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Effect of Leukocyte Concentration
on the Efficacy of Platelet-Rich Plasma
in the Treatment of Knee Osteoarthritis

Jonathan C. Riboh,*" MD, Bryan M. Saltzman,” MD, Adam B. Yanke," MD,
Lisa Fortier,* DVM, PhD, and Brian J. Cole,” MD, MBA

Investigation performed at the Division of Sports Medicine,

Rush University Medical Center, Chicago, lllinois, USA

Background: Leukocyte-poor platelet-rich plasma (LP-PRP) is hypothesized to be more suitable for intra-articular injection than
leukocyte-rich PRP (LR-PRP) in the treatment of knee osteoarthritis.

Purpose: To compare clinical outcomes and rates of adverse reactions between LP-PRP and LR-PRP for this application.
Study Design: Meta-analysis.

Methods: The MEDLINE, EMBASE, and Cochrane databases were reviewed. The primary outcome was the incidence of local
adverse reactions. Secondary outcomes were the changes in International Knee Documentation Committee (IKDC) subjective
score and Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) score between baseline and final follow-
up measurements. A Bayesian network meta-analysis was performed, with a post hoc meta-regression to correct for baseline
differences in WOMAC scores. Treatment rankings were based on surface under the cumulative ranking (SUCRA) probabilities.

Results: Included in the analysis were 6 randomized controlled trials (evidence level 1) and 3 prospective comparative studies
(evidence level 2) with a total of 1055 patients. Injection of LP-PRP resulted in significantly better WOMAC scores than did injec-
tion of hyaluronic acid (mean difference, -21.14; 95% ClI, -39.63 to —2.65) or placebo (mean difference, -17.84; 95% Cl, -34.95 to
-0.73). No such difference was observed with LR-PRP (mean difference, —14.28; 95% ClI, —44.80 to 16.25). All treatment groups
resulted in equivalent IKDC subjective scores. The SUCRA analysis showed that LP-PRP was the highest ranked treatment for
both measures of clinical efficacy (WOMAC and IKDC). Finally, PRP injections resulted in a higher incidence of adverse reactions
than hyaluronic acid (odds ratio, 5.63; 95% ClI, 1.38-22.90), but there was no difference between LR-PRP and LP-PRP (odds ratio,
0.78; 95% Cl, 0.05-11.93). These reactions were nearly always local swelling and pain, with a single study reporting medical side
effects including syncope, dizziness, headache, gastritis, and tachycardia (17/1055 total patients).

Conclusion: LP-PRP results in improved functional outcome scores compared with hyaluronic acid and placebo when used for
treatment of knee osteoarthritis. LP-PRP and LR-PRP have similar safety profiles, although both induce more transient reactions
than does hyaluronic acid. Adverse reactions to PRP may not be directly related to leukocyte concentration.

Keywords: platelet-rich plasma; knee osteoarthritis; injection; leukocyte; white blood cell

Platelet-rich plasma (PRP) is a concentrate derived from for bone healing, 244" cartilage healing,® and chronic tendino-
peripheral blood, and it is now frequently used in sports med- athy'®?” and in the setting of surgical procedures such as
icine and orthopaedics. It is hypothesized to have rege- rotator cuff repair,” Achilles tendon repair,*? and anterior
nerative, anti-inflammatory, analgesic, and antimicrobial cruciate ligament reconstruction.28-3%38

properties.®® As a result, PRP has been studied as an adjunct An area of particular interest has been the treatment of

knee osteoarthritis (OA).?° In vitro and ex vivo studies
have provided the foundation for this interest, and positive
effects of PRP have been observed, including chondrogenic
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Street, Chicago, IL 60612, USA (email: jriboh@gmail.com). differen.tiation Otj pluripot.ent mesenchymal cells With
Division of Sports Medicine, Rush University Medical Center, Chi- expression of cartilage specific genes, chondrocyte prolifer-
cago, lllinois, USA. ation, increased extracellular matrix production, and inhi-
*Cornell School of Veterinary Medicine, Ithaca, New York, USA. bition of catabolic pathways_14,27,34,35,43,45 As a result

