also conducted tests with procaine
injections into the phrenic nerve, showing diminished
inspiratory retraction of the sternum when the diaphragm
was paralyzed (34). Chin [1957] supported Brodkin’s
observations by comparing diaphragmatic muscle biopsies
from pectus excavatum patients to healthy controls,
revealing that muscle tissue was partially replaced by fibrous
tissue (35). A further hypothesis was developed by Jackson
et al. [1959], who suggested that an imbalance between
diaphragmatic and pectoral muscle tension, thus pectoral
spasms or weakness, provokes either pectus excavatum or
carinatum (36).

Overgrowth theory

In the second half of the 20" century, the diaphragmatic
retraction theory was questioned as the procedure proposed
by Brown failed to correct the deformity (37-40). In
most cases, the point of maximum depression was located
more cranially than the diaphragmatic insertion, and no
diaphragmatic ligament was visible. Nowadays leading
hypotheses focus on overgrowth or growth disturbances of
parts of the anterior thoracic wall. In 1873, Flesch [1873]
was the first one to mention overgrowth of the ribs as the
underlying cause for pectus excavatum (41). He argued that
abnormally long ribs, with lateral chest wall fixation, would
result in a depression of the sternum. Versé [1910] drew
attention to an abnormally long sternum, which would in
turn lead to an inward displacement of the sternum (42).
More recent studies also revealed an abnormal sternum in
pectus excavatum patients when compared to healthy controls
in terms of shape and curvature patterns (43-45). Sweet
[1944], on the other hand, hypothesized that the deformity
was due to an overgrowth of the costal cartilage (40).
The costal cartilage overgrowth hypothesis has however
been brought into question by the results of studies on costal
cartilage lengths measured using three-dimensional (3D)-
computed tomography (CT) images (46-49). While the
costal cartilage overgrowth hypothesis assumes that costal
cartilage lengths are longer at the site of overgrowth, these
studies showed an indifferent or even shorter costal cartilage
length when compared to the contralateral costal cartilage
or the cartilage of healthy individuals. Karakili¢ ez 4/. [2018],
found no correlation between the costal cartilage length and
the severity of the deformity (49). On the contrary, Park
et al. [2015] and Kondo et al. [2020] observed longer than
normal costal cartilage in pectus excavatum patients, leaving
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the costal cartilage overgrowth hypothesis a controversial
topic (50,51).

Growth disturbance theory

In 1967, Mullard [1967] presented several objections to
the diaphragmatic retraction theory and favored a new
theory, the growth disturbance theory (52). He pleaded
that a growth disturbance of the costal cartilage affects the
structure and function of the costosternal junction, resulting
in pectus excavatum.

Histologic studies of the costal cartilage have revealed
these abnormalities in structure, function, and physical
features, but with high variability in findings depending on
the component that was analyzed, and the methods used.
Geisbe et al. [1967] were the first to publish the results
of a histologic analysis on costal cartilage samples from
patients who underwent the Ravitch procedure (53). Their
findings suggested premature aging with age-dependent
degeneration being advanced by 10-12 years, and highly
correlating with the severity of the deformity. This raised
the question if the found cartilage disturbances were of
metabolic origin, or the result of altered mechanical stress
(53-55). Later histologic studies focus on the cellular
component or extracellular matrix of costal cartilage.
Although early studies on the cellular component report
disturbances of the chondrocytes, most recent studies
state that there are no numerical or structural differences
in chondrocytes between pectus excavatum patients and
healthy controls (2,56-59). Tocchioni er al. [2013] argued
that even if differences in hypolacunar and hyperlacunar
zones are found, they are more likely the result of
asymmetric loading of the cartilage than being the primary
origin (59). However, indifferences in chondrocyte structure
do not rule out the involvement of the cellular component
in the etiology of pectus deformities as chondrocytes
regulate the synthesis and metabolism of the extracellular
matrix that they are embedded in.

In contrast to the histological studies on the cellular
component, almost all studies on the composition and
structure of the extracellular matrix revealed significant
disturbances. Alterations in the collagen network were
found, which affect the strength, physical integrity, and
stability of the cartilage (60-62). The ionic content of the
extracellular matrix also plays an important role in the
biomechanical properties of the cartilage as it determines
the cartilages absorption capacity of water (63). A study
on trace elements in the costal cartilage samples of pectus
excavatum patients showed decreased levels of zinc, and
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levels of magnesium and calcium were increased which was
observed along with a decreased volume of immobilized
water (64). Besides its role in the absorption of water, zinc is
also known to enhance cartilage growth and maturation as
it is part of many enzymes (65,66). David et /. [2011] found
a disturbance in the sulfation pattern of proteoglycans in
the extracellular matrix, while these negatively charged
proteoglycans normally attract cations and water (57). This
might be a reason for the altered ionic content and thus
water absorption capacity of the costal cartilage in pectus
excavatum patients.

