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Abstract

Background: The prevalence of knee osteoarthritis (OA)/degenerative joint disease (DJD) is increasing in the USA.
Systematic reviews of treatment efficacy and adverse events (AEs) of hyaluronic acid (HA) injections report
conflicting evidence about the balance of benefits and harms. We review evidence on efficacy and AEs of
intraarticular viscosupplementation with HA in older individuals with knee osteoarthritis and account for differences
in these conclusions from another systematic review.

Methods: We searched PubMed and eight other databases and gray literature sources from 1990 to December 12,
2014. Double-blind placebo-controlled randomized controlled trials (RCTs) reporting functional outcomes or quality-
of-life; RCTs and observational studies on delay/avoidance of arthroplasty; RCTs, case reports, and large cohort
studies and case series assessing safety; and systematic reviews reporting on knee pain were considered for
inclusion.

A standardized, pre-defined protocol was applied by two independent reviewers to screen titles and abstracts,
review full text, and extract details on study design, interventions, outcomes, and quality. We compared our results
with those of a prior systematic review and found them to be discrepant; our analysis of why this discrepancy
occurred is the focus of this manuscript.

Results: Eighteen RCTs reported functional outcomes: pooled analysis of ten placebo-controlled, blinded trials
showed a standardized mean difference of —0.23 (95 % confidence interval (Cl) —0.45 to —0.01) favoring HA at

6 months. Studies reported few serious adverse events (SAEs) and no significant differences in non-serious adverse
events (NSAEs) (relative risk (RR) [95 % CI] 1.03 [0.93-1.15] or SAEs (RR [95 % CI] 1.39 [0.78-2.47]). A recent prior
systematic review reported similar functional outcomes, but significant SAE risk. Differences in SAE inclusion and
synthesis accounted for the disparate conclusions.

Conclusions: Trials show a small but significant effect of HA on function on which recent systematic reviews agree,
but lack of AE synthesis standardization leads to opposite conclusions about the balance of benefits and harms. A
limitation of the re-analysis of the prior systematic review is that it required imputation of missing data.
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Background

Prevalence of osteoarthritis of the knee is increasing
rapidly in the USA due to shifting population demograph-
ics: primary risk factors include aging, obesity, prior injury,
repetitive use, [1], and female gender [2]. The Centers for
Disease Control estimate that prevalence of symptomatic
knee osteoarthritis may reach 50 % by age 85 [3]. The
increase in obesity has translated into not only increasing
knee osteoarthritis incidence but also younger age of
onset; as a result, by the time individuals reach Medicare
eligibility, the length of time they have had the condition
has grown, their cases are more advanced [4], and the like-
lihood of needing surgery has increased.

Traditional treatment options for knee osteoarthritis
include both pharmaceutical (analgesics and anti-
inflammatory agents) and lifestyle options (physical
therapy, exercise, weight loss), as well as surgery (partial or
total arthroplasty) for advanced cases. More recent therap-
ies include intraarticular viscosupplementation, which
involves local injections of joint lubricant hyaluronic acid
(HA) [5].

Recommendations for using HA for knee osteoarthritis
have been mixed. In the 2012 update to their 2000
guidelines for the treatment of osteoarthritis of the knee,
hip, and hand, the American College of Rheumatology
conditionally recommended HA injections for patients
who had an inadequate response to initial therapy [5].
The 2013 American Academy of Orthopedic Surgeons
guidelines for the treatment of knee osteoarthritis rec-
ommend against the use of HA to treat patients with
symptomatic conditions [6].

Systematic reviews have an important role in estab-
lishing evidence-based clinical guidelines. Much work
has been done on improving the methods of systematic
reviews for medical treatments, and this work has largely
standardized the synthesis of benefits. Clinical and out-
comes researchers have created standardized scales and
tools to elicit and quantify mean statistical differences.
However, clinical guidelines consider the balance of bene-
fits and harms. The elicitation, appraisal, and reporting of
harms are far less standardized than for benefits. This lack
of standardization can sometimes influence clinical recom-
mendations either for or away from potential treatments.

