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Abstract: The increasing prevalence of painful knee osteoarthritis has created an additional
demand for pharmacologic management to prevent or delay surgical management.
Viscosupplementation, via intraarticular injection of hyaluronic acid (HA), aims to restore the
favorable milieu present in the nonarthritic joint. The safety profile of intraarticular HA injections
for painful knee osteoarthritis is well established, with the most common adverse effect being
a self-limited reaction at the injection site. Although acceptance of the early literature has been
limited by publication bias and poor study quality, more recent and rigorous meta-analysis
suggests that intraarticular HA injection is superior to placebo injection for pain relief and
matches, if not surpasses, the effect size of other nonoperative treatments, such as nonsteroidal
anti-inflammatory medication. Intraarticular HA injection is effective in providing temporary
pain relief in patients with painful knee osteoarthritis. Future investigations should focus on
optimizing the composition and administration of HA agents to provide prolonged relief of
painful osteoarthritis in the knee and other joints.
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Introduction

Osteoarthritis (OA) is a chronic, progressive disease which produces significant pain
and disability. A survey of causes for lost productivity in the United States workforce
identified arthritis as a major cause of lost work time, second only to back pain, and
the primary cause of reduced performance at work.! Advanced age and obesity are
major risk factors for the development of OA, and with current population trends dem-
onstrating significant increases in both, the prevalence of OA is expected to increase
substantially in the coming years. Recent projections suggest that, by 2030, 67 million
Americans, approximately 25% of the adult population, will be affected by OA.> While
OA remains a disease affecting the elderly, with over half of cases occurring in those
more than 65 years old, it is estimated that working-age adults (ages 45—64 years) will
represent one-third of cases in the coming years.’

While prosthetic total-knee replacement can effectively treat arthritis-mediated
pain, nonoperative treatment modalities can serve to delay the need for surgical inter-
vention or manage patient symptoms among those who are not ideal surgical candidates.
Nonoperative measures include lifestyle modifications, physical therapy, nonsteroidal
anti-inflammatory drugs (NSAIDs), other local or systemic analgesic agents, intraar-
ticular corticosteroid injections, and viscosupplementation with hyaluronic acid (HA).
Intraarticular injection of HA is an increasingly popular therapy for knee OA and is
supported by a growing body of literature.> This article reviews the current literature
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pertaining to viscosupplementation, with specific focus on the
biology, safety, efficacy, and patient-acceptability profile.

Biology

Viscosupplementation involves intraarticular injection of
HA, the viscoelastic mucopolysaccharide component of
synovial fluid, after aspiration of any existing joint effusion.
HA, also referred to as hyaluronate or hyaluronan, is a
high-molecular weight glycosaminoglycan that consists
of a repeating sequence of disaccharide units composed of
N-acetyl glucosamine and glucuronic acid.>¢ It is produced
by type B synoviocytes and synovial fibroblasts and is
secreted into the joint, where it serves as a lubricant, shock
absorber, extracellular matrix scaffold, and chondroprotec-
tive milieu, to facilitate chondrocyte nutrition and to curb
inflammation.*”

Compared with the healthy adult knee, the osteoarthritic
knee is characterized by reductions in both the concentration
and molecular weight of HA as a result of synovial fluid
dilution with effusion, abnormal synoviocyte production, and
molecular fragmentation.>*® Increased levels of proinflamma-
tory cytokines, free radicals, and proteinases alter HA synthe-
sis and reduce the viscoelastic properties of synovial fluid in
the arthritic knee.* Furthermore, enzymatic cleavage of ultra-
high molecular weight HA molecules into lower-weight HA
has been noted to induce proinflammatory pathways, which
may accelerate the progression of disease.*>*!* Increased
levels of excitatory amino acid neurotransmitters glutamate
and aspartate have been implicated in the pathogenesis of early
OA in a rat model.!! Interestingly, Jean et al'> demonstrated
a decrease in glutamate and aspartate levels in their anterior
cruciate ligament (ACL)-transected rat model after intraar-
ticular injection of hyaluronic acid. More recently, Tsai et al'?
noted slowing of osteoarthritic progression after intraarticular
HA in this animal model, with better cartilage and synovium
condition seen in combination with decreased glutamate
levels, compared with saline-injected controls. Thus, vis-
cosupplementation aims to restore the favorable milieu
created by high-molecular weight HA. Though the exact
mechanism of action is not known, HA injection is thought
to exert its effect both through direct mechanical protection
of the articular surface and through a number of metabolic
effects, including induction of endogenous HA production,
reduction in synovial inflammation, and possible promotion
of chondrocyte proliferation and differentiation.'!3

