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Introduction. Hemostatic agents are frequently
used during abdominal surgery and some are linked
to adhesion formation. We sought to evaluate the
impact of several commonly used hemostatic agents
on adhesion formation in a rat peritoneal model.

Methods. In our study, Wister outbred rats under-
went laparotomy and excision of a portion of their
peritoneum to initiate adhesion formation process.
One of six different hemostatic agents, namely, acti-
vated starch microspheres (Arista AH; Medafor Inc.,
Minneapolis, MN), glutaraldehyde activated collagen
(BioGlue; Cryolife Inc., Kennesaw, GA), thrombin
coated collagen microspheres (FloSeal; Baxter Inc.,
Deerfield, IL), thrombin activated fibrin polymer (Tis-
seel, Baxter), polyethylene glycol polymer (CoSeal,
Baxter), or oxidized cellulose (Surgicel; Ethicon Inc.,
Somerville, NJ), was placed in the area of peritoneal
defect. All animals were sacrificed on post-op day 7
and strength and extent of adhesion formation was de-
termined. Histopathological examination of rat cae-
cum was also performed.

Results. Arista and CoSeal showed significantly
lower adhesion formation than controls (P < 0.05).
Higher adhesion scores were seen in BioGlue (P <
0.05) treated rats. Additionally, histopathologic exami-
nation showed that BioGlue caused statistically more
inflammation and necrosis than controls (P < 0.05).
Total adhesion score increased with residual amount
of agent present at 7 d.

Conclusions. Use of Arista and CoSeal may help
in reducing peritoneal adhesions after intra-abdom-
inal surgeries. Furthermore, there appears to be
1 To whom correspondence and reprint requests should be ad-
dressed at Department of Anesthesiology, Mayo Clinic College of
Medicine, 200 First Street SW, Rochester, MN 55905. E-mail: ereth.
mark@mayo.edu.

77
a relationship between the creation of inflammation
and necrosis in tissues and the eventual formation
of adhesions. This could aid in improving the design
of these agents in the future. � 2009 Elsevier Inc. All rights

reserved.
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INTRODUCTION

Peritoneal adhesion formation after laparotomy
continues to be a cause of significant morbidity for sur-
gical patients [1]. Being an unpredictable and long-
term problem, postoperative adhesions impact surgical
workload, hospital resources, and results in consider-
able health care expenditures [2]. A great deal of effort
has been made to elucidate the cause and to prevent the
development of adhesions, but results have been mixed.
Topical hemostatic agents are commonly applied to
bleeding sites during intra-abdominal surgery. A num-
ber of these agents have been studied for their antiad-
hesive properties [3–5]. However, some of these
agents may themselves promote adhesion formation.
Also, a head-to-head trial comparing the impact of he-
mostatic agents on intraperitoneal adhesions has yet
to be performed.

Arista AH, a topical hemostatic agent, has recently
been approved for internal use. The goal of our study
is to examine the impact of various hemostatic agents
including Arista, FloSeal, Tisseel, Surgicel, BioGlue,
on strength and extent of intraperitoneal and cecal ad-
hesion formation in the rat model. We also sought to as-
sess the histopathological changes to the peritoneum
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and bowel after placement of each of these agents. The
rat model was selected as the experimental species be-
cause of its established use in modeling peritoneal ad-
hesion formation and its similarities to human
adhesion formation [6].
MATERIALS AND METHODS

Animals and Preoperative Preparation

After Institutional Animal Care and Use Committee approval, 70
Wister outbred rats (300–350 g) were studied. Each arm included 10
rats with 10 more for protocol development. The animals were quar-
antined for a minimum of 48 h prior to the beginning of the study.
All the animals were fed a commercial diet until 12 h prior to surgery
and had continuous access to fresh water. Each rat was weighed just
before the surgery.
Surgical Procedure