The authors declared that they have no conflicts of interest in the

authorship and publication of this contribution. multiple clinical trials have been performed assessing the

efficacy of PRP in the treatment of knee OA. Although in
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vitro and ex vivo data are promising, clinical study design
and subsequent results have varied significantly.® Qualita-
tive reviews and 2 meta-analyses, while promising, failed
to provide conclusive evidence of the efficacy of PRP for
this indication.>?%?® In fact, the American Academy of
Orthopaedic Surgeons Clinical Practice Guidelines consor-
tium concluded that they “could not recommend for or
against PRP in the treatment of symptomatic knee
osteoarthritis,”22(»1886)

In the face of these inconsistent results, there has been
growing interest in characterizing the cellular composition
of the various commercially available PRP preparations, in
an effort to identify the ideal PRP contents.*®!! Special
attention has been devoted to the leukocyte (white blood
cell [WBC]) concentration in PRP. High concentrations of
WBC have been shown to increase the expression of catabolic
cascades and inflammatory markers such as interleukin-1
and tumor necrosis factor-alpha.?®?! In cultured synovio-
cytes, leukocyte-rich PRP (LR-PRP) causes cell death and
the expression of multiple inflammatory markers.* Similar
results were found in vivo in a rabbit tendon model.!! In
addition, a prospective comparative study provided early
evidence that painful reactions are more common with
LR-PRP.'? On the basis of this evidence, it has been sug-
gested that leukocyte-poor PRP (LP-PRP) would be most
suitable for intra-articular injection®®'; however, there is
clearly a paucity of clinical evidence to substantiate this
recommendation.

The goal of the present study was to provide a quantita-
tive synthesis of the clinical data comparing LP-PRP and
LR-PRP in the treatment of knee OA. Despite the availabil-
ity of several randomized controlled trials (RCTs), LR-PRP
and LP-PRP were directly compared in only a single trial,'3
while they were each compared with common references
(hyaluronic acid [HA] or placebo) in multiple trials.” With
use of network meta-analysis (NMA) techniques, informa-
tion beyond that available with a traditional meta-analysis
can be obtained by comparing multiple treatments for the
same clinical condition.'® Specifically, NMA allows for the
combination of direct and indirect evidence for specific pair-
wise comparisons, providing a robust estimate of the true
treatment effect, even if some treatments have never been
directly compared in an RCT.'® This method is gaining pop-
ularity in health decision research'® and is currently used
by the American Academy of Orthopaedic Surgeons to pre-
pare clinical practice guidelines.?” Our hypothesis was
that LP-PRP would result in fewer local adverse reactions
and lead to improved functional outcome scores compared
with LR-PRP in an NMA model.

METHODS
Study Design and Data Collection

The guidelines from the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA,;
www.prisma-statement.org) were used to design our

YReferences 6, 12, 13, 17, 25, 36, 40, 41, 44.
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review of the literature. The MEDLINE, EMBASE, and
Cochrane databases were reviewed for all English-lan-
guage studies published before August 2014. We used the
iterative “breadth-first” search approach, which was spe-
cifically designed for populating NMA models due to its
ability to identify indirect comparison studies that do not
appear in an initial search.'® The specific key phrases
were as follows: (1) platelet rich plasma knee osteoarthri-
tis, (2) platelet rich plasma leukocyte knee osteoarthritis,
(3) platelet rich plasma hyaluronic acid knee osteoarthri-
tis, (4) platelet rich plasma placebo knee osteoarthritis. Eli-
gibility criteria included (1) an evidence level 1 or 2
randomized design; (2) a study design comparing LR-PRP
or LP-PRP to a control treatment, or a direct comparison
of LR-PRP and LP-PRP; and (3) full reporting of outcomes
and use of appropriate statistical methods. Exclusion crite-
ria included (1) studies that were not available in English,
(2) unpublished studies, and (3) randomized trials compar-
ing variables beyond the scope of this review (eg, number
of PRP injections). All abstracts were reviewed in duplicate
by 2 of the authors (J.C.R., B.M.S.) and were assessed
based on the above criteria. The full text of eligible studies
was then reviewed by the same authors to determine final
inclusion. Data were then extracted in duplicate from all
studies using a standardized form created by the authors at
the onset of the review. Inconsistencies between reviewers
were resolved by joint review and consensus opinion.

