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ABSTRACT

Background: A broad variety of topical hemostatic agents are used in the surgical disciplines. We analysed the most
widely used topical hemostatic agents and compared them to a recently developed, synthetic topical hemostatic agent
based on polyurethane (PU). The materials were compared using a novel testing method based on a rat tail-tip model.
Tests were also performed with PU that was enriched with the procoagulant substance chitosan to evaluate if this
could increase its hemostatic efficacy.

Methods: The following topical hemostatic agents were compared using a rat tail tip model: Collagen, gelatin,
oxidized regenerated cellulose, chitosan dressing, PU and PU with chitosan. The tail tip was fixated on a developed
test device to ensure a constant and equal pressure of the test material on the wound. The mean bleeding time was
determined and compared between the groups.

Results: PU showed a mean bleeding time of 23.9 min. This was not significantly shorter or longer than gelatin (23.6
min), collagen (28.2 min) or oxidized regenerated cellulose (26.9 min). The addition of chitosan to PU did lead to the
shortest mean bleeding time (21.5 min) but this was not significantly faster than PU without chitosan.

Conclusions: These results show that PU is a promising alternative for the most widely used topical hemostatic
agents. Future studies will have to show if the addition of procoagulant substances like chitosan can significantly
improve the hemostatic efficacy of PU.
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INTRODUCTION

Many different topical hemostatic agents are used in the
surgical disciplines. The most widely used agents are
collagen, gelatin and oxidized regenerated cellulose
(ORC). There is no consensus on which of these agents
has the best hemostatic efficacy and each product has
significant potential drawbacks. As a result, none of the
products has become dominant over the other topical
hemostatic agents.

A disadvantage of collagen and gelatin hemostatic agents
is that they are animal derived and therefore carry the
potential risk of pathogen transmission. The ORC can
lead to inflammation of surrounding tissue and delay
wound healing because of its low pH.?

A recently developed fully synthetic topical hemostatic
agent with a good biocompatibility could avoid these
potential risks. Polyurethane (PU) is a synthetic,
biodegradable material with good biocompatible
properties.® The hemostatic capacity of this material was

International Surgery Journal | July-September 2016 | Vol 3 | Issue 3 Page 1551



Broekema FI et al. Int Surg J. 2016 Aug;3(3):1551-1556

increased in an in vitro study by combining it with a high
percentage of polyethylene glycol (PEG).* Coagulation is
initiated by platelets that adhere to the PU surface while
the PEG is believed to enhance the absorbable properties
of the PU which increases the concentration of the
endogenous coagulation factors and platelets. The
hemostatic effect of cellulose- and polysaccharide-based
hemostatic agents is partially based on this mechanism.>®
Furthermore, PEG increases the hydrophilicity of the
material and the greater volume of water within the
polyurethane can allow for a greater amount of
hydrolysis, and thus degradation, to take place.”® The PU
can be formulated into membranes and foams that can be
directly applied to the wound surface.

In this study, the hemostatic efficacy of a PU foam was
compared to a collagen, gelatin and ORC material in a
newly developed standardized rat model. This was done
to analyse the hemostatic efficacy of the new material
compared to the most widely used hemostatic agents.

To evaluate if this new hemostatic agent could be
improved by adding a procoagulant substance, tests were
also performed with PU combined with synthetic
chitosan which is also known as Poly D-Glucosamine.
Chitosan is the deacetylated form of chitin (poly-N-acetyl
glucosamine). Both substances have a similar hemostatic
action mechanism which is believed to result from
mechanical sealing, vasoconstriction and the mobilization
of erythrocytes, clotting factors and platelets to the site of
the injury.®*® HemCon is a chitosan dressing (CD) and
was also investigated to analyse if these results would
match the PU with chitosan. HemCon is a relatively new
hemostatic agent that has shown a good hemostatic
efficacy in humans.***2

The materials were compared with each other using a
previously described rat tail-tip model that was currently
modified to acquire a new standardized test model.**** In
this model the tail was transected at 5 mm from the tip
and the test materials were applied to the wound with a
constant and equal pressure until cessation of the
bleeding occurred.

METHODS

Animals

The study was approved by the Committee for Animal
Experiments at the University of Groningen, The
Netherlands (Approval code: 5671B). Eighty male adult
Wistar rats weighing 200 to 300 grams were obtained
from Charles River, The Netherlands. The animals had
unrestricted access to food and water.

Materials

Tests were performed with seven different test materials.

Hémocollagéne  (absorbable  collagen  hemostat;
Septodont, Saint-Maur-des-Fossés, France) sponges
(1cm®) were used as collagen hemostatic agent.

Spongostan (absorbable gelatin sponge; Johnson and
Johnson, Skipton, United Kingdom) sponges (1cm®) were
used as gelatin hemostatic agent.

Surgicel (absorbable oxidized regenerated cellulose;
Ethicon, Neuchéatel, Switzerland) knitted fabric (1.25cm x
5cm) was used as ORC hemostatic agent.