We report here a comparison of the results of two sys-
tematic reviews assessing efficacy and adverse events on
the use of HA of patients with knee osteoarthritis. Our
starting point is our systematic review and meta-analysis
on the use of HA in patients 65 and older commissioned
by the U.S. Center for Medicare and Medicaid Services.
In the course of comparing our results to a previous
systematic review on the same topic, we identified a situ-
ation in which differences in how adverse events (AEs)
are synthesized have resulted in differences in estimates
of the risk of harms, which in turn result in completely
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different conclusions regarding the balance of benefits
and harms for the use of HA, in spite of reporting simi-
lar results on effectiveness for functional outcomes. In
this paper, we briefly describe the methods and results of
our commissioned review (full details are available in
our Evidence Report [7]), and then focus on the methods
and results of a comparison between the AE results from
the two reviews.

Methods

This systematic review was conducted under contract
for the Agency for Healthcare Research and Quality
(AHRQ) through its Evidence-based Practice Center
(EPC) Program. As the Centers for Medicare and Me-
dicaid Services (CMS) was the partner for this review
and the vast majority of Medicare beneficiaries are over
65, the key questions focused on the functional efficacy
and safety of intraarticular HA injections for knee osteo-
arthritis in persons aged 65 years and older. Although the
study was not originally registered with PROSPERO, this
study followed a pre-defined, standardized protocol
approved by the Centers for Medicare and Medicaid
Services (CMS) that was posted for public comment. The
full report [7] is available at http://www.ncbi.nlm.nih.gov/
books/NBK343555/. The PRISMA checklist for this
manuscript is available as an additional file.

As part of the interpretation of our findings, we
compared our results with those of prior systematic
reviews. Discrepancies in the analysis of AEs in RCTs
in our review and the analysis of RCTs in Rutjes and
colleagues’ review [8] caused us to perform a more
detailed analysis of serious adverse events (SAEs) reported
in the trials included in both reviews. Our investigation
into the causes of such discrepant results is the focus of
this manuscript.

Search strategy and inclusion criteria

The full description of our search strategy is included in
our Evidence Report [7]. Briefly, we searched PubMed,
EMBASE, Web of Science, Scopus, the Cochrane data-
base, www.clinicaltrials.gov, the Canadian Agency for
Drugs and Technologies in Health database, the Food and
Drug Administration Premarket Approval database, the
New York Academy of Medicine Grey Literature Report,
and unpublished documents provided by manufacturers
from January 1, 1990, to December 12, 2014. Search
strings included a term for the treatment (hyaluronic acid,
hyaluronate, hyaluronan, hylan, viscosupplementation, or
similar), a term for the disease state (osteoarthritis, arth-
ritis, gonarthrosis, degenerative joint disease), and a term
for the site (knee). See Additional file 1: Table S1 for the
full search strategy. Non-English language studies and
conference abstracts were excluded, although non-USA
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studies were included if the product evaluated was analo-
gous to a product available in the USA.

We included randomized controlled trials (RCTs) for
functional and quality-of-life efficacy outcomes. We
included RCTs and cohort studies for total knee replace-
ment (TKR) efficacy outcomes. Recent comprehensive
systematic reviews that reported pain outcomes were
also included. RCTs, cohort studies, case series, and case
studies were included for AE outcomes, although only
RCTs contributed to the pooled estimates.

Screening and data abstraction

Titles and abstracts were independently screened by
two reviewers. Data were dually and independently
abstracted with disagreements resolved by group discus-
sion. Abstracted data included both study-level data
(population demographics, health status, and intervention
protocols) and efficacy outcomes of interest. We also
abstracted information on AEs.

Quality assessments
Study quality was assessed using questions adapted
from the Cochrane Risk of Bias Assessment Tool [9]
and EPC Methods Handbook [10]. The quality of RCTs
included in the AE assessment was evaluated using the
McHarms tool [11].

Efficacy and adverse event analyses

Efficacy analyses were conducted with Stata statistical
software, version 12.0 (Stata Corp., College Station, TX).
Pooling of adverse events was conducted with StatXact
PROCS, version 10 (Cytel, Cambridge, MA).

Efficacy analysis

We conducted meta-analysis of the efficacy outcomes of
interest in cases where there were three or more suffi-
ciently homogeneous studies and estimated a pooled
random-effects estimate of the overall effect size [12].
We compared these effect sizes to recent estimates of
minimum clinically important difference (MCID) for
knee osteoarthritis.

