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ABSTRACT
Purpose

The application of hyaluronidase in ophthal-
mology dates back 60 years, when it was
first included in retrobulbar blocks. Now it
is used routinely in retrobulbar, peribulbar,
and sub-Tenon’s blocks. Until recently, the
only sources of hyaluronidase were animal
derived, either pharmaceutically manu-
factured or compounded. Animal-derived
products have been associated with low pu-
rity, variable potency, and uncertain safety.
Given these concerns, use of recombinant
human hyaluronidase merits consideration to
help improve the safety and quality of local
anesthetic blocks. In order for practitioners
to make informed therapeutic decisions re-
garding the use of hyaluronidase in ophthal-
mology, the safety and efficacy of available
products must first be evaluated.
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Design

We analyzed multiple clinical samples from
national and regional compounding pharma-
cies for purity and potency, and compared
them to recombinant human hyaluronidase.
In addition, a literature search, including
the Food and Drug Administration Adverse
Event Reporting System (FDA AERS)
database, was performed to further evaluate
adverse event and safety data.

Results

The laboratory analyses demonstrated that
animal-derived hyaluronidase, specifically
compounded products, has variable purity
and potency, whereas recombinant hu-

man hyaluronidase possesses high purity
and consistency. The literature supported
routine inclusion of hyaluronidase in an-
esthetic blocks to help reduce the potential
for complications. Although compounded
animal-derived preparations have been used
extensively, their varying levels of impuri-
ties and their potential for allergic reactions
may create unnecessary risk.



Conclusions

Hyaluronidase use in local anesthetic blocks
for ophthalmic surgery is beneficial. The
high purity, favorable efficacy, and estab-
lished safety profile of recombinant human
hyaluronidase suggest it may be a suitable
alternative for clinical use compared with
compounded animal-derived products.

INTRODUCTION

Hyaluronidase is an enzyme which degrades
hyaluronan (HA) and has diverse clinical
applications resulting from its ability to
facilitate the dispersion and/or absorption of
an array of medications and fluids. It pro-
vides rapid penetrance of anesthetic agents,
particularly to locations difficult to access.
In ophthalmology, hyaluronidase is used
most often as an adjunct to local anesthesia
for retrobulbar, peribulbar, or sub-Tenon’s
blocks. The use of hyaluronidase in ophthal-
mology began as early as 1949, when Atkin-
son added it to retrobulbar and lid blocks."

Hyaluronidase products approved by the
United States Food and Drug Administration
(FDA) have included those derived from bo-
vine (AMPHADASE,® Amphastar Pharma-
ceuticals, Inc, Rancho Cucamonga, CA) and
ovine (Vitrase,® ISTA Pharmaceuticals, Inc.,
Irvine, CA) sources, along with a recombi-
nant human product (Hylenex,® Halozyme
Therapeutics, San Diego, CA; rHuPH20).
Compounded formulations of animal-
derived hyaluronidase also have been used
in ophthalmology. When selecting products
appropriate for use in clinical practice, it is
important for clinicians to be aware of the
differences among these various sources.

Notably, many case reports of adverse
events have been published in the literature
regarding the use of animal-derived hyal-
uronidase with local anesthetic ophthalmic
blocks.? Obtained via a Freedom of Informa-
tion Act request to the FDA, 98 cases of ad-
verse events associated with animal-derived
hyaluronidase used in an ophthalmology
setting were reported between January 1998
and August 2011.3

Symptomatology reported in these cases

included an increase in intraocular pressure,
optic disc hemorrhage, exophthalmos, blind-
ness, eye pain, orbital and eyelid edema,
reduced visual acuity, hypersensitivity reac-
tion, swelling, tenderness, and inflammation.
These adverse events were often associated
with disability, hospitalization, and/or the
need for intervention. The main commonal-
ity among all cases was the use of animal-
derived hyaluronidase.?

In this article, we review the history,
mechanism of action (MOA), and clinical
uses of hyaluronidase in ophthalmology.

We identify and test some of the current
sources of hyaluronidase for their associated
product characteristics, including purity and
concentration, in addition to highlighting the
importance of proper product selection and
compounding of hyaluronidase. Finally, we
measure and compare these objective param-
eters from both animal derived and human
recombinant hyaluronidase, and examine the
use of rHuPH20 and its role in therapy.

