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procedures?
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Abstract

Background: Morbidity and mortality are higher for cardiac reoperations than first operation due to the presence
of post-operative adhesions. We retrospectively evaluated the efficacy of the bioresorbable membrane Seprafilm®
to prevent pericardial adhesions after cardiac surgery in a paediatric congenital heart disease population.

Methods: Seventy-one children undergoing reoperations with sternotomy redo and cardiopulmonary bypass for
congenital malformations were included. Twenty-nine of these patients were reoperated after previous application
of Seprafilm® (treatment group). The duration of dissection, aortic cross clamping and total surgery were recorded.
A tenacity score was established for each intervention from the surgeon’s description in the operating report.

Results: In multivariate analysis, the duration of dissection and the tenacity score were lower in the treatment than
control group (p < 0.01), independent of age and interval since preceding surgery.

Conclusion: Our results suggest that Seprafilm® is effective in reducing the post-operative adhesions associated
with infant cardiac surgery. We recommend the use of Seprafilm® in paediatric cardiac surgery when staged surgical
interventions are necessary.
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Background
Many children with congenital heart disease require several
surgical interventions to achieve correction or palliation.
The opening of the pericardial cavity during each operation
promotes the formation of postoperative intra-pericardial
adhesions. These adhesions complicate reoperation and
potentially lead to injury of cardiac structures; conse-
quently, cardiac reoperation is associated with greater mor-
bidity and mortality [1-3]. Moreover, adhesions can lead to
dissection being very stressful and time-consuming for sur-
geons, even before cardiac repair has been started.
Some potentially useful methods to reduce adhesions

are now available for clinical use. Obviously, minimally in-
vasive primary operations, perfect haemostasis, drainage
of shed blood and clots, and direct closure of the autolo-
gous pericardium when possible, are all desirable and
minimise adhesion; also the application of an adhesion
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barrier may help prevent adhesive processes and simplify
access during subsequent interventions [4].
In our child cardiac surgery unit, we routinely apply a

bioresorbable membrane, Seprafilm®, to the dry medias-
tinum just before sternal closure if reoperation is likely,
to facilitate the future dissection. Here, we report a
retrospective evaluation of the efficacy of this technique
for preventing pericardial adhesions after cardiac surgery
in a paediatric population undergoing surgery for con-
genital heart disease.

Methods
Patients
We retrospectively included all children up to 18 years
old, who underwent reoperation including sternotomy
redo and cardiopulmonary bypass (CPB) for congenital
malformations in our hospital from 1998 to 2009. The
same surgeon operated on all the children. Patients were
excluded if the reoperation was fewer than 10 days after
the previous surgery. During the first operation, the de-
cision whether or not to apply the adhesion barrier was
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made by the surgeon based on his judgement of the like-
lihood of reoperation. Thus, 71 children were included
in the analysis: 29 underwent reoperation after applica-
tion of the adhesion barrier in the preceding surgery and
composed the treatment group; the other 42 children
were reoperated without prior adhesion barrier applica-
tion and composed the control group. Details of the reo-
perations are listed in Table 1.

Adhesion barrier
A bioresorbable membrane composed of sodium hyalur-
onate and carboxymethylcellulose (Seprafilm®, Genzyme,
Cambridge, MA, USA) was used in all patients in the
treatment group. Seprafilm® turns into a hydrophilic gel
coat approximately 48 hours after placement and sepa-
rates pericardial surfaces thereby preventing the forma-
tion of fibrin bridges that become adhesions [5].
Seprafilm® was applied at the end of the intervention, just

before sternal closure, to the dry mediastinum, after meticu-
lous drainage and removal of shed blood and clots. Two
drains were placed in the pericardial cavity at the end of op-
eration. To facilitate the application of the membrane and to
cover the largest part of the heart, Seprafilm® sheets were cut
into six to eight pieces of sizes according to the corpulence
of the patient. Each piece was hydrated in physiological solu-
tion and was gently laid on the right lateral, diaphragmatic
and anterior faces of the heart, and around the aortic root.

