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A bioabsorbable membrane (Seprafilm®) may prevent
postoperative mediastinal adhesions following
mediastinoscopy: an experimental study in rats
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Abstract: Introduction: The aim of this experimental study was to investigate the anti-adhesion property of a bio-
absorbable membrane following mediastinoscopy in a rat model. Methods: The study was conducted in 20 male
Sprague-Dawley rats. Mediastinoscopy was performed all of them. Rats were divided into two groups; control group
(n=10); mediastinoscopy alone, study group (n=10); mediastinoscopy and sodiumhyaluronate-carboxymethlycel-
lulose film (Seprafilm®; Genzyme Corporation, Cambridge, Mass. USA). It was used to the mediastinal surface at
the end of the surgical procedure in study group. Re-mediastinoscopy was performed after 7 days. Adhesion and
vascularity grade description scores were analyzed. The parameters evaluated were presence of polymorhpho-
nucleer leucocyte, macrophage, lymphocyte, fibroblasts, edema, neovascularisation, collagenisation, and foreing
body reaction. Results: All the rats survived uneventfully until being sacrificed without any postoperative complica-
tions. The mean adhesion score was found to be significantly higher in control group (n=2.5+0.5) compared with
study group (n=1.0£0.1) (P=0.007). Vascularity grade description score was significantly higher in control group
(n=2.3+0.6) than in study group (n=1.4+0.6) (P=0.009). There were no statistical differences between the groups
with regard to edema, lymphocyte and macrophage infiltration, fibroblast proliferation and foreign body reactions
(P>0.05). Conclusion: The used of Seprafilm® during the primary procedure can reduce to the mediastinal adhe-
sions. However, further studies are required to assess the precise impact of the anti-adhesive agents on adhesion.
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Introduction cal treatment of postoperative complications
the thoracic surgeon encounters with the for-
mation of adhesions. Re-mediastinoscopy can
be a difficult procedure due to fibrosis in the
mediastinum. The presence of mediastinal
adhesions signicantly increases the morbidity
and mortality of reoperative mediastinal stag-
ing procedures.

With the improvement of neoadjuvant treat-
ment protocols in lung cancer surgery, a need
for reassesment of tumor stage after chemo-
radiotherapy is emerging [1, 2]. Wound healing
involves overlapping steps of inflammation,
cell migration and proliferation, neovasculari-
sation, extracellular matrix production and
remodelling giving rise to the adhesion forma-
tion [3]. When mediastinal pleura is damaged,
the basal membrane of the mesothelial layer
becomes exposed to surrounding tissues and
the sequence of adhesion mechanism noted
above is formed. These mechanisms end with
the development of adhesions which constitute
significant cause of postoperative complica-
tions.

Some clinical studies have demonstrated that
sodium hyaluronate-carboxy methlycellulose
(NaH/CMC) (Seprafilm®; Genzyme Corporation,
Cambridge, Mass. USA) significantly decreases
the incidence and severity of adhesion forma-
tion [4-6], although there was no clinical study
of specific to the mediastinal surgery. In our
study we aimed to reduce the formation of
adhesions by limiting tissue apposition during
In all reoperative procedures performed for the critical stages of mesothelial repair.
locoregional recurrences, metastasis or surgi- Therefore we evaluated the effect of Seprafim®
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Table 1. Adhesion score and vascularity grade description score