OVERVIEW OF HYALURONIDASE

Hyaluronidase has been used to facilitate
the dispersion and/or absorption of fluids
or medications for more than 70 years.* It
rapidly hydrolyzes HA, which is a gly-
cosaminoglycan found in the extracellular
matrix of most types of connective tissue
(eg, skin, joint cartilage).” Connective tissue
consists of many macromolecules, which
serve as a barrier to bulk fluid flow through
the interstitial matrix.® HA is a mega-dalton
molecule with a half-life of 15 to 20 hours
in the skin.’ Interestingly, the half-life of
HA in the circulation ranges between 2 and
5 minutes.” When HA is broken down by
hyaluronidase, it causes a transient increase
in the permeability of the connective tissue.
This increased permeability lasts for ap-
proximately 24 to 48 hours when a single
subcutaneous (SC) 150-U dose of rHuPH20
is administered,® after which there is no his-
tologic change in collagen or sign of inflam-
mation in animal models after 28 days.’
Hyaluronidase is used in ophthalmol-
ogy as a component of retrobulbar, per-
ibulbar, and sub-Tenon’s blocks, which
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will be discussed in greater detail. Use of
hyaluronidase in subcutaneous rehydration
therapy (SCRT) has been shown to be safe
and effective for mild-to-moderate dehydra-
tion in the adult, pediatric, geriatric, and
palliative/chronic care populations.’ In a
similar fashion to SCRT, hyaluronidase can
be given subcutaneously to help administer
urographic contrast media when intravenous

Figure 1. Characterization by sodium dodecy!
sulfate polyacrylamide gel electrophoresis (SDS-
PAGE) of a recombinant human hyaluronidase
(lane 2; 30 Units), five compounded animal-
derived hyaluronidase preparations (lanes 3 to 7,
with compounded hyaluronidase #1 in lane 3 to
compounded hyaluronidase #5 in lane 7; 2 Units
each), and an animal-derived hyaluronidase
product (lane 8; 30 Units). The animal-derived
hyaluronidase product was concentrated ap-
proximately 34-fold using a Microcon® centrifu-
gal filter device with a 3 kDa cut-off. Molecular
weight (MW) protein standards (with nominal
MW) are shown in lane 1. Unlike animal-derived

hyaluronidase, the recombinant human hyaluron-

idase (rHuPH?20) is formulated with a protein
excipient (ie, human serum albumin-used for
stabilization). As such, the rHuPH20 bulk drug
substance (provided by Halozyme Therapeutics,
Inc., San Diego, CA) was used for this analysis.
Unique bands in each preparation are denoted
with an *
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(IV) administration is not feasible, such as in
younger patients.'” Additionally, hyaluroni-
dase has been shown to be successful in
facilitating the subcutaneous administration
of various medications, and can be used to
treat extravasated fluids, drugs, electrolytes,
and nutritional and diagnostic substances.’

CURRENT USES OF HYALURONIDASE IN
OPHTHALMOLOGY

Hyaluronidase is most frequently used in
combination with anesthetics for ophthal-
mologic surgery (eg, retrobulbar block,
peribulbar block, sub-Tenon’s block, and
van Lint block). Rationale for the inclu-
sion of hyaluronidase in combination
with local anesthesia techniques includes
smaller increases in intraocular pressure
(IOP)," Iless distortion of the surgical
site,'>13 decreased incidence of postopera-
tive strabismus, and potential for limiting
local anesthetic myotoxicity because of
quicker spread.!*!* In some studies, inclu-
sion of hyaluronidase increases globe
and lid akinesia, which may improve the
safety of the procedure. '

Ovine hyaluronidase also has been
investigated for the clearance of vitre-
ous hemorrhage, where its efficacy and
safety have not been established. Two
phase 3 clinical trials demonstrated that
a single intravitreous injection of ovine
hyaluronidase was not associated with

any serious safety issues and hyaluroni-
dase had some therapeutic utility in the
management of vitreous hemorrhage.'”'®
It is important to note that the FDA
Advisory Committee stated in 2003 that
insufficient evidence exists to support
the efficacy of ovine hyaluronidase in
the treatment of vitreous hemorrhage."
However, the panel also noted that the
benefits could outweigh the risks in
some patient subgroups.

We identified clinical trials which
examined the application of hyaluroni-
dase for local ophthalmic anesthetic
blocks since 1985. In addition, we made
a Freedom of Information Act inquiry
in order to obtain adverse event records

3



associated with hyaluronidase from 1998 to
2011.