Researchers have expressed divergent views regarding
the overgrowth and growth disturbance theories. However,
these hypotheses are not necessarily mutually exclusive
as both hyperplastic growth and metabolic disturbances
resulting in diminished biomechanical properties may play a
role in the costal cartilage deformation of pectus excavatum
patients.

Genetic predisposition
Genetic predisposition of pectus excavatum is likely to
exist, as up to 54% of pectus excavatum patients have a
positive family history (67,68). In 1820, Coulson [1820]
was the first to propose the role of genetic factors in the
development of pectus excavatum (69). Family tree analysis
on the inheritance of the deformity shows multiple patterns
of inheritance in different family studies. As such, simple
Mendelian inheritance was observed for some families, with
autosomal recessive, dominant with reduced penetrance,
and X-linked genes involved (70). Abnormalities were
found on chromosomes 5, 15, and 17, and the long arm of
chromosome 18q (71,72). Genes that are possibly involved
are GAL3ST4, TINAG, and Gpr126/Adgrg6 (67,68,72-74).
GAL3ST4 gene plays a role in glycoprotein sulfation which
influences cartilage strength and stability. In an animal
model, pectus excavatum and adolescent idiopathic scoliosis
were obtained by deleting the Gpr126 gene (75). The
direct link between this gene and the pectus deformity has
not been established, though it has been proposed that a
deficiency in Gpr126 leads to upregulation of the GAL3ST4
gene (57,75). TINAG gene mutations were found via
whole-exome sequencing in a family with multiple cases of
pectus excavatum (76). TINAG gene is associated with cell
development, adhesion, and extracellular matrix formation.
However, no direct pathway in which this gene leads to the
development of pectus excavatum could be demonstrated.
Nevertheless, in most family studies, a multifactorial
inheritance with unknown attributive factors was
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demonstrated (70). While pectus excavatum is an isolated
disease in most cases, in syndromic diseases like Marfan
syndrome, the deformity is seen as a clinical manifestation
of the affected gene [i.e., fibrillin-1 (FBNI) gene in patients
with FBNI-related Marfan syndrome] (77,78). Syndromes
that have a considerable overlap with Marfan syndrome
in clinical features and are also associated with the
development of pectus excavatum or carinatum are Ehlers-
Danlos syndrome, Loeys-Dietz syndrome, and Shprintzen-
Goldberg syndrome (79-85). Loeys-Dietz syndrome is the
result of a heterozygous pathogenic variant in SMAD?2,
SMAD3, TGFB2, TGFB3, TGFBRI, or TGFBR2, while the
SKI gene is affected in Shprintzen-Goldberg syndrome.
Over 20 genetic defects have been described in Ehlers-
Danlos patients. Even though genetic studies are still in
their infancy for isolated pectus excavatum and other chest
wall disorders, new techniques such as high throughput
sequencing, which make whole genome association studies
possible, are promising tools for the future (86).

Clinical presentation

Typically, pectus excavatum patients are slim and tall, with
a pot-bellied appearance and forward-drifting shoulders
(Figure ). Often rib flare is seen in conjunction with the
deformity. Due to the sternal depression, the sternovertebral
distance is decreased (87). In severe cases, leftward
displacement of the heart and an imprint of the sternum in
the right-ventricle and -atrium are observed. This primarily
leads to diastolic dysfunction and associated exercise
intolerance. Valvular dysfunction such as mitral valve prolapse
is also reported (88,89). Other symptoms such as chest pain
and dyspnea which can be a result of anatomic changes are
difficult to objectify (2). The deformity and the possible
symptoms tend to worsen with age due to the remodeling
of the thoracic cage over time. Some patients, conversely,
may not experience symptoms until later in life when other
causes contribute to cardiopulmonary complaints (e.g.,
increased cardiac compression due to progressive kyphosis,
or in conjunction with chronic obstructive pulmonary
disease (COPD) or heart failure due to alternative causes).
Furthermore, it is important to note that patients often
report no symptoms at rest, but only during exercise (90).
While pectus excavatum is often an isolated anomaly,
as mentioned before, it can be associated with other
musculoskeletal diseases, particularly scoliosis and
connective tissue disorders (e.g., Marfan syndrome, Ehlers-
Danlos syndrome) (72,91-93). The deformity has been
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lateral view.

