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Abstract: The hemostatic efficacy of a chitosan-derivative-based prototype was
clinically evaluated in the treatment of split-thickness skin-graft donor sites in 17
patients, in comparison with two commercial materials. The test materials were placed
randomly on the wound sites for 8 min. to stop the bleeding; the treated wounds were
uncovered afterwards for evaluation. The total amount of blood loss in each treated
wound was determined by measuring the blood absorbed in each used dressing. The
bleeding area in each treated wound after an 8-min. treatment, was determined by wound
image analysis. The amounts of blood loss measured from the wound sites treated with
each material for 8 min. were found insignificantly different. However, from the visual
observation and wound image analysis, the amount of blood ooze and the bleeding area
after being left uncovered for 30, 60 and 90 sec. were significantly detected to be at a
miniumum in wounds treated with the chitosan-derivative-based prototype, implying that
the prototype could stop the bleeding most effectively.

Keywords: clinical study, chitosan-derivative-based hemostat, wound dressing, split-
thickness donor sites

INTRODUCTION

Recently, there has been a great deal of interest in the development of new hemostatic
materials to achieve hemostasis when conventional methods fail or cannot be used [1]. In general,
hemostatic agents used for the control of hemorrhage must be non-cytotoxic, biocompatible and
resorbable (if required). One of the developed hemostatic products is HemCon® Bandage (HemCon
Medical Technologies, Oregon, USA), which is essentially composed of chitosan and a non-
absorbable backing in a vacuum-sealed pouch [2].
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Chitin and chitosan are abundant biopolymers derived from renewable resources in nature
[3]. They were reported to accelerate a wound healing process [4-5] and hemostasis [6-8]. In our
previous study, carboxymethylchitosan, a water-soluble chitosan derivative, was found to possess a
greater in vitro hemostatic effect than chitosan [9]. Carboxymethylchitosan was also clinically
found to promote the wound healing process in the treatment of partial-thickness wounds [10].
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Carboxymethylchitosan

The preparation of carboxymethylchitosan-based hemostat, a chitosan-derivative-based
prototype (CDP), was attempted in our laboratory. Both in vitro and in vivo hemostatic ability of the
developed prototype was assessed in comparison with that of a commercial material,
SPONGOSTAN® [11]. The results showed that both materials could significantly decrease the
clotting time of pure whole blood (p < 0.05); their in vitro hemostatic ability appeared comparable.
However, in the animal trial, the CDP could stop the bleeding from the transected rat tails more
effectively than SPONGOSTAN® Standard; the average bleeding time of the wounds treated with
the prototype was much shorter and the amount of blood loss was also lower.

The objective of this study is to clinically evaluate the hemostatic efficacy of this chitosan-
derivative-based hemostatic prototype, in comparison with that of two commercial materials,
SPONGOSTAN® Standard and Algisite-M, in the treatment of split-thickness skin-graft donor
sites.

MATERIALS AND METHODS

Preparation of Chitosan-Derivative-Based Hemostat

Typically, 6 wt% carboxymethylchitosan aqueous solution was poured into moulds of a
given dimension and subsequently lyophilised to produce sponge-like pads. The water-soluble pads
were then individually immersed in a gently stirred 10% aqueous calcium chloride solution for 30
min. to form water-insoluble pads. Afterwards, the pads were removed and successively washed
with distilled water. The resulting pads were then freeze-dried to yield the CDP, which was
sterilised by ethylene oxide gas prior to use.

SPONGOSTAN® Standard (a resorbable gelatin sponge) and Algisite-M (a calcium-alginate
dressing) were obtained from Department of Surgery, Angthong Hospital.

Patients

Seventeen patients (4 females and 13 males), aged 25-71 years, enrolled in this study
between June 2008 - December 2009. The principal conditions and diseases to be treated with split-
thickness skin grafts were avulsion wounds (13 patients) and necrotising fasciitis (4 patients).
Informed consent forms (Document No. AT.0027.202.5/001) were signed by the patients upon their
enrollment in the trial, which was approved by the Independent Ethics Committee of Angthong
Hospital.



