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The modern pediatric cardiac surgery is continuously 
improving its results and mortality is no more the biggest 
problem to face with. This is the result of the increased 
skill in treating our patients not only of the surgeons but of 
all the team in general, with the consequent reduction of 
mortality in the nightmare cases of yesterday and the near 
zero incidence of postoperative problems in the easier cases. 
One fundamental hand to get these results comes also from 
the technical improvements that biomedical research makes 
continuously available for operators. This is particularly 
evident in neonatal surgery and in palliative operations. 
These patients, together with the huge and constantly 
increasing amount of grown-up congenital heart (GUCH) 
patients, constitute a population at high risk of reoperations. 
Repeat sternotomy (RS) in congenital heart surgery has 
always been common for many reasons among which the 
presence of associated pathology, the staged procedures 
and the nature of palliation. Moreover, in recent years, for 
the reasons previously listed, the number of reintervention 
is constantly increasing. The analysis of 92,603 operations 
listed in the Society of Thoracic Surgeons Congenital Heart 
Surgery Database (STS-CHSD) conducted in the 5-year 
analytic window of January 1, 2007 to December 31, 2011 
demonstrated that about 33% of them [30,673] were redo 
operations (1). From the analysis of the same database, this 
percentage was 30.73% in 2006 and 28.4 in 2002 (2).

This data confirms once more that reoperations 
represent an important portion of activity in pediatric 
cardiac surgery. Staged strategies and the necessity to 
deal with the natural patient growth and with a very long 

follow-up leave the opportunity of reintervention always 
open. Also an easy and durable atrial septal defect closure, 
analysed in more than 15,000 patients at 15 years follow-up,  
has a reintervention-free rate of 99%, approaching to but not 
reaching zero (3). At the end, we can consider all congenital 
patients potentially at risk of reoperation for problems related 
to first correction or to the cardiopathy or anyway for newly 
onset acquired cardiac problems. If we would like to stratify 
the risk of reintervention in congenital patients, we can 
consider that this will be sure in all palliative surgeries and in 
general in staged procedures, likely in cases like transannular 
repair of tetralogies of Fallot, in valve reparative surgery, 
in operations with artificial valves or conduits implant, and 
possible practically in all the remaining cases.

The necessity to reopen a chest brings an additional 
risk to the reoperation. This risk is difficult to quantify, 
and is reported in literature in a very wide range. It was 
estimated around 5% in the 90ties (4,5), with a trend 
toward reduction in the recent years. Kirshbom et al. 
reported that in one thousands RS mortality was not 
significantly different from primary sternotomy, and re-
entry injury depends on sternotomy number (6). This 
result is confirmed by Morales et al. who stated that the 
risk of a major injury upon RS can be so low (0.3%) that 
it is not statistically different than for primary sternotomy 
(0%). Moreover, in their experience the morbidity and 
mortality from RS, even for patients who sustain an injury, 
is negligible (2). It is evident that in recent years mortality 
secondary to catastrophic events at chest reopening 
is low and doesn’t add risk at operation itself. But it is 
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equally evident that reoperations have an impact on the 
resources that are necessary for these patients. Specifically, 
a statistically significant increased necessity of transfusions 
and a longer operating room, ventilation and ICU stay 
were necessary in 195 RS procedures compared to 250 
primary sternotomy group, as reported by Yin et al. (7). 
An attempt to quantify the cost of RS was provided by 
Morales et al. who analyzed the results of 29 retrospective 
studies focused on RS in cardiac surgery (8). Sixty-six 
cases of catastrophic hemorrhage occurred among 3,640 
(1.5%) patients from 15 studies providing sufficient data. 
The majority of catastrophic hemorrhage cases (55 of 
66; 83.3%) required emergent placement on CPB; 10 
(15.2%) cases received emergent blood or blood product 
transfusions. Applying cost estimates for hospital resources 
to published complication rates, it is possible to estimate 
that for every 100 cases undergoing cardiac reoperation, 
resource consumption in RS may increase the direct 
healthcare costs by over $2.4 million (8). At the end, with 
all the limitations due to the difficulty to record all the 
complications directly due to RS, it is evident that the cost 
of these operations is higher than a primary sternotomy, 
not only if a catastrophic event occur during operation 
but also for the increased time that the surgeons need to 
go on cardiopulmonary bypass (CPB), that means more 
Operating Room occupation but also longer anesthetic 
time, higher surgical trauma and so on.

