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Abstract
Objective: Remediastinal intervention is an indispensable procedure to assess mediastinal lymph node metastasis after induction chemotherapy in 
patients with non-small cell lung cancer. Remediastinal interventions can be a difficult procedure because adhesions from a prior mediastinoscopy 
may reduce the surgeon’s field of view and may cause difficulty in diagnosing a lymph node, which causes suspicion about invasion. There are several 
adhesion barrier procedures, which were used to prevent postoperative adhesions, but none of them provided remarkable results. There are studies 
including abdominal, gynecologic, and neurochirurgic surgery; however, there is no sufficient study regarding mediastinum. In this study, we have 
explored the role of hyaluronic acid and carboxymethylcellulose in preventing mediastinal adhesion.

Methods: In our study, 21 New Zealand-type male and female rabbits—each with a weight of 2500-3500 g—were used. Three groups, each including 
7 rabbits, were set up using randomized sampling method. Mediastinal dissection was performed in the first group and Seprafilm® was used to build 
adhesion inhibition. Mediastinal dissection was performed in the second group, and 0.9% NaCl was used to build adhesion inhibition. In the control 
group, all layers were sutured primarily after mediastinal dissection. The rabbits were sacrificed after 30 days and each group was compared with the 
control group, using macroscopic and microscopic adhesion criteria.

Results: According to the results of our study, Seprafilm® was found to be statistically efficient in preventing and decreasing adhesion in mediastinum 
(P < .01 in macroscopic criteria, P < .05 in inflammation, and vascular proliferation criteria).

Conclusion: Seprafilm® can be used as an adhesion barrier in prevention of adhesions that develop as a result of surgery.
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Introduction
Evaluating mediastinal lymph nodes is crucial in determining 

patient survival.1 Surgical resection after neoadjuvant treatment 
prolongs survival in patients with advanced lung cancer. However, 
mediastinal lymph nodes should be reevaluated before this sur-
gical procedure.2,3 Remediastinal interventions are necessary 
due to its high specificity in patients with shrinking mediastinal 
lymph nodes after neoadjuvant therapy. The technical difficulty 
of remediastinal interventions is due to the fibrosis and adhesions 
in the pretracheal and retrovascular areas caused by the inflam-
matory process related to the previous procedure. This prevents 
the advancement of the mediastinoscope, narrows the surgeon’s 
working field, causes unwanted bleeding, and ultimately increases 
morbidity and decreases the sensitivity of the procedure.4

Various barrier methods have been tried to prevent these adhe-
sions, but no significant success has been achieved. Seprafilm®, 
the most commonly used membrane barrier, is a bioresorbable 
material composed of hyaluronic acid and carbo xymet hylce llulo 
se. Studies have focused on abdominal surgeries and gynecologic 
and neurosurgical interventions, but studies focusing on the medi-
astinum are insufficient.

In this study, we investigated the role of sodium hyaluronate 
and carboxymethyl cellulose in preventing adhesions in the 
mediastinum.

Methods
The study used 21 New Zealand rabbits of both sexes, weighing 

between 2500 and 3500 g. Rabbits were divided into 3 groups by 
random sampling [Seprafilm® (Genzyme Company, Ridgefield, NJ, 
USA), isotonic, and control group], with 7 rabbits in each group. 
We use 0.9% NaCl (isotonic) because we wanted to use a simple 
material that can only form a barrier, comparable to hyaluronic 
acid and carbo xymet hylce llulo se. The simplest example we found 
was 0.9% NaCl. At the same time, crystalloid solutions can be 
used to prevent adhesions.5
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The total duration of the study was determined as 2 months. Before 
the procedure, the rabbits were observed for 10 days in separate 
cages, and their health status was monitored. Rabbits that died during 
this observation period were not included in the study. They were fed 
with routine food and water during the whole period. No death or 
infection in the surgical area was observed in the rabbits included in 
the study. All animals were subjected to humanistic treatment follow-
ing the Guide for the Care and Use of Laboratory Animals. There is no 
ethics committee approval because there was no ethical committee 
existence in 2008, which is the year of our study.

