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ABSTRACT

Hyaluronic acid (HA) based cutaneous filling substances have become the treatment of’
choice for facial volumization. Hyaluronidase is a soluble protein that promotes the en-
zymatic degradation of HA. Commercially available preparations differ according to the
substance’s origin (bovine, ovine or human recombinant). Although cosmetic use has not
yet been approved by the FDA, oft-label use in dermatology is increasingly common.The
purpose of the present article is to review the medical literature and prescribing informa-
tion (package inserts) over existing commercially available products in order to provide an
up-to-date view of the indications, dosage, injection techniques, and adverse effects.
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RESUMO

Os preenchedores de dacido hialurénico (AH) se tornaram o tratamento de escolha para volumizagdo
facial.

A hialuronidase é proteina solivel que promove a degradagdo enzimatica do AH. As preparagoes comer-
ciais dispontveis diferem de acordo com a origem da substancia (bovina, ovina ou recombinante humana).
Embora o uso cosmético ainda ndo tenha sido aprovado pelo FDA, o emprego off-label na dermatologia
¢ cada vez mais frequente. O objetivo deste artigo é revisar a literatura médica e informagoes de prescrigao
(bulas) existentes sobre os produtos comercialmente disponiveis, a fim de fornecer visao atualizada das
indicages, dosagem, técnicas de injegdo e efeitos adversos.
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INTRODUCTION

Hyaluronic acid (HA) is a glycosaminoglycan with
high molecular weight that is the main component of the
extracellular matrix, influencing its permeability. It is composed
of D-glucuronic acid and N-acetyl-D-glucosamine, alternately
linked by B bonds. '-°

With aging, there is a resorption of fat, bones, and a
reduction of HA in the skin, resulting in the loss of facial volume
and the appearance of wrinkles and rhytids. Currently, HA based
filling procedures have became the treatment of choice for
increasing facial tissue due to several factors: there are several
types available, its effect is immediate, in well-trained hands the
result yields a natural appearance, it can be reproduced and,
additionally, it can also be reversible when required.’

Hyaluronidase is a soluble protein responsible for the

enzymatic degradation of glycosaminoglycans. -

This enzyme
hydrolyses hyaluronic acid, rupturing the B bonds * between
the residues N-acetyl-D-glucosamine and D-glucuronic acid,
generating an increase in the permeability of the skin and
connective tissue. *,* This substance is widely found in nature
and is involved in several pathophysiological conditions, such as
the diffusion of toxins/poisons, fertilization, metastasis, microbial
infections, and wound healing. '-* Six hyaluronidase-encoding
genes were recognized in the human genome (Hyal-1, Hyal 2,
Hyal-3, Hyal-4 and PH-20/Spam 1).°

The serum half-life of hyaluronidase is 2.1 + 0.2 minutes,
being inactivated in the liver and kidneys. * Subcutaneous
administration of hyaluronidase has immediate action, with a
variable duration of between 24 and 48 hours.The reconstruction
of the dermal barrier, after having been altered by intradermal

injection of hyaluronidase, is fully completed after 48 hours. ?,
8 10 11

COMMERCIAL PRESENTATIONS

This enzyme has been legally marketed in the U.S.
since 1948. 2 Commercial presentations of the injectable
form of hyaluronidase are classified according to their origin.
Those of bovine testicular origin are: Wydase® (Wyeth Ayerst
Pharmaceuticals), Hydase® (PrimaPharmInc — 150 IU/ml),
Amphadase® (Amphastar Pharmaceuticals — 150 IU/ml) and
Hyalozima® (Apsen - 400 IU / ml). '~ Wydase® and Hydase®
are no longer manufactured due to their high immunogenic
power, > and Hyalozima®, which was available in Brazil, however
was withdrawn from the market in September 2013.

Vitrase® (ISTA Pharmaceuticals - 200 IU/ml) is a
purified form, originated from sheep testicles. Hyalase® (Sanofi
Aventis - 1.500 TU/ml), available in Australia, is also of ovine
origin. '* Hylenex® (Halozyme Therapeutics - 150 IU / ml) is
the human recombinant hyaluronidase produced from hamsters’
ovary cells, containing human albumin, and is the most expensive
product *->, 1%, 113 (Chart 1 and Figure 1).