Pharmaceutical production of HA has been achieved
primarily by two methods: extraction and purification from
rooster combs; and purified biologic fermentation from

bacterial culture.>”® The former can be modified through
cross-linking, to increase the molecular weight of the product.
Differences in production techniques result in substantial
variation in molecular weight of the products, and the clinical
significance of this remains a source of continued debate.’
While some have reported no correlation between molecular
weight and efficacy,'® others have attributed greater effects
to HA preparations with higher molecular weight, based
on both clinical'” and in vitro data.'® The differences in
molecular weight of HA preparations have limited the ability
of meta-analyses to provide conclusive data regarding the
effectiveness of intraarticular HA because of the high amount
of study heterogeneity."”

Safety

The safety profile for intraarticular HA injections has been
well defined in a number of large level 1 studies, with a recent
Cochrane review demonstrating a favorable safety profile
(aside from local adverse events such as transient pain and
swelling at the injection site).? It is important to note that many,
if not nearly all, of the trials evaluating intraarticular HA are
funded by the pharmaceutical industry, which may introduce
bias into the analysis and interpretation of the results.

While no major systemic safety issues have been detected,®
the most common adverse reaction associated with visco-
supplementation is the occurrence of a local reaction at the
injection site. This reaction is typically mild and self-limited,
resolving within 1-3 days. Meta-analysis has suggested that
higher-molecular weight HA products are associated with a
greater frequency of local acute inflammatory flares.?* Among
the 89 trials included in a recent meta-analysis to assess the
benefits and risks of viscosupplementation, there were six trials
(811 patients total) that evaluated the risk of local flare reaction.
Compared with control groups, the risk of local flare reaction
with viscosupplementation was not significantly increased
(relative risk 1.51; confidence interval [CI] 0.84, 2.72).%!

Another type of inflammatory response, a severe acute
reaction called “pseudosepsis,” has been described, particularly
after repeat injection with certain HA products. Goldberg and
Coutts* define pseudosepsis by five classic clinical criteria:
(1) marked inflammation of the joint, typically with significant
effusion and pain, normally occurring within 24 to 72 hours
after injection; (2) occurring more often after exposure to more
than one injection; (3) sepsis or pseudogout are ruled out by
the absence of infectious agents and calcium pyrophosphate
crystals in the synovial fluid; (4) synovial fluid may include
high numbers of mononuclear cells (largely macrophages,
with occasional neutrophils, and an increased percentage
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of eosinophils) infiltrating from the surrounding membrane;
and (5) pseudosepsis is generally not self-limited and requires
clinical intervention, usually in the form of NSAIDs, or arth-
rocentesis and intraarticular steroid injection. While the exact
pathogenesis of pseudosepsis is not known, there is evidence to
suggest an immune-mediated etiology.? Early reports attributed
the occurrence of pseudosepsis specifically to cross-linked HA
derivatives. However, a recent case report described a pseu-
dosepsis-like reaction after a single injection with Curavisc®
(Curasan AG, Kleinostheim, Germany), a naturally-derived HA
compound produced through biologic fermentation.?