All operations were performed under semisterile conditions in 
the animal laboratory. Ketamine hydrochloride 50 mg/kg and xyla-
zine hydrochloride 5 mg/kg were used intramuscularly for anesthe-
sia. The surgical procedure lasted an average of 15 minutes. The 
researchers monitored anesthesia-related side effects by observing 
cardiac mechanical activity and oxygen saturation, and any com-
plications were tried to be eliminated by intervention. The opera-
tion was performed in sterile areas. The necks of the rabbits in all 3 
groups were shaved and wiped with povidone–iodine solution, and 
a 2-cm horizontal skin incision was made in the cervical region, 
half a centimeter above the sternum. The anterior region of the tra-
chea was reached by passing the strep muscles with blunt dissection 
made from the midline. The anterior and lateral area of the trachea 
was dissected until the carina. In the first group (Seprafilm® group), 
Seprafilm® was placed in the anterior part of the trachea from the 
hyoid level to the carina. In the second group, the isotonic group, 
only saline was applied to the anterior part of the trachea. In the 
third group, the control group, closure was performed without any 
barrier agent following dissection. In all groups, the strep muscles 
were closed over the trachea with 6/0 absorbable multifilament 
braided suture material. The skin was closed with 4-0 absorbable 
multifilament braided suture material. Animals were started to be 
fed food and water at the fourth postoperative hour.

Thirty days later, after all, 3 groups were sacrificed under anes-
thesia, a skin incision was made in the same place, the trachea was 
explored to evaluate the degree of adhesion, and visual scoring 
was performed. Then, a partial sternotomy was performed without 
disrupting the integrity of the strep muscles, and the segment of the 
trachea between the infrahyoid and carina was removed together 
with the strep muscles. The preparations were numbered in such 
a way that it was not clear which group they belonged to and 
were evaluated macroscopically and microscopically by 2 differ-
ent pathologists. The specimens were stored in 10% neutral buff-
ered formalin. The tissues were leveled and sampled and placed 
in tissue tracing. The tissues were embedded in paraffin, and 3µ 
sections were prepared and stained with hematoxylin–eosin. 
Histopathologically, increased collagen tissue, fibrosis, degenera-
tive muscle changes, inflammation, vascular proliferation, inflam-
matory cells, multinuclear giant cells, and granulation tissue were 
evaluated. Some macroscopic and microscopic scores were used 
to evaluate adhesions in the preparations.

The macroscopic evaluation was performed in a double-blind 
manner using the adhesion scoring system used by Mazuji et al6 
and Erkol et al.7 Accordingly, no adhesions were scored as score 
0, thin or narrow adhesions that could be easily separated were 
scored as score 1, thick adhesions limited to 1 area were scored 
as score 2, thick and wide adhesions were scored as score 3, and 
thick and wide adhesions extending to the wall anteriorly and pos-
teriorly to the organs were scored as score 4.

The scoring system of Hooker et al8 was applied in the double-
blind microscopic fibrosis evaluation. Accordingly, the absence of 
fibrosis was evaluated as score 0, minimal loose fibrosis as score 
1, moderate fibrosis as score 2, and florid dense fibrosis as score 3.

The scoring system of Hooker et  al8 was again used in the 
double-blind microscopic evaluation of inflammation. Absence of 
inflammation was scored as score 0; foreign body-type giant cells, 
rare scattered lymphocytes, and plasma cells were scored as score 
1; foreign body-type giant cells with an increased number of lym-
phocytes, neutrophils, eosinophils, and plasma cells were scored 
as score 2; and the presence of many mixed inflammation cells 
and microabscesses were scored as score 3.

In addition, endothelial proliferation was also evaluated and 
scored in a double-blind manner since neovascularization should 
be considered in addition to inflammatory cells to evaluate granu-
lation tissue microscopically. Accordingly, the absence of vascular 
proliferation was considered a score 0, mild endothelial prolifera-
tion a score 1, moderate endothelial proliferation a score 2, and 
intense endothelial proliferation a score 3.

Kruskal–Wallis and Mann–Whitney U-tests were used for statis-
tical data analysis. P < .05 was considered significant.

Results

Seprafilm Group
On exploration in rabbit I, a thin fibrous band was seen on the 

trachea, which was easily peeled off and recorded as score 1. 
Microscopically, a small amount of fibrosis was observed between 
the muscle fibers (score 1), while inflammation and vascular prolif-
eration were not seen (score 0). The trachea was easily explored in 
rabbit II, and no adhesions were seen (Figure 1). Microscopically, a 
regular tracheal structure was observed. All scores were recorded 
as 0 (Figure 2). In rabbit III and rabbit IV, a dissection without adhe-
sions was performed in the same manner.