Adverse event analysis

We classified each reported adverse event on two dimen-
sions: severity (either serious [‘SAE”] or not serious
[“NSAE”]) and locality (local to the injected joint, local but
not to the injected joint, or non-local [“other”]). Classifica-
tions were determined by board-certified clinicians on the
research team, a rheumatologist (J.D.F.) and an internist
(P.G.S.). Adverse events were pooled by severity and local-
ity. Pooling of adverse events was conducted using exact
methods; events with zeros in one group were included in
the analysis while events with zeros in both groups were
excluded [13].
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Sensitivity analysis

As part of the interpretation of our findings, we com-
pared our results with those of prior systematic reviews,
including a review by Rutjes and colleagues [8], which
was the most recent prior review of high quality (quality
score assessed by AMSTAR [14]: 9 out of 11) available
at the time. While both reviews had concordant efficacy
results, our study and their study resulted in different
conclusions on the risk of SAEs. We hypothesized that
such differences in conclusions could arise from three
sources: differences in included studies; differences in
AEs included in the studies; and differences in how AEs
were classified and synthesized. We investigated each
potential source.

Differences in included serious adverse event studies

We retrieved all studies included in the systematic review
by Rutjes and colleagues [8] and compared inclusion
criteria and studies included to those of our review. For
each study reported in the pooled SAE analysis in the sys-
tematic review by Rutjes and colleagues [8], we replicated
their pooled analysis to conduct a sensitivity analysis.
Because three of the studies included in their meta-
analysis were considered proprietary and specific data
were withheld from publication, we used the known sam-
ple sizes for these three studies and trial-and-error to
replicate their pooled result to determine the number of
SAEs in these studies. We used this replication to deter-
mine how sensitive their conclusions were to inclusion
and exclusion of individual studies.

Differences in reported adverse events

We compiled all NSAEs and SAEs reported in our
review and in the review by Rutjes and colleagues [8].
As in our own review, we classified AEs reported by
Rutjes and colleagues as serious or non-serious, and
then further by whether the AE was local to the knee
joint, local to somewhere other than the knee joint, or
a non-local AE. Rutjes and colleagues reported results
for one NSAE (flare) and then used the original study
authors’” assessment of AEs as serious or non-serious
for their determination of SAEs. We then compared
the types of NSAEs and SAEs reported in our review
to the NSAEs and SAEs in the review by Rutjes and
colleagues [8].

Differences in synthesis of adverse events

We compared how Rutjes and colleagues [8] synthesized
the evidence on AEs to our methods for synthesizing
AEs. We then conducted sensitivity analyses to assess
the degree to which modifications to these classifications
influence the pooled results.
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Strength of evidence

We assessed the strength of evidence for each outcome
using criteria from the Effective Health Care Program
[15], which are similar to those used by the Grades of
Recommendation Assessment, Development and Evalu-
ation (GRADE) Working Group [16] and include assess-
ments of the study limitations, directness, consistency,
precision, and likelihood of reporting bias of the evidence.

Role of the funding source

The original Evidence Report was funded by AHRQ [7].
No additional funding was obtained for the AE sensitiv-
ity analysis work. The results and conclusions are those
of the authors, who are solely responsible for deciding to
submit this manuscript for publication.
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Results

Literature flow and efficacy results

Of the 2528 articles screened, 512 were selected for review
of the full text, and 63 articles met inclusion criteria for
our analyses (Fig. 1). Study-level data can be found in the
evidence tables (Additional file 2: Table S2).

Functional efficacy analysis

The full details of the efficacy analyses are included in our
Evidence Report [7]. In brief, 18 randomized trials
reported on the effects of HA compared to sham-injected
placebo control, another HA, or some other active treat-
ment on function, as measured by the Western Ontario-
McMaster Universities Arthritis Index (WOMAC
[17]), the Lequesne Index [18], the Knee Injury and
Osteoarthritis Outcomes Score (KOOS [19]), or Activities

Titles identified from
Grey Literature
searches

N=48

Titles identified from
RAND library searches
(December 12, 2014)