Measurements
The primary endpoint of the study was the dissection
time, the time from the skin incision to the starting of
Table 1 Reoperations performed in the two groups

Reoperation Treatment group
(n=29)

Control group
(n=29)

Correction for RVOTO 7 13

Valve surgery (aortic, mitral,
pulmonary, tricuspid)

5 12

Pulmonary venous obstruction repair 2 2

Systemic venous obstruction repair 0 1

Pulmonary artery banding 1 0

Aortic arch repair 2 1

VSD closure 1 3

ASD closure 1 0

Correction of Fallot and pulmonary
atresia with VSD

5 1

Damus procedure 0 1

Right ventricle aneurysm 1 1

Sub aortic stenosis resection 0 5

Glenn procedure 2 2

Coronary bypass 2 0

RVOTO: right ventricular outflow tract obstruction, VSD: ventricular septal
defect, ASD: auricular septal defect.
CPB; this time was compared between the treatment
group and the control group. The dissection time for
each intervention was obtained from the operative re-
cords book. This value correlates well with the severity
of adherences [6], and was chosen of the primary out-
come because of its robustness. The period from skin in-
cision to the removal of CPB (total surgery time) was
also recorded, as was the duration of aorta clamping
(the time between installation and removal of the aortic
clamp or aortic cross clamp time).
The secondary endpoint of this study was the tenacity

score of adhesions. The tenacity score was graded for
each surgical intervention from the surgeon’s description
in the operating report as: none, 0; filmy, 1; moderate, 2
and dense, 3.
Age at reoperation and interval between the preceding

surgery and reoperation were also recorded.

Statistics
Quantitative variables are described as medians and
quartiles. Parametric models were used including poten-
tially confounding factors. Non parametric Mann and
Whitney tests were used to compare age at reoperation
and interval from the preceding surgery to reoperation
between the two groups. Dissection time, total operation
time and aortic clamping time were analysed by multiple
linear regression. The severity of adherences was ana-
lysed by multinomial logistic regression.

Ethical issues
Institutional review board permission was obtained to
report this surgical technique.

Results
Dissection time and tenacity score were significantly
lower in the treatment group as assessed by univariate
analysis, whereas aortic cross clamp time and total sur-
gery time did not differ significantly between the two
groups (Table 2).
Children in the control group were older and intervals

from preceding surgery to reoperation were longer than
in the treatment group (Table 2). We used multivariate
analysis to adjust for these confounding variables. Mul-
tiple regression analysis indicated that the application of
Seprafilm® in the preceding surgery reduced the dissec-
tion time (β = −4e-01, p < 0.01), independently of age
and interval from preceding surgery (Table 3). Multi-
nomial logistic regression adjusted for the previously re-
ported confounding factors showed that the use of
Seprafilm® was associated with a reduction in the ten-
acity score (OR = 12.07, p < 0.01) (Table 4). Aortic clamp
time and total surgery time did not differ significantly
between the two groups.



Table 2 Univariate analysis

Variable Treatment group
(n = 29)

Control group
(n = 42)

p

Age at re-intervention
(months)

21 [7; 33] 68.5 [23.25; 111.2] <0.01

Interval since preceding
surgery (days)

250 [91; 670] 1270 [479.2; 2380] <0.01

Dissection time (minutes) 47 [38; 81] 86 [65.25; 110.8] <0.01

Aortic cross clamp time
(minutes)

75 [49; 97] 71 [51.5; 99] 0.73

Total surgery time
(minutes)

195 [138; 253] 214.5 [183.5; 259.5] 0.30

Adhesion tenacity score

0 1 2 <0.01

1 21 5

2 2 12

3 0 15

Quantitative variables are reported as medians and quartiles.

Table 4 Multinomial logistic regression analysis of
tenacity score

Tenacity score Odd ratio 95% confidence
interval

p value

Use of Seprafilm® during the
preceding surgery

12.07 [2.89; 50.49] <0.01

Age at reoperation 1.00 [0.98; 1.01] 0.61

Interval between surgical
interventions

1.00 [0.99; 1.00] 0.26

Multinomial logistic regression analysis showed application of Seprafilm®
during the preceding surgery reduced the tenacity score independently of age
and interval since the preceding surgery.
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Discussion
We report a significant reduction of the time from skin
incision to the starting of CPB (dissection time) in chil-
dren undergoing repeat sternotomy with the use of
Seprafilm® (the primary endpoint of the study). Intui-
tively, we would expect the duration of this period to be
lengthened by the presence of adhesions because they
make safe approach to the heart more difficult. Indeed,
the length of this period has been shown to correlate
with the severity of adherences [6]. We observed the use
of Seprafilm® was also associated with a non-significant
reduction in the total duration of surgery due to differ-
ent dissection times, whereas there was no difference in
the duration of aortic cross clamp time, which would
not be expected to be affected by adhesions. The adhe-
sion tenacity score (the secondary endpoint) was signifi-
cantly lower in the Seprafilm® group.
There were no injuries to the heart or the major ves-

sels in either group during the study. There is therefore
no evidence of whether or not the adhesion barrier
improves morbidity or mortality. Nevertheless, the re-
duction in post-operative adhesions associated with
Seprafilm® facilitate and shorten the dissection, and this
Table 3 Multiple linear regression analysis of the
dissection time