The cecal adhesion model has been used previously [6]. Under com-
plete aseptic precautions, median laparotomy was done in each of the
rats by making a 6 cm midline skin incision and 4 cm abdominal inci-
sion. A 1 3 2 cm area of parietal peritoneum was sharply excised,
including a superficial layer of underlying muscle, 1 cm lateral to
the midline incision. The cecum was elevated and positioned so that
at closure, it would contact the abdominal wall defect. It was gently
abraded in a standard manner by scraping with gauze so that
a homogenous surface of petechial hemorrhages was created over
a 1 3 2 cm area. The hemostatic agents were applied to the site be-
tween the cecum and peritoneal wall defect in accordance with the
manufacturer’s instructions. All animals were sacrificed on day 7 of
the study, immediately after which a repeat laparotomy was per-
formed and cecum and the abdominal sidewall were evaluated for
adhesion strength (see below). The adherent abdominal wall and
cecum were then sent for histopathological review.
Evaluation Parameters

On repeat laparotomy, the area of the cecum and the abdominal
side wall having gross adhesions was measured and expressed as
a percent of the total de-peritonealized surface area. The gross scoring
system used was a modification of a verified scoring system used in an
adhesion model for the rabbit uterine horn [7]. This was further trans-
lated into grades 0-4, with no adhesion¼ 0, cecum to bowel adhesion¼
1, cecum to sidewall adhesion over less than 25% of the abraded
surface area ¼ 2, cecum to sidewall adhesion between 25% and 50%
of the abraded surface area ¼ 3, and cecum to sidewall adhesion
over 50% of the surface area ¼ 4. Each animal was evaluated for
strength of adhesion formation and graded 0–3 based on the following
grading scale: 0 ¼ no adhesion, 1 ¼ gentle traction required to break
adhesion, 2 ¼ blunt dissection required to break adhesion, 3 ¼ sharp
dissection required to break adhesion. The extent of adhesion forma-
tion was also graded 0–3 on the following adhesion scale: 0¼ no adhe-
sion, 1 ¼ filmy adhesion, 2 ¼ vascularized adhesion, 3 ¼ opaque or
cohesive adhesion. These three scores were summed for a total gross
adhesion score. Histopathologic evaluation was also performed on all
rat cecum – abdominal wall adhesion to evaluate the extent of inflam-
matory response, acute necrosis, and presence of residual agent. All
were graded on a 0–4 scale, with 0 being not present and 4 being pres-
ent over >75% of the adhesion. If there was no adhesion between the
two, the bowel wall and abdominal wall were examined separately.
Both the gross observer (SHM) and the veterinary pathologic observer
(HJK) were blinded as to the material used at the time of their
evaluations.
Safety of test devices was assessed by daily monitoring of the
weight, behavioral changes, and any early mortality in the rats.
Biodegradation was assessed by microscopic examination of the tissue.

Test Devices

All hemostatic agents were prepared and applied according to the
manufacturer’s instructions. Arista AH (Medafor Inc., Minneapolis,
MN) is a plant-starch derived powder-like agent formed into tightly
engineered microporous particles with closely controlled porosity
and spherical diameters. When applied to bleeding sites, these parti-
cles behave as molecular sieves that rapidly absorb the fluid and small
molecular (less than 40,000 Da MW) components of blood thereby con-
centrating platelets, thrombin, fibrinogen, and other proteins on the
outer surfaces of the particles [8, 9]. BioGlue (CryoLife Inc., Kenne-
saw, GA) is a two-component surgical adhesive composed of purified
bovine serum albumin and glutaraldehyde. Both molecules covalently
bind (cross-link) to each other and, upon application, to the tissue pro-
teins at the repair site. FloSeal (Baxter Inc., Deerfield, IL) comprises of
a bovine-derived gelatin matrix and a bovine derived thrombin compo-
nent mixed immediately prior to application. Surgicel (Ethicon Inc.,
Somerville, NJ) is a white knit fabric prepared by the controlled oxida-
tion of regenerated cellulose. Tisseel (Baxter Inc., Deerfield, IL) is
made by the mixing of two self-activating components, concentrated
fibrinogen with aprotinin, and thrombin with calcium chloride. CoSeal
(Baxter Inc., Deerfield, IL) is made by mixing two distinct polyethyl-
ene glycol polymers that combine to form a flexible, watertight seal.

