DOI: 10.1590/0100-69912017001014

Original Article

Effects of heparin and hyperbaric oxygenation on necrosis
reduction in an animal model for degloving injuries

Efeitos da heparina e da oxigenacao hiperbarica na reducao de necrose de

modelo animal para desluvamentos

DouacLas Neumar Menon'; Leticia Teixeira'; NATALHA BristoT Paurosi'; Marcio Ebuarbo Barros'.

ABSTRACT

Obijective: to evaluate the efficacy of the treatment with hyperbaric oxygen therapy or with topical and intralesional heparin in an animal
model of degloving lesions. Methods: we conducted an experimental study with adult, male Wistar rats submitted to degloving of the left
hind limb and divided into four groups according to the treatment: Group 1 (control) - without treatment; Group 2 (Heparin) - intralesional
application at the time of surgery and topically, in the postoperative period, with heparin spray 10,0001U/mL,; Group 3 (hyperbaric oxygen-
ation) - daily sessions of 30 minutes in a hyperbaric chamber with 100% oxygen and 2 ATA pressure, Group 4 (positive control) - adminis-
tration of a single dose of 45 mg/kg of intraperitoneal allopurinol. On the seventh day, we killed the animals, removed the cutaneous flaps
and measured the total and necrotic areas, as well as computed the percentage of necrotic area. Results: the mean percentage of necrosis
in the control group was 56.03%; in the positive control group it was 51.36% (p<0.45); in the heparin group, 42.10% (p<0.07); and in the
hyperbaric oxygen therapy group, 31.58% (p<0.01). Conclusion: both hyperbaric oxygen and heparin therapies were effective in reducing
the percentage of necrosis in the model studied, although only the hyperbaric oxygenation showed statistical significance.
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INTRODUCTION

eglovings are injuries in which there is detachment
Dof the integument from the underlying tissues'. The
most common cleavage plane is between the fascia and
the subcutaneous tissue, but there may be detachment in
the muscular, periosteal, subperiosteal planes or even in
multiple planes, the latter cases being of high complexity,
morbidity and mortality. The most common sites of
degloving are the limbs, especially the lower ones, but
it may occur in other regions of the body, such as the
trunk? and cephalic region®. Deglovings of the limbs are
usually accompanied by musculoskeletal trauma and not
infrequently are also associated with polytrauma of other
segments of the body, such as traumatic brain injury,
abdominal and chest trauma.

There are several degloving causes reported
in the literature, the most frequent being the traffic
accidents with mechanisms of grip and rotation*, but
other causes have been described, such as industrial
accidents and accidents with agricultural machines®.

Some authors have proposed classification
systems for degloving: Hidalgo® classified these wounds
into three groups, the first group being typical lesions,
with a skin continuity solution associated with the
detaching wound. The second group consists of the
closed detaching lesions, while the third group is
cutaneous avulsions, or wounds with loss of substance.

Another classification system was proposed
by Arnez’, that considered four patterns of degloving:
pattern 1- limited degloving with abrasion or avulsion.
In this pattern, injuries result from abrasion forces, with
a slight detachment of the skin. Pattern 2- refers to non-
circumferential deglovings, where normally the detached
skin is preserved or there is little loss of substance. Usually
these lesions have a well-defined cleavage plane, usually
between the deep fascia and the subcutaneous tissue.
Pattern 3- comprises circumferential deglovings in a single
plane, which, just as the type-2 lesions, usually have
their cleavage plane between the deep fascia and the
subcutaneous tissue, there being open or closed lesions
(with or without skin continuity solution). Pattern 4- refers
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to circumferential deglovings in multiple planes, in which,
in addition to cutaneous avulsions, detachments occur
between muscle structures or in the musculo-periostal
plane. Of course, this latter pattern represents the trauma
with the greatest amount of energy applied.

There is a specific category of closed deglovings,
in which the skin is detached from the fascia due to liquid
collections, such as bruises, seromas, or steatonecrosis
material, and receives the eponym of Morel-Lavallée
Syndrome or Injury. This usually results from high-energy
tangential trauma over richly vascularized tissues, but
may also be due to distant lesions with serous and / or
blood leakage leading to tissue detachment?.