Dissection time β Regression
coefficient

95% confidence
interval

p value

Use of Seprafilm® −4e-01 [−6e-01; −2e-01] <0.01

Age at reoperation 2e-03 [−1e-03; 6e-03] 0.21

Interval between surgical
interventions

−1e-04 [−3e-04; 5e-05] 0.18

Multiple regression analysis showed that the application of Seprafilm® during
the preceding surgery reduced the dissection time independently of age and
interval since the preceding surgery.
would be expected to minimise the surgeon’s stress and
fatigue before starting the repair of the heart. The bene-
ficial effects of any such phenomenon would be difficult
to demonstrate.
Seprafilm® has had European CE mark approval for

use in cardiac surgery since 1999, but there have been
few analyses of its efficacy to reduce the incidence of ad-
hesions. Walther et al. reported 30 paediatric patients
who underwent cardiac reoperation after application
of Seprafilm® during the previous surgery: the tenacity
score was lower and the duration between incision and
the start of CPB was shorter than for ten random con-
trol patients [7]. A recent report by Kaneko et al. com-
pared 22 patients who underwent cardiac reoperation
after Seprafilm® application during the previous surgery
with 23 patients reoperated without application of an ad-
hesion barrier. The surgical adhesions were graded pro-
spectively from video recordings during reoperation:
they were less tenacious if Seprafilm® had been used [8].
The clinical use of Seprafilm® in cardiac surgery is

recognised as safe [7]. In our study, we did not identify
any adverse event such as mediastinum infection or
bleeding after application of the membrane. Only one
case of delayed healing was observed, and involved a
neonate: it was probably due to diffusion of Seprafilm®
along the sides of the sternum in this child in who ster-
nal closure was delayed. Particular attention is required
during the application of Seprafilm® to avoid this kind of
complication. We recommend cutting six to eight ap-
propriately sized pieces of Seprafilm® to cover most of
the heart and the origins of the major vessels; this also
help prevent the spread of the membrane to the sides of
the sternum. Our experience was that use of the mem-
brane was feasible throughout the study, for all ages
from neonate to adolescent.
Only four bioresorbable products, one of which is

Seprafilm®, have been developed and evaluated in hu-
man cardiac surgery to reduce postoperative adhesion.
Repel-CV® (SyntheMed Inc, Iselin, NJ, USA) is a polymeric
polylactic acid-polyethylene glycol film that, applied to
the mediastinum, mechanically separates surfaces [9]. A
large prospective multicentre randomised evaluator-masked
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study showed a lower severity of adhesions in 54 children
undergoing a re-sternotomy after application of Repel
CV®, than 49 control children with no application of adhe-
sion barrier [6]. Coseal® (Baxter, Deerfield, Il, USA) is a
surgical sealant composed of two synthetic polyethylene
glycol polymer solutions. Napoleone et al. evaluated the
effectiveness of Coseal® sprayed onto the mediastinum
after cardiac surgery to reduce the severity of adhesions at
seven mediastinum sites [10]. Twenty of the 36 children
(56%) who had been reoperated for cardiac congenital
disease after previous application of Coseal® had “filmy or
avascular” adhesions only, and 31 patients (86%) had
“filmy or avascular” adhesions at ≥ 4 sites. The study did
not include a control population for comparison. Cova
CARD® (Biom’up, Saint Priest, France) is a purified por-
cine type 1-collagen membrane cross-linked with an
oxidized polysaccharide. Armoiry et al. showed non-
significantly shorter durations of both dissection and the
total process for patients undergoing cardiac reoperation
after previous application of Cova CARD® than for a his-
toric reference cohort who did not receive anti-adhesion
treatment [11].

Study limitations
Our study has several biases, some inherent to the retro-
spective nature of the data collection. The dissection time,
directly collected from the operative record book, is prob-
ably robust; however, the adhesion score was graded retro-
spectively from the non-blinded surgeon’s description of
adherence in the operating report, and is subjective and
possibly inaccurate. Patients were not randomized, and
some of the control patients were historical patients in-
cluded between 1998 and 2001 before Seprafilm® was used
in our hospital. Indeed, the children included in this study
are heterogeneous. We restricted the analysis to the first
reoperation to reduce the diversity of the groups, and we
used multivariate analyses to account for confounding fac-
tors related to this heterogeneity.

