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ADVANTAGES OF COLLAGEN BASED BIOLOGICAL DRESSINGS
IN THE MANAGEMENT OF SUPERFICIAL AND SUPERFICIAL
PARTIAL THICKNESS BURNS IN CHILDREN

Mathangi Ramakrishnan K., Babu M.,* Mathivanan, Jayaraman V., Shankar J.
Childs Trust Medical Research Foundation and Kanchi Kamakoti Childs Trust Hospital, Chennai, India

SUMMARY. Collagen based dressings for acute burn wound management have been extensively used in India, particularly in the
city of Chennai. Due to the high levels of humidity in our city, closed dressings become infected and treatment with topical an-
timicrobials, like Silver Sulfadiazine cream, quickly become desiccated. Collagen membrane dressings were manufactured by the
biomaterial laboratory of the Central Leather Research Institute (CLRI), Government of India in Chennai, and then the process was
patented. Collagen was extracted from bovine skin and Achilles tendons, and then reconstituted. This was used on burn wounds
as dressings after clearance from the Institutional Review Board and Ethics Committees of the Hospital and CLRI. Continued re-
search in this field to enable resulted in the design of silver sulphadiazine loaded alginate microspheres which were embedded in
the reconstituted collagen. Controlled delivery of silver sulphadiazine. This collagen membrane was used in chronic infected burns.
Low molecular weight heparin was given subcutaneously to improve wound healing in burn injuries and collagen membrane dress-
ings were also applied. After several trials the process technology was patented. The advantages and disadvantages of the collagen
membrane cover is elaborated in a group of 487 pediatric burn patients. The trial was conducted at the burn unit of Kanchi Ka-

makoti Childs Trust Hospital (KKCTH) in Chennai, India.
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Introduction

The ultimate goal in the management of burn wounds
is to obtain physiological closure in the shortest period of
time. Traditional burn wound management involves cleans-
ing, debridement and provision of a moist environment to
encourage the process of natural healing. Hence, an ideal
dressing material has to maintain a moist environment, act
as a bacterial barrier, and as a medium for free exchange
of gases, while providing a barrier against toxic contami-
nants. Research and development in the field of wound
dressing has resulted in the fabrication and production of
a wide variety of synthetic dressings."” The various limi-
tations of synthetic dressings lead researchers to seek dress-
ings with superior qualities and functions, giving rise to
interest in the development of biological dressings.”’ Un-
til 1990, Human Amnion was extensively used as a tem-
porary biological cover for superficial partial thickness and
deep partial thickness burns, providing good healing and
epithelialization.”' Continued research for good functional
biological dressings resulted in the evolution of collagen
based dressings for burn wounds which have proven to be
superior and more advantageous. "’

The development of collagen dressings is only logical
given its unique structural and functional characteristics. Col-
lagens are the most abundant and ubiquitous proteins in ver-
tebrates. In addition to providing mechanical support to the
connective tissue, the collagens form an essential substrate
for cellular adhesion and migration.”””" Therefore, collagen
is considered to be an important factor in the regenerative
process.”” Collagen is hemostatic, has low antigenicity, and
supports cellular growth. The importance of collagen in burn
wound healing has been appreciated for a long time. Wound
healing and regeneration involves cell proliferation, cell mi-
gration, cell differentiation and interaction between the dif-
ferent components in which collagen may affect healing not
only at the final stage but also in the very early stage of
healing.”*"*" Clinical trials were performed with the fabri-
cated collagen membranes on burn wounds and the results
show the advantages of the collagen membranes in burn
wound healing.

Materials and methods

A group of 853 pediatric burn patients were treated at
the pediatric burn unit of KKCTH, Chennai, India from
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1992-2011. 487 of these patients had various types of col-
lagen dressings.