associated with over 27 genetic conditions and even more
genetic defects, which are thoroughly described along with
their clinical signs in the reviews by Kotzot [2009] and
Billar er al. [2021] (86,94). Recognition of an underlying
genetic disorder may be challenging since indicative signs
can be subtle or overlooked (e.g., thin skin or extensive
bruising). However, the fact that the deformity can be part
of a genetic disease is of clinical significance as for example
comorbid cardiovascular disease could result in major
cardiovascular complications when a surgical correction is
performed (e.g., severe bleedings due to vascular fragility).
Common cardiovascular comorbidities are aortic-arterial
aneurysms and arterial tortuosity which are present in
52-90% of Loeys-Dietz patients. Aortic aneurysm or mitral
valve prolapse can be found in a substantial part of Marfan
and Ehlers-Danlos patients (94). Referral for genetic
counseling should be performed upon suspicion of an
underlying genetic condition.

Cardiopulmonary function

Currently, it is still a matter of debate whether cardiopulmonary
function in pectus excavatum patients can be improved
by surgical repair of the deformity. It has been shown via
optoelectronic plethysmography that the Nuss procedure
enhances respiratory mechanics, resulting in an increased
intrathoracic volume and a decreased reliance on abdominal
breathing (95,96). Furthermore, a study by Neviere et al.
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Figure 1 Medical photographs of a patient with pectus excavatum. Asymmetric with rib flare. (A) Anterior view; (B) anterolateral view; (C)

[2013] demonstrated increased inspiratory muscle strength
after repair by the Ravitch procedure with subsequent
improvement in oxygen consumption, favoring the theory
that surgical repair of pectus excavatum can improve
cardiopulmonary function (97).

Regarding static pulmonary function, conflicting
evidence is reported. The restrictive ventilatory defect that
pectus excavatum patients experience can be evaluated using
pulmonary function testing, which is subject to the timing
of postoperative measurement, type of surgical repair, and
severity of the deformity (98). Studies reporting short-
term follow-up outcomes after implantation of the Nuss
bar show a worsening in pulmonary function, possibly
due to postoperative pain and the restrictive presence
of the bars themselves (99,100). Borowitz et al. [2003]
provided mid-term (i.e., 6 months) and long-term (i.e.,
12 months) outcomes after bar implantation, which
showed an improvement in the initial decline in pulmonary
function (101). Furthermore, recent large cohort studies
demonstrate significant improvement in pulmonary
function after bar removal compared to preoperative status
(102-106). In contrast, the meta-analysis by Malek ez al.
[2006] reports no significant improvement in pulmonary
function, however, multiple surgical techniques, including
the Nuss and Ravitch technique were compiled (107).
The open Ravitch procedure has a less favorable outcome
regarding pulmonary function than the Nuss procedure,
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which might be due an increased chest wall rigidity after
cartilage removal (108). Also, many of the negative reports
on pulmonary function included in this meta-analysis
consist of small non-stratified samples.

Improvement in cardiac function for patients with cardiac
compression has been reported by numerous large studies
using echocardiography and magnetic resonance imaging
(MRI) (109-113). An increase in right ventricle volume
from 41.1x13 to 54.6+15.6 mL was reported by Jaroszewski
et al. [2022] and an increase in cardiac output from 58.4%
to 66.2% by Krueger et 4l. [2010] (114,115). Improvement
in cardiac function in pectus excavatum patients >30 years
of age may be even greater. Furthermore, since most studies
were performed with patients in a supine position and at
rest, the gain in cardiac function is likely even greater in
daily life.

Patients themselves report an improvement in exercise
tolerance (3-5,116-118), along with an increased quality of
life after surgical repair of the deformity by either the Nuss
procedure or Ravitch procedure (119). Quantitative studies
evaluating exercise capacity mainly focus on peak oxygen
uptake (i.e., VO,max) and oxygen pulse as cardiopulmonary
exercise testing measures (98). Unfortunately, the number of
studies with samples of more than 20 patients with at least
1-year follow-up is limited (n=6), and only one addresses the
adult pectus population (97,105,106,114,120,121). However,
all but one of them demonstrated an improvement in
oxygen uptake and/or oxygen pulse. The single study
reporting a decrease in relative oxygen uptake after the
Nuss procedure did not reach statistical significance after
correction for kilogram lean body weight (99).