Retrobulbar Block

Although retrobulbar blocks are used less
commonly than peribulbar blocks* because
of potential anatomic risk factors associated
with administration and the need for an addi-
tional facial nerve block to prevent blinking,
they may still be preferred for certain proce-
dures that would benefit from lower volumes
of local anesthetic (ie, 3-5 mL).?! Nine
randomized, prospective, controlled studies
evaluating hyaluronidase added to retro-
bulbar blocks in more than 1,300 patients
were reviewed.'%2% A variety of anesthetic
mixtures and hyaluronidase doses (ranging
from 0.75 to 200 IU/mL) were used. The
end points included akinesia, induction time,
need for supplementary block, and volume
of local anesthetic. Addition of hyaluroni-
dase to retrobulbar blocks generally resulted
in improved akinesia and was well toler-
ated. Fewer complications, such as a lower
tendency for prolapse, were observed in
patients who received hyaluronidase.?>?’
Overall, a dose between 3.75 and 75 TU/mL
hyaluronidase in retrobulbar blocks appears
sufficient to provide a beneficial effect on
akinesia.

Van Lint Blocks

Because retrobulbar blocks do not provide
lid akinesia, they are often combined with
van Lint blocks. This method of facial nerve
block was the first to be reported and is
considered to be the classic technique.’®*!
Typically, 5 to 10 mL of anesthetic (often
the same mixture as used for the retrobulbar
block) is used, although some suggest that
volumes as low as 2 mL are sufficient.*!

Peribulbar Block

The peribulbar block technique was de-
veloped to minimize the risk of injury to
structures within the intraconal space. It

is performed by injection into the extra-
conal space using larger volumes of local
anaesthetic (eg, up to 12 mL).2! The larger
volume is necessary for its spread into the
entire corpus adiposum of the orbit and
eyelids to block the orbicularis muscle.

4

Fourteen randomized, prospective, con-
trolled studies evaluating hyaluronidase in
peribulbar blocks in nearly 1,800 patients
were reviewed and analyzed.!"!32323% These
studies involved a variety of local anesthetic
combinations and hyaluronidase doses
(ranging from 3.75 to 300 IU/mL). The end
points included akinesia, induction time,
need for supplementary block, and volume
of local anesthetic. Evidence of improve-
ment in peribulbar block with hyaluronidase
is equivocal. Approximately half of the
studies show a benefit to including hyaluron-
idase, whereas the rest demonstrate equiva-
lence across a range of hyaluronidase doses.

Hyaluronidase was well tolerated. In
some of these studies, fewer complica-
tions such as increased IOP were observed
in patients who received hyaluronidase.!!
Although hyaluronidase does not consis-
tently improve peribulbar block efficacy, it
is beneficial for its effects on facilitating the
spread of larger volumes of anesthetic and
reducing complications.

Sub-Tenon’s Block

A sub-Tenon’s block (STB) administered
using either a needle or cannula® provides
high-quality anesthesia of the whole globe
using relatively small volumes (eg, 1.25-5
mL).?"4° The addition of hyaluronidase in
STB has been studied in varying combina-
tions across six randomized, prospective,
controlled studies encompassing more than
550 patients.*'* Testing the addition of hyal-
uronidase to STB has been conducted using
assorted local anesthesia combinations and
doses of hyaluronidase (ranging from 15-
150 IU/mL). End points included akinesia,
induction time, volume of local anesthetic,
and quality of the block. Hyaluronidase ad-
dition to STB generally resulted in improved
akinesia and was well tolerated. Although
there was a wide range of hyaluronidase
doses used and a lack of dose-response data,
the studies demonstrate that doses between
15 and 150 IU/mL can provide benefit when
used in STB.
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SOURCES OF
HYALURONIDASE

Animal Derived

There are FDA-approved animal-derived
products in addition to animal-derived active
pharmaceutical ingredients (API), which

are produced mainly for commercial and
research purposes, and may be compounded
for human use. Approved products with
hyaluronidase of bovine origin include
Amphadase and Hydase.**® Vitrase is an
approved product using an ovine source

of hyaluronidase.® In addition to animal-

derived sources, there is recombinant human
hyaluronidase, rHuPH20, which was ap-
proved by the FDA in 2005.8

