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Introduction

Pectus carinatum (PC) and pectus excavatum (PE) are the 
most common congenital anterior chest wall deformities 
which present at an early age and manifest during 

adolescence. PC is seen less frequently than PE, comprising 
about 5–15% of patients with pectus abnormalities and 
occurs in about 1:1,000–1:10,000 of all live births with a 
male predominance (4:1) (1,2). Some data indicate that 
milder forms of PC are more frequent, with even greater 
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prevalence than PE and ratio of 2:1 (3,4). The etiology of 
PC is not fully understood, however, the generally accepted 
theory is that the deformity is secondary to an excessive 
growth of costal cartilage secondary to genetic factors, 
which results in a sternal deformity without pathology in 
the sternum itself (5). 

PC includes variable subtypes with two principal groups: 
chondrogladiolar (type 1) and chondromanubrial (type 2). 
Most intriguing is the chondromanubrial type, which was 
first described by Guido Currarino and Frederic Silverman 
in 1958, since the etiology and features are different (6). 
Currarino-Silverman (CS) syndrome is a rare (less than 1% 
of PC), complex chest wall anomaly caused by premature 
obliteration of the ossification centers in the sternum 
resulting in a high PC (type 2) deformity (7). Degenerative 
changes in hyaline cartilages, atypical fibrils, reduced 
number of chondrocytes, and thin periosteum are observed 
microscopically (8). A unique appearance, characterized by 
a short, z-shaped, solid sternum with prominent outward 
protrusion and bilateral deformity of the second to fifth 
costal cartilages that form an acute intercostal angle allow 
this syndrome to be considered as a distinct entity (5). The 
xiphoid process is directed forward or is altogether absent 

(Figure 1).
The theory of a congenital etiology by gene downregulation 

is predominant (9-11). A family history of chest wall 
deformity is observed in approximately one-fourth of 
patients (1). An abnormality of the differentiation of 
the anterior segment mesenchymal cells at the time of 
cardiogenesis may result in defects of the endocardial 
cushion, sternum, and aortic arch derivatives. Abnormal 
migration of mesenchymal cardiac precursors to the 
endothelial heart tube is also caused by the abnormal 
genes (12). CS syndrome is often associated with spinal 
deformities (kyphosis, scoliosis and kyphoscoliosis), 
congenital heart defects, and was described as a component 
of Turner’s and Noonan’s syndromes (8,13).

Frequent confusion of CS syndrome with PE deformity 
is still an issue since one-third of patients present with 
concomitant mild to moderate depression of the lower third 
of the sternum (8,13,14). Uniform classification is a basis for 
surgical treatment as well as an assessment of its short and 
long-term results. This article will review the diagnosis and 
treatment of four consecutive patients with CS syndrome.

We present the following article in accordance with the 
AME Case Series reporting checklist (available at http://
dx.doi.org/10.21037/jtd-20-3472).

Methods

The medical records of four consecutive adult patients with 
CS syndrome from a single tertiary academic hospital from 
June 2012 to August 2019 were retrospectively reviewed. 
Patient demographics and characteristics are provided in 
Table 1. All four patients were young females with a mean 
age of 21 years (range, 18–24 years). Echocardiography 
revealed various cardiac pathology in three patients: mitral 
and tricuspid regurgitation, mitral valve prolapse, and 
ventricular septal defect (VSD). In all four patients the 
sternum length did not exceed 10 cm. Two of the four 
patients were asymptomatic and refused surgical correction 
for what they viewed as purely cosmetic purposes (Figure 2). 
One of the two was misdiagnosed with PE type of deformity 
and corrected with Nuss procedure three years prior with 
no significant clinical benefit. In this case, subsequent simple 
bar removal was performed under general anesthesia with no 
further intervention planned. In two other cases (Figures 3,4),  
the procedure of choice was a modified Ravitch-type 
thoracoplasty with double osteotomy. Follow up periods 
were from 23 to 34 months without recurrence. As this was a 
retrospective review, approval from a local ethics committee 

Figure 1 Anatomical representation of Currarino-Silverman 
syndrome: short, broad, fused sternum with prominent outward 
protrusion; the xiphoid process is absent; deformed, fused and 
elongated costal cartilages formed abnormal sharp angle.

http://dx.doi.org/10.21037/jtd-20-3472
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Table 1 Summary of patients with Currarino-Silverman syndrome

Case Age Height (cm) Weight (kg) BMI (kg/m2) Sternum length (mm) Sternum angle (°) Spine Echocardiogram

1 18 160 61 23.83 9 115 Kyphosis MR + TR

2 24 168 47 16.65 10 110 None MVP 3 mm + VSD 3 mm

3 18 162 48 18.29 8.5 135 Kyphosis Negative

4 24 177 52 17 10 122 Kyphoscoliosis MVP 5 mm

MR, mitral regurgitation; MVP, mitral valve prolapse; TR, tricuspid regurgitation; VSD, ventricular septal defect.