Grade Thickness-Tenacity Vascularity

0 No adhesion -

1 Filmy, easily separable No bleeding

2 Moderate, thick, modarate tension required Petechial bleeding

3 Severe, cohesive, sharp dissection required Bleeding that require suture or tamponade

Table 2. Histopathologic evaluation Surgical procedure

Control Group Study Group p value The induction of anesthesia

Mean SD Mean SD was performed with injection
Adhesion score 250 .53 1.00 1.15 .007** of ketamine (100 mg/kg
PMNL .00 .00 10 .32 739 i.m. of Ketalar; Eczacibasl,
Macrophages 1.60 .70 1.20 .42 123 Istanbul, Turkey) and chlor-
Lymphocytes 130 .67 .90 57 .218 promazine (0.75 mg/kg i.m.
Fibroblasts 1.00 .67 .90 .74 .796 of Largactil; E.R.P. Istanbul,
Edema 70 .67 100 47 315 Turkey). The surgical proce-
Neovacularisation .10 .32 .40 .70 436 dure,S were pgrformed under
Collagenisation 30 48 20 .42 739 sterile conditions.
Foreign Body Reaction .70 .82 .30 48  .353 After the hair removal, the
TOTAL 570 226 5.00 226 .315 trachea was cleaned with
Vascularity grade description score 2.30 .67 1.40 .69 .009** 70% alcohol and 1% beta-

SD: Standard Deviation, PMNL: Polimorphonuclear leukocytes. Histopathological
analysis was performed to study the effect of the anti-adhesive agent. Scores were
calculated based on collagen fibrosis, fibroblasts, granulation tissue, muscle altera-
tions/inflammation, histiocytes, mononuclear giant cells, inflammation and vascular
proliferation. **This difference is found to be statistically significant.

on mediastinal surface postoperatively in a
standardized rat model.

Material and methods

The study was conducted after approval by
the Marmara University School of Medicine
Experimental and Investigative Animal Labo-
ratuary (Laboratory Ethic Committe Certification
No: 7.3.2002). Twenty sexually mature Spraque-
Dawley rats were used weighed 300 gr. Animals
were kept under standard laboratuary condi-
tions at room temperature with a relative
humidity of 50-70% and a day cycle of 14 hours
lightand 10 hours dark with free access to food
and water ad libitum. Animals were treated in
accordance with the standards of National
Institutes of Health as described in the Guide
for Care and use of Laboratory Animals.

The rats were randomly divided in two groups
with 10 rats in each group; Group 1 (Control
group): Mediastinoscopy alone (n=10); Group 2
(Study group): Mediastinoscopy and installation
of 1x0.3 cm Seprafim® (n=10).
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dine solution. The muscules
of the neck were separated
and the pretracheal fascia
with underlying surface was
exposed after a vertical neck
insicion. The anterior and lat-
eral aspects of the trachea were dissected to
the level of the carina. In the control group, the
pretracheal surface was abrased for five times
and the overlying tissues were closed without
application of a material. In the study group, we
installed a 1x0.3 cm Seprafim® over the
abrased pretracheal surface before closure of
the layers. This bioabsorbable membrane is
based on a chemically modified form of hyal-
uronic acid which is a natural glycoaminoglycan
and of carboxymethylcelluose that’s a deriva-
tive of cellulose [8-10].

After seven days, pretracheal fascia was re-
exposed and the degree of mediastinal adhe-
sion formation was noted as technical diffucul-
ty in dissection. Adhesion formation is initiated
by surgical trauma and any procedure for inhibi-
tion should begin during the surgical procedure
and persist until postoperative third to fourth
days [7]. Major steps of fibrosis formation is
seemed to be completed during the first week.
Thus we have chosen a 7 day period for medi-
astinal histologic examination.
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The examinations were reported blindly. The
insicion area was examined after the dissec-
tion. The ease of tissue separation, the need
for sharp dissection of fibrous bands and the
degree of bleeding were recorded. The adhe-
sion score was reported for each sampling on a
scale of O to 3 in terms of thickness-tenacity
and vascularization as described in the litera-
ture [8-10] (Table 1).

The subjects were humanely killed with an
intravenous injection of an overdose of sodium
pentobarbital. Histological sampling for micro-
scopic examination was performed. Random
biopsies were taken from pretracheal surface.
Histologic classification and scoring was report-
ed according to adhesion formation model in
rats which was described by Milligan and
Raftery [3, 11]. Histopathologic examination
was performed by a board-certified pathologist
blindly. The parameters evaluated were pres-
ence of polymorhphonucleer leucocyte, macro-
phage, lymphocyte, fibroblasts, edema, neo-
vascularisation, collagenisation, and foreing
body reaction.