Microscopically, the trachea and surrounding tissues were 
regular. All scores were recorded as 0. In rabbit V, a minimal 
fibrotic band was seen on the trachea but was easily peeled off; 
the score was recorded as 1. Microscopically, fibrosis, inflamma-
tion, and endothelial proliferation were not seen; all scores were 
recorded as 0. In rabbit VI, no adhesions were observed on the 
trachea (score 0), while microscopically, minimal fibrosis was seen 

Figure  1. Trachea easily dissected due to lack of adhesion in 
rabbit II.
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(score 1). Inflammation cell and endothelial proliferation were not 
observed (scores 0 and 0). In rabbit VII, a minimal fibrotic band 
was seen on the trachea that was easily peeled off and recorded as 
score 1. Microscopically, fibrosis, inflammation, and endothelial 
proliferation were not seen, and all scored as 0.

Isotonic Group
In rabbit I, the muscles over the trachea were too fixed to be 

detached from the trachea. The trachea could not be opened, and 
the score was recorded as 4. Microscopically, the fibrosis score 
was 2. The inflammation score was 3 due to increased lympho-
cytes, eosinophils, and neutrophils; the increased vascular prolif-
eration score was 2. In rabbit II, a minimal fibrotic band was seen 
on the trachea, which was easily peeled off, and the score was 
recorded as 1. Microscopically, fibrosis, inflammation, and endo-
thelial proliferation were not seen; all were scored as 0. In rabbit 
III, thick fibrotic plaques were seen on the trachea, especially in 
the lower tracheal regions; the score was recorded as 2. However, 
microscopically, fibrosis, inflammation, and endothelial prolifera-
tion were not observed; all were scored as 0. In Rabbit IV, a mini-
mal fibrotic band was seen on the trachea, easily peeled off; the 
score was recorded as 1. Microscopically, fibrosis, inflammation, 
and endothelial proliferation were not seen; all were recorded as 
score 0. In rabbit V, macroscopically diffuse adhesions were seen 
macroscopically on the trachea on exploration and scored as 3 
(Figure 3). Microscopically, diffuse fibrosis (score 3), sparse inflam-
matory cells accompanied by foreign body giant cells (score 2), 
and mild endothelial proliferation (score 1) were seen in the struc-
tures anterior to the trachea (Figure 4). In rabbit VI, macroscopi-
cally, no obvious adhesion was seen anterior to the trachea, but 
localized dense adhesion was seen around the carina and was 
recorded as score 2. Microscopically, minimal fibrosis, rare inflam-
matory cells, and endothelial proliferation were seen and scored 1 
on each scale. In rabbit VII, a thick fibrotic plaque, again confined 
to a specific location, was seen and recorded as macroscopic 
score 2. Microscopically, minimal fibrosis, rare inflammatory cells, 
and endothelial proliferation were seen (scores 1, 1, and 1).

Control Group
In rabbit I, a minimal fibrotic band was seen on the trachea but 

was easily peeled off; it was recorded as score 1. Microscopically, 

fibrosis, inflammation, and endothelial proliferation were not 
observed, and all were graded as score 0. In rabbit II, no explora-
tion was possible due to adhesions on the trachea from the previous 
operation, and the score was recorded as 4. Microscopically, loose 
fibrosis (score 1), diffuse inflammation consisting of lymphocytes, 
eosinophils, and polymorphous nucleocytes (score 3), and moder-
ate endothelial proliferation (score 2) (Figure 5). In rabbit III, diffuse 
adhesions were seen on the trachea; the score was recorded as 3 
(Figure 6). Microscopically, score 2 fibrosis was observed, while the 
inflammation score was evaluated as 1 due to sporadic lymphocytes. 
Mild (score 1) endothelial proliferation was seen. In rabbit IV, exten-
sive adhesions were seen on the trachea (score 3). Microscopically, 
score 2 fibrosis, sparse lymphocytes (score 1), and mild endothelial 
proliferation (score 1) were seen. In rabbit V, dissection revealed 
very thick fibrotic plaques in the lower parts of the trachea, which 
were macroscopically scored as score 2. Microscopically, moder-
ate fibrosis was recorded as score 2, while inflammation scale and 
endothelial proliferation were evaluated as 1. In rabbit VI, a minimal 

Figure  2. Microscopically ordered structure in rabbit II 
(hematoxylin–eosin ×40) (The cartilage layer is marked with an 
arrow).