Various treatment modalities are mentioned
in the literature, such as, for example, primary closure,
removal of the detached skin and its use as a cutaneous
graft, use of dermal matrices®, vacuum dressings'®, local
or remote flaps, microsurgical flaps, and even conservative
treatment, indicated mainly in cases of closed deglovings.
However, the most commonly performed treatment
for this type of injury is the immediate removal of the
detached skin, followed by removal of the subcutaneous
tissue and repositioning of the treated skin as a cutaneous
graft. Cryopreservation of the skin may also be performed
for use after the trauma, after better stabilization of the
patient’s clinical condition'". The choice of the best form
of treatment depends on the characteristics of the lesion
and requires an accurate judgment of the surgeon.

Most of the work with deglovings in humans is
composed of cross-sectional, descriptive studies or even
case reports. The limitation to the emergenge of more
elaborate studies on the subject probably resides in the
diversity of presentation of this type of injury, causing
difficulty in conducts’ standardization'. In view of this,
Milcheski et al.’® developed an experimental model in rats
for studies of this type of injury, in which they promoted
a detaching injury of the entire right lower limb of rats,
giving rise to a distal flap, susceptible to ischemia and,
therefore, useful in the evaluation of aproaches for
deglovings. Also in this study the authors tested the
protective effect of pentoxifylline and allopurinol on these
injuries. The use of pentoxifylline was justified because

of its hemorheological effect, increasing the plasticity of
the erythrocyte membrane and consequently improving
perfusion by possibly damaged capillaries, whereas
allopurinol was used for antioxidant purposes. After
injury induction, rats received a single intraperitoneal
dose of these drugs and the necrosis area relative to the
total flap area was compared to the control group on the
seventh postoperative day. Both agents showed a relative
decrease in the necrosis area, demonstrating a protective
effect, with better performance for the allopurinol.

Heparin has been used clinically in Plastic
Surgery in the treatment of partial thickness burns through
topical application. In addition, due to its possible anti-
inflammatory effect, it is also used for the treatment of
pathological scars, especially those with fibroproliferative
disorders such as keloids and hypertrophic scars'. Studies
have also shown an angiogenic effect with the use of
topical heparin applied in random flaps in rats™ and
improvement in the healing of chronic venous ulcers'®.
The association of these angiogenic, anti-inflammatory
and healing properties makes heparin a potentially useful
compound in deglovings.

Another therapeutic modality normally applied
in the treatment of complicated wounds is hyperbaric
oxygenation', which consists of exposing the patient to
an environment with 100% oxygen concentration under
pressure of 2 ATA (absolute atmosphere)™®. In clinical practice,
hyperbaric oxygenation is normally used in the management
of chronic wounds and/or wounds complicated by infection
or necrosis'?®, although research has studied the application
of this therapeutic modality in other situations where an
increase in tissue oxygen concentration is desirable, as in
muscle trauma?®, fractures?', nerve injuries??, anemia®> and
spinal cord injuries?*. The effect of hyperbaric oxygenation
in animal models of degloving (on rats’ tails) was tested by
Demirtas et al.%, with positive results. There are descriptions
of hyperbaric chamber models for specific use in research
on animals?.

Thus, we propose to evaluate the effect of
several therapeutic modalities in an animal model of
degloving wounds, to seek new treatment options for
this type of lesion.
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Figure 1. Marking of the flap detachment area.

METHODS

The present study was approved by the Ethics
Committee with the Use of Animals of the Federal
University of Grande Dourados (UFGD) under protocol
number 025/2014.

We used adult, male rats from the UFGD
vivarium, housed before the procedures in appropriate
cages, in groups of six animals, with chow and water ad
libitum, kept until the day of surgery. We randomized
the animals by draw and divided them into the following
groups: Group 1- Control, formed by animals submitted
to surgery alone, without additional treatment; Group 2-
Heparin, formed by animals treated with spray of topical
and intralesional heparin; Group 3- Hyperbaric Oxygen
Therapy; and Group 4- Positive Control, submitted to
treatment with intraperitoneal injection of allopurinol, in
a single dose of 45mg/kg. Group 1 (control) comprised
12 animals, while the other groups were composed of six
animals each.