INDICATIONS

The FDA (U.S. Food and Drug Administration) only
approves the use of hyaluronidase in three situations. *-*> The
first is the use of the enzyme to facilitate the absorption and
dispersion of other injected drugs, such as when commonly used
in anesthetic retrobulbar block in ophthalmic surgery.

Another indication is as an adjuvant in subcutaneous
infusion of fluids, a technique used in the 1940s and 1950s
in cases of dehydration. The third indication is as an adjuvant
in subcutaneous urography, facilitating the absorption of
radiopaque agent. In dermatology, hyaluronidase is used in
an oft-label manner. It is used in some procedures, such as in

15 as well

hair transplant anesthesia and tumescent liposuction,
as in the treatment of some conditions, for instance, pretibial

myxedema, scleroderma, lymphedema and keloids. *

CHART 1: Types of commercially available hyaluronidase, according to the FDA

COMMERCIAL NAME ORIGIN CONCENTRATION

LABORATORY

EXCIPIENTS

Amphadase Bovine 150 1U/ml

Vitrase Ovine 200 IU/ml

Hylenex Human recombinant 150 [U/ml

Amphastar Pharmaceuticals

Bausch & Lomb

Halozyme Therapeutics

8.5 mg Nadl

1mg Edetate disodium

0.4 mg Cadl

0.1 mg Thimerosal

Monobasic sodium phosphate buffer

9.0 mg Nadl
0.36 mg dibasic potassium phosphate
0.93 mg lactose

8.5 mg Nacl

1.4 mg Na2HPO4

1.0 mg Human albumin
0.9 mg Edetate disodium
0.3 mg Cacl
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FIGURE 1: Commercial preparations of hyaluronidase and their different
origins. Hyalozima® and Amphadase® are produced with bovine testicular
protein, Hylenex® is human recombinant, and Vitrase® and Hyalase®
are of ovine origin

Due to the increasing number of cutaneous filling
substances containing hyaluronic acid, this enzyme has gained
renewed prominence. *, 3 Hyaluronidase is commonly used in
cases of excess cutaneous filling (overcorrection) and/or when
the deposition is carried out on the wrong plane of the skin,
resulting in nodules, asymmetries or Tyndall effect. , >, ¢

In the literature there are some reports of the use of
hyaluronidase as a therapeutic option for rare adverse reactions
resulting from cutaneous filling with HA, such as granulomas
and vascular occlusions ?, 3, 8, 1°-!% (Chart 2).

All these indications will be discussed in the following
sections.

CHART 2: Off-label use of hyaluronidase after cutaneous filling with

hyaluronic acid

INDICATIONS

Nodules
Product excess
Deposition in the wrong plane
Asymmetries
Tyndall effect
Granulomas

Vascular occlusion
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Excessive amount of the product

In 2004, Soparkar et al. published the first study on the
use of hyaluronidase in the correction of nodules resulting from
filling procedures (Restylane®) performed in periocular rhytids.
They used 2.5 to 5.0 IU of hyaluronidase in each nodule, five
years after the filling procedure, with the complete recession of
the lesions after one week. "

In the same year, Lambros used 75 IU hyaluronidase (Lee
Pharmacy, Inc., 50 IU/cc), diluted in 1.5 ml of 0.5% lidocaine
with epinephrine in a nodule formed by excess filling substance
in the lower eyelid, and obtained 90% improvement in the first
24 hours. * Vartanian conducted the first prospective study that
consisted of injections of hyaluronic acid gel in both forearms of
12 volunteers. Subsequently, 0.5 ml of 0.9% saline was injected
on one side, and 75 IU hyaluronidase were injected on the other
side. There was a dramatic decline of palpation scores in the side
treated with hyaluronidase, between the fourth and tenth day.?,?