Reliable sources of hyaluronidase have
changed within the past decade, and there
continues to be an issue of supply short-
age.”*! Discontinuation of Hydase produc-
tion was effective April 2009. Amphadase
was noted to be on long-term backorder
until late 2011 because of a depleted sup-
ply of raw material. The Vitrase 6,200-unit
single-dose vial was discontinued, although
Vitrase is still available in 200-U/mL vials.*

Figure 2. Characterization by sodium dodecyl sulfate poly-
acrylamide gel electrophoresis (SDS-PAGE) of recombinant
human hyaluronidase (rHuPH20). rHuPH20 1000, 500,
250, and 100 Units per lane loaded compared with 250,
100, and 50 Units bovine testes hyaluronidase. The last col-
umn shows a Western blot analysis of bovine hyaluronidase
preparations with the 1D6 mouse anti-ram hyaluronidase
monoclonal antibody (Babraham Bioscience Technologies,
Cambridge, UK). Only one 75-kDa band (minor band in
the smear of proteins of the bovine preparation), identified
by an arrow on the figure, cross-reacted strongly with the
monoclonal antibody, confirming that the hyaluronidase en-
zyme is a minor component of the animal-derived hyaluroni-
dase preparation. The lower band corresponds to excess
protein (due to overloading of the bovine hyaluronidase
preparation) that did not react with the antibody. Repro-
duced from reference 5, with permission.
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Hylenex was recalled after
glass particles were found

in the vials during a routine
inspection in 2010, but pro-
duction and distribution have
since been resumed.

Sources and Preparation
Animal-derived hyaluroni-
dase, whether extracted from
bovine or ovine testes, is gen-
erally purified through a series
of multiple precipitation, frac-
tionation, and filtration steps.>
After 3 to 6 weeks of process-
ing, 1 ton of raw material
yields approximately kilogram
quantities of hyaluronidase. A
purified hyaluronidase API ex-
tracted from an animal source
usually contains less than 1%
of the enzyme per milligram
of total protein.’ The extract

is often contaminated with
proteases, immunoglobulin,
and other elements, which

can increase capillary perme-
ability** or potentially cause
IgE-mediated hypersensitivity
reactions when used.>*¢

Hypersensitivity reactions
and anaphylaxis have been
observed following systemic
administration of hyaluroni-
dase.”” The extraction and
purification processes may
be less rigorous when manu-



Figure 3. Reactions to different doses of thimerosal-free hyal-
uronidase. Low, medium, and high doses were equivalent to 10,
20, and 30 U of drug, respectively. Reproduced from reference

83, with permission.

produced in a cGMP set-
ting, as little information
may be available about

the identity of the source,
quality, and safety due to

impurities found in many
of these products.

The compound-
ing process to produce
animal-derived hyaluroni-
dase solution is routine.
To generate hyaluronidase
150 IU/mL for injection,
the following materials
are needed: hyaluronidase
15,000 units, sodium
chloride 850 mg, edentate
disodium 100 mg, cal-

facturers produce hyaluronidase as an API
rather than via FDA current Good Manu-
facturing Processes (cGMP) for approved
products.

Intermittent product shortages compel
clinicians to use compounded hyaluronidase
products in an effort to maintain the efficacy
of local anesthetic blocks. Use of com-
pounded hyaluronidase has become a more
common alternative because of the supply
issue, in addition to reports of an increased
incidence of postoperative complications
such as permanent diplopia and ptosis
without the use of hyaluronidase.’® Sources
of animal testes-derived hyaluronidase as
API are plentiful as evidenced by the range
of national and global websites from which
compounding pharmacies can obtain the
material they require.®¢! There is concern
that some compounding pharmacies order
hyaluronidase as an API from less reputable
sources or websites, because it is unknown
whether the manufacturer is regulated by
any quality-assurance measures. Standards
such as validated sterilization procedures,
potency and purity assays, contamination
checks, and proper storage and handling
may not be regulated in certain countries.
As a result, a significant concern has arisen
regarding animal-derived hyaluronidase not

6

cium chloride dihydrate
53 mg, thimerosal 10 mg,
anhydrous sodium phosphate monobasic 170
mg, sterile water for injection 100 mL, and
sodium hydroxide 1% solution in a quantity
sufficient to give the solution a pH between
6.4 and 7.4.2% In an aseptic environment
and using an aseptic technique, the com-
pounds are dissolved in sterile water for in-
jection and then sodium hydroxide is added
drop by drop to obtain the desired pH.