Definition of Leukocyte-Rich and Leukocyte-Poor PRP

The methods section of each included study was carefully
reviewed for descriptions of the leukocyte concentration
in the final PRP product used for intra-articular injection.
When insufficient information was provided, study authors
were contacted, and in all cases responses were obtained. If
the study authors did not record leukocyte concentration,
the manufacturer documentation for the PRP system
that they used was reviewed to extract detailed informa-
tion about leukocyte concentration. LR-PRP was defined
as PRP having a WBC concentration greater than 100%
that of whole blood. Conversely, LP-PRP was defined as
PRP having a WBC concentration less than 100% of whole
blood. With these methods, all preparations could be
unambiguously assigned to the LR or LP categories.

Data Synthesis and Statistical Analysis

All outcome variables reported in the literature were
included in the prespecified data extraction sheet. How-
ever, only variables reported in both LR-PRP and
LP-PRP study arms were included in the NMA. For contin-
uous outcomes, the summary measure was the difference
of means. For dichotomous outcomes, the summary mea-
sure was the odds ratio. Intention-to-treat datasets were
used whenever available. The primary outcome was the
incidence of local adverse reactions to the intra-articular
knee injections. Secondary outcomes were the changes in
International Knee Documentation Committee subjective
score (AIKDC) and Western Ontario and McMaster
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TABLE 1
Summary of Included Studies®

Study (Year) Level of Evidence Study Design

Treatment 1

Treatment 2 n (Treatment 1) n (Treatment 2)

Cerza et al (2012)° 1 RCT
Filardo et al (2012)'? 1 RCT
Hart et al (2013)'7 1 RCT
Patel et al (2013)%6 1 RCT
Sanchez et al (2012)*° 1 RCT
Spakova et al (2012)** 1 RCT
Filardo et al (2012)*? 2 PCS
Kon et al (2011)%° 2 PCS
Say et al (2013)*! 2 PCS

HA LP-PRP 60 60
HA LR-PRP 55 54
Placebo LP-PRP 50 50
Placebo LP-PRP 23 51
HA LP-PRP 74 74
HA LR-PRP 60 60
LR-PRP LP-PRP 72 72
HA LR-PRP 100 50
HA LP-PRP 45 45

“HA, hyaluronic acid; LP-PRP, leukocyte-poor platelet-rich plasma; LR-PRP, leukocyte-rich platelet-rich plasma; PCS, prospective com-

parative study; RCT, randomized controlled trial.

Universities Osteoarthritis Index score (AWOMAC)
between baseline and final follow-up measurements.

Before NMA is performed, it is essential to verify that the
assumption of transitivity is valid.?! Briefly, transitivity
means that the results of direct and indirect evidence are
consistent. For example, if treatment C is more efficacious
than treatment B, and B is more efficacious than A, then C
must be more efficacious than A.2! The 2 validated methods
for assessing the assumption of transitivity are (1) compari-
son of the distribution of effect modifiers between studies
and (2) calculating the difference between direct and indirect
evidence in all pairwise comparisons within the network.?!+26
For this study, all available demographic data for each of the
treatment groups were compiled. Continuous variables were
summarized with frequency weighted means (with the
weight being proportional to the number of study partici-
pants) to account for the variability in study size. Dichoto-
mous variables were reported as cumulative frequencies.
These data were compared between groups using analysis
of variance (ANOVA) for continuous variables and chi-square
contingency analysis for dichotomous outcomes. The differ-
ence between direct and indirect estimates for all possible
treatment comparisons was then measured. The significance
of these differences was calculated using the network pack-
age in Stata (Stata Corp).2-28