Figure  3. Macroscopically diffuse adhesions on the trachea in 
rabbit V of the isotonic group (fibrotic adhesions are marked with 
an arrow).

Figure  4. Foreign body giant cells and rare inflammatory cells 
microscopically in rabbit V of the isotonic group (hematoxylin–
eosin ×100) (a foreign body giant cell is marked with an arrow).
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fibrotic band was seen on the trachea that was easily peeled off; the 
score was recorded as 1. Microscopically, fibrosis, inflammation, 
and endothelial proliferation were not seen; all were scored as 0. 
In rabbit VII, a minimal fibrotic band was seen on the trachea that 
was easily peeled off (score 1). Microscopically, minimal fibrosis, 
rare inflammatory cells, and endothelial proliferation were seen; all 
were considered score 1.

Statistical Analysis
All 3 groups were evaluated among themselves, and statistical 

results were obtained with the Kruskal–Wallis test. There was a 
statistically significant difference between the groups regarding 
macroscopic scale scores (P < .01). Similarly, a statistically sig-
nificant difference was found in terms of inflammation scale and 
endothelial proliferation scores (P < .05). However, there was no 
statistically significant difference between the groups regarding 
fibrosis scale scores (P > .05) (Table 1).

Mann–Whitney U-test showed no statistically significant differ-
ence between control and isotonic groups in terms of macroscopic 

scale, fibrosis scale, inflammation, and endothelial proliferation 
scores (P > .05) (Table 2).

In the Mann–Whitney U-test, macroscopic scale scores of 
the control group were statistically significantly higher than the 
Seprafilm group (P < .01). The control group’s inflammation and 
endothelial proliferation scale scores were statistically signifi-
cantly higher than the Seprafilm group (P < .05). There was no sta-
tistically significant difference between the control and Seprafilm 
groups in terms of fibrosis scale scores (P > .05) (Table 3).

Again with the Mann–Whitney U-test, macroscopic scale scores 
of the isotonic group were statistically significantly higher than the 
Seprafilm group (P < .01). There was no statistically significant dif-
ference between Seprafilm and isotonic groups in terms of fibrosis, 
inflammation, and endothelial proliferation scale scores (P > .05) 
(Table 4).

Figure 5. Intense lymphocyte, eosinophil, and polymorph nucleoside 
infiltration (marked with arrows) in the pretracheal area and increased 
vascular proliferation between them in microscopic examination in 
rabbit II of the control group (hematoxylin–eosin ×100).

Figure  6. Widespread adhesion (marked with arrows) on the 
trachea in rabbit III of the control group.

Table 1. Comparison of 3 Groups in Terms of Score via Kruskal–Wallis 
Test

Control 
Group

Isotonic 
Group

Seprafilm 
Group

PMean SD Mean SD Mean SD

Macroscopic 
scale

2.14 1.21 2.14 1.07 0.43 0.53 .006

Fibrosis scale 1.14 0.90 1.00 1.15 0.29 0.49 .174

Inflammation 
scores

1.00 1.00 1.00 1.15 0.00 0.00 .029

Endothelial 
proliferation 
scores

0.86 0.69 0.71 0.76 0.00 0.00 .026

Table 2. Comparison of Isotonic and Control Groups in Terms of Score 
via Mann–Whitney U-Test

Control Group Isotonic Group

PMean SD Mean SD

Macroscopic scale 2.14 1.21 2.14 1.07 1.00

Fibrosis scale 1.14 0.90 1.00 1.15 .710

Inflammation scores 1.00 1.00 1.00 1.15 .902

Endothelial 
proliferation scores

0.86 0.69 0.71 0.76 .710

Table 3. Comparison of Control Group and Seprafilm Group in Terms of 
Score via Mann–Whitney U-Test

