
CASE REPORT
published: 02 March 2022

doi: 10.3389/fsurg.2022.796806

Frontiers in Surgery | www.frontiersin.org 1 March 2022 | Volume 9 | Article 796806

Edited by:

Dariusz Patkowski,

Wroclaw Medical University, Poland

Reviewed by:

Adam Hermanowicz,

Medical Univeristy of Bialystok, Poland

Angela De Palma,

University of Bari Medical School, Italy

*Correspondence:

Kambiz Sheikhy

ksheikhy@sbmu.ac.ir

Specialty section:

This article was submitted to

Pediatric Surgery,

a section of the journal

Frontiers in Surgery

Received: 17 October 2021

Accepted: 21 January 2022

Published: 02 March 2022

Citation:

Sadegh Beigee F, Sheikhy A and

Sheikhy K (2022) Reconstruction of

Chest Wall by Cryopreserved Sternum

Allograft After Resection of Sternal

Hemangioma: A Case Report.

Front. Surg. 9:796806.

doi: 10.3389/fsurg.2022.796806

Reconstruction of Chest Wall by
Cryopreserved Sternum Allograft
After Resection of Sternal
Hemangioma: A Case Report

Farahnaz Sadegh Beigee 1, Ali Sheikhy 2,3 and Kambiz Sheikhy 1*

1Department of Thoracic Surgery, Lung Transplantation Research Center, National Research Institute of Tuberculosis and

Lung Diseases, Masih Daneshvari Hospital, Shahid Beheshti University of Medical Sciences, Tehran, Iran, 2 Research

Department, Tehran Heart Center, Tehran University of Medical Sciences, Tehran, Iran, 3Non-communicable Disease

Research Center, Endocrinology and Metabolism Population Sciences Institute, Tehran University of Medical Sciences,

Tehran, Iran

A 5-year-old girl was referred to our department for a mass of sternum that was previously

biopsied and diagnosed as hemangioma. Chest X-ray and CT scan confirmed a large

sternal mass. We resected the sternum completely and reconstructed a large anterior

chest wall defect by a cryopreserved sternal allograft. In the follow-up of the patient, there

was no instability of the chest wall and acceptable cosmetic results.
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INTRODUCTION

Radical resection of the sternum is indicated in different situations, such as tumors, infection,
radionecrosis, and trauma. In addition, it may be considered as an alternative surgical treatment
in chest wall deformity (1). Sternum hemangioma is a rare benign bone tumor, and, to the best of
our knowledge, about five cases have been reported in the literature, including adult and pediatric;
meanwhile, any of them did not include pectus carinatum deformity coexisting with hemangioma
of the sternum (2–5). In the case of sternal resection, reconstruction of the sternum is mandatory
to prevent flail chest and ventilation impairment; besides, cosmetic consequences must also be
considered. Due to mentioned difficulties, this procedure is challenging for most thoracic and
reconstructive surgeons (6, 7).

Various techniques have been described previously, but there is no gold standard procedure for
managing these defects (8). There is limited experience with a new method for the reconstruction
of the sternum by utilizing cryopreserved sternal allograft; furthermore, no previous study was
conducted in the pediatric group.

In this case report, we described a 5-year-old girl with the sternum hemangioma and pectus
carinatum deformity, on whom reconstruction of the chest wall with a cryopreserved sternal
allograft was conducted after complete surgical resection of the tumor (sternectomy).

CASE REPORT

A 5-year-old girl was referred to our thoracic surgery unit following diagnosis of hemangioma of
the sternum (Figure 1). When she was 3 years old, following an attack of seizure, her brain MRI
revealed a calcified hemangioma in addition to pectus carinatum deformity and thrombocytopenia
(platelet count = 15,000/µL) in her primary evaluations. A chest CT scan was performed, which
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FIGURE 1 | Preoperative anterior (A) and lateral (B) view pictures showing a

deformity and large mass.

FIGURE 2 | Preoperative CT scan showing a large sternum mass. (A) Uppers

segments, (B) lower segments.

demonstrated a sternal expansile mass (Figure 2). Incisional
biopsy of the mass was performed, and pathologic finding
was compatible with hemangioma. Considering her
thrombocytopenia, she underwent corticosteroid therapy. She
experienced recurrent thrombocytopenia after corticosteroids
withdrawal; therefore, she was referred for resection of sternal
hemangioma as a potential genesis of thrombocytopenia. At
the time of admission, she had a platelet count of 20,000/µL
eventually; corticosteroid therapy was established before
resection to normalize the platelet count.