The animals received general anesthesia with
ketamine 60mg/kg associated with xylazine10mag/kg,
applied intramuscularly to the right animal‘sthigh, and
the surgical procedure was started after confirmation of
the anesthetic plane through the absence of the corneal
eyelid reflex. After performing a tricotomy at the base
of the left hind limb, we inflicted the wound through a
circular incision in the left thigh root and dissection of the
skin in the subcutaneous plane. We applied traction at the
edge of the flap with Backauss clampsin the craniocaudal

Figure 2. Surgical site on the 7th postoperative day.

direction, from the root of the thigh to the ankle joint
(Figure 1), with later repositioning of the flap and skin
suture in the incision area with continuous mononylon
5.0 (Figure 2).

All animals received antibiotic prophylaxis
through the intramuscular application of benzathine
penicillin at a dose of 40,000IU/kg in the lower limb
contralateral to the surgery limb, in addition to analgesia
by the addition of dipyrone to the drinking water at a
dose of 2mg/ml. After the surgeries, we placed the
animals in individual cages in order to avoid aggression
or cross autophagy.

The animals of the heparin group received
intralesional application of the medication through
a specific spraying device. We applied two jets, one
anterior and one posterior, before the repositioning and
suturing of the wound. This preparation is equivalent to
a concentration of 10,0001U/ml. During the first six days

Figure 3. Demarcation of the flap necrotic area.
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Figure 4. Comparison of examples of healing in an animal treated with (A) hyperbaric oxygen therapy and (B) control group.

of postoperative observation, we performed daily topical
applications of the same dose of spray heparin (one
anteriorjet and one posterior) on the flap, and euthanized
the animals on the seventh postoperative day.

We submitted the animals of the Hyperbaric
Oxygen Therapy group to therapy in a hyperbaric
chamber specific for animal use of the UFGD Laboratory
of Surgical Technique, filled with 100% oxygen under
pressure of two atmospheres with daily sessions of 30
minutes, initiated immediately after surgery. During each
session, the animals were housed in individual boxes
and placed inside the chamber. A flush was performed
for five minutes with oxygen in order to remove all the
air present inside the chamber, maintaining the oxygen
concentration at 100%.

The Positive Control group animals received a
single dose of 45mg/kg intraperitoneal allopurinol after
the standard surgical procedure.

We monitored the animals daily for changes
that could interfere with the study, as well as medication
application when applicable. After seven postoperative
days, all animals were submitted to euthanasia through
intramuscular administration of ketamine 100mg/kg
associated with xylazine 10mg/kg, followed by cardiac
puncture exsanguination. We performed no application
of heparin or hyperbaric oxygenation session on animals
on the day of euthanasia.

We then proceeded to the complete removal
of the cutaneous flaps by removing the stitches and
bluntly dissecting the suture line and the fasciocutaneous

cleavage plane. We sectioned the flaps longitudinally
in the craniocaudal direction on the lateral anatomical
side to form a flat specimen, allowing the measurement
of total and necrosis areas. We duly identified the
specimens according to the animal and group (control
or intervention) and photographed them. We analyzed
the images using the Imagel® software (Wayne
Rasband, National Institutes of Health, USA, 1997). We
measured the total area and the necrotic area of the flap,
respectively, and calculated the percentage of necrotic
area in each specimen and the mean percentage of
necrotic area in each group (Figure 3). We performed
the statistical analysis through analysis of variance —
ANOVA - for comparison between groups, followed by
the Student’s T test for comparison of each group with
the control one.

RESULTS

We observed cutaneous necrosis in all animals
of all groups. In the control group, the percentage of
necrotic area ranged from 18.07 to 81.08%, with a mean
of 56.04% = 5.42 and a median of 60.16. There was one
death in this group due to anesthetic complications. The
mean total flap area was 5.22cm? + 0.65, and the mean
necroticarea was 2.77cm? + 0.37.

The allopurinol group, used as a positive
control, had a mean necrosis area of 51.36% + 1.99
and a median of 51.57 (p=0.45), ranging from 44.69 to
57.37%, the mean of the total area being 5.50cm? + 0.26
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and the mean of the necrotic area, 2.85cm? + 0.22.

In the group of animals treated with both
topical and intralesional heparin, necrosis ranged from
32.41 to 49.95%, with a mean of 42.10% =+ 3.56
(p<0.07) and a mean of 43.02. The mean total area of the
flaps was 6.25 cm? £ 0.12, while the mean necrotic area
was 2.60 cm? + 0.24. In this group, two deaths occurred
due to anesthetic complications and was observed
hemorrhage in the wounds of all the animals after the
application of heparin, although not measured. There
was hematoma formation in one of the subjects.