An NMA model was fitted into a Bayesian context, which
properly accounts for correlations between effect sizes from
multiarm studies and maintains within-study randomiza-
tion.® The model was built using the mvmeta command in
Stata, as previously described.® A random-effects model
was used to provide a more conservative estimate of effect
sizes, and a common heterogeneity was assumed across
comparisons. Effect sizes were reported with 95% credible
intervals (95% Crl) using the intervalplot command in
Stata, to provide a forest plot for all possible pairwise treat-
ment comparisons.® Given the asymmetric distribution of
baseline WOMAC scores between groups, a meta-regression
was performed on the WOMAC data to assess whether
observed differences were driven by an underlying differ-
ence in study populations. Meta-regression is an extension
of standard meta-analysis that investigates the extent
to which statistical heterogeneity can be related to one
or more study characteristics.!® Meta-regression was

performed by use of the metareg command in Stata, which
includes the Knapp-Hartung modification to minimize the
false-positive rate, as recommended.?*

To rank the treatments based on individual outcome var-
iables, the surface under the cumulative ranking (SUCRA)
probabilities, as well as the probability of each treatment
being the best, were reported.?> SUCRASs are expressed as
percentages and compare each intervention to a hypothetical
intervention that is always the best without uncertainty.>®
A SUCRA of x% means that the treatment achieves x per-
cent of the effectiveness of the imaginary treatment; there-
fore, a larger SUCRA is associated with a more effective
treatment. SUCRA is preferred to ranking treatments based
solely on their probability of being the best, since the latter
can give spuriously high ranks to treatments for which little
evidence is available.® As a result, final rankings were based
on SUCRA values.

All statistical analyses were performed in Stata 13
using the muvmeta package for NMA and the network
graphs package for graphical representation of results
(http:/www.mtm.uoi.gr).

RESULTS

Evidence Base

Included in the analysis were 6 RCTs (evidence level 1) and
3 prospective comparative studies (evidence level 2) pub-
lished between 2011 and 2013 and including a total of
1055 patients. Details of the literature search are shown
in a PRISMA flowchart (Figure 1). A network diagram
summarizing the available data is presented in Figure 2.
The included studies are summarized in Table 1. Four dif-
ferent treatment options were identified in the included lit-
erature: (1) placebo injections, including normal saline
and/or local anesthetic; (2) HA; (3) LR-PRP; and (4)
LP-PRP. Table 2 presents the leukocyte concentration of
each PRP preparation included in the study.

While a total of 12 outcome variables were reported
(WOMAC, IKDC subjective, IKDC objective, Tegner, Marx,
Knee Injury Osteoarthritis Outcome Score, visual analog
scale, EuroQol visual analog scale, Lequesne index,
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TABLE 2

Leukocyte Concentration of Platelet-Rich Plasma Preparations Used in the Included Studies®

Study Cohort

PRP Characteristics

Leukocyte-rich formulations
Filardo et al (2012)'2
Spakova et al (2012)*
Kon et al (2011)%

Filardo et al (2012)*®
Leukocyte-poor formulations

Patel et al (2013)%6

Hart et al (2013)7

Sanchez et al (2012)*°

Cerza et al (2012)°

Filardo et al (2012)*2
Say et al (2013)*!

WBC concentration increased 120% in PRP compared with whole blood.

WBC concentration increased 360% in PRP compared with whole blood.

Authors contacted: WBC concentration not recorded; however, no WBC reduction was performed,
and authors qualitatively described their PRP as leukocyte rich.

WBC concentration increased 140% in PRP compared with whole blood.

Total leukocyte count of 0 in PRP.

WBC concentration decreased 50% in PRP compared with whole blood.

Authors contacted: PRGF-Endoret preparation used. Manufacturer details reviewed; preparation
is reported to have little to no WBC content.

