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Introduction

Full median sternotomy is still the most commonly
used surgical approach for exposing the heart in cardiac
surgery (1). However, early sternotomy wound complications
represent a major cause of morbidity in heart surgery with
an incidence from 0.5% to 10% in most surgical studies
(2-4). Different classifications of sternal wound complications
were reported. Mainly we consider three principal categories:
mechanical uninfected sternal instability/dehiscence;
sternal instability/dehiscence with superficial wound sternal
infection (SWSI); and deep sternal wound infection (DSWI
or mediastinitis) with sternal instability/dehiscence (1,5).
In particular mediastinitis with sternal dehiscence is a life
threatening condition with a reported mortality between 14%
to 47% (5). The loss of sternal bone and adjacent ribs due to
osteomyelitis and previous surgical debridement causes large
defects of the anterior chest wall that increase the risk of heart
and lung damage and in particular impairs respiratory function
due to pain and paradox movement of the thorax, often
necessitating prolonged mechanical ventilation and increasing
the post operative mortality (6). Sometimes DSWI and massive
sternal loss is the result of previous attempts to fix a mechanical
sternal dehiscence with or without SWSI in patients with
multiple risk factor for sternal instability and infection (6,7). In
cardiac surgery the most common technique to repair a sternal
instability/dehiscence is the Robicsek technique (8). Generally
this is a very effective procedure, but in case of its failure the
subsequent repair of the anterior chest wall could become
very complex due to massive bone loss (7,9). We report our
experience with two different surgical approaches to treat a
massive sternal loss after a failed Robicsek repair.
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Case presentation
Patient 1

A 71-year-old male referred to our Unit because of post
sternotomy mediastinitis with complete sternal defect. Two
months before, the patient had undergone a Bentall procedure
for aortic valve insufficiency secondary to infective endocarditis,
complicated by postoperative bleeding, which required surgical
re-exploration. Two weeks later mechanical instability of the
sternum was detected and treated surgically using the Robicsek
technique. Nevertheless, a deep sternal wound infection due
to Pseudomonas Aeruginosa occurred. Thus during a further
re-operation the cage was removed identifying a complete
dehiscence of the sternum with multiple edge fractures and
bone loss. VAC therapy was applied for 15 days. The antibiotic
therapy was made according to the bacterial sensitivity resulting
in the patient being treated with levofloxacin 500 mg twice a
day intravenously for one month. When the acute infection
was resolved the patient was ready to go to the operation room,
considering his preoperative condition was stable.

Once the VAC therapy was removed, the resection of
residual edges of the sternum was performed reaching
1-2 cm into the healthy tissue. We planned before to
reconstruct the anterior chest wall with a cryopreserved
tibial bone allograft because of massive bone loss and the
previous infection. The allograft was harvested from a
multi-tissue donor, in accordance with Italian legislation for
tissue donation. The graft underwent washing immersion
in sterile saline solution with antibiotics for 72 hours. After
packaging, the allograft was irradiated and then stored
at —80 °C. The day before surgery the graft underwent
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Figure 1 Padent 1 allograft bone sternal reconstruction. Patient 1,
after removing the remaining sternal bone, the allograft is rewarmed
and tailored according to the defect. To fix the allogenic bone graft
and simultaneously stabilize the whole chest wall, four transversal
titanium plates are used. Multiple holes are opened on the allograft
with the drill to pass three stainless-steel wires for each titanium
plate to attach the allograft and the titanium bars. Then the wire-
loops are tied at an appropriate strength. Pectoralis muscle flap is
used to cover the reconstruction (10).