In terms of quality control for com-
pounded hyaluronidase, the solution must
be checked to ensure that it is not discolored
and does not contain a precipitate.®*% In
addition, it should be monitored for steril-
ity and pyrogenicity. If large quantities are
being prepared, the solution should be tested
for potency. The product must be pack-
aged in tight, light-resistant containers and
stored in the refrigerator. When stored in
this manner, the compounded hyaluronidase
can be given up to a 6-month expiration
date. Sterile filtration should be performed
immediately before use to help ensure safety
of the product.

Should compounded hyaluronidase
be used, it is important as a clinician to be
certain that the compounding pharmacy
and its products meet or exceed the United
States Pharmacopeia or National Formulary

Vol 12, No.1, 2012 *The Journal of Applied Research.



monograph, American Society of Hospital
Pharmacists, Board of Pharmacy, National
Association of Boards of Pharmacy Good
Compounding Practices, and FDA guide-
lines.>% Of note, FDA regulations on com-
pounding pharmacies are not as stringent

as are those for pharmaceutical products.
There is no official mandated requirement
for adverse event reporting associated with
compounded products, nor is there a method
to nationally or locally disseminate such
information.®® The main regulatory body for
compounding pharmacies is the state board
of pharmacy, and only two state boards of
pharmacy require adverse event reporting
(ie, North Carolina and Missourt).

Experience with Animal-Derived Product

The FDA has been made aware of more
than 55 quality problems associated with
compounded pharmaceutical products since
1990.% Many of these situations resulted
in product recalls. In 2001, the FDA Divi-
sion of Prescription Drug Compliance and
Surveillance collected 29 products produced
by 12 different compounding pharmacies
for analysis of quality, purity, and potency.
Ten of these products failed in one or more
of the quality assurance parameters, which
is a failure rate of 34%. In this survey, 2 of
the 29 products tested were preparations of
hyaluronidase (from different compounding
pharmacies), one of which failed a quality

Table 1. Hyaluronidase activity (in U/mL), total protein concentration (mg/mL), and hyal-
uronidase activity per milligram total protein (U/mg) for a recombinant human hyaluronidase
(rHuPH?20), five compounded animal-derived hyaluronidases and an animal-derived hyal-

uronidase product.
Product Hyaluronidase Total protein Hyaluronidase activity
activity (mg/mL)® per milligram total protein
(U/mL)? (U/mg)°
rHuPH20 bulk drug substance? 117,000 0.97 120,000
Compounded animal-derived 220 0.34 650
hyaluronidase #1
Compounded animal-derived 188 0.33 570
hyaluronidase #2
Compounded animal-derived 186 0.30 620
hyaluronidase #3
Compounded animal-derived 162 0.23 700
hyaluronidase #4
Compounded animal-derived 210 0.42 500
hyaluronidase #5
Animal-derived hyaluronidase 202 0.011 18,000
product

“Hyaluronidase activity in U/mL was determined using a modified version of the United States Pharmacopeia turbidi-

metric assay.

bFor the five compounded animal-derived hyaluronidase preparations, total protein was based on the mean of two
values obtained from a bicinchoninic acid assay (Thermo Scientific, Waltham, MA) and a Bradford assay (Thermo
Scientific, Waltham, MA). The percent difference between the two assays was no more than 30% for any of the com-
pounded formulations. For the animal-derived hyaluronidase product, total protein was based on a Bradford result
only. For the rHuPH20 bulk drug substance, total protein was determined by absorbance at A = 280 nm.
‘Hyaluronidase activity in U/mg was calculated based on hyaluronidase activity in U/mL and protein concentration

in mg/mL (values reported in this table).

4Unlike animal-derived hyaluronidase, the recombinant human hyaluronidase (rHuPH?20) is formulated with a pro-
tein excipient (ie, human serum albumin-used for stabilization). As such, the rHuPH20 bulk drug substance was used
for this analysis (data in this row are the mean values from 16 lots of rHuPH20 bulk drug substance).
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test for potency because it was less potent
than labeled.