Statistical analysis

The mean and the standard deviation of all val-
ues were measured. Mann-Withney-U test was
used for statistical analysis. A value of P<0.05
was accepted as statistically significant.

Results

All animals tolerated surgical procedure. All the
rats survived uneventfully until being sacrificed
without any postoperative complications. The
mean adhesion score was found to be signifi-
cantly higher in control group (n=2.5+0.5) com-
pared with study group (n=1.0£0.1) and this
difference was found to be statistically signifi-
cant (P=0.007). Vascularity grade description
score, which represent fibrosis, was significant-
ly higher in control group (n=2.3+0.6) than in
the study group (n=1.4+0.6) (P=0.009).

The comparison of two groups in for histopath-
ological evaluation are shown in Table 2.

No polimorphonuclear leukocytes (PMNL) infil-
tration was detected in control group, whereas
PMNL infiltration was 0.1+0.3 cell per 100 high
field in the study group (P=0.739). The degree
of macrophage, lymphocyte infiltration and the
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mean fibroblast count was found to be statisti-
cally indifferent between the control and study
group (P>0.05). However the incidence of
edema was diminished in control group,
although the difference was not found to be
statistically significant (P=0.315) (Table 2).

Neovascularisation was observed slightly more
in the study group (n=0.4£0.7) than the control
group (n=0.1+0.3), although there was no sta-
tistically significant difference (P=0.436).

Furthermore, collagenisation and foreign body
reaction were similar between the two groups
(P=0.739 and P=0.353, respectively).

Discussion

Precise staging of the mediastinum after induc-
tion therapy for non-small cell lung cancer with
mediastinal lymph node metastasis (N2 dis-
ease) is important as the nodal stage will deter-
mine the patient survival. In a recent study,
sensitivity of remediastinoscopy was reported
to be 71%, with 84% accuracy [12]. However,
the adhesions form a significant impediment
for re-mediastinoscopy after neoadjuvant ther-
apy for N2 disease [1, 2]. In general, any surgi-
cal wound can form postoperative adhesions
that might cause postoperative complications
or make reoperative procedures challenging
[13, 14]. The difficulty in reexploration, prolon-
gation of the operation time and dangerous
bleeding are the major problems encountered
in remediastinoscopy [1, 15, 16]. Van Schil et
al. [1, 16] reported that a complete mediastinal
exploration was not usually possible due to
fibrous adhesions and scar tissue after medias-
tinoscopy. There is no material in clinical use to
prevent mediastinal adhesions following medi-
astinoscopy in spite of the fact that remediasti-
noscopy are not uncommon.

The clinical methods of preventing postsurgical
adhesions have limited success [8, 17]. Limited
number of investigations have reported on the
ability of topically applied gel compounds to
reduce the formation of mediastinal adhesions
after mediastinoscopy [18]. Although the exact
mechanism by which these compounds pre-
vent adhesions is unknown, it appears that
they may act as an extracellular matrix substi-
tute. In order to reduce postoperative adhesion
formation many surgeons have developed a
variety of surgical tecniques and have used
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several agents. However, several studies have
detected 55-86% adhesion rate in the postop-
erative period [7, 8, 19].

Our study was designed to evalute the role of
Seprafilm® on the adhesion, tissue response
to mediastinal surgery in terms of fibroblastic
proliferation neovascularization, macrophage
and lymphocyte infiltration in experimental set-
ting. These parameters defined the surgical
reexploration of the previously de-epithelized
pretracheal mediastinal tunnel [20, 21].

Seprafilm® is proposed to provide an optimum
remediastinoscopy by inhibiting adhesion for-
mation without distorting the wound healing
process after the first surgical intervention. The
material sticks to the moist surface, rapidly
changes to the agar form. It's absorbed within a
week and totally excreted from the body in 28
days. It is widely used in abdomino-pelvic sur-
gery and is the only biosynthetic material that
has been studied in well designhed randomized
controlled clinical studies. It has been shown to
reduce postsurgical adhesion formation by
inhibiting tissue desiccation and abrasive
mesothelial damage [9, 22, 23]. The surgically
traumatized surfaces are kept covered during
mesothelial regeneration thus preventing
adherence of adjacent structures and reducing
adhesion formation [24].