HemCon (chitosan-based wound dressing; HemCon
Medical Technologies, Inc, Portland, Oregon, USA) was
used as CD hemostatic agent.

Sterilux (sterile gauze compression bandages; Hartmann,
Heidenheim, Germany) gauze pads (5cm x 5cm) were
used as control agent.

The tested PU was a block-copolymer composed of
urethane hard segments and co-polyether-ester soft
segments. The soft segments (total molecular weight:
2.000 g/ml) consisted of 50% DL-lactide and 50% e-
caprolactone. PEG 1.000 was used as initiator for the soft
segments synthesis, and after that PEG 20.000 was added
in a mass ratio of 3 (first PU formulation) to 1 (PEG
20.000) to prepare a blend. The urethane segments were
synthesized with 1,4-butanediisocyanate (BDI) and 1,4-
butanediol (BDO). They had a uniform length of 5
urethane moieties, which resulted in a PU with BDI-
BDO-BDI-BDO-BDI urethane segments in the polymer.
The PU was then dissolved in 1,4-dioxane. After
dissolving, the solution was poured into a mold and
cooled down to -18°C. The solution was freeze-dried at 3
mbar to remove the 1,4-dioxane crystals, resulting in an
highly porous foam with a porosity of 97% and an overall
PEG-content of 55 wt%. Overall porosity was calculated
after determining the weight and dimensions of the
foams.

The PU foams with chitosan were made in the same way
except for the addition of synthetic chitosan powder.
After the PEG 20.000 was added, chitosan powder was
added to the blend resulting in PU foams with a
concentration of 50 mg chitosan per foam.

The PU foams had a cylindrical shape with a size of 1
cm® and were ultimately sterilized using ethylene oxide.
The polymers and foams were manufactured by
Polyganics BV (Groningen, The Netherlands).

Test device

A novel test device was developed for this test to ensure a
constant and equal pressure of the test material on the
wound (Figure 1). This test device consisted of a metal
plate (30cm x 15cm x 2cm) on which the tail of the rat
and the test material could be fixated. The test material
was placed on a sliding device on the metal plate. A
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weight of 155 g was attached to the sliding device via a
pulley to ensure that a constant pressure would be applied
to the wound. The weight created a constant pressure of
0.29 N/mm? that was applied to the wound. This was
calculated out of the mass (0.155 kg) and acceleration of
gravity (9.813 m/s?), which gave a force of 1.521 N
(0.155 * 9.813). This force was divided through the mean
bleeding area of the wound (5.31 mm?) which led to a
pressure of 0.29 N/mm? (2.9 * 10°> Pa). For this
calculation we assumed that the friction in the device was
negligible.

Study protocol

The eighty rats were randomly assigned to one of eight
test groups of 10 animals each. From the eight test
groups, seven were treated with a test material and one
served as a negative control group and received no
treatment. The tested materials were collagen, gelatin,
oxidized regenerated cellulose, a chitosan dressing,
gauze, PU foam and PU foam combined with chitosan.

The animals were anesthetized by inhalation of 5%
isoflurane and weighed before surgery. During the
surgery anesthesia was maintained by inhalation of 2-
2.5% isoflurane. The animals were placed in a prone
position on a platform with their tails resting 10 cm
below the surface on the test device. A warming mat was
placed under the rat to keep the temperature of the rat at
37° C. The rat tail was fixated on a platform on the
developed test device with tape. The tail tip was placed 7
mm over the edge of the platform and transected at 5 mm
from the tip. The mean diameter of the tail tip was 2.6
mm (SD: 0.24) and the mean weight of the transected
tail-tip was 0.016 g (SD: 0.003).

After transection of the tail, the test material was applied
to the wound during three minutes. After three minutes
the test material was removed and the wound was blotted
with filter paper. This was repeated every minute until no
blood was observed on the paper upon blotting. The time
from the tail transection to the bleeding cessation was the
bleeding time. During the experiment the tested material
was replaced by a fresh one every ten minutes to prevent
that the materials got fully saturated with blood and
consequently might loose their hemostatic effect. After
completion of the experiments, the animals were
euthanized by intravenous administration of 0.5 ml of
pentobarbital sodium (200mg/ml).

Statistical analysis

Statistical analysis was performed using SPSS 20.0. The
mean bleeding time of PU was compared to the other
materials with the Mann-Whitney-U-test. Using the
Bonferroni correction a p value less than (0.05/5=) 0.01
was considered statistically significant. For the second
comparison including the PU with chitosan a p value less

than (0.05/3=) 0.017 was considered statistically
significant.

The hemostatic agents collagen, gelatin, ORC and CD
were compared using a Kruskal-Wallis test. A p value
less than 0.05 was considered statistically significant for
this test.

RESULTS

The mean bleeding time and standard deviation was
calculated per material and presented in table 1 in order
of efficacy.

Figure 1: Schematic picture of the test device that was
used to compare the different test materials. The tail
was fixated on the platform on the left. The test
material was placed in the sliding device in the
middle. A weight that was connected to the sliding
device via two pulleys ensured a constant pressure to
the wound.