The use of amniotic membrane collagen membrane
was terminated in 1997, due to the Government of In-
dia’s notification that blood connected products should
not be used on humans. Since then, we have used bovine
collagen membrane, obtained from animal skin and
Achilles, and reconstituted in the biomaterial laboratory
of the CLRI in Chennai, which is a National Research
Institute of the Government of India. This product has al-
so been patented.

Table | - Type of biological dressings used in this study. Collagen
based dressings were used in a total of 487 children

Types of Collagen Period Numbers
dressings used Cases

1992-1997 101
1992-1997 37

Amniotic Membrane (Human)

Reconstituted amniotic collagen
(Human)

Stretched serosal layer of sheep’s
intestine

1997-2011 20

Reconstituted bovine collagen 1997-2011 260

membrane

Silver sulfadiazine incorporated
bovine collagen membrane from
skin and Achilles

Wound cover with collagen
membrane in cases treated with
low molecular weight heparin

1997-2011 37

1997-2011 32

subcutaneously

Total 487
Table Il - Number of times that the collagen was applied during
1992-2011

Year No. of Single site Multiple site

Patients Application Application

1992-1996 96 78 18

1997-2001 100 35 65

2002-2006 160 97 63

2007-2011 131 48 83

When applied in one site or in multiple sites there was
no significance. Healing was identified in terms of num-
ber of days for healing and scar quality.

Table 11l - Age distribution of patients treated with collagen
dressings

Age No. of Patient % of TBSA

0-1 47 5-30

2-10 280 10-40

11-18 160 10-50
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We had 47 children below the age of 1 year, among
which 18 cases were intentional burns.

In the age group of 2-10, we had 280 patients. These
were school children, suffering mainly from scalds. In the
adolescent group, collagen dressings were used for scald,
flame and electric burns. Collagen dressings were used af-
ter primary excision of limited deep burns, and when there
was paucity of skin graft. Collagen served the purpose of
wound cover at every stage.

Table 1V - Depth of burns selected for the study in different age
groups

Age Superficial Deep Mixed
of the partial partial thickness
Patients Thickness burns | Thickness Burns | Burns
0-1 20 0 30

2-10 54 85 104
11-18 34 86 74

Total 108 171 208

In some patients, the membrane had to be reapplied
to complete wound healing due to collection of serosan-
guinous fluid under the membrane, or in cases of ob-
vious wound infection. Secondary application is ad-
vantageous and, along with systemic antibiotic therapy,
wound epithelialization occurs. Sometimes, this requires
a few more days than normal healing, which takes 12-
15 days.

Preparation of collagen dressings

Preparation of collagen as a dressing can be divid-
ed into two major approaches. In the first approach, bi-
ological structures, such as the serosal layer of bovine
small intestine and amnion, were treated with mild en-
zymes to remove non-collagenous materials and strength-
en the remaining collagen without disturbing the exist-
ing structure and intermolecular cross linkages.”*' In the
second approach, the collagen was solubilized and pu-
rified, then reconstituted in dry form. The first ap-
proach has the advantage of exploiting normal biologi-
cal and three dimensional structures in a biomaterial, but
has the disadvantage of producing material which has
relatively fixed and predetermined configurations. The
second approach has wider potential because the desired
size and porosity of the membrane can be designed. This
form is preferred because of its ease of handling. Hence,
we designed reconstituted collagen based dressings from
human amnion, bovine skin and Achilles tendons. Re-
cently mesh collagen membrane has also become avail-
able.

All the collagen membrane were sterilized with eth-
ylene oxide treatment and packed.
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Picture shows the sterilized and packed bovine collagen dressing.

Results

Comparative advantages of the types of Collagen Mem-
brane used
e The Amniotic Membrane and the reconstituted am-

1997. Wound healing was excellent and in some
cases scar outcome was also was satisfactory.

* Commercial Kollagen (collagen of bovine origin)
manufactured in the laboratory (CLRI in Chennai,
which is a National Research Institute of the Gov-
ernment of India), is available and this is a patent-
ed product.