387
Maejo Int. J. Sci. Technol. 2013, 7(03), 385-395

Hemostatic Efficacy Assessment
Total amount of blood loss by gravimetric method

In brief, three test materials (CDP, SPONGOSTAN® Standard and Algisite-M, size 1x1 in.,
as shown in Figure 1) and dry gauze dressing (size 1x1 in.) were initially weighed. Split skin grafts
were harvested from the thighs using a Zimmer® dermatome. The normal cut width and depth were
1.5 in. and 0.1 mm respectively. The three test materials were randomly placed on the wound sites.
Pre-weighed gauze was placed on top of each test material. To secure the whole materials, they
were gently held by hand (without a press), as illustrated in Figure 2. After 8 min., the wound sites
were uncovered and photographed. Then, they were re-photographed at 8.5, 9 and 9.5 min. for the
observation of blood ooze. Finally, the used test materials and gauze were weighed for the
determination of blood loss.
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Figure 2. Clinical hemostatic evaluation on donor site

Percentage of bleeding area by image analysis

The photographs of the wound sites taken at 8, 8.5, 9 and 9.5 min. were re-created for the
determination of bleeding area by an image analyser. The duplicated images were manually marked
with two different colours for bleeding and non-bleeding areas.
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Statistical analysis

The results were expressed as meantstandard deviation. The acquired data were statistically
analysed using Scheffe’s test and paired t-test, and p-values<0.05 were considered significant.

RESULTS AND DISCUSSION
Hemostatic Efficacy: Total Amount of Blood Loss

The total amount of blood loss, the amount of blood found in each test material and gauze,
from each wound site is shown in Table 1. All the acquired data were statistically analysed using
Schefte’s test. The average amounts of blood absorbed in the test materials were in the following
order: SPONGOSTAN® Standard < Algisite-M < CDP, although there were no significant
differences between the groups (p=0.348). For the average amount of blood absorbed in the gauze
placed on top of each test material, the order was: gauzecpp < ZauzespoONGOSTAN® Standard <
gauzeaigsie-m, although there were also no significant differences between the groups (p=0.376).
The total amounts of blood loss were insignificantly different between the groups (p=0.702). The
amount of blood found in each test material was different from that found in the gauze due to
different blood absorbability of each material.

Table 1. Amounts of blood loss from wound sites after being treated with test materials for 8 min.

Material weicht Material Amount of blood Amount of blood Total amount

Test material @ & thickness  found in test material ~ found in gauze  of blood loss
(mm) (2 (2 (2
CDP 0.063+£0.007 1.57 0.273+0.165 0.143+0.124 0.416+0.254
®

SPONGOSTAN 0.063+0.015 1.50 0.218+0.075 0.193+0.161 0.411+0.226
Standard
Algisite-M 0.096+0.012 0.78 0.256+£0.074 0.217+0.175 0.473+£0.232

Note: The data were collected from 17 patients who underwent a skin grafting process.

The differences in blood absorbability of the test materials can be attributed to both the
physical appearance and the chemical characteristic of each material. Algisite-M is a non-woven
calctum-alginate dressing which absorbs blood readily but does not hold it as much as the other two
test materials. The dressing seems to swell least when wet, mainly owing to the three dimensional
network formed by the complexation of carboxylate anions of the alginate with bivalent calcium
jons. On the other hand, SPONGOSTAN® Standard is a resorbable gelatin sponge which absorbs
blood most slowly among all the three evaluated samples. Once wet, however, it can hold blood
more effectively than Algisite-M. The carboxymethylchitosan-based prototype absorbs and holds
blood most readily due to its chemical structure; the carboxymethylchitosan molecules present in
the prototype are lightly cross-linked [10]. In addition, the blood absorbability of this material is
facilitated by its porous structure.

As a consequence, CDP possesses the greatest blood absorbability among the test materials.
This is practically attractive as the gauze dressed on top of the material can then be used in a
relatively smaller quantity. In addition, good blood absorption leads to a dry wound surface; a
favourable close contact between the wound site and the material is consequently achieved. As a
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result, blood coagulation can occur more readily. In addition, the negatively charged surface with
carboxylate groups of the carboxymethylchitosan could induce the contact activation of clotting
proteins and initiate the clotting cascade, resulting in a fast formation of fibrins [9]. This is
evidently supported by the results obtained from the wound image analysis, which is discussed
below.