Efficacy

The ideal candidate for viscosupplementation has not yet
been clearly defined.’ The majority of clinical studies pub-
lished have predominantly included patients over the age of
60 years, with moderate to severe arthritis. However, a recent
meta-analysis found patients over the age of 65 with more
advanced radiographic disease at baseline, especially the
complete loss of joint space, to be less likely to respond to
viscosupplementation than the younger patient population
with more moderate disease.*

While the efficacy of viscosupplementation has been
well supported in the literature, the reader must view the
magnitude of effectiveness with some degree of skepticism
because of limitations presented by low trial quality and
publication bias.!** For example, the authors of a 2009

Favors
hyaluronic acid

0.8 ~

¢ All trials

07
06
05 4
04
0.3

Effect size

0.2

0.1 4

Cochrane review® reported that viscosupplementation is an
effective treatment for knee OA, with beneficial effects on
pain, function, and patient global assessment, especially
at the 5- to 13-week period. However, the report revealed
that the magnitude of clinical effect is product-dependent.
Nonetheless, few randomized, head-to-head trials exist,
making direct comparison of different HA products difficult.
The reader should also note that recommendations from
the Agency for Healthcare Research and Quality? and the
American Academy of Orthopaedic Surgeons® related to
the use of intraarticular HA for knee OA are inconclusive,
largely because poor study design and publication bias have
introduced uncertainty of the clinical results.

A recent meta-analysis of randomized trials provides
an updated pooled analysis of the effectiveness of intraar-
ticular HA, compared with placebo saline injections, to
relieve pain.?’” There were 7545 patients in the 54 eligible
trials included in the meta-analysis, and 16 (30%) of these
trials were deemed “high quality” (at least 100 randomized
participants and reporting of intention-to-treat analysis,
adequate blinding, and allocation concealment). Sensitivity
analyses for molecular weight and origin of the HA agent
were included in the meta-regression in an attempt to account
for their potential influence on effectiveness. The effect size
(ES) for relief of joint pain favored HA over placebo by
4 weeks (ES 0.31; 95% CI: 0.17, 0.45), peaked at 8 weeks
(ES 0.46; CI: 0.28, 0.65), and declined over the remaining
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Figure | Effect size (with 95% confidence intervals) of intraarticular hyaluronic acid for relief of knee pain compared with intraarticular saline (placebo) injection.
Note: Reprinted from Osteoarthritis Cartilage, 19(6), Bannuru RR, Natov NS, Dasi UR, Schmid CH, McAlindon TE, Therapeutic trajectory following intra-articular hyaluronic acid
injection in knee osteoarthritis — meta-analysis, 61 1-619, copyright 201 I, with permission from Elsevier.”
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time (Figure 1). At 24 weeks, there was still a statistically
significant residual effect (ES 0.21; CI: 0.10, 0.31) of HA
compared with placebo. A similar trajectory of pain relief
over time was maintained when analyzing only the high-
quality trials. While its ES is relatively modest (particularly
after 24 weeks), HA compares very favorably against other
nonoperative treatments for knee OA?” and exceeds an estab-
lished clinical threshold for relief of chronic knee pain.?®
Separate analyses have shown no difference in pain relief
between intraarticular HA and intraarticular corticosteroids at
4 weeks, but greater effectiveness of HA from 5 to 13 weeks
after injection.>? In another recent meta-analysis of 89 trials,
Rutjes et al*' noted a modest ES for knee pain (ES —0.37;
CI: -0.46, —0.28), which met the pre-specified threshold for
minimally clinically important difference.

Patient acceptability

There is a relative paucity of data regarding patient prefer-
ences and the acceptability of a three-injection course of
intraarticular HA. Many of the conclusions regarding patient
acceptability can be derived from the aforementioned clini-
cal effectiveness in pain relief. With regards to the patient
experience of undergoing HA injection, patient satisfaction
was assessed at 12 weeks in a study of two HA preparations.
The overall satisfaction rate was high, with over 80% of all
patients being either “satisfied” or “very satisfied.”** More
recently, Briggs et al®! reported on pretreatment patient
expectations and posttreatment satisfaction. Relief of pain and
improved ability to walk were considered “very important”
by 69% and 78% of patients, respectively. Nearly all (95%)
patients considered avoidance of future degeneration very
important. Median patient satisfaction scores were 8/10 at 3
and 6 weeks and 7/10 at 12 weeks and 6 months.