In our own investigation, one of the
authors ordered compounded hyaluronidase
from five pharmacies and also procured
an animal-derived hyaluronidase product.
These preparations, along with rHuPH20
(rtHuPH20 bulk drug substance provided
by Halozyme Therapeutics, Inc.) were
evaluated for activity per milligram to-
tal protein and purity by sodium dodecyl
sulfate polyacrylamide gel electrophoresis
(SDS-PAGE). Table 1 shows that the five
compounded animal-derived hyaluronidase
preparations have a low specific activity
ranging from 500 to 700 Units per milligram
total protein. In comparison, the pharma-
ceutically-prepared, animal-derived hyal-
uronidase had an activity of 18,000 U/mg
total protein, and rHuPH20 had an activity
value of 120,000 U/mg total protein. These
three levels of activity can be explained by
comparing the different levels of impuri-
ties, as evidenced by SDS-PAGE analysis
(Figure 1). The compounded preparations
were of very low purity (<1% of the specific
activity of rHuPH20), as illustrated by the
presence of a smear of protein species in
the SDS-PAGE, whereas the animal-derived
hyaluronidase product was modestly pure
(approximately 15% of the specific activity
of rHuPH20), as depicted by the presence
of several distinct protein species in the
SDS-PAGE. rHuPH20 demonstrated high
purity, as evidenced by the presence of a
single protein band corresponding to human
hyaluronidase (approximately 99% purity).
Based on the differences in activity per mg
total protein, it is probable to conclude that
the purity of compounded hyaluronidase is
about 140- to 200-fold lower than that of
rHuPH20. Impurities also vary among the
five compounded animal-derived hyaluroni-
dase products, as illustrated by the observa-
tion of at least three different protein migra-
tion patterns among the five compounded
preparations. Figure 2 further characterizes
by SDS-PAGE and Western blot analysis
the difference in purity between rHuPH20
and an animal-derived hyaluronidase.’ It is

8

important to note that the presence of pro-
tein impurities and thimerosal (preservative
found in Amphadase and compounded prod-
ucts) may add to the potential for adverse
events or toxicity.®’

In addition to potency and purity con-
cerns, there also have been reports of safety
issues when using animal-derived hyaluroni-
dase. Fourteen publications have reported
hypersensitivity reactions to retrobulbar or
peribulbar blocks associated with use of
animal-derived hyaluronidase (100-300 [U/
mL).2%%8" The most common reactions in-
cluded periorbital edema and erythema, con-
junctival chemosis, itch or pain, proptosis,
angioedema, and restriction of eye move-
ments (ranging from mild to total ophthal-
moplegia).®® The reactions occurred almost
immediately in some patients and less com-
monly, up to a few days afterward. Many
of the patients had undergone an earlier
procedure which included the administration
of hyaluronidase, which suggests that the
reactions may be a result of sensitization to
the animal-derived product. The cornea and
anterior chamber remained clear, although
loss of vision occurred in some cases as the
result of compression of the optic nerve or
increase in intraocular pressure. The authors
concluded that hyaluronidase should be
used in ophthalmologic procedures, albeit
carefully, with special care to monitor for
previous experience and adverse reactions.
These should be treated promptly to avoid
loss of vision in severe cases.

It is evident that animal-derived hyal-
uronidase has several limitations, whether
it is commercially manufactured or com-
pounded. Although compounded animal-de-
rived preparations have been used exten-
sively, their varying levels of impurities and
their potential for allergic reactions may
create unnecessary risk. This risk makes it
important to research thoroughly the source
of hyaluronidase and its manufacturer and/
or compounding pharmacy before ordering
it for clinical use. In addition, antigenicity of
animal-derived compounded products is of
concern because they may cause a hypersen-
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sitivity reaction in some patients.

HUMAN RECOMBINANT HYALURONIDASE

rHuPH20 provides a highly purified and
highly potent product as demonstrated by
the results shown in Table 1 and Figures |
and 2.° The purity of rHuPH20 is the result
of a modern recombinant protein biotech-
nology manufacturing process that uses
Chinese hamster ovary cells to express the
human recombinant genetically engineered
enzyme, which is then purified through a
series of orthogonal column chromatogra-
phy and other processing steps to remove
non-hyaluronidase impurities and potential
pathogens.®

In addition, rHuPH20 may provide a
preferable safety profile. In a study of 100
adult volunteers, participants were injected
with 15 IU (0.1 mL) rHuPH20 intradermally
in one arm and 0.1 mL 0.9% saline in the
other arm.*? The statistical evaluation was
designed to assure that the upper bound of
two-sided confidence interval of the aller-
gic response rate is less than 10%. Positive
allergic reaction was defined as wheal with
pseudopods within 5 minutes of injection,
which persisted for at least 20 minutes, and
was accompanied by localized itching. No
positive allergic reactions were observed
with either injection, and the incidence of
wheal was comparable between both groups
at 5 minutes (rHuPH20, 78%, saline, 84%).

