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Abstract. - OBJECTIVE: It has been hypoth-
esized that hyaluronidase may allow fluid to en-
ter and exit the basal area of the flap more read-
ily and thus allow waste metabolites from the
distal portion of the flap to drain towards areas
where the blood supply may be healthier. We
aimed to test this hypothesis by seeing wheth-
er hyaluronidase enhances the survival of a flap
created in an animal model.

MATERIALS AND METHODS: The experi-
ment utilized 14 male Wistar rats to test the ef-
fect of administering hyaluronidase on flap sur-
vival. The study utilized the same “flap survival
method” technique reported in numerous previ-
ous studies.

RESULTS: The area of necrosis in the animals
of the intervention group was lower than in the
control animals, and this result reached statisti-
cal significance.

CONCLUSIONS: Hyaluronidase may preserve
tissue flap vitality, starting at the bottom end of
the dosage range. Future research should es-
tablish the minimal concentration needed to ob-
tain benefits. The optimal mode of administra-
tion, whether by injection or topical application,
is also a topic for future studies.
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Introduction

Restoration of defective skin areas in all body
regions presents surgical challenges in orthope-
dics and other surgical disciplines'?. Defective
areas that are no more than medium in size may
often be reconstructed adequately by using local
flaps, which have the advantage of being matched
to the surrounding skin in terms of color and tex-
ture and ensuring the skin remains healthy. Fur-

thermore, the period leading to recovery will be
brief. However, despite these benefits, employing
a flap technique may only be possible when the
flap base is narrow, and the flap length is consid-
erable. In such a flap, necrosis may well occur.
Several researchers have investigated methods by
which the risk of necrosis may be reduced, and
thus the survival of the reconstruction ensured.
Experiments have already been carried out using
pentoxifylline and curcumin to lengthen flap sur-
vival**. Orthopedic procedures also call for flaps,
especially following extensive resections when a
surgical site needs to be reconstructed. The sur-
vival of a flap may be a matter of life and death
for the patient, while in some areas, the aesthetic
element of the procedure tends to predominate®”.

Flaps are even more critical in pediatric sur-
geries to reduce the hospital stay period of the
child and avoid secondary surgeries due to un-
successful results.

Hyaluronidase has a molecular mass of 60
kDa. It catalyzes hyaluronic acid’s conversion,
resulting in a molecule of lower polarity. Thus, it
causes the extracellular matrix to be less viscous,
allowing other molecules to enter and diffuse
freely into the matrix. This effect may be used
clinically to increase the ability of the matrix to
soak up excess fluid, to allow edema to be dis-
sipated, and to permit injected substances to be
more easily infiltrated. It has been hypothesized
that hyaluronidase may allow fluid to enter and
exit the basal area of the flap more readily and
thus allow waste metabolites from the distal por-
tion of the flap to drain towards areas where the
blood supply may be healthier®®. We aimed to test
this hypothesis by seeing whether hyaluronidase
enhances the survival of a flap created in an an-
imal model.
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Materials and Methods

Ethics approval for this study was obtained
from the “Animal Experiments Local Ethics
Committee” of Eskisehir Osmangazi University.
The experiment utilized 14 male Wistar rats. The
rats were housed in standardized conditions for at
least 24 hours before the experimental procedure
to ensure they were in an identical environment.
The study utilized the same “flap survival meth-
od” technique reported in numerous previous
studies to test the effect of administering hyalu-
ronidase on flap survival.

McFarlane'™!" has described the method used.
The rat was administered a general anesthetic,
following which a flap measuring 3 cm by 10 cm
was harvested from the skin of the back. The same
flap was then sutured back into the site from which
it had been taken'®!! (Figures 1, 2). All 14 rats un-
derwent an identical operation. The rats were then
randomized to an intervention or control group.
The animals in the control group were designated

Figure 1. The flap measuring 3 cm by 10 cm was harvested
from the skin of the back.

Figure 2.The flap was sutured back into the site from which
it had been taken.

as 1.1, 1.2 up, to 1.7. The control group treatment
consisted of applying petroleum jelly only to the
margins of the flap, performed two times daily.
In the intervention group, the animals numbered
2.1, 2.2, to 2.7. These rats underwent twice daily
application of vaseline, containing, in addition,
hyaluronidase (Hyaluronidase PB3000, PBSerum
Medical, Madrid, Spain) at a concentration of
1,500 units per gram, to the margins of the flap.
In order to compare the viability of flaps, the
surgical sites of the animals were photographed
by the same photographer using the same camera.
The necrosis area of the flap (i.e., the flap
viability ratio) was calculated by transferring
the images obtained to the Photoshop software
application. The regions showing necrosis were
demarcated within the digital images, and their
area in mm? could then be obtained (Figure 3).