In the present study, the mean adhesion and
vascularity grade description scores were
decreased by NaH/CMC application. Although,
there was no significant reduction in other his-
topathological parameters for example foreign
body reaction and edema, the mean adhesion
score indicates that surgical reexploration was
easy after application of the membrane.
Adhesion score has been defined as the end
point aim of the application. The encouraging
results of this study suggest that topical
Seprafilm hold promise in the prevention of
postoperative mediastinal adhesions.

The exact mechanism of adhesion and the
importance of other histopathologic parame-
ters yet to be clarified. In addition we were
unable to assess tissue factors, cytokines and
chemokines which were reported to initiate and
mediate the inflammatory events in the surgi-
cal trauma.

In conclusion, patients who potentially require
remediastinoscopy in the future may benefit
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from bioabsorbable membrane placement at
the initial operation. We observed that, techni-
cal difficulties in dissection, bleeding after the
dissection of fibrous bands were diminished in
the NaH/CMC treated group. NaH/CMC gel are
efficacious in the prevention of mediastinal
adhesions in this model, and appear safe in
doses one times the amount need to prevent
adhesions. Further studies investigating the
mechanism by which Seprafilm® prevent adhe-
sions, its optimal dose and method of applica-
tion, and documentation of their safe use in
humans are warrented.

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Necati Citak,
Belgrad Kapi Yolu No 1 34010 Zeytinburnu istanbul
Turkey. Tel: +90 532 250 34 45; E-mail: necomo-
mus@mynet.com

References

[1]  Van Schil P, van der Schoot J, Poniewierski J,
Pauwels M, Carp L, Germonpré P, De Backer W.
Remediastinoscopy after neoadjuvant therapy
for non small cell lung cancer. Lung Cancer
2002; 37: 281-285.

[2] Sayar A, Citak N, Blyukkale S. Impact of ex-
tended cervical mediastinoscopy in staging of
left lung carcinoma. Thoracic Cancer 2013; 4:
361-368.

[3] Raftery AT. Cellular events in peritoneal repair:
a review. Pelvic Surgery Adhesion Formation
and Prevention, diZerega et al. New York:
Springer-Verlag; 1997. pp. 3-10.

[4] Alponat A, Lakshminara SR, Yavuz N, Goh PM.
Prevention of adhesions by seprafilm, an ab-
sorbable barrier on incisional hernia model in
rats. Am Surg 1997; 63: 818-9.

[5] Diamond MP. Reduction of adhesions after
uterine myomectomy by Seprafilm membrane:
A blinded prospective, randomized, multi-
center clinical study. Seprafilm Adhesion Study
Group. Fertil Steril 1996; 66: 904-10.

[6] BeckDE, Cohen Z, Fleshman JW, Kaufman HS,
van Goor H, Wolff BG; Adhesion Study Group
Steering Committee. A prospective, random-
ized, multicenter, controlled study of the safety
of Seprafilm adhesion barrier in abdominopel-
vic surgery of the intestine. Dis Colon Rectum
2003; 46: 1310-9.

[7] Wietske W. Fewer intraperitoneal adhesions
with use of hyaluronic acid-carboxymethylcellu-
lose membrane. Ann Surg 2002; 435: 193-9.

Int J Clin Exp Med 2015;8(7):11544-11548


mailto:necomomus@mynet.com
mailto:necomomus@mynet.com

[10]

(11]

[12]

(13]

(14]

[15]

(16]

Prevention of mediastinal adhesion

Yoldemir T. Comparison of the reduction of
postoperative adhesions by two barriers, one
solution, and two pharmacologic agents in the
rat uterine model. Fertil Steril 2002; 78: 335-
9.