In the Hyperbaric Oxygen Therapy group, there
was necrosis ranged from 8.25 to 47.21%, with a mean
of 31.58% = 5.49 (p<0.01) and a median of 33.49, with
a mean total area of 5.15cm? £ 0.29 and mean necrotic
area of 1.88cm? + 0.45. We also empirically observed
improved healing in the animals submitted to hyperbaric
therapy, with improvement in both scar appearance and
flap adhesion to the bed compared with control animals
(Figure 4). Table 1 shows the means of the necrotic areas
in the four groups.

DISCUSSION

The great doubt in the treatment of patients
with deglovings remains whether to remove or preserve
the detachedskin. In cases where it is possible to perform
a more conservative treatment, with only the primary
suture, a more efficient skin coverage is obtained, both
from aesthetic and functional points of view. However,
keeping an ischemic flap will cause skin necrosis and
consequently the loss of an important graft donor area,
generating the need for skin capture in other areas,
adding morbidity to an already severely compromised
patient. On the other hand, an aggressive approach,
with early debridement, when ill indicated, imposes
unnecessary sequelae to the patient®. In addition, it is very
difficult to precisely define which areas are devascularized
and which are viable. Hence, optimal treatment is hardly
achieved*?’.

Therapies that improve the blood supply to
peripheral tissues may favor more conservative treatments

Table 1 - Comparison between the mean percentages of necrosis in the
groups studied.

Group Meanpercentage of
necrosis
Control 56.04 £ 5.42
Allopurinol 51.36 £ 1.99 p<0.45
Heparin 42.10 = 3.56 p <0.07
Hyperbaric 31.58 +5.49 p <0.01

Oxygenation

in degloving cases and may have broad application
in Plastic Surgery. In addition to the specific degloving
wound cases, their use may be considered in any situation
in which an improvement in the vascularization of the
involved tissues is desired, as in cases of random skin
flaps, skin grafts, chronic wounds, venous or ischemic
ulcers and pressure ulcers?®,

Regarding the control group, our results
were similar to those of Milcheski et al.'*, who found
63.34% of necrotic area, while in our study this rate
was 56.04%. However, the group chosen as positive
control (allopurinol) presented results discordant from
these authors’, who observed 34.85% of necrosis, with
an important reduction in ischemia, whereas we found
51.36%, showing a much more modest improvement
despite the use of the same dosage and route of
administration.

We observed a decrease in the percentage of
necrotic area in the other two groups tested, with rates
of 42.10% for the heparin group and 31.58% for the
hyperbaric oxygenation one, although only the hyperbaric
oxygenation group showed statistical significance.

In a review article, Berner et al.?° cites several
positive effects of hyperbaric oxygenation that would
justify the positive results found in our study, such as
neoangiogenesis, increased collagen synthesis, increased
stem cell migration and improved local immune response,
as well as overall improvement in healing. Another study,
produced by Yan et al.3°, showed several effects of this
therapy, such as increased blood oxygen concentration
and partial pressure, improved blood dispersion of
oxygen and its diffusion in tissues, formation of collateral
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circulation, reduction of cellular apoptosis, reduction of
inflammation, balanced oxygen free radicals and stem
cell activation. Evidently, these effects also contributed to
the reduction of necrosis in our model.

We also empirically observed that the quality
of the scar in the animals of this group, both the suture
line and the adherence of the flap to the deep tissues
being better, since the flaps presented greater tensile
strength in both the cutaneous fascial cleavage plane
and in the suture line. Although we did not objectively
measure these parameters, they are interesting options
for future testing. Zhang et al?' tested the effects of
hyperbaric therapy in an animal healing model and
observed improved healing. The authors evidenced a
reduction in healing time and a decrease in the incidence
of hypertrophic scars, corroborating our observation.

In the heparin group, the improvement in
the necrosis area is due to reduced inflammation and
vasodilatation caused by heparin, which are already
known and beneficial in the treatment of superficial
burns, especially of the face, the usual use of this type of
product®. All animals treated with this method showed a
visible increase in bleeding in the immediate postoperative
period, although we did not measure it. In one of the
heparin treated animals, we observed the formation of
a small laminar hematoma after the flap withdrawal,
which we believe did not influence the results of this
study due to the small volume of the collection. However,
these complications (hemorrhage and hematoma) seem
sufficient to discourage heparin studies in humans with
degloving injuries, since the occurrence of any adverse
events in severely compromised patients, as they are,
would significantly increase morbidity and mortality.