Five minutes after injection, localized
itching was observed in 8% of saline injec-
tions compared with a 2% incidence for
rHuPH20 injections. Thirty minutes after
injection, erythema, wheal, and localized
itching were comparable between the two
groups, but there was a higher incidence of
ecchymosis and discomfort with the saline
injection. In another study of intradermal
administration of hyaluronidase, 25% of
patients experienced hypersensitivity reac-
tions (ie, site redness and mild pruritus)
which appeared to be dose-dependent when
injected with compounded hyaluronidase
(Figure 3).% Eleven adverse events were
reported, but were judged to be unrelated to
hyaluronidase. In a report of 162 subjects

The Journal of Applied Research « Vol. 12, No. 1, 2012.

dosed with 3 U (0.02 mL) of Amphadase,
5% (8/162) of subjects had a positive aller-
gic reaction. This dose is five times less than
the dose tested in the rHuPH20 allergenicity
study.®> When allergic sensitivity to Vitrase
was studied, there were no positive allergic
reactions reported (N=65) with a dose of 3 U
(0.03 mL), which is approximately 3.3 times
less than the rHuPH20 dose tested.

The safety profile results from other
clinical studies performed using rHuPH20
consistently demonstrate a favorable out-
come. In pediatric SCRT studies, all adverse
events were considered to be mild to moder-
ate in severity and hyaluronidase was safe
and well tolerated.®*** Similarly, in adult
SCRT studies, adverse events were mild to
moderate and hyaluronidase was well toler-
ated.®**” These findings of safety and toler-
ability are also consistent with hyaluronidase
use to facilitate the administration of anti-
biotics®* and pain medication.***° rtHuPH20
has been demonstrated to be well tolerated,
with a favorable safety profile across various
populations and clinical settings.

At the time of publication, one report
has been presented regarding the use of
rHuPH20 in ophthalmology.”’ Greenbaum
included 150 IU of rHuPH20 in a sub-Ten-
on’s block consisting of 1.25 mL of a 50/50
mixture of 4% lidocaine and 0.75% bupi-
vacaine and administered this formulation
to 10 patients undergoing cataract surgery.
No complications occurred during the
administration of local anesthesia. Currently,
Dr Greenbaum is investigating the use of
rHuPH20 in parabulbar blocks. Preliminary
observations from this pilot study have sug-
gested that rtHuPH20 is safe and well toler-
ated for cataract surgery and may improve
the efficacy of the parabulbar block.

DISCUSSION AND CONCLUSIONS

Hyaluronidase has a clear role in ophthal-
mology, having been shown to improve the
quality, efficacy, and safety of local anes-
thetic blocks. Overall, studies demonstrate
improved akinesia or time to onset of block
when adding hyaluronidase to retrobulbar,
peribulbar, or sub-Tenon’s blocks, along



with fewer complications or adverse effects.
In addition, hyaluronidase use allows for
lower volumes of anesthetic to be employed,
which helps minimize elevations in IOP dur-
ing surgical procedures.

The literature discussing the use of
hyaluronidase in local anesthetic blocks
demonstrates a high degree of variability in
methodology and dosages. However, this
variation suggests that hyaluronidase can be
used safely and successfully.

Given the value of hyaluronidase use in
ophthalmology, it is important to note that
the source of hyaluronidase merits careful
consideration. Animal-derived hyaluroni-
dase preparations (specifically compounded
formulations) can be associated with hyper-
sensitivity reactions or toxicities, in addition
to being characterized by significantly lower
purity and potency, than human recombinant
hyaluronidase. Of notable concern with
compounded animal-derived hyaluronidase
is the potential lack of information regard-
ing impurities and the unknown compliance
with quality-assurance measures.

rHuPH20 was shown to be highly pure
and highly potent (approximately 140- to
200-fold increase compared with compound-
ed animal-derived hyaluronidase; approxi-
mately 5.6-fold increase compared with
manufactured animal-derived hyaluroni-
dase). It has demonstrated a favorable safety
profile and is associated with no reports of
serious hypersensitivity reactions. Although
animal-derived hyaluronidase products
have been used in ophthalmology for nearly
60 years, the improved safety, purity, and
consistency of human-derived rHuPH20
deserves consideration for its routine use in
local anesthetic blocks.
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