N=2,461

Titles suggested by Titles from Reference
CMS Mining and SIPs
N=9 N=10

{

| ——

Total number of abstracts identified for dual review
N=2,528

Abstracts Rejected
N=2,016
Not human: N=405

Not knee OA/DJD: N=324

Not HA injection: N=417

No outcomes of interest: N=170
Study design: N=407
Population not of interest: N=30
Language not in English: N=258
Articles not found: N=3
Duplicate data: N=2

\ 4

Total articles identified for full text review
N=512

Relevant studies

Full text Rejected
N=366
Not English: N=8

N=83
Systematic reviews: N=2
Background: N=81

y

P Study design: N=124

Participants: N=10

Interventions not of interest: N=7

Outcomes not of interest: N=103

Mean age less than 65 years: N=78

AEs where sample size was less than 500: N=29
Duplicate data: N=7

Total articles included for detailed abstraction

following outcomes:
ADLS/IADLs, QOL,
Arthroplasty, or AEs

Included in Analysis

N=25

N=63
RCTs, 65 and older who had Case Series and Cohorts Case Reports reporting
placebo, sham, or active reporting Arthroplasty or AEs
controls with one of the AEs

Included in Analysis

N=20

Included in Analysis

N=18

Fig. 1 Flow diagram of included articles our systematic review. Of a total of 2528 potential articles, 63 were analyzed in the full report [7]
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of Daily Living, among patients whose average age was 65
or older. Details of included studies and their risk of bias
assessment are included in Additional files 2 and 3. Pooled
analysis of ten sham-injection, placebo-controlled, assessor-
blinded trials showed a standardized mean difference of
-0.23 (95 % CI —0.45 to -0.01) (Fig. 2), which significantly
favored HA at 6 months follow-up [20-29]. Although our
review found that functional outcomes were improved by
intraarticular HA injection, the durability of this effect
could not be assessed beyond 6 months. We judged the
strength of evidence for the function outcome as low
because the trials tended to be small, they had moder-
ate risk of bias (often failing to report adequate
methods for recruitment or concealment of allocation)
(Additional file 3: Table S3), function was usually not a
primary outcome, and results were inconsistent.

Our functional effect size of -0.23 (95 % CI -0.45
to -0.01) is similar to previously reported effect sizes.
Rutjes and colleagues report an effect size of -0.33
(95 % CI -0.43 to -0.22) [8], while Bannuru and col-
leagues report -0.30 (95 % CI -0.40 to -0.20) [30].
Our effect size for function did not exceed the mini-
mum clinically important difference (MCID) of -0.37
applied in the review by Rutjes and colleagues [8] but did
exceed the minimum clinically important improvement
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(MCII) of -0.12 derived by Tubach and colleagues [31], as
well as the MCII of -0.20 used by Bannuru and
colleagues [30].

Other efficacy analyses

Quality-of-life outcomes assessed in three RCTs (one
placebo-controlled [26] and two head-to-head trials
[32, 33]) found no statistically significant differences
between groups. Three RCTs [22, 29, 34] and 13 observa-
tional studies (reported in 16 articles [35—-50]) reported on
TKR, but evidence on delay or avoidance of TKR was
insufficient to draw conclusions. Two large, good quality
systematic reviews with meta-analyses for pain outcomes
showed a significant and clinically important effect among
adults of all ages [8, 51].

Adverse event analysis

Twenty-four trials reported data on AEs [20-29, 32, 33,
52-63]. Thirteen trials compared HA to placebo, seven
compared HA to an active comparator, and four trials
reported data on both comparison types, but only the
placebo comparisons [20-29, 33, 53, 54, 56, 60, 62, 63]
had enough trials within AE categories to pool. There
were few SAEs. We found no significant risk of NSAEs
or SAEs compared to placebo overall as well as local,

Author, Year HA Weight (kDa) SMD [95% Cl]

Dougados, 1993 Hyalgan 500-730 l—.—~| -0.36[-0.77, 0.04]

Huskisson, 1999 Hyalgan 500-730 |—-—| -010[-0.54, 0.33]

Brandt, 2001 Orthovisc 1000-2900 —— -0.32[-0.66, 0.02]

Karlsson, 2002 Artzal 1000 0—.—1 0.18[-0.17, 0.52]

Petrella, 2002 Suplasyn 500-730 |—-——| -0.23[-0.77, 0.31]