Statistical Analysis

The data obtained in the study were analyzed
using SPSS for Windows 21.0 software (IBM
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Figure 3. Necrosis areas of flaps. Upper row is the control group, and the lower row is the hyaluronidase group.

Corp., Armonk, NY, USA). The Mann-Whitney
U test was used for analysis between the groups.
A p-value <0.05 was considered statistically sig-
nificant.

Results

No animal perished before the experiment had
been completed. The area of necrosis in the an-
imals of the intervention group was significantly
lower than in the control animals, and this re-
sult reached a statistical significance of p<0.001.
Table I details the necrosis area identified in
each animal within the control and intervention
groups. The areas are in mm?.

Table I. Necrosis areas of flaps.

Median necrotic areas on skin flaps were
48.5 mm?in group 1 and 12.1 mm?in group 2.
The difference between the flap necrosis val-
ues of the groups was statistically significant
(p<0.001).

Discussion

The development of necrosis in a random
skin flap, whether affecting the whole or part
of the tissue, remains a vital issue in the perfor-
mance of orthopedic surgery. Accordingly, mul-
tiple studies™ have been undertaken to ascertain
how necrosis can be prevented or rendered less
severe. Providing an adequate vascular supply

1 2 3 4 5 6 7 p-value
Control group 20% 42% 34% 56% 25.5% 21.5% 34% p<0.001
Hyaluronidase group 4% 0 12.5% 5% 0 0 8.5%
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is essential to prevent this problem. Our study
showed that hyaluronidase increased the survival
of random skin flaps.

Hyaluronidase is frequently used to treat com-
plications arising from aesthetic surgical inter-
ventions, e.g., when using a skin filler of hyal-
uronic acid. This agent supplies many clinical
needs but has the disadvantage that it may result
in anaphylaxis in an allergic individual. Conse-
quently, provided that it is not being used in an
emergency, such as vascular occlusion, it should
only be used following allergy testing of the
individual. The inner side of the patient’s arm
is used for subcutaneous injection of between 4
and 8 units of hyaluronidase. The patient is kept
under observation for half an hour. If erythema,
swelling, and pruritus are observed in the region
where the injection occurred, this indicates the
positivity of the test. The source from which the
hyaluronidase was taken also plays a role. If the
enzyme is of avian or bovine origin, the patient
should be asked whether they are allergic to birds
or cattle®!!.

Furthermore, hyaluronidase is incompatible
with other pharmacological agents, particularly
furosemide, benzodiazepines, phenytoin, dopa-
mine, and alpha-adrenergic agonists. Therefore,
obtaining a comprehensive drug history from the
patient before use is crucial. Several medications
also interfere with the efficacy of hyaluronidase,
e.g., the NSAIDs (ibuprofen, aspirin, and di-
clofenac), histamine blockers, agents which sta-
bilize mast cells, ascorbic acid, flavonoids, and
antioxidant vitamins®''.

Hyaluronidase is an enzyme that promotes
mucolytic and renders hyaluronic acid less po-
larized. This latter molecule is essential in the
ground substance within the dermis. The de-
polarizing effect of hyaluronidase helps permit
substances to be more easily infiltrated into
the cutaneous tissues. Moreover, hyaluronidase
makes injection hurt less by making the tissues
less taut. During surgery, hyaluronidase assists
the surgeon since it renders the skin more elastic
and aids in dispersing local anesthetics, which
may be injected simultaneously. The literature
contains accounts of how hyaluronidase has
been utilized to assist in harvesting skin grafts.
In the present study, however, the aim of using
the enzyme was to boost the survival of the flap
tissue’ '

The standard explanation for how hyaluroni-
dase achieves this is by allowing fluid to flow
more readily between the extracellular space of

the intact tissue and the flap, permitting waste
metabolites to be transported away toward re-
gions where the blood vessels are fully intact'-">.

In addition, given the propensity of hyaluro-
nidase to decrease the viscosity of certain fluids
and assist with the recovery from trauma through
various actions, it may be reasoned that hyaluro-
nidase will also help preserve the vitality of ran-
dom skin flaps. Our study confirms this, which
indicates that hyaluronidase is associated with a
lesser degree of necrotic tissue when applied to
skin flaps in rats'.

Conclusions

The authors suggest that hyaluronidase may
preserve tissue flap vitality, starting at the bottom
end of the dosage range. Future research should
establish the minimal concentration needed to
obtain benefits. The optimal mode of administra-
tion, whether by injection or topical application,
is also a topic for future studies.
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