A B

298 298

Figure 2 Chest CT with 3D reconstruction (A) frontal and (B) lateral views of the 18-year-old female, showing completely fused broad 
8.5-cm-long sternum with marked anterior protrusion at obliterated manubriosternal joint (135-degree angle) and no depression in the 
lower third.

was not required. All procedures performed in studies 
involving human participants were in accordance with the 
ethical standards of the institutional research committee and 
with the Helsinki Declaration (as revised in 2013). Written 
informed consent was obtained from all patients.

Literature review

A systematic analysis  of  electronic databases was 
performed including the MEDLINE, PubMed, CINAHL, 
EMBASE and OVID using medical subject headings 
“Currarino-Silverman syndrome,” “pouter pigeon chest,” 
“chondromanubrial deformity,” “type 2 pectus carinatum” 
and “pectus arcuatum.” A total of 22 appropriate full-
text case reports and case series in English language were 
identified through database and reference searches from 

1952 to 2019 (Table 2). Articles describing PE deformities 
were not included in this database search. Much of the 
identified literature is limited by relatively short term follow 
up, likely secondary to the younger patient population and 
the lack of symptoms both pre- and post-operatively. 

Results

Described below are the case presentations and clinical 
courses of two patients with CS syndrome. The other two 
patients described in this paper are not included as they 
refused surgical intervention for cosmesis. 

Patient 1

An 18-year-old female with an inborn chest  wall 
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Figure 3 Clinical presentation of an 18-year-old female patient with Currarino-Silverman syndrome. (A) Frontal view. (B) Lateral view.

A B

Figure 4 Clinical presentation of a 24-year-old female with Currarino-Silverman syndrome. (A) Frontal view. (B) Lateral view.

deformity progressing from the age of 16 presented with 
complaints of dyspnea and nagging sternal pain (Figure 3).  
A chest magnetic resonance imaging scan revealed a 
chondromanubrial deformity with a dorsal-open angle 

of 115 degrees and a sternum body length of 9 cm. 
Surgical correction was performed through a transverse 
submammary skin incision in respect to the lines of Langer. 
Musculocutaneous flaps were dissected bilaterally up to the 
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Table 2 Currarino-Silverman syndrome in the literature

Author Year
N of 

patients
N of 

osteotomies
N of cartilages 

resected
Bar

STRATOS 
system

Cardiac defects

Ravitch et al. (15) 1952 1 2 5 − − Arrhythmia

Lester et al. (14) 1953 1 1 5 − − N/A

Monnet et al. (16) 1956 1 No surgery TGA+VSD+PAPVC

Currarino and Silverman (6) 1958 10 No surgery
1, PDA+VSD; 1, VSD; 2, 
PDA; 1, ARSA 

Brunner et al. (17 ) 1961 1 No surgery TOF

Andrén et al. (18 ) 1961 7 No surgery
1, ASD+VSD; 1, TOF; 
1, ASD+PVS; 1, PVS; 1, 
HLHS+PD A

Lam et al. (9) 1971 2 3 3 − − No

Welch et al. (11) 1973 2 1 5 − − DAA+PDA

Robicsek et al. (19) 1974 7 2 5 − − N/A

Shamberger et al. (7) 1988 5 1 6 − − No

Chidambaram et al. (13) 1992 5 No surgery
1, PMV+MS+MR; 1, MR; 2, 
MVP+MR; 1, CoA

Mehta et al. (20) 1996 1 No surgery 1, CoA+PMV

Fonkalsrud et al. (21,22) 2001, 2004 18 2–3 6 + − N/A

Brichon et al. (23) 2010 1 3 5 − + N/A

Wurtz et al. (24) 2012 5 1 3–4 + − N/A

Allwyn Joshua et al. (25) 2013 1 No surgery N/A

Kara et al. (26) 2016 4 1 5 − + N/A

Kim et al. (27) 2016 1 2 4 − − No

Kuzmichev et al. (28) 2016 N/A 1-2 3 − − N/A

Akkas et al. (29) 2016 1 1 3 + − No

Emil et al. (4) 2018 N/A 1 − + − N/A

Leng et al. (30) 2019 6 1 3 + − N/A

ARSA, aberrant right subclavian artery; ASD, atrial septal defect; CoA, coarctation of the aorta; DAA, double aortic arch; HLHS, 
hypoplastic left heart syndrome; MR, mitral regurgitation; MS, mitral stenosis; MVP, mitral valve prolapse; PAPVC, partial anomalous 
pulmonary venous connection; PDA, patent ductus arteriosus; PMV, parachute mitral valve; PVS, pulmonary valve stenosis; TGA, 
transposition of the great arteries; TOF, tetralogy of Fallot; VSD, ventricular septal defect.