PU was first compared to collagen, gelatin, ORC, gauze
and the control group without material. This showed that
the bleeding time of PU was not significantly different
from collagen (p=0.24), gelatin (p=0.70) and ORC
(p=0.27).

The difference with gauze and the control group without
material was significant with a p value < 0.001 (Figure
2).

PU was also compared to the PU that was combined with
chitosan to analyze if this would improve the hemostatic
efficacy. Furthermore, the chitosan dressing (CD)
HemCon was included in this comparison to evaluate
how this material would relate to the PU with chitosan
(Figure 3).
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The bleeding times of PU with and without chitosan were
not significant (p=0.27). The difference between PU and
CD was also not significant (p=0.13). The PU with
chitosan did have a significantly shorter bleeding time
than CD with a p value of 0.004. The differences between
collagen, gelatin, ORC and CD were not significant
(p=0.14).

R
&

£ g

g
|
H

3

Bleeding time (min)

g

(=]
B
-
—

Material

Figure 2: Schematic representation of the mean
bleeding time and standard deviation for the different
test materials. PU, polyurethane; ORC, oxidized
regenerated cellulose. *p < 0.001 compared with PU.
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Figure 3: Schematic representation of the mean
bleeding time and standard deviation for PU with and
without chitosan and CD. PU, polyurethane; CD
chitosan dressing.

DISCUSSION

In this study the hemostatic efficacy of the most widely
used topical hemostatic agents was compared to a
recently developed synthetic hemostatic agent based on
polyurethane. This was done using a novel method based
on a rat tail-tip model. The polyurethane foam was
combined with chitosan to analyse if the hemostatic
efficacy could be improved by adding a procoagulant

substance. We found that the mean bleeding time of PU
was not significantly longer or shorter than the most
widely used topical hemostatic agents. The addition of
chitosan to PU did lead to a shorter mean bleeding time
but the difference was not significant. Thus, the addition
of chitosan to the PU foam could not improve its
hemostatic efficacy.

Previous studies on the hemostatic efficacy of widely
used topical hemostatic agents showed various results. A
number of studies concluded that the hemostatic agents
had comparable results.”®'" Several studies found
collagen to be the most effective topical hemostatic
agent.*'®*® Other studies pointed out chitin as the most
effective topical hemostatic agent.>?

Table 1: Mean bleeding time and standard deviation
of the tested materials in order of efficacy.

Material Mean bleeding time Standard
min deviation

PU + Chitosan 21,5 3,75

Gelatin 23,6 2,95

PU 23,9 5,49

ORC 26,9 4,20

CD 28,1 4,28

Collagen 28,2 7,63

Gauze 35,3 4,11

No material 54,5 4,86

PU, polyurethane; ORC, oxidized regenerated cellulose; CD,
chitosan dressing.

Our study also showed no clear favourite amongst the
tested topical hemostatic agents. The addition of chitosan
to the PU foam could not improve its hemostatic efficacy.
This could be caused by mixing the chitosan through the
foam. As a result the chitosan concentration at the surface
of the foam might not have been high enough to exert an
additional effect. Future studies with a higher
concentration of chitosan or a layer of chitosan at the
surface will have to show if the addition of chitosan is a
possibility to increase the hemostatic efficacy of PU.

The chitosan-based dressing HemCon showed a
significantly longer bleeding time than the PU foam with
chitosan. This might be explained by the hemostatic
action mechanism of HemCon. The product becomes
sticky upon contact with blood and creates an enhanced
tissue adhesion.?" In the used test model, the hemostatic
agent had to be removed from the wound regularly to
analyse if the wound was dry. The sticky property of the
chitosan could have led to partial removal of the blood
clot and thus a longer bleeding time.

We used a novel testing method that was modified from
other studies.**** The most important modification was
the use of a test device that was developed for this study.
The test device ensured a constant pressure to the wound
that was equal for all test materials. This is a major
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improvement because compression by the researcher
inevitably leads to varying pressure to the wound. The
removal of the tail at 5 mm from the tip led to a wound
diameter with a low standard deviation and thus to
comparable and reproducible wounds. The use of this
novel test method enabled us to compare multiple
different topical hemostatic agents in a standardized
manner.

This study also demonstrated a drawback of the novel test
method as the hemostatic agent had to be removed every
minute to check if the wound was dry. This sometimes
led to a partial removal of the blood clot when the
material was removed to check the wound. The effect
was equal for all test materials but might have
disadvantaged the chitosan which becomes sticky upon
contact with blood.?

CONCLUSION

The PU foam showed a comparable mean bleeding time
as the widely used hemostatic agents in this novel test
model that enabled us to compare topical hemostatic
agents in a standardized manner. The PU combined with
chitosan showed the shortest mean bleeding time but this
was not significantly different from PU. We conclude
that PU is a promising alternative for the most widely
used topical hemostatic agents. Future studies will have
to show if the addition of procoagulant substances like
chitosan can significantly improve the hemostatic
efficacy of PU.
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