Conclusion
Despite the possible bias due to the retrospective nature
of the study, Seprafilm® appears to be effective at reducing
post-operative adhesions in children after cardiac surgery.
The product is easy to apply at the end of the surgery, and
was found to be safe. In view of these results, we recom-
mend the use of Seprafilm® for paediatric cardiac surgery
when staged surgical interventions are necessary.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
BL conceptualized and designed the study, drafted the initial manuscript,
and approved the final manuscript as submitted. PN designed the study,
carried out the initial analysis, reviewed and revised the manuscript, and
approved the final manuscript as submitted. JMEA, ALB, NS, JC, AC
supervised data collection, reviewed the manuscript, and approved the final
manuscript as submitted. ET participated in the design of the study,
performed the statistical analysis, and approved the final manuscript as
submitted. All authors read and approved the final manuscript.

Acknowledgement
We thank Dr. B Giraudeau (CHRU Tours, Centre d’Investigation Clinique
INSERM 1415, Tours, France) for help with statistical analyses.

Author details
1Children Hospital Gatien de Clocheville, Tours, France. 2University François
Rabelais, Tours, France. 3INSERM, CIC 202, Tours, France.

Received: 26 November 2014 Accepted: 23 March 2015

References
1. Yamauchi T, Miyamoto Y, Ichikawa H, Takano H, Sawa Y. Large vessel-sternum

adhesion after cardiac surgery; a risk-factor analysis. Surg Today. 2006;36:569–601.
2. Follis FM, Pett Jr SB, Miller KB, Wong RS, Temes RT, Wernly JA. Catastrophic

hemorrahge on sternal reentry: still a dreaded complication? Ann Thorac Surg.
1999;68:2215–9.

3. Roselli EE, Petteresson GB, Blackstone EH, Brizzio ME, Houghtaling PL,
Hauck R, et al. Adverse events during reoperative cardiac surgery: frequency,
characterization, and rescue. J Thorac Cardiovasc Surg. 2008;135:316–23.
323.e1-6.

4. Cannata A, Petrella D, Russo CF, Bruschi G, Fratto P, Gambacorta M, et al.
Postsurgical intrapericardial adhesions: mechanisms of formation and
prevention. Ann Thorac Surg. 2013;95:1818–26.

5. Diamond MP, Burns EL, Accomando B, Mian S, Holmdahl L. Seprafilm
adhesion barrier: a review of preclinical, animal and human investigational
studies. Gynecol Surg. 2012;9:237–45.

6. Lodge AJ, Wells WJ, Backer CL, O’Brien Jr JE, Austin EH, Bacha EA, et al. A
novel bioresorbable membrane film reduces postoperative adhesions after
infant cardiac surgery. Ann Thorac Surg. 2008;86(2):614–21.

7. Walther T, Rastan A, Dähnert I, Falk V, Jacobs S, Mohr FW, et al. A novel
adhesion barrier facilitates reoperations in complex congenital cardiac
surgery. J Thorac Cardiovasc Surg. 2005;129:359–63.

8. Kaneko Y, Hirata Y, Achiwa I, Morishita H, Soto H, Kobayahsi J. Adhesion
barrier reduces postoperative adhesions after cardiac surgery. Asian
Cardiovasc Thorac Ann. 2012;20(3):257–62.

9. Haensing M, Mohr FW, Rastan AJ. Bioresorbable adhesion barrier for reducing
the severity of postoperative cardiac adhesions: focus on REPEL-CV. Med Dev
Evid Res. 2011;4:17–25.

10. Pace Napoleone C, Valori A, Crupi G, Ocello S, Santoro F, Vouhé P, et al.
An observational study of CoSeal for the prevention of adhesions in
pediatric cardiac surgery. Interact Cardiovasc Thorac Surg. 2009;9:978–82.

11. Armoiry X, Viprey M, Constant H, Aulagner G, Roux AS, Huot L, et al. Potential
interest of a new absorbable collagen membrane in the prevention of
adhesions in pediatric cardiac surgery: a feasibility study. Arch Cardiovasc Dis.
2013;106(6–9):433–9.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Patients
	Adhesion barrier
	Measurements
	Statistics
	Ethical issues

	Results
	Discussion
	Study limitations

	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgement
	Author details
	References