level of the sternal notch with detachment of the pectoralis 
musculature and retracted laterally. Subperichondrial 
resections of the 2nd–5th costal cartilages were completed 
bilaterally with preservation of perichondrium to avoid 
chest wall weakness postoperatively. Careful attention was 
also given to the growth centers of the sterno-chondral 
and costo-chondral junctions to avoid development of 
a restrictive deformity. In the projection of maximal 

protrusion of the sternal body, at the level of the third rib 
and second intercostal space, a two-level wedge-shaped 
transverse osteotomy was subsequently performed using 
an oscillating saw preserving the integrity of the posterior 
lamina. Remodeling of the sternum was performed by 
applying caudal pressure at the top of the deformity and 
anterior traction at the sternal body. Osteosynthesis of the 
lower sternum osteotomy site was then accomplished using 
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two parallel 316L stainless steel surgical monofilament 
wires (Ethicon, USA) (Figure 5). The edges of the 
divided pectoralis musculature were approximated with 
interrupted suture followed by closure of the skin flaps. The 
postoperative period was unremarkable with satisfactory 
correction of the deformity. The patient was discharged 
from the hospital on postoperative day 5. The follow-up 
period was 23 months, with subjective resolution of her 
symptoms and no recurrence of the deformity noted.

Patient 2

This patient is a 24-year-old female with a chest wall 
deformity first noted at age 4 and progression to the 
age of 13 (Figure 4). Her only complaint was exertional 
dyspnea. Imaging revealed a fused, broad, 10 cm long 
sternum and marked anterior protrusion at the obliterated 
manubriosternal joint with a 110-degree angle. Repair 
was performed via a submammary skin incision and 
subperichondrial resection of bilateral 2nd–7th costal 
cartilages in similar fashion to that as described above under 
Patient 1. Complete transverse osteotomy at the level of the 
upper third of the sternum was followed by osteosynthesis 
with two parallel low profile titanium plates (Matrix Rib 
Fixation System, 1.5 mm thickness, 2.9 mm diameter of 

screws; DePuy Synthes CMF, West Chester, PA, USA) 
bicortically fixed with eight self-locking screws. The 
postoperative period was unremarkable and the patient was 
discharged on postoperative day 7. The follow-up period 
was 34 months, with subjective resolution of her exertional 
dyspnea and no recurrence of the deformity noted (Figure 6).

Discussion

There is no clear definition of CS syndrome in the 
literature. In 1949, Brodkin recognized two types 
of PC deformity: lower chondrogladiolar and upper 
chondromanubrial prominences (31). In 1953, Lester used 
terms “oblique” and “arcuate” for lower and upper forms 
respectively (14). The first case of an entirely fused and 
angulated forward sternum in conjunction with cyanotic 
congenital heart disease was described in French by 
Monnet et al. in 1956 (16). According to the original paper 
of Currarino and Silverman (6), this rare developmental 
anomaly is characterized by prominent sternal angulation 
with decrease in length as a result of congenital complete 
non-segmentation, or premature synostosis of the sternum. 
Authors noted clinical similarity of this deformity with 
arcuate pigeon breast, a type of PC of Lester’s classification. 

In 2006, Acastello (32) classified chest wall deformities 

A B

Figure 5 An 18-year-old female patient with Currarino-Silverman syndrome, (A) lateral view of 3D reconstruction (B) chest CT 6 months 
postoperatively.
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Figure 6 A 24-year-old female with Currarino-Silverman syndrome, one month postoperatively. (A) Frontal view. (B) Lateral view.