According to CT findings, near-complete resection of the
sternum was arranged. Based on predicted sternum size,
measured according to anthropometric parameters and the
resected area of the chest wall, a cryopreserved sternum was
ordered from the tissue bank center. At the time of the surgery, a
longitudinally elliptical midline incision was performed, which
included a previous biopsy site. There was no infiltration
or adhesion of mass to skin and subcutaneous tissue except
the biopsied area, and a well-defined, capsulated but vascular
mass was dissected from surrounding tissues. Due to the
large dimension of the tumor, pectoralis major muscles were
pushed laterally to nearly midclavicular lines (Figures 3A,B).
The upper border of the manubrium seemed to be normal and
preserved. The thoracic cavity was entered on the left side,
and near-total sternectomy, including tumor and most parts
of deformed cartilages, was achieved. Eventually, there was a
15 × 12-cm defect in the anterior chest wall. The previously

FIGURE 3 | An intraoperative picture of sternal mass (A). Resected

hemangioma with an acceptable margin (B). Large chest wall defect (C).

Cryopreserved sternal allograft (D). Covering of chest wall defect with graft

(E,F).

preserved cryopreserved sternum allograft was prepared for the
reconstruction (Figures 3C,D). The graft was dampened by 40◦C
normal salines, tailored gradually, fixed to the patient’s ribs by
titanium plates and screws, and fixed to remained manubrium
(Figures 3E,F). Subsequently, the graft was covered by pectoralis
muscles and after insertion of a bilateral chest tube and
subcutaneous right side vacuum suction drainage; the skin was
closed in the midline. The patient was extubated in the operation
room. After surgery, the chest wall was completely stable, and
there was no need for ventilator support. Chest tubes were
removed on the 3rd day after the operation, and there was no
evidence of wound infection. The patient was discharged after 7
days. In the 1st month after surgery, the defect was stable with no
complications. The final pathologic finding was compatible with
hemangioma (Supplementary Figure 1). Sixteen months after
the operation, there was aminimal deformity in the anterior chest
wall without any evidence of chest wall instability (Figure 4).

DISCUSSION

Hemangioma of the sternum is an extremely rare benign
sternal tumor. To the best of our knowledge, <5 cases have
been reported previously (2–5), and simultaneous occurrence
of pectus carinatum and sternum hemangioma is a novel
condition, although this type of anterior chest wall deformity
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FIGURE 4 | An anterior, lateral photograph (A,B) and CT scan (C) 16 months

after the operation.

may be acquired and secondary to abnormal overgrowth of the
sternum (9). On the other hand, resection of sternum and repair
strategies of the remained defect after resection based on different
pathologies is challenging, especially in the pediatric. The most
challenging part of the operation is the best reconstructive
strategy selection for the reconstruction of the anterior chest
wall. Reconstruction of soft tissue defects with various types
of flaps is less challenging. The ongoing growth of a child
and adverse effects of growth restriction following resection
and reconstruction is the most important challenging points of
pediatrics in contrast to adults.

Methyl methacrylate meshes and sandwiches,
polytetrafluoroethylene (PTFE), and polypropylene patches
are routinely used in thoracic surgery for reconstruction.
The disadvantages of these prosthetic materials are the risk
of infection, dislodgement, and long-term complications,
including changes in thoracic morphology and function in
pediatric patients (10). Metallic materials, such as titanium
clips, plates, and moldable multi-hole plates, have been used
for the stabilization of the chest wall (11, 12) and may have the
same complications as other prosthetic materials. Turna et al.
(13) described reconstruction of anterior chest wall defect after
wide resection of this part with a well-designed patient-specific
titanium implant. In addition, a hydroxyapatite tricalcium-
phosphate compound (ceramic) that can be shaped has been
introduced for reconstruction (11).

Due to complications related to using prosthetic material,
such as infection, rigidity, and probable growth restriction in
children, bone grafts have gained considerable attention in the
reconstruction of the chest wall (14). Ribs can be harvested
as autografts from the opposite surgical site or can be used
as allografts. In extensive chest wall defects, as in sternum
tumor resection, bone autograft harvest may lead to significant
morbidity (15). A potentially inexhaustible source of bone
for the reconstruction of chest wall defects in the human
cadaver. The main advantage of bone grafts is their capability
of integration with host tissue and chest wall stability without
rejection, infection, and migration. Bone graft also acts as a

scaffold for osteoprogenitor cells, which migrate within the graft,
consequently, new bone will be formed (15). Some authors
reported cryopreserved sternum allograft for a limited number of
patients after sternum resection (15–18). Dell’Amore described
this method and his experiences in fourteen patients, which is
the largest group of patients (19). He has also described more
limited experiences of other surgeons with this method in other
centers (20). In all of these reports, no allograft complications
have been reported.

Sternum allograft fixation by Titanium bridges and screws
may result in a thoracic cage deformity in long term in a growing
child; therefore, studies with longer follow-ups are mandatory to
clarify this hypothesis.