Available online: http://www.asvide.com/article/view/25557

defrosting at 4-6 °C for 12 hours, then under sterile
conditions it was immersed in a 0.9% NaCl solution with
antibiotics and stored to 4-6 °C until its use. Thus the bone
was rewarmed and tailored according to the defect. To
fix the allogenic bone graft and simultaneously stabilize
the whole chest wall, four transversal titanium plates were
used (Synthes®, Solothurn, Switzerland). Multiple holes
were opened on the allograft with the drill to pass three
stainless-steel wires for each titanium plate to attach the
allograft to the titanium bars. Then the wire-loops were
tied at an appropriate strength. A fenestrated drainage was
placed under the graft before its fixation. The titanium
bars were then fixed to the patient’s ribs bilaterally using
titanium screws. We applied at least three screws to both
ends of each plate taking care to avoid the cartilaginous part
of the ribs. Once the reconstruction of the chest wall was
completed, we performed bilateral release of the pectoral
muscle flaps. Two Jackson-Pratt drainages were placed
under both pectoral flaps, which were closed medially with
interrupted sutures (Figure 1). The patient was extubated
in the operation room (OR) and then transferred to the
intensive care unit for monitoring. The drainages were
removed after 5 days in order to avoid the formation of
serous exudate. The postoperative computed tomography
demonstrated perfect apposition and healing of the allograft
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to the recipient’s tissue. The post operative period was
uneventful and the patient was discharged after 20 days
from the operation in optimal medical condition. After
1 year the patient is still alive, he has no chronic pain, and
the chest wall is stable with no displacement of the bars,
as shown in the follow-up CT scan, which was performed
10 months after the operation, showing a stable anterior
chest wall reconstruction (Figure 2). Whole-body single-
photon emission computed tomography (SPECT/CT)
with technetium 99m-bisphosphonate, which is an accurate
assessment for the osteoblastic metabolism was performed
after one year. The study confirmed no alteration of the
graft, in particular necrosis; rather, initial signs of tissue
healing of the bone graft in the contact points with the host
bone tissue have been confirmed (Figure 3).

Patient 2

A 59-year-old male patient with dilated cardiomyopathy
underwent to orthotopic heart transplantation at our surgical
department. Reoperation for bleeding was necessary after
4 days. Two weeks later, sternal dehiscence was detected
and treated surgically using the Robicsek technique. During
the hospitalization, a wound infection with sternal instability
was discovered, a Klebsiella Pneumoniae was isolated and
the patient treated with piperacillin/tazobactam 18 mg by
continuous intravenous infusion for 1 month. Following this,
the patient underwent surgical re-exploration to remove the
cage identifying a complete dehiscence of the sternum with
multiple edge fractures and bone loss. VAC-therapy was
applied for 14 days until the wound was germ-free. Once the
acute phase of the infection has passed, we decided to bring the
patient to the OR to reconstruct the anterior chest wall.

The operation was performed under general anesthesia.
The VAC therapy was removed and the degree of sternal
separation was assessed. The edges of the sternal bone were
mobilized and cut until bleeding from the bone marrow
was visible. Bilateral release of pectoral muscle, at least at
the level of the midclavicular line, was performed for later
approximation. Despite a small rim of sternal edges still
being present, reconstruction using metal steel wires or
titanium plate alone was not possible because of multiple
fractures of the sternal bone and a very fragile and thin rim
of tissue that did not guarantee any kind of stability.

To cover the anterior chest wall defect, we decided to
use a titanjum mesh (RPS.THORAX - MDF Medica S.r.l.). The
mesh was placed above the sternal residue and fixed bilaterally
to the ribs head with four steel wires. A fenestrated drainage was
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Figure 2 CT-scan images showing the results of the chest wall reconstruction using a fibula allograft and titanium plates after 10-month

follow-up. (A) antero-posterior view; (B) lateral view.

Figure 3 SPECT/CT with technetium 99m-bisphosphonate 1 year
after allograft implantation, showing osteoblastic metabolism at the

level of contact between the allograft and recipient chest wall.

placed under the mesh before its fixation. To avoid paradoxical
movement of the chest, three titanium plates (RPS. THORAX -
MDF Medica S.r.l.) were attached to the third, fourth and fifth
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ribs bilaterally and to the mesh with at least three locking screws
at both ends of each plate. Once the reconstruction of the chest
wall was completed, the pectoralis muscles were closed with
interrupted sutures. Two Jackson-Pratt drainages were placed
under the pectoralis flap and two over it. The subcutaneous tissue
was approximated with a running suture and the skin was then
closed with staples and non-absorbable braided sutures (Figure 4).