based on the site of the defect’s origin (type 1: cartilaginous, 
type 2: costal, type 3: chondrocostal, type 4: sternal, type 
5: clavicle-scapular) and attributed CS syndrome to the 
cartilaginous type 2 (superior) PC. Further, Torre et al. (3)  
distinguished superior PC into two different types: the 
“true” type 2 (superior or chondromanubrial) PC had 
normal sternal length without depression in the lower third 
due to cartilage anomaly. The authors emphasized the 
presence of a short, thick, S-shaped sternum with inferior 
PE as CS syndrome resulting in a high symmetric PC 
chest wall deformity and attributed it to sternal anomalies 
according to Acastello’s classification. It is worth noting that 
the authors described combined PC and PE malformation 
as type 1 (cartilaginous) PE. Wurtz et al. (24) classified chest 
wall deformities according to the cartilage involvement 
and related pectus arcuatum (PA) in two different types: 
“2nd to 4th or 5th” type or “high” forms of PA, and “2nd 
to 7th” type or PA associated with a lower depression. 
The latter is the most consistent with Torre’s description 
of CS syndrome. Fokin et al. (5) and Robicsek et al. (33) 
considered CS syndrome as a separate “transitional” group 
under the term “Pouter pigeon breast.” Authors sub-
classified this deformity according to the different degrees 
of the angle of Louis. 

On the other hand, some authors consider CS syndrome 
as a variant of PE. Cartoski et al. (34) classified this deformity 
as a “steer horn” type of PE based only on clinically observed 
pectus depression within a diverse cohort of surgical patients. 
However, the authors pointed that it also may be a variant of 
the chondromanubrial deformity of PC and should be treated 
with the Ravitch procedure. Kelly et al. (35) retrospectively 
reviewed records of 300 PE cases, and described CS as a 
rare subtype of PE which occurred in 1% of patients, more 
specifically as a mixed PE and PC type. 

Indeed, CS syndrome can be easily mistaken with PE 
since both deformities appear in almost similar fashion, 
but surgical approaches are very different. A distinctive 
feature of a PE deformity is the beginning of the sternal 
depression at the angle of Louis that becomes progressively 
deeper toward the xiphoid process with distorted, elongated 
cartilages (25). The angle of Louis must be less than 110 
degrees to be considered a true depression (5). Thus, 
confusion about classification is still an actual issue. Terms 
“Currarino-Silverman syndrome,” “pouter pigeon chest,” 
“chondromanubrial deformity,” “type 2 pectus carinatum” 
and “pectus arcuatum” are used, at times, interchangeably. 
Correct and uniform classification plays a crucial role in the 
surgical treatment of this pathology. Most patients with CS 
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syndrome are asymptomatic, therefore surgical correction 
is optional and different opinions exist about the ideal age 
for surgical correction. Late puberty or adulthood was 
indicated as a preferred age for correction since cartilages 
resection will be performed when rib growth ends (7,24,28). 
It is important to keep in mind the potential for thoracic 
dystrophy should cartilage resection be carried out at too 
young an age, or too extensively. That being said, other 
studies reported the preferable age of 5- to 7-year-old, or 
early adolescence (8,21).

When symptoms occur, they are often confined to 
shortness of breath, pain or tenderness at the site of protrusion, 
decreased endurance, or palpitations. Concomitant asthma 
and frequent respiratory infections are also described (14,21). 
A strong correlation of inborn cardiac pathology with CS 
syndrome has been reported, such as VSD, patent ductus 
arteriosus, atrial septal defect (ASD), VSD, tetralogy of Fallot, 
transposition of the great arteries, and coarctation of aorta 
(Table 2). Interestingly, Chidambaram et al. (13) emphasized 
that 4 out of 5 patients with CS have cardiac defects in 
their series and all four were female as in our study. Thus, 
cardiovascular evaluation should by performed in all patients 
with CS syndrome. Chest CT with 3D reconstruction, or 
MRI in children given altered tissue density and radiation 
concern, is the best preoperative imaging for evaluation of 
CS patients. It allows for a differential diagnosis with other 
pectus deformities, determination of exact angles of the costal 
cartilages to the sternum, and enhanced surgical planning.

The first successful surgical correction of CS syndrome 
described by Ravitch in 1952 (15), consisted of elevation 
of the pectoralis major muscle followed by removing short 
segments of the deformed costal cartilage and performing 
two transverse osteotomies at the area of the maximal 
protrusion point in the sternal body. Lester in the same 
year developed a more radical technique of subperiosteal 
resection of the protruding portion of the sternum (14). 
In 1960, Ravitch (10) summarized his experience of 
surgical treatment of PC and highlighted three main steps: 
subperichondrial cartilage resection, transverse sternotomy 
preserving the posterior bone plate and periosteum, and 
osteosynthesis by fixation of the corrected shape of the chest 
wall. One patient from this monumental paper presented 
with typical CS syndrome.