Tyndall effect

Hirsch at al. described the case of a 44-year-old woman
who underwent cutaneous filling (Juvederm®) in the right
nasojugal fold performed by a inexperienced professional, and
subsequently developed a large bluish nodule in the region four
days later. Seventy-five IU (75 IU) of hyaluronidase (Vitrase®)
were injected in the lesion, with the complete regression of the
nodule in four days. There was recurrence after a few days, at
which time a decision was made for a new treatment with an
additional 75 TU. The patient recovered uneventfully during

a seven-month follow up. 3, >, ¢

Andre and Levy reported the
case of a 25 year-old patient who developed bluish nodules in
both lower eyelids one month after undergoing cutaneous filling
(Surgiderm®) in the dark circles. One hundred and twelve point
five IU (112.5 TU) of the enzyme (Desinfitral, Aesthetic Dermal,
UK) were injected in each of the nodes via serial punctures.
‘Within ten minutes a decrease in the volume of the lesions was
visible, with a reduction of 50% after one hour and complete
disappearance of the nodule after 12 hours of application. °

Granulomas

In 2005, Brody published a case of a 68-year-old female
patient who developed inflammatory nodules in the region of
the mentum and labial commissure one week after undergoing
cutaneous filling in these areas with hyaluronic acid. ® She had
already received multiple injections of collagen in the glabella
and the labial commissure in the previous 19 years. The culture
of the aspirated fluid was negative for aerobic and anaerobic
bacteria, and the biopsy showed dermal fibrosis with chronic
granulomatous inflammation foci. Subsequent treatment with
intralesional injection of triamcinolone acetonide (3 mg/ml),
oral antibiotics (cephalexin, trimethoprim-sulfamethoxazole)
and short courses of systemic corticosteroids resulted in a
minimal and unsustained response. Five months later, the patient
still had an inflammatory nodule on the right side of the mentum.
Fifteen IU (15 IU) of hyaluronidase were injected in the lesion
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(0.2 ml of solution with 75 IU), with complete regression in 24
hours, without recurrence.

Vascular occlusion

In 2007, Hirsch at al. described the first case of
vascular occlusion by hyaluronic acid successtully treated with
hyaluronidase. ' A 44-year-old female patient underwent
multiple injections in the deep dermis of the nasogenian
sulcus, with the retrograde technique. The immediate result
was excellent, however, six hours after the procedure there was
vascular occlusion in the irrigation area of the angular and upper
labial arteries, in the right hand side. The patient was treated with
650 mg of aspirin, topical nitroglycerin, local heat, and injection
of 30 IU of hyaluronidase in the deep dermis and subcutaneous
tissue of the affected area, through multiple punctures. Eight
hours after there was not any sign of vascular damage in the
region. In 2011, Kim at al. reported the case of four patients with
vascular occlusion after cutaneous filling with hyaluronic acid
in the nasal region. '® Only two of them received subcutaneous
injection of hyaluronidase on the day after the procedure. The
use of such medication, however, did not show any benefit. All
developed some degree of skin necrosis and scarring. In light of
this result, the authors selected ten mice and injected 0.25 ml
of hyaluronic acid (Restylane) in each of their ears. The filler
was precisely injected into the posterior auricular artery of both
ears of each mouse, with 750 TU hyaluronidase (Hylunidase®;
BMlIkorea, Jeju, Korea) being injected into only one of them. In
five rats, the administration of hyaluronidase was performed four
hours after the injection of hyaluronic acid while in the other
five, this interval was of 24 hours.

The group treated after four hours showed a significant
reduction of necrosis (p<0.05), a fact that did not occur in the
group treated after 24 hours.

It was concluded that the early injection of hyaluronidase
reduces the filler’s vascular complications, however its use has no
benefit 24 hours after the performance of the procedure.

In 2014, DeLorenzi developed an in vitro study aimed at
evaluating whether the hyaluronidase was able to permeate the
wall of the intact human facial artery to hydrolyze the HA filling.
>l Small segments of human facial artery from fresh cadavers
were filled with monophasic hyaluronic acid (Juverderm Ultra
Plus XC®), acquiring the appearance of “sausages”. They
were subsequently immersed in 300 IU hyaluronidase (private
dispensing chemist) or in saline (control). Four and 24 hours later,
the vessels were removed from the preparations, having one of
the ends opened. Only the segments immersed in hyaluronidase
showed degradation of the filler, after 4 and 24 hours. The
conclusion was that the study supported the hypothesis that the
enzyme can effectively hydrolyze the AH through the intact
arterial wall.

DOSE

There is no consensus in the literature regarding the
recommended dose of hyaluronidase. Generally, the used and
suggested amount by the references varies between 5 and 75 TU.

Surg Cosmet Dermatol 2015;7(3):197-204.