Cebesoy et al.* carried out a study with the use
of intraperitoneal heparin in the a rat tail degloving model.
They analyzed the cutaneous necrosis depth according to
the National Pressure Ulcer Advisory Panel (NPUAP), and
demonstrated a reduction in the skin necrosis thickness
with the use of both unfractionated and low molecular
weight heparin compared with the use of saline
solution, as seen in our study. The authors attributed
this improvement to the prevention of microthrombus

formation during the flaps neovascularization process,
but this hypothesis was not objectively studied.

Asimilar study analyzed the effects of subcutaneous
enoxaparin and rivaroxaban, an oral antithrombotic agent,
compared with the subcutaneous application of saline using
the same animal model. Both agents showed clinical healing
improvement, decrease in the necrotic area and decrease in
the histopathological necrosis stage*.

Studies
great conduction difficulty, since in large deglovings

involving human beings present
the treatment should not be delayed, under risk of
important sequelae, both of the affected area and of
possible tissue donor areas for reconstruction, since even
in the best of the hypothesis, large areas of necrosis still
occur®. However, the modalities studied in this study are
good options for studies of minor lesions, with a lower
possibility of limiting sequelae, such as small degloving
wounds or local flaps.

The model used in this study should be
understood not only as a model of degloving, but as a
model of cutaneous flaps of dubious or deficient vascularity,
suggesting the possibility of further studies of these
therapeutic modalities in various Plastic Surgery situations,
Skin flaps, remote flaps, breast reconstruction and even
cosmetic surgery. Because of the distinct mechanisms of
action, we believe that it would be interesting to conduct
a study with the association of these therapeutic methods
to evaluate possible benefits synergism.

The proposed model was successfully
reproduced, as the percentages of necrotic areas were
similar to those in the literature and our studies showed a
decrease in the area of ischemia in the flaps treated with
the two methods studied, with advantage for hyperbaric
oxygen therapy, although only the latter Presented
statistical significance.

The results obtained in this study are insufficient
to encourage studies in humans with large degloving
wounds, the best option being the study of small lesions
of doubtful vascularization or random skin flaps, situations
that do not offer great risks of incapacitating sequelae.
The intralesional use of heparin in topical preparation
should be viewed with caution due to the possibility of
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complications such as bleeding and bruising. We believe
that new studies, capable of measuring inflammatory
activity, partial oxygen pressure in tissues, histological

changes, tensile strength in the suture line and in the
flap cleavage plane are interesting alternatives to the
sequence of this work.

RESUMDPO

Objetivos: avaliar a eficacia do tratamento com oxigenoterapia hiperbarica ou com heparina topica e intralesional em modelo animal
de desluvamentos. Métodos: estudo experimental, com ratos adultos machos Wistar, submetidos a desluvamento do membro posterior
esquerdo e divididos em quatro grupos, de acordo com o tratamento: Grupo 1 (controle) — sem tratamento; Grupo 2 (Heparina) — aplica-
cao intralesional no momento da cirurgia e tépica, no pés operatério, com spray de heparina 10.000Ul/mL; Grupo 3 (oxigenacéo hiper-
barica) — sessées didrias de 30 minutos em camara hiperbarica com 100% de oxigénio e 2 ATA de pressao; Grupo 4 (controle positivo)
—administracdo de dose Unica de 45mg/kg de alopurionol intraperitoneal. No sétimo dia os animais foram mortos e os retalhos cutaneos
foram retirados e realizadas medidas das areas total e necrética, bem como célculo da porcentagem da area de necrose. Resultados: a
média da porcentagem de necrose do grupo controle foi 56,03%; no grupo controle positivo, 51,36% (p<0,45); no grupo da heparina,
42,10% (p<0,07) e no grupo da oxigenoterapia hiperbarica, 31,58% (p<0,01). Conclusdo: tanto a oxigenoterapia hiperbarica quanto a
terapia com heparina mostraram-se eficazes na reducdo do percentual de necrose no modelo estudado, embora neste trabalho apenas
a oxigenacao hiperbarica tenha demonstrado significancia estatistica.

Descritores: Cirurgia Plastica. Ferimentos e Lesdes. Traumatologia.

blunt trauma patient; Int J Surg Case Rep. 2015;15:119-22.
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