Hemostatic Efficacy: Percentage of Bleeding Area

From a preliminary clinical study, the bleeding still continued after the wound sites had been
treated for 5 min. Blood ooze was markedly observed after the wound sites were uncovered for 30
sec. Hence, in this study, the wounds were treated for 8 min. As a result, the wound surfaces
appeared nearly dry, especially the ones treated with CDP and SPONGOSTAN® Standard (Figure
3a). In addition, blood ooze seemed to be less after they had remained uncovered for 30 sec. Unlike
wounds treated with these two materials, the wound covered with Algisite-M was still slightly
bleeding (Figure 3b).
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SPONGOSTAN® SPONGOSTAN®
Standard Algisite-M 25 Standard oy Algisite-M

Figure 3. Wound appearances after being treated with test materials for: (a) 8 min.; (b) 8.5
min.

The photographs of the treated wound sites of five patients taken at 8 min. and 8.5 min. were
re-created for quantification of the amount of blood ooze. The duplicated images were marked with
different colours (Figure 4) for bleeding and non-bleeding areas, which were subsequently analysed
by image analysis to determine the percentage of bleeding area. Table 2 shows the calculated
percentages of bleeding area of the wounds at 8 min. and 8.5 min. after the treatment together with
the bleeding area increment of the wounds at 8.5 min. It clearly suggests that the CDP almost
completely stopped the bleeding from the wounds after 8 min. of treatment. Blood ooze scarcely
occurred afterwards; extremely small increases in the percentage of bleeding area were observed in
the wounds that remained uncovered for 30 sec. after the treatment. On the contrary, small bleeding
was still continuing in the wounds treated with the other two materials; considerably larger
percentages of bleeding area increment were observed in the wounds after being uncovered for 30
sec.

To acquire more information about blood ooze in the wounds after the 8-min. treatment, the
treated wound sites were left uncovered longer in another five patients. The wound sites were
photographed consecutively after the 8-min. treatment and then at 30, 60 and 90 sec. afterwards to
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Figure 4. Photographs of wound sites and their duplicated images marked with different
colours for bleeding (red) and non-bleeding (yellow) areas: (a) wounds after 8-min. treatment;
(b) wounds after a further uncovering for 30 sec.

determine the amount of blood ooze at each time point. The percentages of bleeding area of the
wounds were computed using image analysis with the same procedure as described previously.
Table 3 shows the calculated percentages of bleeding area after the 8-min. treatment and bleeding
area increments of the wounds after a further uncovering for 30, 60 and 90 sec. The bleeding area
increments of the wounds are also comparatively shown in Figure 5. All the wound sites covered
with CDP had the least percentages of bleeding area in all cases. Furthermore, in most cases, CDP
appeared to stop the bleeding most effectively as blood ooze was observed to increase the least
when the treated wounds were uncovered for a prolonged period.

The calculated percentages of bleeding area of wound sites after the 8-min. treatment and a
further uncovering for 90 sec. (data from Table 3) were further statistically analysed using a paired
t-test. Comparisons were performed between CDP and SPONGOSTAN® Standard, and also
between CDP and Algisite-M. As shown in Table 4, the percentages of bleeding area of wound sites
treated with CDP were significantly lower than those of wounds treated with SPONGOSTAN®
Standard. All the p-values were lower than 0.05: p=0.015 at 8.5 min., p=0.010 at 9 min. and
p=0.007 at 9.5 min. The wounds treated with CDP and SPONGOSTAN" Standard for 8 min.,
however, were found insignificantly different in terms of percentage of bleeding area (p=0.052). A
slightly different analytical result was obtained in the statistical comparison between CDP and
Algisite-M. The percentages of bleeding area of wound sites left uncovered for 90 sec. after being
treated with CDP were significantly lower than those of wounds treated with Algisite-M. All the p-
values were lower than 0.05: p=0.003 at 8.5 min., p=0.025 at 9 min. and p=0.015 at 9.5 min. The
percentages of bleeding area of wounds treated with CDP and Algisite-M for 8 min. were also
found significantly different in these five patients (p=0.003), which might be partially due to the
low absorbability of Algisite-M. These statistically analysed results confirm that, among these three
evaluated materials, CDP can stop the bleeding from the split-thickness skin-graft donor sites most
effectively.
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Table 2. Percentages of bleeding area of wound sites after 8-min. treatment and after further uncovering for 30 sec.