Robicsek described his modification, which was first 
reported in 1963 (19,33), depending on the CS syndrome 
type: type A (moderate depression of the sternal body 
dominated by the protrusion of the manubrium and two 
adjacent cartilages) and type B (significant depression). 

In type A, subperichondrial resection of the protruding 
cartilages and transverse osteotomy with resection of 
the anterior portion of the prominent manubrium was 
performed. In type B, an additional transverse-wedge 
sternotomy at the upper level of the depression followed by 
Marlex mesh placement was completed. 

Lam et al. (9) resected 2 cm of sternum at the point of 
greatest prominence with an additional two transverse 
osteotomies above and below the resection. A similar 
technique with three osteotomies and resection of the curved 
anterior angle of the deformed sternum was described by 
Brichon et al. (23) in a 24-year-old patient with severe “pouter 
pigeon chest.” The osteosynthesis with a titanium system 
(STRATOS – Strasbourg Thoracic Osteosynthesis System) 
placed in front of the sternum was performed instead of a bar 
placement for chest wall stabilization. Kara et al. (26) in their 
report used two STRATOS implants introduced through the 
retrosternal space. 

Shamberger et al. (7) reported their surgical experience 
of 179 patients with PC, five (2.7%) of which had CS 
syndrome. In this case series, a broad, high wedge-shaped 
osteotomy centered at the point of maximum protrusion 
was performed and the second osteotomy was not required. 
The same technique was demonstrated by Welch et al. (11) 
in two (7.6%) patients with CS syndrome. 

In 2001, Fonkalsrud et al. (21) published their 30-year 
experience of surgical treatment of PC. Chondromanubrial 
type was diagnosed in 12 (13%) of 90 patients. According 
to the authors, in 50% of cases, multiple (second and third) 
osteotomies were required. Perichondrial sheaths were 
preserved during cartilage resection. Each of the costal 
cartilages was reattached to the sternum and ribs. Authors 
placed the Adkins strut posterior to the lower tip of the 
sternum to correct sternal depression, as well as to eliminate 
postoperative flail chest and paradoxical respiration. The 
authors emphasized the importance of bar in providing 
chest stability during costal cartilage regeneration and 
decreasing the chance of recurrence. Later, Fonkalsrud  
et al. (22) extended their experience with six new patients 
with CS syndrome defects that were corrected using the 
same technique. Bar placement was described by several 
other surgeons (4,9,24).

Kuzmichev et al. (28) used parallel vertical low profile 
titanium plates for the sternal osteosynthesis. The authors 
indicated that their method is completely extrapleural and 
does not need the second operation for plate removal. 
Leng et al. (30) reported total surgical experience of 7 
patients with CS syndrome. Authors also used vertical 
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titanium plates along with novel computer-aided design 
and templates for precise osteotomy angle with a reported 
excellent cosmetic outcome. Additionally, the Nuss 
procedure was performed in two patients. 

In comparison to PE, a number of less invasive 
techniques have been developed for the correction of PC, 
including the Abramson procedure and its modifications, 
along with nonsurgical options such as observation, orthotic 
bracing, and dynamic compression (2,36). However, due 
to the extreme rarity of the disease, challenging deformity 
and variable anatomy of fused sternum, there are no clear 
guidelines in the treatment approaches. This unique 
growth pattern contributes to almost universal failure of 
conservative treatment options like the vacuum bell or a 
compressive orthosis.

This review was of a single institution with limitations 
inherent of a retrospective study. This review is without 
a comparison analysis, since only one surgical technique 
was performed. Case numbers for comparison are difficult 
to ascertain given the rarity of the disease process. The 
asymptomatic nature of the deformity also leads to a degree of 
hesitancy regarding surgical correction, again limiting data. 

In conclusion, our retrospective results suggest that the 
surgical correction of CS syndrome be pursued at this time 
only with the goal of cosmetic improvement, and although 
patients reported subjective improvement in dyspnea 
related symptoms, significant objective clinical benefit was 
not appreciated in the patients studied. The best surgical 
option remains the relatively aggressive Ravitch-type 
procedure with multi-level wedge osteotomy (3,23,26,36), 
allowing for the achievement of a satisfactory outcome, 
including a high satisfaction rate in this group of patients. 
Given the rarity of the deformity, it’s surgical correction 
should be completed by a multidisciplinary team, including 
thoracic reconstructive surgeons with experience in pectus 
deformities. Future study could include more extensive 
pre-operative workup and data collection to compare 
with postoperative values, to ascertain whether a clinical 
benefit may also accompany the cosmetic result achieved by 
surgical intervention. 
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