Pham, 2004 NRD101 1900 l—l.-—c -0.07[-0.34, 0.21]

Blanco, 2008 Adant 900 —_— -1.08[ -1.73,-0.43 ]

Lundsgaard, 2008 Hyalgan 500-730 |—.—| 0.04[-0.27, 0.34]

Huang, 2011 Hyalgan 500-730 —— -0.42[-0.70,-0.13]

DeCaria, 2012 Hyaluronic Acid 730 |———| -0.59[-1.32, 0.14]

RE Model .. -0.23[-0.45,-0.01]

|-squared= 54.2% :

f T T T 1
-2.00 -1.00 0.00 1.00 2.00
Favors HA  Favors Placebo

Fig. 2 Forest plot for functional efficacy meta-analysis. The effect of hyaluronic acid (HA) injections in knee osteoarthritis on function (as measured by
Western Ontario and McMaster Universities Osteoarthritis Index [WOMAC], Lequesne, or Knee Injury and Osteoarthritis Outcomes Score [KOOS] scales)
at 26 weeks* follow-up is small but statistically significant. Studies are arranged chronologically. *Follow-up time was 26 weeks for all studies except for
Petrella et al. 2002 (4 weeks), Dougados et al. 1993 (52 weeks), and Pham et al. 2004 (52 weeks). kDa kilo-Daltons. SMD standardized mean difference
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joint, and other NSAEs or SAEs in a stratified analysis
(Table 1). However, the 95 % confidence intervals were
wide; a clinically important effect could not be ex-
cluded. Study quality was assessed using the McHarms
tool [11], which is described in depth in the Evidence
Report) [7]. We judged the strength of evidence as Mod-
erate and Low that there is no significantly increased risk
between HA and placebo in the rate of NSAEs and SAEs,
respectively.

Sensitivity analysis

While neither our study nor the study by Rutjes and
colleagues found a significantly increased risk of NSAEs,
the two studies reached different conclusions about the
risk of SAEs. Our review concluded that the use of HA in-
jections showed no evidence of a statistically significant
increase in local, joint, or other SAEs: 1.39 (95 % CI 0.78—
247) (Table 2). Rutjes and colleagues [8] did report a
statistically significant relative risk of SAEs: 1.41 (95 % CI
1.02-1.97) for all studies and 1.55 (95 % CI 1.07-2.24) for
a subgroup of only “large, blinded studies” (Table 2). This
result was instrumental in their conclusion that, “In
patients with knee osteoarthritis, viscosupplementation is
associated with a small and clinically irrelevant benefit
and an increased risk for serious adverse events.”

Differences in included adverse event studies

Our review and the review by Rutjes and colleagues
included only two of the same studies in the analyses
of SAEs (Additional file 4: Table S4) [23, 24]. At
least some, but not all, of this difference is attribut-
able to different study inclusion criteria. While both SAE
analyses considered only randomized, placebo-controlled
studies, we applied somewhat stricter criteria to the allow-
able study designs (e.g., excluding studies where a patient’s

Table 1 Adverse event analysis
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contralateral knee served as “control”). Although in our full
report we summarize AEs garnered from case reports and
large observational studies [7], results from studies with
these designs were not pooled and are not discussed here.
However, the most important difference in inclusion cri-
teria between these two reviews was that our review was
restricted to studies where the average age was 65 or older,
to match the population of interest for CMS. Studies
considered for inclusion in the analysis by Rutjes and
colleagues were not restricted by age.

We then attempted to re-evaluate the sensitivity of
Rutjes’ results to the inclusion and exclusion of indi-
vidual studies. We were able to calculate a close ap-
proximation of their pooled results by imputing data
for the three studies with missing proprietary data.
Our approximation of their results was 1.42 (95 % CI
1.01-1.99) (compared to their result of 1.41 [95 % CI
1.02-1.97]) and 1.54 (95 % CI 1.05-2.28) for “large,
blinded trials” (compared to their result of 1.55 [95 %
CI 1.07-2.24]). Using these imputed results, we deter-
mined that the pooled results are sensitive to the inclusion
or exclusion of a single study by Jubb and colleagues
[64]—it has a weight in the pooled analysis of 31 %. This
study is an outlier compared to the other studies with
respect to the rate of SAEs reported, with most studies
reporting SAE rates of 2—-3 %, while Jubb and colleagues
report a rate three times higher (7 %). We note that
excluding this study from the analysis removes the signifi-
cance of the finding by Rutjes and colleagues, yielding
relative risks of 1.26 (95 % CI 0.83—1.90) for all studies
and 1.37 (95 % CI 0.83-2.26) in “large, blinded studies”
(Table 2), results similar to our pooled SAE results. The
sensitivity of the result by Rutjes and colleagues to a single
outlier study prompted us to investigate what the SAEs in
this study actually were.