The patient was transferred to the ICU and extubated
after 8-hours. The drains were removed after 6 days in
order to avoid the formation of serous exudate. There
were no complications related to the operation. The
postoperative computed tomography showed the device
in place and the correction of the defect. The patient was
discharged after 18 days in optimal medical condition.

After a 12 months follow-up examination, the patient is
in good clinical condition, has no chronic pain and the chest
wall is stable with no displacement of the synthetic device.
The patient had a CT scan at 6 months and it showed a
stable reconstruction of the chest wall (Figure 5).

Discussion

Sternal dehiscence represents one of the major causes of
morbidity after cardiac surgery performed through full median
sternotomy (2-4). Sternal preservation is the better way to
avoid this kind of complication (1). Particular attention should
be paid to patients with well-known risk factors, such as older
age, diabetes, COPD, congestive heart failure, use of bilateral
internal mammary artery grafts, reoperation, prolonged
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ventilation, obesity, immunosuppressive therapy, severe
osteoporosis, prolonged cardiopulmonary bypass and aortic
cross-clamp times, etc., to prevent sternal instability (5).
Then, there’s also other reasons for mechanical sternal
dehiscence/instability such as an asymmetric sternotomy or
repeated sternal reopening and rewiring for post-operative
bleeding, or other surgical complications.

When SWSI with sternal instability/dehiscence occurs,
VAC therapy followed by Robicsek closure represents the
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Figure 4 Patient 2 titanium mesh sternal reconstruction. Patient 2, the
edges of the sternal bone are mobilized and cut until bleeding from the
bone marrow is visible. The titanium mesh is placed above the sternal
residue and fixed bilaterally to the ribs head with four steel wires then
three dtanium plates are attached to the III, IV and fifth ribs bilaterally
and to the mesh with at least three locking screws to both ends of each
plate. Pectoralis muscle flap is used to cover the reconstruction (11).
Available online: http://www.asvide.com/article/view/25558

E413

most used approach to date (2-4). The Robicsek procedure
consists of creating bilateral and longitudinal parasternal
running wires, with alternating sutures passed anteriorly and
posteriorly to the costal cartilages for the whole length of
the sternum (8). The main disadvantage is that it produces
a constrictive weave which can interrupt the collateral
blood supply of the sternum, worsening a pre-existing
ischemia and resulting in bone necrosis and further sternal
fragmentation (7). Thus, an ischemic field facilitates bacterial
colonization and migration from SWSI, frequently present
in the deep mediastinal space causing DSWI. Robicsek
failure and DSWI requires wire removal and sternal
debridement, which results in massive bone loss. Usually,
this huge anterior chest wall defect is first stabilized with
VAC therapy, that is also very effective in treating DSWI
and SWSI, in addition to antibiotic therapy (4).

There are multiple surgical techniques described to
reconstruct the anterior chest wall once the mediastinum
is sterilized, but none of them is yet considered the gold-
standard procedure (12,13). We described two different
approaches for anterior chest wall reconstruction. In the
first case, we used synthetic material such as titanium bars,
screws and mesh. Synthetic materials have advantages as
well as disadvantages such as excessive rigidity, the risk
of erosion of the adjacent structures, the risk of infection,
insufficient strength, rupture, migration, immunological
reaction and impossibility of incorporation into the host
tissue (12-14). Of course, synthetic materials are readily
available, simple to implant and easily adaptable to the
patient's anatomy. In particular, titanium is extremely

Figure 5 CT-scan images showing the results of the chest wall reconstruction using a titanium mesh fixed with titanium plates and screws

after 12-month follow-up. (A) antero-posterior view; (B) lateral view.
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biocompatible, malleable, has a low density, a high-thermal
and mechanical resistance and is magnetic-resonance
compatible with minimal diffraction and artifacts during
computed tomography (12). In literature, there’s lots of
reports describing sternal fixation using titanium bars,
plates and screws (9). In our case, we used a new titanium
mesh that, in patients with massive bone loss and complete
absence of sternum, where titanium plates or bars would
have been impossible to implant, allowed us to achieve a
stable reconstruction of the anterior chest wall. This mesh
has excellent biomechanical characteristics, is simple to
trim for optimal adaptation, is relatively simple to fix with
metal steel wire and/or titanium screws to the ribs. In very
complex cases, using the preoperative CT scan images it is
possible to request a custom tailored mesh in thickness and
dimension/form based on a 3D printing model. In this case,
we used a standard mesh because there was no particular
difficulty to adapt it to the patient’s anatomy.