Classification

Congenital chest wall deformities are classified according to
the shape of the deformity. This also holds true for pectus
excavatum, which is assigned various classification titles
based on the aesthetic appearance of the deformity (122,123).
While the cup-shaped type features a deep and localized
depression, the saucer-shaped type has a shallower and wider
concavity. The trench-like title is used to describe a more
elongated deformity and the Grand Canyon type refers to an
extreme, eccentric canal-like deformity (123,124).
Alternatively, the deformity can be graded to the degree
of (a)symmetry. The asymmetric presentation of pectus
excavatum is characterized by a sternal rotation and/or
uneven height of the sides of the concavity. Asymmetric
pectus excavatum may be further subdivided based on the
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relationship between the center of the sternum and the
point of maximum depression, namely: eccentric [i.e., focal,
broad-flat, long canal (Grand Canyon type)], unbalanced, or
combined (123). However, classification into morphologic
subtypes or degree of (a)symmetry is subject to considerable
inter- and intra-observer disagreements due to the visual
examination aspect (125).

Furthermore, pectus excavatum can be classified
according to the severity of the depression. Multiple
indexes can be used to do so, with the Haller index being
the most widely applied (124). The second-most used index
is the pectus correction index (PCI) (126). The Haller
index was first described by Haller ez /. [1987] and is
calculated by dividing the maximum transverse diameter
at the deepest point of the deformity by the minimum
anteroposterior distance (127). The deepest point of
depression is not necessarily related to the sternum and can
also be localized around the interchondral joints (128). This
index was conventionally obtained from CT. Nowadays,
chest radiographs are used to calculate the Haller index
as values calculated with both imaging techniques highly
correlate (129). Moreover, 3D optical surface imaging can
be used to obtain an external Haller index (130). There is
also a tool available to semi-automatically calculate classic
indexes from MRI images (131).

The Haller index was designed as a tool to determine
surgical candidacy, with a Haller index of >3.25 qualifying
for surgery (87). However, limitations of the Haller index
include the absence of a direct relationship with physical or
psychological complaints and dependence on the thoracic
shape, vertebral level at which it is measured, age, and
sex (132). The Haller index was further developed into the
PCI by St Peter er al. [2011] (126). In contrast to the Haller
index, thorax width is not included in the equation since
it has a weak correlation with the depth of the deformity.
The PCl is obtained by drawing a horizontal line across the
anterior spine. After that, two distances are measured: the
minimum distance between the posterior sternum and the
anterior spine, and the distance between the inner margin
of the anterior portion of the chest and the horizontal line.
The last distance is obtained from the same CT slice as
chosen for the minimum distance between the posterior
sternum and the anterior spine. To generate the PCI, the
difference between these two distances is divided by the
chest’s maximum prominence, and then multiplied by
100. St Peter ez al. stated that a PCI of 10% could be used
to define the deformity (126). Another study comparing
the PCI to the Haller index reported a strong correlation
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between both indexes and that a PCI of 28% is equivalent to
a Haller index of 3.25 suggesting a surgical threshold (132).
However, both indexes lack the consideration of
cardiopulmonary compression and morphologic features
like (a)symmetry for determining surgical candidacy.
The cardiac compression index (CCI) and sternal
depression index (SDI) were developed in an attempt to
include cardiac compression in the classification of the
deformity (133). However, no anatomic index can include
subjective symptoms or the physiologic effect of alterations
in cardiac shape. Currently, patients’ symptomatology and
the presence of cardiopulmonary compression are in most
countries leading in the decision to perform surgery instead
of an anatomic threshold (134).

Beyond classification of the deformity into different
subtypes, recent studies on 3D optical surface imaging
provide a base for external quantitative measurements of
all morphologic features (i.e., pectus depth, width, length,
volume, position, steepness, flaring, asymmetry and mean
cross-sectional area) of the deformity (135). Also, models
to predict the presence of cardiopulmonary compromise
using 3D imaging techniques have been developed enabling
classification of the deformity into pectus excavatum
with or without cardiopulmonary compression based on
morphological features (136). 3D optical surface imaging
thus seems promising as it provides both a detailed
description of the deformity needed for surgical planning
and information on the presence of cardiopulmonary
compression without the harmful effects of radiation.
However, reference values for all morphological parameters
in pectus excavatum patients compared to the normative
population need to be established as well as the gap in
knowledge on how morphological parameters effect the
treatment outcome.