Control Group Seprafilm Group

PMean SD Mean SD

Macroscopic scale 2.14 1.21 0.43 0.53 .007

Fibrosis scale 1.14 0.90 0.29 0.49 .097

Inflammation scores 1.00 1.00 0.00 0.00 .026

Endothelial 
proliferation scores

0.86 0.69 0.00 0.00 .026
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Discussion
Surgical resection after neoadjuvant treatment in advanced 

lung cancer cases prolongs patient survival; however, mediasti-
nal lymph nodes should be reevaluated for the patient’s suitability 
for surgical treatment. It has been emphasized that lymph node 
involvement is the only effective parameter in survival compared 
to other parameters.3 However, adhesions due to previous medias-
tinoscopy narrow the surgeon’s working area and create difficulty 
in lymph node differentiation in an invasive view. Considering that 
lymph node involvement is the most influential parameter in sur-
vival, various methods have been tried to eliminate these obstacles.

Physical barriers that prevent adhesion can be categorized into 
2 main groups: liquid and membrane. Many membrane barriers 
have been used to prevent postoperative adhesions. These include 
membrane composed of hyaluronic acid and carboxymethylcel-
lulose (Seprafilm®), membrane developed from polyt etrafl uoro 
ethyl ene, oxidized regenerated cellulose, N, O-carboxymethyl 
chitosan, Synvisc, polye thyle negly col/p olyla ctic acid films, human 
amniotic membrane, Adcon-P, TNP-470, and PLLA-PEG copoly-
mer films.9-17

Seprafilm® is a bioresorbable material composed of hyaluronic 
acid and carbo xymet hylce llulo se. It has been used in abdominal 
surgeries since the early 1990s to reduce postoperative adhe-
sions.17,18,19 Hyaluronic acid is a natural anionic polysaccharide. 
It is found in connective tissue, skin, cartilage, and synovial fluid. 
It is the main component of the extracellular matrix. It is hydro-
philic with a very high molecular weight. It has a viscoelastic 
structure with properties of the coating and lubricating serosal 
surfaces. Carboxymethylcellulose is an anionic polysaccharide. It 
is a cellulose derivative containing groups that make the polymer 
more hydrophilic. Hyaluronic acid– carbo xymet hylce llulo se is an 
effective, nontoxic, nonimmunologic, and biologically appropri-
ate material for reducing the incidence and prevalence of severe 
postoperative adhesions. Seprafilm® transforms completely into a 
hydrophilic gel approximately 24 to 48 hours after application. 
The hyaluronic acid component is completely cleared from the 
body within 28 days. Carboxymethylcellulose is cleared to a lesser 
extent. Although the risk of systemic side effects is low, its effective-
ness is high. It can be used even when there is blood in the environ-
ment. Despite all its efficacy, some problems have been identified 
in its use. Since it is in the form of a film, its use requires special 
skill, and it cannot be used in laparoscopic surgery. Although rare, 
some cases of peritonitis due to Seprafilm® have been reported. 
It is also expensive, which is a significant disadvantage. Although 
there is not much literature on preventing surgical adhesions in 
the mediastinum, there are studies on using anti-adhesion barriers, 
especially in abdominal and pelvic surgeries.20,21 To prevent adhe-
sions in the current approach, minimally invasive surgical tech-
niques should be selected, the inflammatory response should be 

reduced, coagulation should be inhibited, fibrinolysis should be 
stimulated, and adhesion-prone surfaces should be separated. The 
ideal physical membrane barrier should not affect wound healing, 
should not stimulate fibrosis formation, should not be metabolized 
during the adhesion formation phase, and should be effective in 
the presence of blood and foreign bodies.

In a 1996 multicenter study by Diamond et al,21 Seprafilm® was 
found to be effective in reducing adhesions after gynecologic surgery 
compared to second-look laparoscopy in 127 patients who under-
went myomectomy operations. In addition, in a 1997 multicenter 
study by Beck et al,22 Seprafilm® was effective and safe in reducing 
the incidence of adhesions in standard colectomy and ileal J-pouch 
anastomosis + loop ileostomy operations performed after ileostomy 
closure. These findings are similar to the results of our study.

Although Seprafilm® is not recommended for endoscopic pro-
cedures due to its difficulty in use, Khaitan et al,23 developed a new 
method of Seprafilm® placement after laparoscopic adhesiolysis 
in patients with chronic pelvic pain due to postoperative adhe-
sions. In this case, the protective paper on Seprafilm® was rolled 
without removing it, the trocar was placed in the trocar removed 
through the port, the trocar was sent through the port again, and 
the membrane was opened in the abdomen. The protective paper 
was opened over the planned area, and the membrane was placed 
endoscopically. A similar method was described by Sano R et al.24 
We think that this method can also be used in the mediastinoscopy 
procedure.