In 2007, Soparkar used 375 IU hyaluronidase for dissolving
a hyaluronic acid filling (Restylane®) in the face of a patient.
Despite the high dose employed, there was no change in the
natural volume of the treated area. In the author’s opinion, the
recommended dose ranges from 150 to 200IU of hyaluronidase
for each 1 ml of hyaluronic acid to be removed. ** In 2010, a case
report described a successful treatment of nodules in the lower
eyelids, caused by excess filling substance (Juverderm Ultra®), with
only 3 IU of hyaluronidase (Hynidase® - ovine hyaluronidase
1.500 1U/vial, Shreya life sciences Pvt. Ltd., India). #

Jones at al. performed an in vitro study in order to assess the
response to hyaluronidase of fillers with different concentrations
of hyaluronic acid (24 mg/ml fluid gel; 20 mg/ml particulate gel,
5.5 mg/ml particulate gel with lidocaine). *

The study showed that the degradation of hyaluronic
acid depends on the concentration of the product used and time
of incubation with hyaluronidase. The 24 mg/ml hyaluronic acid
gel showed the greater resistance to degradation in vitro, probably
due to the higher concentration and greater crosslinking and
cohesiveness, according to the authors’ findings.

Finally, the authors suggest that for every 0.1 ml of
hyaluronic acid to be treated (in vivo), 5 TU hyaluronidase should
be used for the 20 mg/ml gel or 10 IU for the 25 mg/ml gel.
In 2014, Rao et al. exposed four types of HA based fillers to
various concentrations of hyaluronidase in vitro. ® The form
and consistency of such fillers were analyzed after one and five
minutes of exposure. The duration and dose-response were
assessed by visual comparison of photographs.

They subjected 0.2 ml of the cutaneous fillers R estylane®
(20 mg/ml), Juvéderm® (24 mg/ml), Belotero® (22 mg/ml) and
Juvéderm Voluma® (20 mg/ml) to 15 and 30 IU of Hylenex®.
Belotero® was the least affected by the exposure, regardless of
the hyaluronidase dose and maintaining its shape even after
five minutes. Restylane® was the most aftected and became
moderately liquefied after the exposure to 30 IU of Hylenex®
for five minutes. Juvéderm® and Juvérderm Voluma® showed
an intermediate result. In summary, after exposure to Hylenex®,
Belotero® was the least affected, followed by Juvéderm®,
Juvéderm Voluma® and Restylane®.

The reaction of the enzyme to all fillers was dependent
on both time and dose. The degree of degradation of the fillers
correlated with the degree of crosslinking of the product.
Belotero® was the most resistant because of its more cohesive
monophasic nature. The study also suggests that doses lower than
15 TU of Hylenex® might not cause noticeable changes in the
structure of the tested fillers.

ADVERSE EFFECTS, DRUG INTERACTIONS, AND CONTRAIN-
DICATIONS
The adverse effects of hyaluronidase are infrequent, and
are mainly represented by reactions at the application site. *-°, '~
12 Soparkar at al. reported temporary pruritus after the injection
of the enzyme in only two of the 97 patients treated.?,°
Angioedema and urticaria are reported in less than 0.1%

of patients. '’-'> However, there are still no reports of anaphylactic
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reactions after intradermal use of hyaluronidase. *-°, '¢

The potential risk of spongiotic encephalopathy is
associated with the use of bovine hyaluronidases that are illegally
manufactured under non-sterile conditions. %, °, #* Undergoing
a preliminary cutaneous test is recommended in the leaflets
accompanying medicines, and the use of hyaluronidase is
contraindicated in positive tests. ®, '°-'* For the test, three units of
hyaluronidase are injected into the intradermal region, typically
in the anterior surface of the forearm, and within five minutes an
erythematous papule with local heat is observed, characterizing
a positive test. The presence of transient erythema or macular
vasodilation do not mean positivity. %, 19,12, 16
Some authors, however, disagree on the testing
requirement, arguing that the occurrence of adverse effects after
intradermal use of such medication is extremely rare and that
allergic reactions can occur even with a negative skin test. >

Some medications, such as cortisone, estrogen,
adrenocorticotropic hormone, salicylates and antihistamines
seem to make the tissues partially resistant to the enzymatic
action of hyaluronidase. ?, , 10-12, 16