Statistical Analysis

Animals were randomized to one of the seven study groups. The
study endpoints were adhesion area (mm2) and pathologic adhesion
score (0–4) measured at sacrifice day 7. For continuous endpoints,
analysis of variance was used to obtain a pooled estimate of variance.
Each treatment group was then compared with the control group us-
ing a t-test based on the pooled variance estimate. Group comparisons
regarding pathologic adhesion score were done using the non-
parametric rank-sum test. All tests were two-sided at a-level 0.05.
RESULTS

A total of eight animals died during the course of this
study. One was sacrificed due to excess application of
one of the agents, which we felt would have influenced
the scoring of the adhesions. Three others were sacrificed
due to wound breakdown caused by the rats. The final
four were due to anesthesia complications. These were
in various groups (three control, two BioGlue, two Co-
Seal, one Surgicel), and the sacrificed rats were replaced
such that all groups had 10 rats analyzed. Although he-
mostasis was not a specific endpoint for the study, it
should be noted that all agents were able to stop the mu-
cosal hemorrhage created by the cecal and muscle
abrasions. No rat died of postoperative hemorrhage.

At second look laparotomy, adhesions were examined.
The model system showed 100% adhesion formation in
the control rats with a mean adhesion total score of
6.0. The other groups had varying adhesion scores, as
can be seen in Table 1. Arista had a lower mean adhesion
score than control (3.9 versus 6.0, P < 0.05). CoSeal use
resulted in a lower mean adhesion score as well (3.6
versus 6.0, P < 0.05). FloSeal, Tisseel, and Surgicel



TABLE 1

Gross Adhesions Scores (Mean ± SD) for Each Group
of Rats

Area score Strength score Extent score Total score

Arista 1.5 6 1.2 1.0 6 0.8 1.0 6 0.8 3.5 6 2.7*
CoSeal 1.1 6 1.1 1.5 6 1.4 1.1 6 1.1 3.6 6 3.4*
Surgicel 1.8 6 1.7 1.0 6 1.0 1.0 6 1.0 3.8 6 3.6
FloSeal 1.2 6 0.9 1.7 6 0.9 1.7 6 0.9 4.6 6 2.6
Control 2.5 6 1.1 1.8 6 0.6 2.1 6 0.6 6.4 6 2.1
Tisseel 2.5 6 1.6 2.6 6 1.0 2.3 6 1.0 7.4 6 3.4
BioGlue 3.1 6 1.4 3.0 6 0.0 2.5 6 0.5 8.6 6 1.4y

*P < 0.05 total score statistically lower than control.
yP < 0.05 total score statistically higher than control.
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adhesion scores were not statistically different from con-
trols. On the other hand, adhesion scores were higher in
rats receiving BioGlue (8.6 versus 6.0, P < 0.01).

None of the four pathologic adhesion scores was found
to significantly correlate with gross adhesion score (re-
sults not given), i.e., no histologic measure of reaction
to the hemostatic agent could be used to predict the
intensity of adhesion. Acute inflammation (Fig. 1) was
increased compared with controls in the rats treated
with BioGlue and CoSeal. Acute necrosis (Fig. 1) was in-
creased compared with controls only in the rats treated
with BioGlue. Varying degrees of residual agent were
found at day 7 (Fig. 1). Of note, only Arista was com-
pletely resorbed by the rats at day 7 in all test animals.
DISCUSSION