Pectus carinatum
Epidemiology

Pectus carinatum occurs two to four times less frequently
than pectus excavatum (137). This is however considerably
depending on the population being studied. For example,
one study, conducted in Brazil, reported a higher prevalence
of pectus carinatum compared to pectus excavatum
(0.9% vs. 0.04%) (138). Incidence is estimated at 1 per
2,500 live births, with males having a four-fold incidence
compared to females (139). More recent studies using CT,
report prevalence rates for pectus carinatum of 2% to 5%
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for the presence of asymmetrical prominence of costal
cartilage (140). Statements made on difficulties with
accurately assessing the true incidence of pectus excavatum
also hold true for pectus carinatum.

Etiopathogenesis

In contrast to pectus excavatum, literature in this domain
on pectus carinatum is scarce. The etiology of pectus
carinatum is unknown so far, although it has been suggested
to have similar origins as pectus excavatum (i.e., overgrowth
or growth disturbances of the costal cartilage) (139).
Genetic predisposition through a positive family history
of chest wall deformities has also been suggested for the
development of pectus carinatum, as this was the case in up
to 33% of pectus carinatum patients (8,140).

Clinical presentation

Pectus carinatum, in contrast to pectus excavatum, is
characterized by the protrusion of the sternum with
possible rib involvement (Figure 2) (1,2,141). Patients
with this deformity often present with fewer symptoms
compared to their pectus excavatum counterparts. When
presenting with symptoms these often pertain to thoracic
pain (mainly during sleeping in a prone position), and
cosmetic discomfort (139,141). The deformity is also
generally mild in childhood and becomes more prominent
during adolescence (2). As the deformity is obvious
and can be seen through clothing, many teenagers seek
correction of the deformity. Conservative external bracing
treatment (dynamic or static) is often considered the initial
treatment option with success rates exceeding 70% when
therapy compliance is high. Pain, skin problems, shame,
and discomfort have been shown to add to patient non-
compliance, negatively affecting therapy success rates (142).
Surgical repair via the Abramson or Ravitch procedure is
seen as a subsequent step in the treatment protocol after
bracing therapy fails or for patients who are not eligible
for non-surgical repair (e.g., in case of a rigid chest wall).
A systematic review on aesthetic outcomes after minimally
invasive repair by the Abramson procedure reported
high success rates defined by patient satisfaction with the
aesthetic outcome (143). Improvement of body image
disturbances and quality of life after surgical correction
are also commonly described (144,145). However, there
is a lack of research on the long-term outcomes of pectus
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Figure 2 Medical photographs of a patient with pectus carinatum. Chondrogladiolar type with minimal asymmetry. (A) Anterior view; (B)

anterolateral view; (C) lateral view.

carinatum, including the effectiveness of non-surgical and
surgical treatment options compared to control groups,
recurrence rates, and potential complications.

Classification

This deformity involves the entire anterior chest wall and can
be subdivided into two principal types: chondromanubrial
and chondrogladiolar. The chondrogladiolar type is the most
prevalent variant and comprises up to 95% of the cases. It
is characterized by an angulation at the sternal corpus with
the maximal point of protrusion at middle or lower portion
of the sternum (139,141,146). This type of pectus carinatum
is usually symmetric and can be associated with the relative
lateral depression of the adjacent ribs. The Haller index is
also used to describe the severity of this deformity, utilizing
the maximum anteroposterior length of the chest wall in
the equation instead of the minimum distance between the
vertebrae and sternum (146).

While pectus arcuatum, also known as Currarino
Silverman syndrome, was previously classified as a pectus
carinatum subtype, it is nowadays seen as a separate entity.
The deformity is characterized by the protrusion of the
junction between the manubrium, and the sternal body
and its adjacent ribs. The lower portion of the sternum is
relatively short and depressed, and therefore this intriguing

© Journal of Thoracic Disease. All rights reserved.

deformity is sometimes described as a combined pectus
excavatum and carinatum (146,147). The angle of Louise
(i.e., the angle between the manubrium and sternal body) is
thus less than the normal 145-175 degrees (2).

Conclusions

In the past few decades, substantial progress has been made
in understanding the etiopathogenesis of pectus excavatum
and carinatum. Many studies have been conducted on
epidemiology, classification, and clinical features. However,
there are still unchartered domains and considerable
gaps in knowledge that must be addressed. This includes
confirmation of the current hypotheses on etiopathogenesis
by thorough biomedical and genetic studies, and most
importantly the establishment of a clear definition and
classification system for both deformities. By addressing
these gaps in knowledge, we can enhance our understanding
of these challenging conditions and further improve patient
outcomes.
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