Balkan Med J 2012; 29: 179-83 • DOI: 10.5152/balkanmedj.2012.005
© Trakya University Faculty of Medicine

Original Article

Microporous Polysaccharide Hemospheres and Seroma Formation
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ABSTRACT
Objective: Seroma is the most common complication after breast surgery. Several methods have been proposed to prevent seroma, but none of these
provided a significant effect. A prolonged wound healing process is the most important cause of seroma. Microporous polysaccharide hemospheres
(MPH) are used to achieve hemostasis. They may also accelerate wound healing. In this study, the effects of MPH on seroma formation were investigated.
Material and Methods: Female Wistar rats weighing between 200 g and 250 g were used. There were eight rats in each of the control and study groups.
Right breast mastectomy and axillary dissection were performed in all rats. While no application was performed after the operation in the control group,
MPH was locally applied to the surgical site in the study group. Ten days after the operation, seroma fluid was aspirated and the total volume was recorded. The aspirates were analyzed and tissue samples were obtained from the surgical site.
Results: Seroma was significantly lower in the study group (p=0.001). The mean albumin and lactate dehydrogenase levels were significantly lower in
the study group (p=0.003). Pathological examination revealed that increase in fibrous tissue was significantly greater in the control group (p=0.032).
Conclusion: MPH may reduce seroma after mastectomy.
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Introduction
Seroma formation is the most common complication
following mastectomy and axillary dissection, occurring in
10%-50% of cases (1-4). Since seromas usually resolve within
a few weeks, seroma formation is considered as an acceptable complication by the surgeons when compared with
other complications of mastectomy and axillary dissection (5).
However, seromas can lead to a number of serious complications including wound infection, lymphedema, flap necrosis,
prolonged length of hospital stay, sepsis, as well as delay in
initiation of adjuvant therapy. Several methods have been
proposed to prevent seroma formation, but none of these
methods provided a significant effect (1, 6, 7). Therefore seroma is still a serious problem and new methods are required
in order to prevent it.
The pathophysiological changes underlying seroma formation remain unclear (7, 8). It has traditionally been assumed
that drainage of lymph from divided mammary and axillary
lymphatics secondary to mastectomy is responsible for seroma formation (1, 8, 9). More recent studies have pointed
out loculation of the inflammatory exudate due to prolonged
wound healing (1, 6, 8, 10).

Microporous polysaccharide hemospheres (Arista™ AH®,
Medafor Inc., Minneapolis, MN, United States of America)
are in the form of powder, plant-based, and act as hydrophilic molecular sieves. MPH particles form a gelled matrix
by concentrating blood solids such as platelets, red blood
cells, and blood proteins such as, albumin, thrombin and
fibrinogen; thus, are used to achieve hemostasis in case of
persistent bleeding (11, 12). Also, many studies have shown
that polysaccharides accelerate and enhance wound healing
via various mechanisms, primarily by increasing the activity of
macrophages (13-20). It can be presumed that the MPH can
reduce seroma formation by virtue of these characteristics, by
preventing the mechanisms causing seroma formation.
The present study was aimed to investigate the effects of
MPH on lymphovascular drainage and delay in wound healing, which have been blamed for seroma formation.

Material and Methods
The present study was conducted in the Experimental
Animal Laboratory of Dokuz Eylul University, Faculty of Medicine after obtaining approval from the Local Committee on
Animal Research Ethics. Sixteen female Wistar albino rats

This study was presented at the 5th Surgical Research Congress, Ankara, 2009 Aegean Surgical Congress, İzmir, 2009.
Address for Correspondence: Dr. Tufan Egeli, Department of General Surgery, Faculty of Medicine, Dokuz Eylül University, İzmir, Turkey
Phone: +90 232 412 29 00 E-mail: tufanegeli@gmail.com