In a study by Tsapanos et al,25 Seprafilm® was used to prevent 
and treat endometrial synechiae. In the study by Kobayashi et al,26 
the use of Seprafilm® in patients undergoing rehepatectomy was 
thought to reduce the risk of postoperative morbidity concerning 
the reduced technical difficulty in lysis of the adhesion. The results 
obtained from these studies are similar to the results of our study.

Two important studies investigating the role of barrier materi-
als in preventing adhesions in mediastinum have been reported 
in Turkey. In the experimental study by Solak et al,27 the adhe-
sion prevention efficacy of Hyalan B Gel (Sepragel®) material was 
measured, and the efficacy of the barrier material was found to be 
statistically significant. Unlike our study, only microscopic scoring 
systems were used, and no macroscopic evaluation was performed 
in this study. In addition, it was not evaluated whether any mate-
rial to be placed between the tissues would have a Sepragel®-like 
efficacy. A similar study was conducted by Büyükkale S et al,28 
and similar results were obtained with very similar methods to 
our study; differently, a group other than the control and Seprafilm 
group was not defined.

Although the number of subjects was low in our study, the sta-
tistical results were significant. Although the scales varied in all 3 
groups, no macroscopically advanced scores were recorded in the 
Seprafilm® group, and no granulation tissue was observed micro-
scopically. Overall, there was a significant difference between the 
groups, especially in terms of macroscopic adhesions. On the other 
hand, there may be various reasons for the lack of statistical differ-
ence between the groups in the scores obtained regarding fibrosis. 
Fibrosis is a process observed later than granulation tissue; the sig-
nificant results obtained in granulation tissue in our study may sug-
gest that a longer time should be allowed for fibrosis to develop. 
In our study, remediastinoscopy was performed on the 30th day 
after the first operation. In addition, the animal study did not use 
neoadjuvant chemotherapy, another cause of fibrosis encountered 
in remediastinoscopies. In addition, the difference between a rab-
bit and human anatomy, the looser and easier dissection of rabbit 
tissue compared to human tissue, and therefore almost no bleed-
ing during the operation is another factor that caused the fibrosis 

Table 4. Comparison of Isotonic and Seprafilm Groups in Terms of 
Score via Mann–Whitney U-Test

Isotonic Group Seprafilm Group

PMean SD Mean SD

Macroscopic scale 2.14 1.07 0.43 0.53 .004

Fibrosis scale 1.00 1.15 0.29 0.49 .259

Inflammation scores 1.00 1.15 0.00 0.00 .073

Endothelial 
proliferation scores

0.71 0.76 0.00 0.00 .073
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scale to be recorded as low. Since mediastinoscopies performed in 
humans will have some bleeding and this extravasated blood will 
contribute to fibrosis during the organization process, it should 
be taken into consideration that a similar experiment on humans 
may provide more efficient results on fibrosis development when 
applying the results of our research to real cases.

Our study revealed a noteworthy distinction between the iso-
tonic group and the Seprafilm® group, prompting us to investi-
gate the efficacy of nonspecific materials in preventing adhesions 
between anatomical layers. Based on macroscopic adhesion 
scoring, we concluded that Seprafilm® proved significantly more 
effective in preventing adhesions. In support of this, no significant 
difference was found between the isotonic group and the control 
group on any scale, and it was thought that the barrier efficiency 
of isotonic or similar material was insufficient. There was a mac-
roscopically significant difference between the control group and 
the Seprafilm® group. In microscopic evaluation, the lower scores 
of the Seprafilm® group, especially in terms of inflammation and 
vascular proliferation, were statistically significant.

Conclusion
Our study found a statistically significant difference between the 

Seprafilm® group and the control groups regarding macroscopic 
adhesion scoring and granulation tissue scoring. Seprafilm® is a 
suitable barrier with minimal side effects and is effective in prevent-
ing adhesion, as proven in various studies. Although Seprafilm® is 
a difficult and expensive material to use, these charcteristics can 
be ignored because it facilitates remediastinal interventions.
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