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Introduction

In reconstructive breast surgery, the formation of seroma is difficult to prevent. Vari-
ous risk factors such as smoking, obesity, radiotherapy, and chemotherapy have been 
reported as the cause of seroma. Consensus on the best way to prevent or treat seroma 
has not yet been established [1,2]. There are currently various methods to reduce se-
roma in practice, such as the quilting suture method, compression therapy, and scle-
rosing agents. Sclerosing agents include fibrin glue, tetracycline, hydrochloric acid, 
triamcinolone, talc, and Abnoba Viscum. Though these chemical injections have 
been noted as an alternative to surgery for treating refractory seroma, research on 
wound healing and seroma prevention using such materials in the form of patches 
during surgery has been inadequate [3-5]. 

Collaseal collagen-enhanced fibrin sealant is a form of membrane containing type 1 
collagen, hyaluronic acid, thrombin and levodopa. It absorbs exudates, helps heal 
wounds, enhances adhesion to tissues and helps wound hemostasis. The major compo-
nent, collagen, improves the adherence, proliferation and migration of fibroblasts and 
has chemotactic activity on cells involved in healing, such as granulocytes and macro-
phages. It also forms new tissue by acting as a bridge between the edges of damaged tis-
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Abstract

Background: Seromas are caused by leakage of lymphovascular fluid into postoperative dead space. This is the most common complica-
tion after reconstructive breast surgery. The purpose of this study is to demonstrate the utility of seroma-preventing substances by using a 
collagen-enhanced fibrin sealant on a rat mastectomy model.
Methods: Thirty-six Sprague-Dawley rats were divided into three groups. After mastectomy and axillary lymph node dissection, normal sa-
line was applied to the dead spaces in group 1 (control). In group 2, a collagen-enhanced fibrin sealant was applied, and in group 3, triam-
cinolone acetate solution was applied. Afterwards, the amount of seroma was measured by three-dimensional micro-computed tomography 
(3D micro-CT) volumetry analysis and manual aspiration after 7 and 14 days, respectively.
Results: The volume of seroma were significantly reduced in groups 2 and 3 compared to group 1 in both 3D micro-CT volumetry analysis 
and manual aspiration on postoperative day 7 (P<0.001). In addition, the results observed in day 14 also showed a decrease in the 
amount of seroma analyzed by CT in groups 2 and 3 compared to group 1 (P<0.05). In histopathologic examination inflammation was ob-
served more frequently in group 1 and angiogenesis was more active in group 2.
Conclusion: The use of a collagen-enhanced fibrin sealant (Collaseal) is as effective as triamcinolone control injected in a rat mastectomy 
model.
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sue. It thus helps wound recovery by providing the ideal com-
ponents needed in the recovery phase of damaged tissue [6-8]. 

In this study, seroma models with Sprague-Dawley (SD) rats 
were prepared to evaluate the effect on seroma prevention of a 
collagen-enhanced fibrin sealant (Collaseal) compared to tri-
amcinolone and saline through histological examination and 
three-dimensional micro-computed tomography (3D micro-
CT) parameters [9-11].

Methods

The approval of the study was obtained from the Local Ethical 
Committee of the Experimental Animal Laboratory at Daegu 
Gyeongbuk Medical Innovation Foundation (approval No. 
DGMIF D18017). Thirty-six male SD rats (average weight, 
200–300 g) were used in the experiment. The rats were divided 
into three groups of 12 rats each. All rats were fed amounts of 
feed sufficient for SD rats. The feeding room was climate con-
trolled with a temperature of 23°C±3°C, 50%±20% humidity, 
10–20 times/hr. ventilation, and an illuminance of 150–300 
lux with 12-hour day/night cycles.

All SD rats received one-sided (right) mastectomy and axil-

lary lymph node dissection as described by Harada et al. [9]. 
Prophylactic antibiotics were administered by intramuscular 
injection of gentamicin, while meloxicam was subcutaneously 
injected as an analgesic agent. Six milligrams of Zolazepam 
(Zoletil; Virbac, Seoul, Korea) and 1.5 mg of Xylazine (Rom-
pun; Bayer, Leverkusen, Germany) were injected intraperitone-
ally as general anesthetics. The anterior thoracic and right axilla 
area were shaved and sterilized with 10% povidone solution.

A 2 cm-vertical incision was made from the jugular notch to 
the xiphoid, elevating the subcutaneous flap. After removing 
the pectoralis major muscle and the axillary lymph node, the 
axillary artery, vein, and nerve were preserved. After the dis-
section, 0.4 mL of saline was administered to the control group 
(group 1). In the experimental group (group 2), Collaseal 
(Dalim Tissen Co., Ltd., Seoul, Korea) was trimmed into a 
membrane of 1 cm2 and applied to the side of lymph node dis-
section. In the other experimental group (group 3), about 
1/300 of a normal human dose of triamcinolone was mea-
sured, and was included in 0.4 mL of mixed solution (0.382 
mL of saline with 0.018 mL of triamcinolone) that was admin-
istered to each rat. Afterwards, wound closure was done in all 
groups using Ethilon 5-0 skin sutures (Fig. 1). Povidone-io-

Fig. 1. Surgical procedure in a Sprague-
Dawley rat mastectomy model. (A) Pre-
operative design. Incision line extending 
2 cm from the jugular notch to the xi-
phoid. (B) Excised pectoralis major and 
axillary lymph node. (C) Applying 1 cm2-
sized fibrin sealant (Collaseal) to dissect-
ed area. (D) After primary closure, ap-
propriate volume of saline was applied to 
the dissected area.C D

A B
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dine dressings were performed for 3 days after surgery, with 
no removal of sutures.