179

Egeli et al.
Microporous Polysaccharide Hemospheres and Seroma Formation

a

Balkan Med J
2012; 29: 179-83

b

c

Figure 1. Surgical technique; the skin and subcutaneous tissues on the right side were decollated from the chest wall
following a midline incision, extending from the suprasternal notch to the xiphoid process (a), the pectoral muscle was
dissected and partially resected at the first step; the fatty cellular tissue was exposed by means of dissection (b), and the
pectoral muscle was completely resected, the fatty cellular tissue in the axillary fossa was excised while preserving the
axillary artery, vein and nerve (c)
weighing between 200 g and 250 g were used. All rats were
fed with standard laboratory diet and tap water, and housed
under controlled conditions of temperature with 12 h light/
dark cycle. Rats were divided into two groups, each including eight rats. No additional application was performed after
the operation in the first group (control group). MPH was locally applied after the operation before the closure of the skin
in the second group (study group). To achieve anaesthesia,
ketamine (Ketalar®, Parke Davis and Co. Inc., Detroit, Michigan, United States of America) was administered intraperitoneally at a dose of 50 mg/kg, and xylazine (Rompun®, Bayer,
Leverkusen, North Rhine-Westphalia, Germany) was administered intramuscularly at a dose of 5 mg/kg.
Right breast mastectomy and axillary dissection were performed in all rats in accordance with the method described
by Harada et al. (21). After the surgical site was shaved, it was
cleansed with 10% povidone-iodine solution for antiseptic
treatment of the skin. A vertical incision was made, extending
from the jugular notch to the xiphoid process. The skin and
subcutaneous tissues were dissected free from the chest wall
(Figure 1a). The pectoralis major muscle was dissected up to
the level of the latissimus dorsi muscle, freed, and then excised (Figure 1b). All axillary lymph nodes were excised while
preserving the integrity of the axillary artery, vein, and nerve
(Figure 1c). After hemostatic control was established, the skin
was closed with 2-0 silk suture without making any additional
application in the control group and after local application of
MPH to the surgical site in the study group.
The rats were monitored for 10 days after the operation.
After 10 days, seroma fluid was aspirated from the surgical
site under ketamine anaesthesia, and the total volume in milliliters was recorded. Furthermore, these aspirates were analyzed for total protein, albumin, lactate dehydrogenase (LDH),
C-reactive protein (CRP) and white blood cell count. The tissue samples obtained from the surgical site were histopathologically examined. The following cytological and histopathological features were examined and graded semiquantitatively
on a 0 to 3+scale, in which 0=absent, 1=mild, 2=moderate,
and 3=marked; vascular proliferation, fibrin deposition, hemorrhage, edema, necrosis, congestion, microorganisms, polymorphonuclear leukocytes, fibroblasts, lymphocytes, macro-
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Figure 2. The mean seroma volume in the study and control
groups on postoperative day 10. Significant differences were
found between control and experiment animals (p=0.001)
phages and increase in fibrous tissue. The rats were sacrificed
after sampling.
Statistical analysis
Statistical analysis of the data was performed using Statistical Package for the Social Sciences (version 15.0; SPSS Inc.,
Chicago, IL, United States of America). Data regarding seroma
volumes and biochemical parameters were evaluated using
the Mann-Whitney U test, whereas data regarding histopathological grades were evaluated using the Fisher’s exact test. A
p value <0.05 was considered statistically significant.

Results
All rats were healthy during the course of the experiment.
While seroma formation was observed in all rats in the control
group, seroma formation was not noted in three rats in the study
group. The mean seroma volume was 1.6 mL (standard deviation
0.44 mL) and 0.3 mL (standard deviation 0.13 mL) in the control
and study groups, respectively. The mean seroma volume was
significantly lower in the study group (p=0.001) (Figure 2).
The amount of tissue excised from three rats in the study
group was not sufficient for histopathological evaluation;
thereby these samples were not examined. No microorganism, edema, hemorrhage or necrosis was detected in any of
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the samples examined. No significant difference was found
between the two groups in terms of vascular proliferation and
congestion (p=1.00 for both parameters). Macrophages and
fibroblasts were more numerous in the control group as compared to the study group, however the difference was not significant (p=0.565 for both parameters) (Figure 3). The increase
in fibrous tissue was greater in the control group, and the difference was significant (p=0.032).
The seroma aspirates obtained from the control and study
groups were analyzed for total protein, albumin, LDH, CRP
and white blood cell count. Since there was no seroma formation in three rats in the study group, only five aspirates were
evaluated. The CRP levels were so low that they could not be
measured in either group. The comparison of the two groups
with respect to biochemical parameters revealed that the
mean albumin and LDH levels, as well as the white blood cell
count, were significantly higher in the control group (p=0.03
for all parameters) (Table 1). The mean total protein level was
also higher in the control group, but the difference was not
significant (p=0.05).

Discussion
Although seroma formation is frequently encountered after
mastectomy and axillary dissection, and also may occur after all
surgical procedures that involve elevating skin flaps (2, 9). The
need for new therapy methods for preventing seroma continues.
The pathophysiological changes underlying it are not clear
(6, 7). The fluid collection has traditionally been attributed to
drainage of lymph from divided mammary and axillary lymphatics (1, 8, 9). However, recent studies have shown that seroma fluid composition is different from lymph, but is similar
to inflammatory exudate (6). The formation of inflammatory
exudate occurs due to a delay in the process of wound healing. A delay in the early inflammatory phase of the healing
process leads to the uncontrolled release of exudate which is
rich in inflammatory cells, structural molecules, cytokines, and
growth factors under the influence of histamine and bradykinin. This uncontrolled exudation results in seroma. Seroma
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itself also negatively affects the healing process. In a study
that compares the composition of seroma fluid with lymph
and plasma, it was shown seroma fluid contained significantly
greater levels of high-molecular-weight proteins, such as albumin and globulin than plasma or lymph (1). This particular
result supports the view that seroma fluid shows the characteristics of inflammatory exudate.
Because inflammatory exudative liquid loculation usually
developed in subjects that had breast surgery, views have
been put forward for explaining why the wound healing is
often pronlonged in these operations. Delay in the wound
healing process following mastectomy and axillary dissection
occuring due to the failure of flaps to adhere to the axilla and
anterior chest wall after the operation is the most frequently
accepted among these (9). In other words, it can be defined
as inability of the wound edges to join together. To achieve
this closure, bovine thrombin, fibrin glue, talc, tranexamic
acid, Corynebacterium parvum, tetracycline and several antineoplastic agents have been used, but all these approaches
have failed to provide a significant effect (7, 9). In 1913, Halsted described fixation of the skin flaps to the chest wall using
sutures and found that this approach reduced seroma formation (22). Similarly, Aitken et al. (23) and Coveney et al. (24)
also reported that the amount of seroma fluid decreased with
Table 1. Mean values of the biochemical parameters of the
two groups and statistical results of their comparison
Parameters