AE category Number of Number of Sample size, Number of events, Sample size, Relative risk 95 % confidence
studies events, HA group HA group placebo group placebo group interval

All serious AEs 8 27 1056 16 1017 1.39 (0.78, 2.47)

(combined joint and other?)

Serious AEs, joint (e.g., synovitis) 5 10 442 8 447 1.25 (0.53,2.94)

Serious AEs, other 6 17 614 8 570 1.52 (0.70, 3.26)

(e.g., herpes zoster)

All non-serious AEs (combined 10 415 1645 375 1564 1.03 (0.93, 1.15)

joint, local non-joint, and other)

Non-serious AEs, joint (e.g., pain) 7 121 559 97 518 1.15 (091, 143)

Non-serious AEs, local non-joint 6 98 492 79 493 1.26 (0.99, 1.60)

(e.g., erythema)

Non-serious AEs, other 6 196 594 199 553 0.89 (0.78, 1.03)

(e.g., headache)

Our review finds no significant risk of adverse events (NSAEs) or serious adverse events (SAEs) associated with hyaluronic acid (HA) injections in knee
osteoarthritis (confidence intervals cross 1; italicized rows). Subgroup analysis by AE category (joint, other, local non-joint?) also found no significant risk of NSAEs

or SAEs (confidence intervals cross 1; plain text rows)
“No studies reported local non-joint SAEs
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Table 2 Sensitivity analysis of the risk of serious adverse events
associated with hyaluronic acid for osteoarthritis of the knee

Relative risk (RR)  RR (95 % Cl) excluding
(95 % confidence outlier study by
interval (Cl)) Jubb et al. [64]

1.39 (0.78-247) -

Pooled SAE results in
our review

Original pooled SAE
results in Rutjes et al. [8]

- All studies 141 (1.02-197) -

- Sample restricted to 155 (1.07-2.24) -

“large, blinded trials”

Our approximated pooled
SAE results (data imputed for
studies in Rutjes et al. [8]
with proprietary data)

- All studies 142 (1.01-1.99)

1.54 (1.05-2.28)

1.26 (0.83-1.90)

- Sample restricted to 1.37 (0.83-2.26)

“large, blinded trials”

Approximated pooled SAE
results including omitted
SAEs (two cases of
myocardial infarction

[54, 75], four cases of
severe knee swelling [54],
one case of cerebral
hemorrhage [26], and one

case of breast cancer [75])
- All studies 137 (0.98-1.91)

1.50 (1.03-2.19)

1.21 (0.82-1.80)

- Sample restricted to 132 (0.82-2.13)

“large, blinded trials”

Approximated pooled SAE
results excluding four cancer

cases [73]
- All studies 1.36 (0.97-1.89)

148 (1.02-2.16)

1.20 (0.81-1.77)

- Sample restricted to 1.30 (0.81-2.09)

“large, blinded trials”

Approximated pooled SAE
results including omitted
non-cancer SAEs (two cases
of myocardial infarction

[54, 75], four cases of severe
knee swelling [54], one case
of cerebral hemorrhage [26])
and excluding four cancer

cases [73]
- All studies 1.37 (0.98-1.91)

1.50 (1.03-2.18)

1.21 (0.81-1.80)

- Sample restricted to 132 (0.82-2.12)

“large, blinded trials”

This table compares the SAE results in our review, the review by Rutjes et al.
[8], our approximation of their results, and the sensitivity of those
approximated results to the inclusions and exclusion of individual AEs and the
outlier study by Jubb et al. [64]

Differences in reported adverse events

Jubb and colleagues report that they questioned patients
about AEs, which is known to increase the rates at which
AEs are reported [65, 66]; however, they did not report
what the 14 SAEs in the placebo group and the 27 in the
treatment group were (except for one death in the
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treatment group), only that they were “serious”. In addition,
they declare that “all serious AEs were considered by the
investigators to be the result of primary concomitant dis-
ease and not to be drug-related.” Since we could not further
analyze this claim, we investigated the SAEs reported in the
other studies analyzed by Rutjes and colleagues.