Immediately after suturing, CT images were taken using 
Quantum FX micro CT (90 kVp, field of view: 40 mm, with 
scan times of 2 minutes; PerkinElmer, Hopkinton, MA, USA). 
At postoperative day (POD) 7, six rats from each group were 
sacrificed in a CO2 chamber, and CT scans and aspiration were 
used to measure the amount of seroma. Aspiration was con-
ducted slowly and delicately with 1-mL syringes and 30-gauge 
needles, after which the amount was measured in 0.1 mL 
units. Subcutaneous flap tissues of the axillary lymph node 
were fixed in paraffin blocks. The tissues were examined with 
trichrome and hematoxylin and eosin (H&E) staining. At 
POD 14, seroma volume were measured and histopathological 
samples taken from the remaining six SD rats in each group. 
The tissues were observed under an optical microscope to 
identify hematoma, seroma, congestion, fibroblasts, fibrous 
and granulation tissue growth, vascular proliferation, necrosis, 
and inflammation. Cellular and histopathological data were 
scored semi-quantitatively in scales of 0 to 3, with 0=absent, 

1=mild, 2=moderate, and 3=marked (Figs. 2, 3). All statisti-
cal analyses were performed using SPSS software version 22.0 
(IBM Corp., Armonk, NY, USA). Differences in seroma vol-
umes among the groups were assessed with one-way analysis 
of variance for each of the group comparisons. Differences 
with a value of P<0.05 were considered statistically significant.

Results

The three groups (group 1: control group, 0.36 mL; group 2: 
[fibrin sealant, Collaseal] group, 0.424 mL; and group 3: tri-
amcinolone injection group, 0.29 mL) had no statistically sig-
nificant differences in their volume of seroma measured by CT 
immediately after surgery. In the CT analysis results at POD 7 
of the 18 SD rats taken from the three groups, the seroma lev-
els were significantly lower in group 2 and group 3 compared 
to group 1 (group 1, 1.01 mL; group 2, 0.27 mL; group 3, 0.26 
mL; P<0.05). Aspiration seroma volumes were also signifi-
cantly lower in group 2 and group 3 than in group 1 (group 1, 
0.95 mL; group 2, 0.2 mL; group 3, 0.28 mL; P<0.001). At 

Fig. 2. Three-dimensional micro-com-
puted tomography volumetry. (A) Post-
operative day (POD) 0, (B) POD 7, and 
(C) POD 14. 

Saline group Triamcinolone acetate group Fibrin sealant group (Collaseal) 

C

B
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Fig. 4. H&E stained tissue in the rat mastectomy model. H&E stain was used to confirm the change of fibroblast layer due to seroma 
formation in rats. In group 2 (Collaseal), many fibroblasts are observed in a thickened fibroblast layer. (A) Group 1 (normal saline), 
POD 14 (×40). (B) Group 2 (Collaseal), POD 14 (×40). (C) Group 1, POD 14 (×200). (D) Group 2, POD 14 (×200). H&E, hematoxy-
lin and eosin; POD, postoperative day.

C D

A B

Fig. 3. Volume of seroma. The values measured by the aspiration method and the volumetry of three-dimensional (3D) micro-comput-
ed tomography manifest similar amounts of variation. A, aspiration method; SAL, saline group; TRI, triamcinolone acetate group; SEA, 
fibrin sealant (Collaseal) group; POD, postoperative day.

 A-SAL A-TRI A-SEA 3D-SAL 3D-TRI 3D-SEA

 0.30 0.12 0.15 0.25 0.11 0.09 POD 14

 0.95 0.28 0.20 1.01 0.26 0.27 POD 7

 0.40 0.40 0.40 0.40 0.40 0.40 POD 0
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POD 14, the CT analysis results turned out lower in group 2 
and group 3 than in group 1 (group 1, 0.25 mL; group 2, 0.09 
mL; group 3, 0.11 mL; P>0.05), and aspirated seroma volumes 
were also lower in group 2 and group 3 than in group 1 (group 
1, 0.30 mL; group 2, 0.15 mL; group 3, 0.12 mL; P>0.05). 
However, on POD 14, there was no statistical significance in 
either analysis method (Figs. 2, 3). All rats survived without 
major complications (e.g., disruption, flap necrosis, infection) 
until the end of the experiment. Two rats injected with triam-
cinolone sustained mild erythema and swelling for several 
days due to inflammation and then improved.