Furosemide, benzodiazepines, and phenytoin appear to
be incompatible with hyaluronidase. °-'2,

During pregnancy, this medication 1s considered
category C (animal studies have shown that the drug can have
teratogenic effects or be toxic to embryos, nevertheless there are
no controlled studies in women). ?, '~ Also, it should not be
applied in patients allergic to bee stings, for hyaluronidase is one
of the components of their venom. ?, ', ¥

Another important contraindication is the presence of an
infectious process in the site to be treated. Due to the potential
risk for the spread of infection, hyaluronidase should not be used
or, if necessary, be associated with systemic antibiotics. 3,3, 1-13, 16

TECHNIQUE

After adequate asepsis and antisepsis of the site, the
marking of area to be treated should be carried out. Hylenex®,
Amphadase® and Vitrase® are preparations ready for use. '°-'?
Hyalozima® needs to be prepared by dissolving hyaluronidase
powder (2,000 UTR) in 5 ml of diluent supplied with the
product. The resulting solution has 400 ITU/ml. '* Hyalase® can
be diluted in 1 ml of distilled water or added directly to the
solution to be used. '*

The authors aspirated the solution in insulin syringes of
0.3 ml, resulting in 4 IU for each 0.01ml (smaller scale of the
syringe), and then injected 0.01 — 0.03 ml of the solution in each
nodule (Figures 2 to 4).

When the solution is older and kept under refrigeration,
it is possible to notice that there is more resistance in the
injection, “locking” the syringe. This takes place due to the
slight increase in the viscosity of the solution. It can, however,
be observed that the product remains effective, since there is
immediate dissolution of the hyaluronic acid accumulation after
local injection.

201

Edema and erythema (Figure 5), and discreet wrinkling
of local skin immediately after the procedure (Figure 4), are
the most frequent side effects, lasting 30-50 minutes and
subsequently disappearing completely.

GENERAL GUIDELINES

Hyaluronidase should always be easily accessible to
dermatologists who perform cutaneous filling with hyaluronic
acid and should be available at the practice for emergencies.

The patient to be treated should be informed about the
off-label use of hyaluronidase.

There is no evidence that adding lidocaine or epinephrine
is beneficial. ®

It is recommended that hyaluronidase solutions be used
within 12 hours after the preparation, for they rapidly lose the
viscosity, reducing activity at room temperature.® In the authors’

FIGURE 2: Well-delimited nodule in the right infraorbital region, caused by
an excess of filling substance

FIGURE 3: Hyaluronidase injection directly into the nodule, using an insulin
syringe

Surg Cosmet Dermatol 2015;7(3):197-204.
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FIGURE 4: Immediate result, with the disappearance of the nodule.
A discreet wrinkling of the skin and mild local erythema can be observed

experience, if kept in the refrigerator they can be used within 30
days, without losing effectiveness.

The needle’s gauge should be adequate for the size and
location of the lesion. A 30G needle can be used in superficial
nodules. In deeper ones, 26 or 27G needles can be used. ®

Hyaluronidase should be injected, where possible, into
the HA deposit. When this deposit is very superficial, the
injection should be applied just below the site. ®

Hyaluronidase should not be used in areas treated with
botulinum toxin in the previous 48 hours, due to the risk of
diffusion. ®

Surg Cosmet Dermatol 2015;7(3):197-204.

FIGURE 5: Important erythema of all the periorbital region, immediately

after the injection of hyaluronidase in the infraorbital region, that lasted
one hour

CONCLUSION

The hyaluronidase enzyme is able to hydrolyze HA,
increasing the permeability of the skin and connective tissue.
Although not approved by the FDA, the use of this enzyme
in dermatology has achieved prominence due to the increased
number of cutaneous fillings containing HA. Studies have
shown the efficacy of hyaluronidase in the treatment of nodules
arising due to an excess of filling material, asymmetries, Tyndall
effect, and even in cases of granuloma formation and vascular
occlusion. There are several commercial presentations that are
differentiated primarily by the origin of the product (bovine,
ovine or human recombinant), and are related to low levels of
adverse eftects.

Currently, hyaluronidase is essential for every
dermatologist who performs dermal fillings with HA. The
personal experience of each professional will be important in
determining how to use the enzyme, since there is no consensus
in the literature regarding the dose used and the application
technique.
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