Burns JW, Skinner K, Colt J, Sheidlin A, Bronson
R, Yaacobi Y, Goldberg EP. Prevention of tissue
injury and postsurgical adhesions by precoat-
ing the tissues with the dilute sodium hyaluro-
nate solutions. J Surg Res 1995; 59: 644-52.
Grow DR, Mikich Y, Coddington CC, Hsiu JG,
Mikich Y, Hodgen GD. Role of hypoestrogenism
or sex steroid antagonism in adhesion forma-
tion after myometrial surgery in primates.
Fertil Steril 1996; 66: 140-7.

Milligan DW, Raftery AT. Observations on the
pathogenesis of peritoneal adhesions: A light
and electron microscopical study. Br J Surg
1974; 61: 274-80.

De Waele M, Hendriks J, Lauwers P, Ortmanns
P, Vanroelen W, Morel AM, Germonpré P, Van
Schil P. Nodal status at repeat mediastinosco-
py determines survival in non-small cell lung
cancer with mediastinal nodal involvement
treated by induction therapy. Eur J Cardiothorac
Surg 2006; 29: 240-243.

Kumakiri J, Kikuchi |, Kitade M, Kuroda K,
Matsuoka S, Tokita S, Takeda S. Incidence of
complications during gynecologic laparoscopic
surgery in patients after previous laparotomy. J
Minim Invasive Gynecol 2010; 17: 480-6.
Quaissi M, Gaujoux S, Veyrie N, Denéve E,
Brigand C, Castel B, Duron JJ, Rault A, Slim K,
Nocca D. Post-operative adhesions after diges-
tive surgery: their incidence and prevention:
review of the literature. J Visc Surg 2012; 149:
el104-114.

Olsen PS, Stentoft P, Ellefsen B, Pettersson G.
Remediastinoscopy in the assessment of re-
sectability of lung cancer. Eur J Cardiothorac
Surg 1997; 11: 661-663.

Van Schil P, Stamatis G. Sensitivity of remedi-
astinoscopy: influence of adhesions, multilevel
N2 involvement, or surgical technique? J Clin
Oncol 2006; 24: 5338.

11548

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

Bakkum EA, Emeis JJ, Dalmeijer RA, van
Blitterswijk CA, Trimbos JB, Trimbos-Kemper
TC. Long term analysis of peritoneal plasmino-
genactivator activity and adhesion formation
after surgical trauma in the rat model. Fertil
Steril 1996; 66: 1018-22.

Solak O, Esme H, Sirmali M, Sahin O, Agackiran
Y, Bas O, Emmiler M. Achieving efficient anti-
adhesion in re-mediastinoscopy: an experi-
mental study in rats. Thorac Cardiovasc Surg
2008; 56: 158-61

Diamond MP, Daniell JF, Feste J, Surrey MW,
McLaughlin DS, Friedman S, Vaughn WK,
Martin DC. Adhesion reformation and de novo
adhesion formation after reproductive pelvic
surgery. Fertil Steril 1987; 47: 864-6.
Kaptanoglu L, Kucuk HF, Yegenoglu A, Uzun H,
Eser M, Mentes CV, Kurt N. Effects of seprafilm
and heparin in combination on intra-abdomi-
nal adhesions. Eur Surg Res 2008; 41: 203-7.
Ersoy E, Ozturk V, Yazgan A, Ozdogan M,
Gundogdu H. Comparison of two types of bio-
absorbable bariers to prevent intraabdominal
adhesions in rats. J Gastrointest Surg 2009;
13: 282-6.

Shushan A, Mor-Yosef S, Agvar A, Laufer N.
Hyaluronic acid for preventing for preventing
experimental postoperative intraperitoneal ad-
hesions. J Reprod Med 1994; 39: 398-402.
Burns JW, Skinner K, Colt MJ, Burgess L, Rose
R, Diamond MP. A hyaluronate based jel for the
prevention of postsurgical adhesions: evalua-
tion in two animal species. Fertil Steril 1996;
66: 814-821.

Irkorucu O, Ferahkdse Z, Memis L, Ekinci O,
Akin M. Reduction of postsurgical adhesions in
a rat model: a comparative study. Clinics (Sao
Paulo) 2009; 64: 143-8.

Int J Clin Exp Med 2015;8(7):11544-11548