Histopathologic examination demonstrated that both an-
giogenesis and wound healing were more active in group 2 
compared to groups 1 and 3. In trichrome staining, inflamma-
tion (granulocytes and giant cells) was observed more fre-
quently in group 1, and the inflammation also lasted longer. 
This confirms that inflammation reaction was reduced in 
group 2 and group 3, helping to prevent the formation of sero-
ma (Figs. 4, 5). In addition, in the process of collecting the his-
tologic sections, it was confirmed that Collaseal was absorbed 

gradually in group 2, and the absorption was completed by 
POD 14.

Discussion

Several papers have recommended a variety of methods to re-
duce the formation of seroma. These methods usually include 
reducing dead space during surgery, and other methods in-
clude the use of sclerosing agents (fibrin glue, tetracycline, hy-
drochloric acid), anti-inflammatory drugs, and chemothera-
peutic agents to reduce or prevent postoperative drainage.

Collaseal is a wound dressing foam product for secondary 
intention healing approved by the Ministry of Food and Drug 
Safety and is a bi-membrane product made of a porous mem-
brane and an adhesive membrane. The white porous mem-
brane is in the form of a sponge and contains type 1 collagen 
and hyaluronic acid, absorbing exudates and helping heal 
wounds. The yellow adhesive membrane is a film containing 
type 1 collagen, thrombin, and levodopa, which enhances ad-
hesion to tissues and helps the hemostasis of wound areas 

Fig. 5. Trichrome stained tissue in the rat mastectomy model. Trichome stain was used to confirm the change of collagen fiber layer 
due to seroma formation in rats. In group 2 (Collaseal), abundant collagen fibers are observed and the thickness of the collagen fiber 
layer is increased. (A) Group 1 (normal saline), POD 14 (×40). (B) Group 2 (Collaseal), POD 14 (×40). (C) Group 1, POD 14 (×200). 
(D) Group 2, POD 14 (×200). POD, postoperative day.
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[12,13]. Collagen, a major component, is the most abundant 
structural protein that accounts for 20% to 30% of human pro-
tein and is a fibrous protein that constitutes the skin and con-
nective tissue of mammals. Collagen improves wound healing 
in the manner described above. Levodopa, which is added in a 
small amount to the adhesive membrane, is an adhesive amino 
acid that enhances adhesiveness with tissues. Thrombin in-
duces aggregation of fibrinogen at the bleeding site to help he-
mostasis [14,15]. 

For this reason, we hypothesized that using Collaseal would 
help prevent and reduce the seroma that occurs after recon-
structive breast surgery. In our rat mastectomy model, triam-
cinolone acetate was used on a control group, which had been 
proven to be effective in reducing seroma [2,4]. There is the 
secondary advantage of the sealing effect when applying 
patch-type Collaseal directly where leakage is suspected. Most 
previous studies reported outcomes using a variety of liquid-
type agents; hardly any studies used patch-type materials like 
Collaseal. 

Our seroma animal model used the one-sided (right) mas-
tectomy and axillary lymph node dissection as described by 
Harada et al. [9], and a classical needle aspiration method to 
measure the amount of seroma after surgery. 3D micro-CT 
volumetry analysis was also performed to further measure the 
amount of seroma precisely. This is the currently recommend-
ed method for measuring the amount of change in seroma, as 
it is convenient and noninvasive [16,17].

3D micro-CT volumetry analysis and aspiration results on 
POD 7 found significantly decreased seroma in groups 2 and 3 
compared to group 1. This proves the roles of Collaseal and 
triamcinolone injection in reducing seroma formation.

During the experiment, although there was mild linear ne-
crosis on POD 7 in one individual from group 1 and one from 
group 3, applying ointment improved the necrosis without 
disruption, and the necrosis was no longer visible on POD 14. 
Though hematoma was not observed on POD 7, it was ob-
served in two individuals in group 1 and in one in group 3 on 
POD 14. No wound infections or premature deaths were ob-
served. 

In histopathological examinations, H&E staining is the best 
method to determine normal and pathologic structures. As it 
makes the structure immediately visible, it is also the easiest 
and most economical method to confirm angiogenesis. The 
staining indicated good angiogenesis in group 2, demonstrat-
ing that these materials could be helpful in wound healing. 
However, one of this study’s limitations is that angiogenesis 

was not further confirmed with VEGF or CD31/PECAM-1 
staining.

Meanwhile, Trichrome staining also confirmed that inflam-
mation was reduced in the Collaseal group. Reducing the du-
ration of inflammation accelerates wound healing. This, to-
gether with enhanced angiogenesis, presumably acts toward 
the seroma-reducing effect of the collagen-enhanced fibrin 
sealant (Collaseal) after mastectomy in SD rats. 

In conclusion, we report that collagen-enhanced fibrin seal-
ant (Collaseal) and triamcinolone injection in a rat mastecto-
my seroma model resulted in a decrease in seroma compared 
to the group injected with saline. The collagen-enhanced fi-
brin sealant (Collaseal) has been shown to increase adhesion, 
neovascularization, growth of granulation tissue and to accel-
erate wound healing by supplying the necessary ingredients. 
Therefore, a reliable outcome can be expected by alternating 
other treatments with use of this patch-type material that pro-
motes wound healing and prevents seroma formation.
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