* The collagen membrane proved satisfactory in the
healing of superficial and superficial partial thick-
ness burns.

» Silver sulphadiazine incorporated membrane was
used in limited cases, where skin grafting was de-
layed due to wound infection from pseudomonas,
acinetobacter, and the staph group of organisms.
These were treated with the appropriate antibiotics
and showed sensitivity to silver sulphadiazine
plates

e Low molecular weight heparin treatment reduced
burn oedema and inflammatory cytokine activity.”
These burns were covered with collagen membrane
to enhance wound healing. Scar outcome was very

niotic membranes were extensively used before good.
Day 1 Day 2 Completed epitheliza- Day 1 Day 3 Healing after
tion after 6 weeks 12 days

Fig. 1 - Superficial partial thickness burns - Amniotic membrane ap-
plication.

Fig. 2 - Superficial partial thickness burns: Reconstituted amniotic
collagen membrane.

Day 1 Day 3 Day 7

Day 12 6 weeks

Fig. 3 - Reconstituted bovine collagen membrane (Kollagen): Deep partial thickness burns.
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Day 1

Day 5

Reapplication was done after day 10. Wound healing occurred on day 14

Day 10

Day 10 reapplication

Day 14 epithiliazation

Fig. 4 - Deep partial thickness burns: Repeated application of bovine reconstituted collagen membrane.

SSD Membrane

Day 1 - Ventilated child whose wound
culture showed staph group of organ-

isms sensitive to SSD

Day 11

6 weeks

Fig. 5 - Deep partial thickness burns: Silver sulphadizne (SSD) incorporated reconstituted bovine collagen membrane.

Table V - Scar outcome

No.of cases Colour Pruritus
Age Total Scars R D + Raised Flat Complete Epithelialization
0-1 47 7 7 -ve 4 3 40
20
2-10 280 96 30 66 76 20 76 45
35
11-18 170 67 27 40 32 41 26 28

Color: R-Red, D-Dark;
Pruritus: Present (+), Absent (-)
Surface appearance: R-Raised, F-flat
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Day 1 Day 4

Subcutaneous low molecular weight heparin administration
Iml of heparin contains 10,000 U

Dosage: 4,000 TU /15% TBSA / day for 10 consecutive days
Bleeding profile checked once in 5 days.

Day 8 Day 14

Fig. 6 - Reconstituted bovine collagen membrane on superficial partial thickness burns treated subcutaneously with low molecular weight heparin.

Scar outcome after collagen membrane treatment

The scar outcome can be assessed only after two to
three months. When complete epithelialization and pig-
mentation occurs, there is usually no scar within 3 months.
After 3 months, however, change of color, symptoms like
pruritus, pain and thickness will begin. These symptoms
may stop within a year, or some areas, or all the areas,
might become hypertrophic or keloidal. Unfortunately, the
type of dressing alone cannot dictate scar outcome.

In the younger age group 0-1, healing is very good.
Out of 47 cases, only seven had post burn scar. They were
reddish in color and 4 of them had raised surfaces, almost
becoming hypertrophic. The other 40 cases healed with
good epithelialization and, even if they were symptomatic
after 1 year, there were no scars.

In the 2-10 year age group, which included pubertal
children, scars developed in 96 cases. They were sympto-
matic with pruritus. The older children of this group were
capable of expressing this stage.

In the 11-18 year age group, there were 67 scars among
170 patients, with most injuries resulting from electric and
chemical burns. Only 28 cases completely epithelialized,
and these were mainly scald burns. The scar outcome is
related to the age group: hypertrophic scars and keloids
were noted mainly in the adolescent age group, while flame,
electrical and chemical burns caused the most scarring.

