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Introduction
Normally, the sternum is developed by fusion of two 

mesenchymal bars, between the 7th and 10th week of gestation, 
extending from the manubrium to the xiphoid process [1]. 
Sternal cleft (SC) is a rare chest wall anomaly occurs after failure 
of the sternal bars to fuse. It accounts for 0.15% of chest wall 
malformations, and occurs in less than 1:100,000 of live births, 
with a female predominance [2]. The SC may be partial or total  

 
depending on its extension. In regard to its location, the defect may 
be superior, inferior or complete. Other malformations may occur 
with SC, like hemangiomas, omphalocele, pentalogy of Cantrell 
(Ectopia cordis, intracardiac defects, sternal cleft, omphalocele, 
pericardial defect), PHACES syndrome (posterior fossa brain 
malformations, facial hemangiomas, arterial anomalies, cardiac  
defects, eye abnormalities, sternal cleft and supra-umbilical raphe), 
gastroschisis, pectus excavatum, and hamartoma [1,3].

 
Abstract

Sternal cleft (SC) is a rare congenital anomaly of the chest wall, isolated or combined with other malformations. We try to 
provide an appropriate stepwise approach for the diagnosis and treatment of SC. Prenatal ultrasound diagnosis can be obtained 
after the 18th week of gestation. At birth, diagnosis is based on the findings of clinical examination, chest x-ray, computed 
tomography and additional investigations for the associated anomalies. Primary approximation of the sternal bars is preferred 
before the age of 3 months. For older cases and rigid chest wall, the surgical correction can be achieved using prosthetic materials, 
autologous grafts, or biologic implants. The surgical decision depends on the age of patient, rigidity of the chest wall, and presence 
of other abnormalities in the chest wall. 
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Figure 1: Clinical types of sternal cleft. a) V-shaped cleft (arrow). b) U-shaped cleft (arrow).
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Main Text
Prenatal diagnosis of SC by fetal ultrasound is well done 

between the 18th and 26th week of gestation when the number and 
size of ossification centres are small or absent [4]. Also, prenatal  
identification of SC is easier when cardiac anomalies exist as these 

anomalies indicate heedful research of other malformations [1]. 
At birth, the clinical inspection and palpation of the chest wall 
can help diagnosis of SC, when cardiac pulsations under the skin 
are inspected, with V-shaped cleft to xiphoid or U-shaped space 
between the costal ridges up to 4th costal cartilage (Figure 1) [5].

 

Figure 2: Stepwise approach for management of sternal cleft.

 

Figure 3: a) Chest X-ray showing displaced clavicles. b) Axial view of computed tomography showing sternal defect (arrow).
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To obtain better results during the management of SC, the 
physicians should follow a stepwise approach for its diagnosis and 
treatment (Figure 2). The imaging studies for SC involves lateral view 
chest X-ray to identify sternal segments and ossification centers. 
Also, a widened interclavicular distance on posterioranterior 
view of chest X-ray (Figure 3a), with other clinical findings on 
examination may confirm the diagnosis [4,6]. The computed 
tomography (CT) is the gold standard to detect sternal anatomy 
(Figure 3b). Other imaging modalities to confirm CT findings 
include 3D reconstruction views and Magnetic Resonance Imaging 
(MRI) of the chest. It is important to screen other associated 
congenital anomalies with SC using abdominal ultrasonography 
and echocardiography [7]. 

The surgical correction of SC is indicated to avoid the potential 
injury of unprotected intrathoracic organs, while in absence of vital 
indications surgery is performed for cosmetic considerations. In the 
newborn, the sternum is more flexible with minimal compression 
of the underlying structures, thus surgery is preferred [8]. Early 
primary closure is the appropriate decision of management in the 
neonatal period to obtain better surgical and cosmetic outcome. 

The prognosis after surgery is good when the SC is isolated [3]. 
In addition to adequate protection of the thoracic organs, surgery 
should maintain the growth of the chest wall, avoid the prosthetic 
material when possible, and attain a satisfactory cosmetic outcome. 
Thus, it is necessary to illustrate the relationship between thoracic 
organs and chest wall preoperatively using Multi-Detector CT 
(MDCT). Also, after the surgical correction, MDCT has an important 
role to detect the adoption of thoracic organs to the reconstructed 
chest wall [2]. 

The surgery for SC has anesthetic challenges as multiple organ 
systems may be involved with a risk of direct injury to the vital 
organs. The possible perioperative complications include rapid 
blood loss, arrhythmias, cardiac dysfunction and pneumothorax. 
Thus, the main requirements during anesthesia for the repair 
of SC include standby Cardiopulmonary Bypass (CPB), invasive 
hemodynamic monitoring, use of intraoperative Trans-esophageal 
Echocardiography (TEE), close observation of the ventilator 
parameters, elective postoperative mechanical ventilation with 
adequate analgesia [9]. The sustained physiological changes after 
operation warrant postoperative intensive care monitoring [10]. 

Table 1

Surgical Technique Description

Primary closure
Early repair in infancy is preferred as the chest is most flexible. 

Conversion of a partial cleft into a total one by the removal of a sagittal wedge of lower sternum preserving the xiphoid 
and gaining a fresh edge for direct approximation.

Primary closure with partial 
resection of the costal 

cartilages

Primary closure of the defect with partial resection of the first 3 costal cartilages and disruption of the sternoclavicular 
junction to permit mobilization of the sternal bars for midline approximation. 

The late complication of disarticulation includes painful shoulder abduction with a propensity for recurrent dislocation 
and unsightly deformity.