In this comparative laboratory trial, Arista and Co-
Seal limited adhesion formation the most. The use of
FIG. 1. Pathologic measure of acute necrosis, acute inflammation, co
Glue shows a higher necrosis and inflammation score than control (P
(P < 0.05).
Thrombin, Tisseel, and Surgicel did not differ from con-
trols and BioGlue promoted adhesions formation when
compared to controls. There has been a considerable
concern regarding postoperative intra-abdominal adhe-
sions and the problems during a second laparotomy.
Several agents, including topical hemostats, are being
tested for their role in preventing adhesions. However,
some hemostatic agents may themselves cause foreign
body reaction and inflammation and increase adhesion
formation when applied intraperitoneally. In the pres-
ent study, we compared several hemostatic agents for
their propensity to cause adhesions. Although it would
seem appropriate that increasing foreign body reaction
and inflammation would increase the propensity to
form adhesions, it should be noted than none of the
pathologic measures of reaction to the hemostatic agent
correlated with gross adhesion score. It is interesting to
note that the two hemostatic agents that require a poly-
meric reaction (other than thrombin/fibrin) in situ to
cure showed the strongest inflammation (CoSeal and
BioGlue). Tisseel and FloSeal also require polymeric
reactions, but they are based on the thrombin/fibrin
system. This could explain the lack of inflammatory re-
sponse seen with their use. However, it again should be
noted than inflammation score did not correlate with
gross adhesion score.

Comparing these results to the literature is a difficult
task. One agent, Arista, tested here has no other litera-
ture regarding adhesions, but many of the others have
had mixed results in different models. In this model sys-
tem, Arista and CoSeal limited gross adhesions the
most, with Arista having the additional benefit of show-
ing limited inflammation at the surgical site. Use of
llagen fibrosis, and agent present at 7 d after the first procedure. Bio-
< 0.05). A CoSeal shows a higher inflammation score than control
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CoSeal has been shown to reduce pericardial adhesions
in rabbit models [10], as well as intraperitoneal adhe-
sions to the abraded uterine horn of the pig [11] .

Several animal studies have shown reduced abdomi-
nal adhesion formation with the use of Surgicel [4, 12,
13] and FloSeal similar to our study. Tisseel, a fibrin
sealant has also shown reduced, adhesion formation
as compared to controls in various studies [5, 14]. Other
studied have shown no difference with fibrin sealants
[15]. We instead found no difference in adhesion scores
with use of Surgicel, FloSeal, and Tisseel compared
with controls. It should be noted that this study was
originally powered to find a 1-point difference in mean
adhesion score with a variance of 1 in each group. The
variance for several of the groups were higher than ex-
pected, and further animals could show that use of
Surgicel does indeed show lower adhesion scores.

BioGlue, which is used primarily as a tissue adhesive,
was definitely associated with increased adhesion scores
in our study. Review of the literature in the use of this ad-
hesive shows no prior work with tissue adhesions. How-
ever, the cardiac literature has noted tissue toxicity
from the leakage of glutaraldehyde as the product is re-
sorbed [16] . In dural closures, Klimo et al. recommended
discontinuing its use due to wound complications [17].
However, Nadler et al. recommended BioGlue for use
in partial nephrectomy over others due to its improved
hemostasis [18]. Other recommendations are for hemor-
rhoidal repairs [19] and for aortic repairs [16]. In addi-
tion to higher adhesions scores, acute tissue necrosis
was seen with BioGlue use. It would seem appropriate
to recommend BioGlue only in tissue that can withstand
a rim of necrosis without patient complication.

Admittedly, this study looks at a single point in time
for determining the adhesion promotion or inhibition of
these products. Seven days was chosen as this appears
to be a standard timeframe for evaluating adhesions in
these models. However, this has its limitations. For ex-
ample, the Tisseel product in this study also contains
a proprietary blend of growth factors in order to pro-
mote wound healing. Certainly, this could promote ad-
hesions in the early phase of wound healing, but as
these growth factors are resorbed by the body, the effect
could change over time. The ultimate effect on limiting
postoperative adhesions could be different than seen
here. Additionally, these new growth factors could
also explain why the Tisseel preparation here showed
no difference than controls when it had been shown to
limit adhesions in other studies.
CONCLUSION

Arista and CoSeal can potentially limit adhesion for-
mationwhenusedforhemostasisduring intra-abdominal
surgeries. Arista also shows no residual agent and no
difference in acute inflammation when compared to con-
trols. Additionally, BioGlue appears to promote adhe-
sions and acute tissue necrosis. We suggest that Arista
and CoSeal can be used to promote hemostasis without
adhesions after intra-abdominal procedures. Additional
laboratory and human trials are needed.
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