In our experience, patients exhibit both anxiety and
excitement about using a relatively new treatment modality.
The physician should have a very careful discussion with
the patient to aid in the shared decision-making process,
reviewing the sequence of injections, potential for adverse
events (namely, local soft tissue reaction, pain flares, and
pseudosepsis), and the expected results from both the litera-
ture and the physician’s personal experience. Although the
use of intraarticular HA for knee OA has been demonstrated
to be cost effective,* the increased cost of HA (compared
with other pharmaceutical treatments, such as acetaminophen
and both selective and nonselective Cox-2 inhibitor anti-
inflammatories) needs to be considered and discussed with
the patient. Depending on the structure of the health care
system, at least part of this incremental cost may be conferred

to the patient. This should be clarified with the patient and/
or payer prior to initiation of the injection.

Future directions

The encouraging results seen with viscosupplementation in
knee OA have led to a number of recent studies assessing the
role of intraarticular HA injections for other arthritic joints.
While viscosupplementation is currently only approved by
the United States Food and Drug Administration (FDA) for
the treatment of painful knee OA, there is a growing body of
Level 1 evidence to support its role for other joints. Recently
published randomized controlled trials have demonstrated
efficacy of viscosupplementation in the shoulder,** ankle,3*3
and hip.** Evidence for viscosupplementation for trapezio-
metacarpal (basal joint) arthritis is conflicting. A pilot study
of 32 patients demonstrated improvement in pain and func-
tion at 26 weeks,*® yet a 60-patient, randomized, controlled
trial demonstrated no statistically significant difference from
results obtained with corticosteroid or placebo.’” The trials
involving the hip and ankle joints were relatively small, how-
ever, research is ongoing and larger trials can be expected in
the years to come.?® Both physicians and researchers should
be wary of the publication bias and occasional poor trial qual-
ity in the previously published literature when planning future
studies, as both may lead to an overestimation of the effective-
ness of intraarticular HA in providing pain relief.!*%

The chondroprotective and inductive properties that have
been attributed to HA injections remain an area of active
research. The role of HA supplementation in restoring a
favorable intraarticular milieu after arthroscopic procedures
has been an area of particular interest. Hempfling® noted
improved outcomes in pain relief and restoration of function
among patients who received HA injection following knee
arthroscopy. A number of recent clinical and animal studies
have focused on the potential role for viscosupplementa-
tion after a number of arthroscopic procedures, including
meniscal repair,***! ACL reconstruction,* and treatment of
osteochondral defects.**

With regards to the treatment of osteoarthritis, the
potential for disease-modifying therapy has been suggested
by several in vitro and in vivo studies.’ More than a simple
mechanical lubricant and shock-absorber, intraarticular HA
injection has been shown to alter the biology of the joint at
the molecular level, and a number of animal studies have
demonstrated evidence of reduced cartilage degeneration
and promotion of tissue repair with HA injection.®*-%¢
Furthermore, recent clinical studies suggest that HA injec-
tion may be associated with slowed progression of disease,’
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reparative structural changes,*® and induction of endogenous
HA production.”

Conclusion

As the prevalence of osteoarthritis is projected to increase
dramatically in the coming years, the importance of safe,
effective, and acceptable therapies is increasingly apparent.
Viscosupplementation with intraarticular HA has demon-
strated a favorable safety profile and clinical effectiveness
in relieving pain for a temporary period, with high levels of
overall patient satisfaction. Physicians must counsel patients
that while intraarticular HA is effective, its benefits are
temporary and that patients may eventually require further
treatment, including surgical management.
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