Control group Study group
(mean±SD) (mean±SD)

p

Total protein (g/dL)

1.5±0.261

0.354±0.042 0.05

Albumin (g/dL)

1.45±0.517

0.044±0.006 0.03

Lactate dehydrogenase
(U/L)

1778±397.1

396.4±68.7

0.03

White blood cell count
(x 1000/mm³)

9.95±1.13

1.57±0.24

0.03

SD: standard deviation

b

Figure 3. Two microscopic images from the study (a) and control (b) groups. Macrophages and fibroblasts are more numerous
in the control group (H&E, x 400)
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the fixation of the flaps to the anterior chest wall via deep
sutures, without interrupting the circulation. However, these
studies have not been satisfactory because of poor cosmetic
outcomes and increased morbidity, as well as the lack of support from other studies.
MPH used in the present study is a hemostatic agent, the
efficacy of which has been proven by a number of clinical
studies. MPH is a plant-based polysaccharide in the form of
powder. MPH acts as a hydrophilic molecular sieve. It forms
a gelled matrix in its application area by concentrating blood
solids such as platelets, red blood cells, and blood proteins
such as albumin, thrombin and fibrinogen. Gelled and concentrated cells and compounds accelerate the normal clotting
process by acting as a framework for immediate formation of
a fibrin clot within seconds. MPH is a fully absorbable material and passes through the systemic circulation in 24-48 hours
after application (11, 12).
Such characteristics of MPH may prevent lymphatic and
vascular drainage that lead to seroma formation. Moreover,
MPH may play a positive role in the wound healing process
due to its polysaccharide structure, since MPH is a plantbased polysaccharide. Many studies have shown that polysaccharides accelerate the healing process primarily by macrophage activation (13-20) as well as by fibroblast stimulation
(25-27) and by T-cell stimulation.
According to the current studies, it is understood that
the most important factor in seroma formation is the delay in
the wound healing process. In our study, differing from previous methods, it is aimed to accelerate the natural process
of wound healing in order to eliminate this problem and it is
original in that respect. For this purpose MPH, which is expected to provide the targeted effect by its biological characteristics, is used topically in the study. It is also the first study
with respect to the assessment of the effectiveness of topical
application of MPH on wound healing. In addition, when compared to the other materials used in the past for this purpose,
it is a cost effective agent that is easier to apply and with no
potential side effect.
The results of the present study demonstrated that the
amount of seroma fluid was significantly lower in the study
group (p=0.001). Moreover, total protein, albumin and LDH
levels, and white blood cell count, which were expected to
increase in a seroma, were also lower in the study group as
compared to the control group. These results suggested that
MPH applied to the study group reduced seroma formation.
Histopathological comparison of the two groups revealed
that increase in fibrous tissue was significantly greater in the
control group as compared to the study group (p=0.032). The
number of macrophages and fibroblasts were higher in the
control group as compared to the study group; however, the
difference did not reach statistical significance. These cells,
which play an essential role in the wound healing process,
gradually increase in number in the early phase of the healing process, reach their peak levels, and gradually reduce as
the healing process progresses (28). On the other hand, the
space between the tissues is filled with fibrous tissue during
the healing process of the wound edges. The space between
the two edges is directly proportional to the required amount
of fibrous tissue.
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Increased number of macrophages and fibroblasts in the
control group as compared to the study group suggested
a delayed, more slowly progressing wound healing process
in the control group. Persistence of the cells such as macrophages in particular, which increase in number during the
inflammatory phase, indicated an incomplete inflammatory
phase in these tissues. In addition, large amounts of seroma
fluid in the control group made it relatively difficult for the
skin flap to adhere to the chest wall, and thus created a wider
space between the tissues, causing a greater increase in fibrous tissue in the control group. Histopathological findings
were interpreted as that MPH accelerated the wound healing
process, and thus reduced seroma formation and its related
negative effects.
There have been limitations such as not being able to use
more specific indicators due to financial deficiencies in tracking the wound healing process and insufficient test subjects
because only a limited number of subjects was permitted in
the study. Therefore in the new studies to be conducted, more
satisfying results for the researchers may be achieved by using
more test subjects and more specific indicators. MPH as an
agent already used in humans will enable performing of the
clinical studies easier.
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