Bleeding area (%) Bleeding area increment (%) *
Case Age :
number ex Test material - . .
(years) At 8 min. At 8.5 min. At 8.5 min.
CDP 8.38 8.53 0.15
1 M 54 ®
SPONGOSTAN"™ Standard 4.08 8.22 4.14
Algisite-M 20.57 36.52 15.95
CDP 6.06 7.56 1.50
2 B2 SPONGOSTAN® Standard 32.41 47.13 14.72
Algisite-M 13.55 24.75 11.20
CDP 1.00 1.23 0.23
3 F 60 SPONGOSTAN® Standard 2.27 2.84 0.57
Algisite-M 1.14 2.78 1.64
CDP 2.63 8.20 5.57
4 M 57 ®
SPONGOSTAN" Standard 23.15 33.73 10.58
Algisite-M 18.66 33.42 14.76
CDP 2.45 4.86 2.41
5 M 30 ®
SPONGOSTAN"™ Standard 6.47 11.41 4.94
Algisite-M 11.15 14.84 3.69

Note: The data were collected from 5 patients who underwent a skin grafting process.
* By subtracting percentage of bleeding area at 8 min. from percentage of bleeding area at 8.5 min.
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Table 3. Percentages of bleeding area of wound sites after 8-min. treatment and after further uncovering for 30, 60 and 90 sec.

Bleeding area (%) Bleeding area increment (%)
Case Age ,

number  S€X  (years) Tested material At8 At 8.5 At9 At9.5 At85  At9  At9.S
min. min. min. min. min. min. min.

CDP 0.29 1.02 1.02 1.10 0.73 0.73 0.81

: M-8 SPONGOSTAN" Standard 1.75 5.91 6.26 6.49 416 451 474
Algisite-M 3.02 6.63 7.72 7.99 3.61 4.70 4.97

CDP 0.00 0.21 0.57 0.61 0.21 0.57 0.61

2 M7 SPONGOSTAN® Standard 307 501 593 6.16 194 286  3.09
Algisite-M 6.39 8.17 8.92 9.51 1.78 2.53 3.12

CDP 0.28 0.73 0.91 1.00 0.45 0.63 0.72

s M T SPONGOSTAN® Standard 054 562 673 874 508 619 820
Algisite-M 1.66 7.26 8.51 8.65 5.60 6.85 6.99

CDP 0.75 1.02 1.02 1.10 0.27 0.27 0.35

4 M 34 SPONGOSTAN" Standard 3.08 8.71 9.67 9.87 5.63 6.59 6.79
Algisite-M 3.50 8.17 9.50 10.09 4.67 6.00 6.59

CDP 9.23 11.51 13.37 15.41 2.28 4.14 6.18
> P4 SPONGOSTAN® Standard 1707 3154 3207 3375 1447 1500 1668
Algisite-M 19.89 26.99 35.74 39.33 7.10 1585  19.44

Note: The data were collected from 5 patients who underwent a skin grafting process.
* By subtracting percentage of bleeding area at 8 min. from percentage of bleeding area at 8.5 min.
® By subtracting percentage of bleeding area at 8 min. from percentage of bleeding area at 9 min.
¢ By subtracting percentage of bleeding area at 8 min. from percentage of bleeding area at 9.5 min.
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Figure 5. Bleeding area increments of wounds left uncovered for: (a) 30 sec.; (b) 60 sec.; (c) 90 sec.
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Table 4. Statistical comparisons of percentages of bleeding area of wound sites treated with CDP and
SPONGOSTAN® Standard, and of those treated with CDP and Algisite-M (n=5)

Paired sample comparison p-Value
CDP versus SPONGOSTAN® Standard (8 min.) 0.052
CDP versus SPONGOSTAN® Standard (8.5 min.) 0.015%*
CDP versus SPONGOSTAN® Standard (9 min.) 0.010*
CDP versus SPONGOSTAN" Standard (9.5 min.) 0.007*
CDP versus Algisite-M (8 min.) 0.003*
CDP versus Algisite-M (8.5 min.) 0.003*
CDP versus Algisite-M (9 min.) 0.025%*
CDP versus Algisite-M (9.5 min.) 0.015%

*Considered significant

CONCLUSIONS

The results of this clinical study clearly demonstrate that after an 8-min. treatment CDP can
stop the bleeding from the split-thickness skin-graft donor sites more effectively than SPONGOSTAN®
Standard and Algisite-M. The amount of blood ooze as well as percentage of bleeding area is
significantly at a minimum in wounds treated with CDP after being left uncovered for 30, 60 and 90
sec. Even so, more trial with a greater number of enrolled patients must be conducted in order to
acquire more supportive results on the hemostatic efficacy of CDP before the prototype can get
approved for clinical use in general.
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