Of the 14 studies analyzed by Rutjes and colleagues,
only three included what constituted an SAE for each
treatment group (Additional file 5: Table S5) [23, 24, 67].
An additional three were the sources of the previously
mentioned unreported proprietary data; four presented
SAEs without additional specification of what qualified
as an SAE [64, 68-70]; two presented what they included
as SAEs in aggregate but not by treatment group [71, 72];
one reported a mix of specific and nonspecific SAEs [73];
and for one, we were unable to find the original article
because the journal is out of print and the authors did not
respond to our queries [74].

We then compiled a list of NSAEs and SAEs reported
in each review, using that review’s classification scheme
(Additional file 6: Table S6). This table identifies differ-
ences between the reviews in how AEs were categorized
and grouped for analysis, especially which AEs were
considered serious or non-serious. For example, “joint
sprain” was considered an SAE in the review by Rutjes
and colleagues whereas it was considered an NSAE in
our review; “cancer” was considered an SAE by Rutjes
and colleagues whereas it was not considered an AE of
any kind in our review.

Differences in synthesis of adverse events

A fundamental difference in the two methods for consider-
ing AEs was the use of clinical judgment by the systematic
review team. We used clinical judgment of experts on our
team to decide whether an AE was serious or non-serious
or even an AE at all (e.g,, cancer), while Rutjes and col-
leagues adopted the designation of serious or non-serious
used by the clinical judgment of the original study authors
and considered anything listed as an AE as possibly caus-
ally related, even if the study investigators considered the
SAE unrelated to the treatment (which was the case for all
SAEs in 9 of 10 studies available). The adoption of the
study authors’ designation of seriousness results in the
omission of AEs from the Rutjes and colleagues SAE pool-
ing that seem qualitatively similar to SAEs they do count.
Instances of cases where AEs were excluded because the
author did not designate it as serious includes deaths from
myocardial infarction in both intervention [54] and control
[75] patients, four cases of “severe” knee swelling [54], one
case of cerebral hemorrhage in the control group [26], and
one case of breast cancer in the control group [75]. This
adoption of the author’s designation of seriousness also
results in the inclusion of four cancers as relevant SAEs in
the course of a 13-week study [73].
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To estimate the sensitivity of these decisions, we re-
moved these four cancer cases from the meta-analysis
while retaining all other SAEs; doing so makes the pooled
estimate no longer statistically significant (1.36 [95 % CI
0.97-1.89]) (Table 2). Redoing the analysis including the
above qualitatively similar AEs that were omitted (two
cases of myocardial infarction, four cases of severe knee
swelling, and one case of breast cancer) because study au-
thors did not designate them as serious yields a pooled
relative risk of 1.37 (95 % CI 0.98—1.91) for all studies and
150 (95 % CI 1.03-2.19) for “large, blinded studies”
(Table 2). Results that exclude the cancers but include the
non-cancer omitted AEs yield a pooled relative risk of
1.37 (95 % CI 0.98-1.91) for all studies and 1.50 (95 % CI
1.03-2.18) for “large, blinded studies,” even when the
study by Jubb and colleagues is retained (Table 2). If we
consider this study as an outlier (as noted above, it does
not present detail about what is considered an SAE and
reports extremely high SAEs compared to other studies)
and remove it from the analysis, no pooled results are
statistically significant.