Authors contacted: Arthrex Autologous Conditioned Plasma (ACP) used. Manufacturer details
reviewed; preparation reduces WBC content by at least 85% when compared with whole blood.

Total leukocyte count of 0 in PRP.

Authors contacted: PRGF-Endoret preparation used. Manufacturer details reviewed; preparation

reported to have little to no WBC content.

“PRGF, plasma rich in growth factors; PRP, platelet-rich plasma; WBC, white blood cell.

MEDLINE EMBASE COCHRANE
Inception - 2014 Inception - 2014 Inception - 2014
121 Citation(s) 140 Citation(s) 2 Citation(s)

S 42

140 Non-Duplicate
Citations Screened

InchusionExclusion
Criteria Applied

122 Articles Excluded
Affier Title/Abstract Screen

18 Anticles Retrieved

1 Anticles Excluded
During Data Extraction

8 Articles Excluded
Affier Full Text Screen

Inchusion/Exclusion
Criteria Applicd

9 Articles Included

Figure 1. PRISMA study flowchart.

magnetic resonance appearance, 36-Item Short Form
Health Survey, and number of adverse reactions), only 3
variables were reported in a sufficient number of studies
to be included in the final analysis: (1) WOMAC score (4
studies), (2) IKDC subjective score (4 studies), and (3) num-
ber of adverse reactions (5 studies).

To assess the assumption of transitivity, a comparison
of baseline characteristics between treatment groups was
performed, and the results are presented in Table 3. Over-
all, the treatment groups were homogeneous. There were
no significant differences in age, sex distribution, body
mass index, and number of PRP injections. ANOVA of
baseline WOMAC and IKDC scores was not possible due
to an insufficient number of studies reporting these varia-
bles. As expected, LR-PRP had higher platelet and WBC

Placebo

Leukocyte-poor
PRP

Hyaluronic
Acid

Leukocyte-rich
PRP

Figure 2. Network plot of included studies. The network plot
represents the evidence available for building a network
meta-analysis model. Each node represents a treatment
option, and an edge connecting 2 nodes indicates that they
have been directly compared in a study. Nodes are weighted
according to the number of studies including the respective
interventions. Edges are weighted and labeled based on
the number of studies comparing the 2 treatments connected
by the edge. PRP, platelet-rich plasma.

concentrations than LP-PRP. However, there were statisti-
cally significant differences in the distribution of Kellgren-
Lawrence grades between groups. The clinical significance
of these differences is difficult to infer. On the basis of
the study-level data available, we could not distinguish
between grades 1, 2, and 3, which represent a wide spec-
trum of osteoarthritis severity. In addition, all treatment
groups had a majority of patients with grades 1, 2, and 3.
The HA, LR-PRP, and LP-PRP all had approximately
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TABLE 3
Patient Demographics Based Stratified by Treatment®
Placebo Hyaluronic Acid Leukocyte-Rich PRP Leukocyte-Poor PRP P Value
Age .16
Study arms (patients), n 2 (73) 6 (394) 4 (236) 6 (352)
Mean *+ SD, y 56.8 + 2.2 574 + 42 52.1+ 1.9 579 + 4.8
% Male .36
Study arms (patients), n 2(73) 6 (394) 4 (236) 6 (352)
Mean + SD 419 = 14.9 47.1 + 12.6 60.5 = 4.5 475 + 17.9
Body mass index .76
Study arms (patients), n 2 (73) 5 (334) 4 (236) 5 (292)
Mean * SD, kg/m? 27.3 + 0.7 274 + 24 26.2 + 1.3 276 + 2.4
PRP injections .69
Study arms (patients), n NA NA 4 (236) 6 (352)
Mean * SD, n — — 3+0 3.5+ 24
Platelet count .01
Study arms (patients), n NA NA 2 (132) 3 (173)
Mean = SD, 1000 cells/pL — — 826.7 + 134.4 355.1 + 66.4
WBC 1
Study arms (patients), n NA NA 2 (132) 2 (123)
Mean =+ SD, 1000 cells/p.L — — 151+ 75 0+0
Kellgren-Lawrence grade 0 .0001
Study arms (patients), n 0 1 (100) 2 (122) 1(72)
n/total (%) 0/50 (0) 40/265 (15) 54/182 (30) 31/227 (14)
Kellgren-Lawrence grade 1, 2, or 3 .0001
Study arms (patients), n 0 3 (205) 3 (182) 4 (227)
n/total (%) 50/50 (100) 206/265 (78) 104/182 (57) 185/227 (81)
Kellgren-Lawrence grade 4 .0001
Study arms (patients), n 0 1 (100) 2 (122) 2 (132)
n/total (%) 0/50 (0) 19/265 (7) 24/182 (13) 11/227 (5)
Baseline WOMAC NA
Study arms (patients), n 1(23) 3 (194) 1 (60) 3 (185)
Mean 455 + 0 514 + 16.2 388+ 0 55.9 = 17.1
Baseline IKDC NA
Study arms (patients), n 1 (50) 2 (155) 3(176) 2 (122)
Mean 558 = 0 50.1 + 2.1 44,3 + 3.9 475 + 3.1