Using an autologous flap in chest wall reconstruction is an
option that is a complex but safe procedure; nevertheless, it may
lead to inadequate functional and cosmetic results, especially in
mid- and long-term follow-up. On the other hand, some surgeons
have reported prosthetic material for reconstruction of the chest
wall in this group of patients with acceptable results, but mid-
and long-term results are not available and prosthetic material
may interfere with the normal growth of the child (21); therefore,
using bone allografts may be more beneficial for children.

In conclusion, in this case, we have reported three rare events
occurring simultaneously. First, the rare occurrence of sternal
hemangioma; second, the occurrence of sternum hemangioma
with a pectus carinatum deformity (that most probably is
acquired), and the last one is the use of a novel substitute for
sternum reconstruction. Using cryopreserved sternum allograft
for the reconstruction of the anterior chest wall after sternum
resection is a simple and reproducible method.

To the best of our knowledge, this is the first report
of chest wall reconstruction by utilizing cryopreserved
sternum in children. The most important consideration in
this reconstruction method is the restrictive effects on the
sternum. Another question is why we did not try to repair pectus
carinatum deformity completely? If we tried to resect more
adjacent ribs and cartilages for cosmetic results, remained defect
might have been as big as which could force us to use longer
titanium bridges for sternum allograft fixation on the remained
ribs. Still, we could repair the patient’s carinatum deformity in
the future to achieve more cosmetic results. Although, 16 months
after the surgery, there was a minimal chest wall deformity in
comparison with preoperative images. More studies with a larger
sample size and longer follow up are mandatory to determine
the long-term outcome of this type of transplantation, especially
in children.
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18. Kālab M, Karkoška J, Kamínek M, Šatavý P. Successful three- years
outcome in a patients with allogenous sternal bone graft in the
treatment of massive post-sternotomy defects. Int J Surg Case. (2015)
7:6–9. doi: 10.1016/j.ijscr.2014.12.027

19. Dell’Amore A, Ferrigno P, PangoniA, Natale G, Faccioli E,
Schiavon M, et al. The biological approach for sternal replacement:
sternochondral allograft transplantation. Curr Chall Thorac Surg. (2019)
1:9. doi: 10.21037/ccts.2019.08.02

20. Dell’Amore A, Kalab M, Miller AS 3rd, Dolci G, Liparulo V, Beigee
FS, et al. Indications and results of sternal allograft transplantation:
learning from a worldwide experience. Ann Thorac Surg. (2021) 112:238–
47. doi: 10.1016/j.athoracsur.2020.08.032

21. Guillén G, García L, Marhuenda C, Pellisé F, Molino JA, Fontecha
CG, et al. Thoracic wall reconstruction with bioabsorbable plates in
pediatric malignant thoracic wall tumors. J Pediatric Surg. (2017) 52:377–
81. doi: 10.1016/j.jpedsurg.2016.08.018

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Sadegh Beigee, Sheikhy and Sheikhy. This is an open-access article

distributed under the terms of the Creative Commons Attribution License (CC BY).

The use, distribution or reproduction in other forums is permitted, provided the

original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Surgery | www.frontiersin.org 4 March 2022 | Volume 9 | Article 796806

https://www.frontiersin.org/articles/10.3389/fsurg.2022.796806/full#supplementary-material
https://doi.org/10.1016/j.athoracsur.2010.06.044
https://doi.org/10.1007/BF00197937
https://doi.org/10.1016/S0022-5223(96)70165-4
https://doi.org/10.1055/s-2007-989397
https://doi.org/10.1016/j.athoracsur.2008.04.109
https://doi.org/10.1016/j.athoracsur.2003.08.053
https://doi.org/10.1155/2017/9135657
https://doi.org/10.1016/j.thorsurg.2010.06.002
https://doi.org/10.1055/s-2005-865840
https://doi.org/10.21037/jtd.2019.07.82
https://doi.org/10.1016/j.thorsurg.2010.06.005
https://doi.org/10.21037/jtd.2016.02.64
https://doi.org/10.1093/icvts/ivt408
https://doi.org/10.1510/icvts.2008.183905
https://doi.org/10.1093/icvts/ivs411
https://doi.org/10.1186/1749-8090-7-40
https://doi.org/10.1016/j.athoracsur.2011.10.004
https://doi.org/10.1016/j.ijscr.2014.12.027
https://doi.org/10.21037/ccts.2019.08.02
https://doi.org/10.1016/j.athoracsur.2020.08.032
https://doi.org/10.1016/j.jpedsurg.2016.08.018
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

	Reconstruction of Chest Wall by Cryopreserved Sternum Allograft After Resection of Sternal Hemangioma: A Case Report
	Introduction
	Case Report
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References