Primary closure with 
fracturing the clavicles Primary approximation after fracturing the clavicles and hence to avoid the complications of disarticulation.

Sliding chondrotomies Bilateral oblique incisions are made through the costal cartilages to produce greater length and allow midline 
approximation of the sternal halves.

Door wing plasty The cartilages are divided laterally and swung medially to cover the defect.

Prosthetic repair The prosthetic grafts include: Teflon, polypropylene, silicone, and titanium in adults to cover a wider defect. 
The prosthetic materials provide a rigid frame and are associated with increased infection and synthetic reaction.

Autologous graft (rib, bone 
or muscle)

Autologous repair with posterior periosteal flap from the sternal bars with chondral grafts, iliac bone graft and V-Y 
myoplasty of pectoralis major muscles, or autogenous rib grafts buttressed with Teflon for bridging wide defects. 

Less reaction, less infection, and minimal necrosis of the graft than prosthetic material, with neovascularization after 
surgery.

Biologic tissue grafts

Sternal reconstruction by extracellular matrix.pdf 
A biologic extracellular dermal matrix (XDM) derived from porcine dermis or acellular dermal matrix (ADM) of fetal 

bovine origin used as a mean to bridge and stabilizes the cleft. 
Advantages: maneuverability, plasticity, tolerabil¬ity and the possibility of growing with the children’s chest and optimal 

cosmetic results. 
Disadvantage: providing soft-tissue reconstruction rather than skeletal stability.

Autologous repair and definitive skeletal reconstruction 
with rib or bone grafts is preferable over prostheses to avoid the 
possible complications of prosthetic materials, with advantages 
of less reaction, less infection risk, minimal necrosis of the graft, 
and neovascularization from the neighboring tissues after the 
surgery [7,12]. The described techniques using autogenous 
tissues for reconstruction of a new sternum in older children and 
adults include: posterior periosteal flap from the sternal bars 

with chondral grafts; autogenous iliac bone and V-Y myoplasty of 
pectoralis major muscles; and autogenous rib grafts buttressed 
with Teflon for bridging wide defects [3,12]. The use of biologic 
tissue substitutes in reconstruction of SC has promising outcomes. 
The biologic extracellular tissue matrix derived from porcine 
dermis forms a strong bio¬logic that can be infiltrated by body’s 
cells with subsequent integration with the surrounding tissues, 
good resistance and durability [13].
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Beyond the neonatal period, particularly after the age of three 
months, the chest wall becomes rigid and more complicated surgical 
techniques rather than primary approximation are indicated. 
These techniques include sliding chondrotomies, fracturing the 
clavicle, autologous bone or cartilage graft interposition, muscle 
flap interposition, and prosthetic or biologic mesh grafts (Table 
1) [7,11]. In adult patients with SC, prosthetic grafts may be used 
to cover a wide defect without reduction of the intrathoracic 
volume. The available prosthetics include methylmethacrylate, 
polypropylene mesh, silicone prosthesis and titanium plates. The 
aim of the prosthetic repair is to fix the thorax at its anterior fulcrum 
in the region of the sternochondral and costochondral junctions 
[3]. However, the prosthetic material may be complicated by tissue 
reaction, bradycardia, hypotension and infection, thus alternatives 
to these prostheses are preferred in management of SC [11]

The reconstruction of SC using biologic extracellular matrix 
has advantages of maneuverability, plasticity, tolerabil¬ity and the 
possibility of growing with the children’s chest and optimal cosmetic 
results. However, a careful approach is recommended when cellular 
biologic matrices are used considering the location of the SC and 
the associated chest wall dynamics. The use of a biologic tissue for 
repair of SC provides soft-tissue reconstruction rather than skeletal 
stability, which may indicate additional reconstruction with muscle 
flap or bone graft. Moreover, there is a need for further research 
to constitute clear criteria for the choice of biologic implants [14]. 
Other challenges in the surgical correction of SC arise from the 
association of SC with other chest wall abnormalities, particularly 
pectus excavatum (PE). Complete SC with PE is an extremely rare 
entity [15]. Surgery is indicated for significant compression of the 
heart chambers by the depressed sternum or only for the cosmetic 
disfigurement [16].

In literature, the described techniques for repair of SC associated 
with PE in adults rely on bilateral excision of fragments derived 
from the deformed cartilages, followed by direct approximation 
of the sternal bars without tension [16,17]. Tocchioni and his 
colleagues described a combined approach for the correction of 
complex anterior chest wall anomalies in a teenager with SC and 
PE. After creation of bilateral periosteal flaps, detachment of the 
pectoralis major muscles and collection of the portions from the 3rd 
to 5th costal cartilages, PE was corrected by the introduction of a 
substernal bar according to the Nuss technique. The steps of sternal 
reconstruction were: suturing of the periosteal flaps, reinforcement 
by Prolene mesh, placing the autologous cartilaginous grafts over 
the reinforced periosteal flaps, reinforcement by another Prolene 
mesh, and finally suturing the pectoralis major muscles above onto 
the midline [15].

Conclusion
The proper diagnosis of SC depends on combination of the 

clinical examination with the findings of imaging studies in addition 
to screening for other anomalies. The choice of an appropriate 

surgical technique depends mainly to the age of patient, rigidity 
of the chest wall, and presence of other abnormalities in the 
chest wall. The use of biologic grafts has encouraging results but 
further evaluation is required. When PE exists with SC, the surgical 
correction of SC may be achieved by approximation of the sternal 
bars or require more complex procedure.
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