The second option for anterior chest wall repair,
in particular in case of suspected or previously treated
infection, are the biological materials. Bone autografts
are optimal because of their biomechanical characteristics
and compatibility but their availability is limited (14).
In our previous experience and in literature, the use of
bone allografts for sternum reconstruction has become
more common, demonstrating good results (6,7,14-16).
They also provide sufficient amount of material for
reconstruction of chest wall defects of larger extent, with
optimal cosmetic results. Moreover, bone allografts have
the same advantage as bone autografts in terms of infection
risk, compatibility, and host tissue incorporation, but they
do not require additional incisions or tissue removal for
harvesting. Bone grafts, theoretically also act as a scaffold
for osteoprogenitor cells and bone formation but in the
future, more imaging and histopathological studies will be
needed to confirm osteoinduction, osteoconduction and
complete osteointegration of the implanted bone allograft
(17,18). The preoperative CT scan of the recipient and
the allograft radiograph is used to achieve a correct match.
Intraoperatively, the presence of any discrepancy between
the allograft and the surgical site of implantation can be
easily corrected by tailoring the bone allograft with a saw
and rasp. At the end of the operation, a quick, safe and
efficient stabilization of the transplanted bone is achieved
with titanium plates and screws, usually placed between the
allograft and the ribs. In literature, different bone allografts
have been reported to have been used for sternal replacement
(19,20); in this case we used a tibial segment with good
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result. In our experience, the kind of bone allograft used
for reconstruction isn’t important because intraoperative
tailoring is always possible and the biomechanical
characteristics are more or less the same; mainly the decision
is made by the tissue bank bone allograft availability.

In 2012, we described the first four cases of sternal
allograft transplantation, three partial sternal transplantations
in patients undergoing partial sternectomy for neoplastic
disease and one complete sternal replacement for a massive
post sternotomy defect. We had no mortality or morbidity
related to the surgical technique even after a mean follow-
up of 9.7 months (14).

Kalab ez 4l. recently published (6) a series of 10 patients
who underwent allogenic bone graft (sternum and head
femur) for massive post sternotomy defects. In six cases, they
achieved optimal results without complications, while in three
patients, resuturing of the soft tissue was necessary; all patients
achieved excellent chest wall stability. They reported only one
death due to severe concomitant complications. At 2.3 and
18.22 months after the operation SPECT/CT with technetium
99m-bisphosphonate was performed in four patients, showing
high reactivity of the graft in all patients; in one patient, a 42%
reduction of the osteopenic defect of the allogenic graft was
demonstrated. Also, in our first case we performed SPECT/
CT with technetium 99m-bisphosphonate one year after
allograft implantation and we confirmed early signs of bone
integration, in particular in the contact points between the
allograft and host bone.

A 2016 multicenter study, regarding 18 patients who
underwent allograft sternal transplantation, reported
excellent long-term results with a mean follow-up time
of 36 months. None of these patients had complications
related to the implanted allograft, and all showed a good
chest wall stability and optimal respiratory function (16).

New technologies such as 3D-printers and computed
based navigation surgery appear to be very promising in
preoperative planning and simplification in matching the
sternal substitute and the recipient’s chest wall (12,21).

Conclusions

Both of the presented techniques seem to be effective for
reconstruction of anterior chest wall defect due to massive
sternal loss after a failed Robicsek procedure. Nowadays,
which material is better in the replacement of the sternum
is still to be defined on the basis of studies. At the moment,
the choice is based on the experience of the single surgeon
and on the material available in the referral center.
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