Discussion

Our principal finding is that lack of agreed-upon stan-
dards for AE reporting and synthesis resulted in two ra-
tionally conducted, peer-reviewed meta-analyses that
agree on the benefits of an intervention but disagree on
the risk of harms, ultimately leading to completely op-
posite conclusions about the balance of benefits and
harms. Our systematic review found that HA injections
for knee osteoarthritis provide a small, statistically sig-
nificant benefit to patients with respect to function, but
the clinical significance of this average effect depends on
the threshold used. This is broadly consistent with the
analysis by Rutjes and colleagues. However, our meta-
analysis and that of Rutjes and colleagues differed in
their conclusions about the risk of SAEs; this difference
is primarily attributable to differences in the way the two
reviews considered the AEs trial authors reported, and
how they were pooled. Our review abstracted all AEs
and then used clinical judgment to categorize them as
serious or non-serious, rejected some AEs as physiolo-
gically implausible (e.g., cancer diagnosis during a 13-
week clinical trial), but we permitted others (e.g., myo-
cardial infarction, intestinal obstruction, gastrointestinal
bleeding) where causal plausibility was low, but not
physiologically or temporally impossible. Rutjes and col-
leagues considered any AE designated “serious” by the
original authors to be an SAE.

Both strategies have strengths and weaknesses. Cer-
tainly, examples of AEs acting through unexpected path-
ways that are first identified as causal by aggregating
clinical trial results exist; disregarding AEs as implausible
risks missing these signals. In general, our approach agreed
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with this. However, when the known biology of a condition
precludes a causal pathway, the clinical face validity of this
review would be compromised if we included a cancer
diagnosis as a causally related AE of HA. Accepting the
original study authors’ designation of seriousness also
results in inconsistency regarding what counts as an SAE
between studies (e.g., inconsistent designation of myocar-
dial infarction and cancer as SAEs), which is then carried
over into pooled analyses.

A second difference between the two reviews was in
the conduct of sensitivity analyses. Our approximation
of the SAE analysis by Rutjes and colleagues found that
their statistically significant pooled result is sensitive
to the inclusion of a single study [64], which carries
nearly a third of the weight in the analysis. Although
this study was judged as moderate quality on the
McHarms tool, it provided few details and reported
conspicuously high rates of SAEs compared to other
studies. Furthermore, the authors of that study con-
cluded that SAEs reported were attributable to
concomitant disease. Combined, this suggests that it is
premature to conclude that HA “is associated with an
increased risk for serious adverse events.” However, we
cannot rule out the possibility of an increased risk of
SAE from HA, as the number of studies that have
assessed AEs relative to the total number of studies is
small and they have lacked methodological rigor. This
is a common problem with AE assessments in RCTs
and our 95 % Cls for AEs were wide. We also could
not conclude there is evidence of a significantly in-
creased risk of SAEs in this treatment. Whether or not
the risk of SAEs is significant is critical to clinical
decision-making about HA. Since systematic reviews
agree HA has a clinically modest benefit on average, if
a review concludes there is evidence of a statistically
significantly increased risk of SAEs, harms may out-
weigh benefits and HA should not be offered (as Rutjes
and colleagues conclude). But if a review concludes
there is no such evidence, then benefits may outweigh
harms and HA may be offered (as we conclude).

This study had several limitations. In our CMS-
supported review, we did not attempt to review stud-
ies of populations with average age below 65, since
our study protocol was aimed at producing evidence
for the Medicare population. We did not include
non-English studies or conference abstracts. Our sen-
sitivity analyses relied on an approximate replication
of the meta-analysis by Rutjes and colleagues, though
our approximation is very close to their results.
Lastly, our searches ended in 2014, although updating
the searches would not impact on the comparison of
SAE results between our 2015 review and other
contemporaneous reviews, which is the main subject
of this paper.
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Conclusions

We have identified a situation in which the lack of
standardization for AE reporting and synthesis leads
to in totally different conclusions about whether the
risk of SAEs for a common treatment outweighs its
likely benefits. We are not the first to observe the need to
standardize the elicitation, reporting, and evaluation of
harms in the assessment of medical treatments [76]. A
step in the right direction may be the ACTTION (Anal-
gesic, Anesthetic, and Addiction Clinical Trial Transla-
tions, Innovations, Opportunities, and Networks) AE
checKklist to improve the accuracy and completeness of AE
data abstracted from reports of trials [77]. However, it is
not enough to improve harm elicitation and reporting; the
systematic review community also must standardize
approaches to AE analysis. Clinicians and policymakers
rely on systematic review experts to provide the best avail-
able evidence synthesis and they will rightly wonder how
they can rely on systematic reviews to evaluate the relative
benefits and harms of treatments when faced with situa-
tions like this. The systematic review community must
remedy the situation.
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