Discussion
Before 1996, we had only human amniotic membrane

as biological dressings. This membrane was efficient in
wound healing but had the disadvantage of being a blood
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product, which could transmit HIV and hepatitis infections.
Research and development into biological dressings led to
the fabrication of collagen based dressings for burn wound
cover. These were manufactured from bovine sources,
mainly from animal skin and Achilles. Initially, these re-
search products had to go through limited clinical trials.
Table IV delineates the types of collagen dressings used.

This qualitative study on the advantages of collagen
membrane on pediatric burn wounds targeted the time tak-
en for complete epithelialization. This study looked at
whether the dressings were removed by the physician or
came off by themselves, as well as scar quality. Ideal se-
lection of burn wounds in terms of depth (super and deep
partial thickness burns, without-infection) has been the sin-
gle determinant factor in successful healing. The ease of
application and removal of the membrane, painless dress-
ing, and cost effectiveness compared to Integra®, Bio-
brane® and Acticoat® - which are the other bio-mem-
branes available - are the real advantages in a developing
country.

Single application was done in 78% of the total num-
ber of cases, and reapplication was carried out in 22% of
the patients. Infection was observed as redness on the
wound and purulent discharge under the adherent mem-
brane in 17% of cases, who arrived at our center after 72
hours. 73% of all cases healed without any infection. In
15 days, the wounds healed well and, within 6 weeks, ep-
ithelialization with pigmentation was complete.

The advantages of reconstituted collagen membrane
over the amniotic or serosal membranes are: ease of avail-
ability in various sizes, ease of removal, ability to remain
stable at room temperature for 3 years, and, in due course,
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the ability to incorporate drugs and growth factors that can Conclusion
be delivered in a controlled manner.

There are also some disadvantages of reconstituted col- Reconstituted collagen membrane has proven to be
lagen membrane: a single stretch of membrane is not ad- highly advantageous for burn patients in developing coun-
visable to be placed on flexor surfaces as it cracks when tries. It is being used extensively in India thanks to its su-
it becomes dry; and wounds visible through the membrane perior ability to adapt to hot and humid environments, as
have given rise to apprehension amongst care givers. well as the fact that it is also cost effective.

RESUME. Pansements & base de collagéne pour la gestion des blessures par brillure ont été largement utilisés en Inde, en parti-
culier dans la ville de Chennai. En raison des niveaux élevés d’humidité dans notre ville, les pansements fermées deviennent in-
fectés et les traitements par les antimicrobiens topiques, comme la créme de sulfadiazine d’argent, deviennent vite desséchées. Le
laboratoire de biomatériaux de 1’Institut central de recherche sur le cuir (ICRC), gouvernement de I’'Inde a Chennai, a fabriqué les
pansements de membrane de collagéne et le processus de fabrication a été breveté. Le collagéne a été extrait de peau de bovin et
de tendons d’Achille. Suite a I’autorisation de la commission de révision institutionnelle et les comités d’éthique de 1’hopital et
I’ICRC, le collagéne a été reconstitué et a été utilisé sur les brilures comme pansements. Poursuite des recherches dans ce do-
maine a abouti a la conception des microsphéres d’alginate chargées d’argent sulphadiazine qui ont été intégrées dans le collage-
ne reconstitué. Cela a permis la libération contrélée de sulfadiazine d’argent. Cette membrane de collageéne a été utilisée dans les
brilures chroniques infectées. Les héparines de bas poids moléculaire ont €té mises par injection sous-cutanée pour améliorer la
cicatrisation des blessures par brilure, et des pansements a membrane de collagéne ont également été¢ appliquées. Apres plusieurs
essais, la technologie de procédé a été breveté. Les avantages et les inconvénients de la couverture de la membrane de collagéne
est ¢laboré¢ dans un groupe de 487 patients pédiatriques brilés. Le proces s’est déroulé a I'unité des grands briilés de 1’hopital Kan-
chi Kamakoti Childs Trust a Chennai, en Inde.

Mots-clés: pansements biologiques, blessures par brilure, pansements a base de collagéne, guérison des plaies par brilure
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