The possibility to facilitate RS and to reduce the 
catastrophic adverse events in these patients should have a 
positive impact on the patient outcome and on the costs for 
healthcare system. Many preventive strategies have been 
proposed to prepare to chest re-entry and to reduce the risk 
of RS. The scrupulous use of these strategies demonstrated 
to be effective in the literature and from the evidence-based 
experience and must be considered a real investment for the 
future of these patients. Among these strategies, some try 
to reconstitute the physical barrier that is naturally present 
between the heart and the sternum. The simple pericardial 
closure that interposes a natural barrier between heart and 
sternum is not always possible, especially if an autologous 
pericardial patch has been used, and can result in adverse 
hemodynamic effect on left ventricular function—cardiac 
index (9). Artificial pericardial replacement has been 
proposed with many membranes among which the PTFE 
membrane (PRECLUDE® Pericardial Membrane, Gore, 
Flagstaff, Arizona, USA) seems to be the more effective. 
This is reported with good results at re-sternotomy (10)  
but with chronic inflammation and foreign body reaction 

leading to exaggerated response (11) and not always 
protecting for dislodgement (12). Some other strategies 
try to interfere with the mechanism of adhesions 
formation. This can be obtained with fibrinolytic drugs like 
recombinant tissue plasminogen activator or streptokinase 
(13), with an obvious impact on post-operative bleeding, 
or creating a temporary barrier between the epi- and 
pericardium in the first 3 post-operative weeks, the crucial 
period for adhesions formation (14). Many efforts have been 
devolved on this second option, essentially with hyaluronic 
acid or poly-ethylene-glycol membranes or solutions. The 
last have proved to be very effective in other surgeries 
with laparotomic approaches, but are rapidly dislodged 
from mediastinum by drains in sternotomies and its results 
are not always satisfying. Sodium hyaluronate-based 
membranes demonstrated to be effective in reducing post-
operative adhesions associated with infant cardiac surgery 
and their use is recommended in pediatric cardiac surgery 
when staged surgical interventions are necessary (15).

The absorbable hydrogel spray reported by Hasaniya 
et al. (16) was proposed on the market about 10 years ago 
(Coseal Surgical Sealant, Baxter Healthcare, Deerfield, IL, 
USA). It is a hydrogel initially designed to act as a sealant 
around a sutured site. It is composed of two synthetic 
polyethylene glycols dilute in a hydrogen chloride solution 
and sodium phosphate/sodium carbonate solution. The 
material is a flexible, degradable hydrogel that adheres to 
tissue and prevents additional blood loss. Its anti-adhesive 
action is the results of its capacity to swell fixing water so 
to reach a volume up to four times greater than the initial 
one just after few hours after application. In this way it 
acts as a barrier between the epi- and the pericardium and 
consequently prevents the formation of adhesions. It does 
not act as a matrix for cellular infiltration and does not 
produce marked necrosis or inflammation or increased 
rates of infection. Coseal® is easily sprayed on the heart, gel 
within seconds of application and is completely reabsorbed 
by 30 days. The only concern is due to the application 
dose that must be strictly related to patient weight. Cardiac 
tamponade secondary to the volume increase in case of 
over dosage has been described in some patients (17). The 
reported experiences were positive from the beginning 
(17,18). It proved to be very effective in reducing pericardial 
adhesions so that re-sternotomy can be performed with a 
very low risk of heart damage. Moreover, the advantages of a 
sealant attribute can be useful in preventing and minimizing 
serous leakage from prostheses or bleeding in general. In the 
first reported multicentric study, 76 patients were treated 
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with Coseal® application during the first reoperation (19). 
Thirty-six of these patients underwent chest reopening 
at a mean interval of 8 months. Adhesions were classified 
according to site and grade, in a manner very similar to that 
described in Hasaniya et al. (16). In particular, around 85% 
of adhesions were allocated the least severe classification 
of filmy and avascular. In twenty patients (57%) only filmy 
and avascular adhesion were founded at reoperation. In this 
study, a control group was not provided, but the experience 
was surely interesting (19).

My centre was one of those who participated to this 
study and since then we are using Coseal® surgical sealant 
in all patients potentially at risk for RS, with a very low 
enrolment threshold. Care is given to the dose, especially 
in neonates, where the risk of cardiac tamponade is real. 
In some operation, the sealing effect of Coseal® can be 
useful in case of small entity bleeding or oozing. In case 
of anatomical reasons that can make RS particularly 
dangerous, like conduit implant, after Coseal administration 
the pericardium is closed with the aid of a PTFE membrane 
(PRECLUDE® Pericardial Membrane). In these patients 
the anti-adhesive effect of Coseal® counteract the foreign 
body reaction of the membrane, leading to a perfect 
mechanical barrier underneath the sternum and filmy 
adhesion in the pericardium. With this strategy in the last 
five years 233 RS were performed with 4 adverse events 
causing bleeding from right ventricle-pulmonary artery 
biological conduit [2], infundibular patch [1] and single 
atrium [1] laceration. All patients underwent emergency 
CPB via femoral vessels and the operation was conducted 
without subsequent problems. There was no mortality or 
morbidity related to RS. 

The paper by Pace Napoleone et al. closed with these 
words: “Regarding study weaknesses, our investigation 
lacked controls, and it is hoped that a controlled study 
will shortly be designed and commenced” (19). It’s very 
important that about ten years later this claim produced 
the paper by Hasaniya et al. that confirm the efficacy of 
Coseal® in preventing adhesion and reducing the risk 
of chest reopening (16). A more extensive use of this 
material is advisable to reduce the risk secondary to 
sternal reopening and to make reoperation much more 
easy to deal with.
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