“Continuous data are presented as means with SDs; categorical data are presented as frequencies. IKDC, International Knee Documen-
tation Committee subjective score; NA, not available; PRP, platelet-rich plasma; WBC, white blood cell count; WOMAC, Western Ontario

and McMaster Universities Osteoarthritis Index.

a 2:1 ratio of patients with grade 0 and grade 4, respec-
tively. Therefore, while the LR-PRP group had more
patients with radiographically severe disease, it also had
more patients with radiographically normal disease than
the LP-PRP group. It is therefore difficult to conclude
that the severity of disease was a consistent source of
bias. Since no firm guidelines have been developed to
determine homogeneity thresholds for unbiased NMA,¥®
the authors felt that the degree of variation between
groups did not preclude NMA. In addition, the difference
between all direct and indirect estimates of pairwise com-
parisons was calculated. The results are shown in Appendix
Table Al (available in the online version of this article at
http://ajsm.sagepub.com/supplemental). No significant dif-
ferences were identified, further confirming the assumption
of transitivity and the validity of subsequent NMA.

Results of Network Meta-analysis

Raw data extracted from the eligible studies are shown in
Appendix Table A2 (available online). For each outcome

variable, a forest plot representing every possible pairwise
treatment comparison was created. These results are sum-
marized in Figure 3. Four studies contributed to the
WOMAC and IKDC analyses, and 5 studies contributed
to the local adverse reaction analysis (Appendix Table
A2). Next, treatments were ranked based on each outcome
variable using the SUCRA statistic. These results, as well
as the probability of each treatment being the best, are pre-
sented in Table 4. Meta-regression was performed on the
WOMAC data with baseline WOMAC scores and treat-
ment type as covariates. The P value for the baseline
WOMAC coefficient was .43, suggesting no statistically sig-
nificant effect of this variable on the model.

Systemic reactions to PRP were inconsistently reported,
which is why quantitative analysis was limited to local
adverse reactions. One study reported syncope, dizziness,
headache, gastritis, and tachycardia in 17 patients.3®
Although another study reported systemic “adverse
events” in one-third of the patients, these included only
unrelated conditions that occurred during the study
period, including toothache, unrelated trauma or surgery,
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TABLE 4

Treatment Rankings Based on SUCRA Calculations®
Variable/Treatment Rank SUCRA, %
AWOMAC

Leukocyte-poor PRP 1 98

Placebo 2 41

Leukocyte-rich PRP 3 39.9

Hyaluronic acid 4 21
AIKDC

Leukocyte-poor PRP 1 80.3

Leukocyte-rich PRP 2 75.5

Hyaluronic acid 3 24

Placebo 4 20.2
Adverse events

Placebo 1 80.2

Hyaluronic acid 2 78.1

Leukocyte-poor PRP 3 22

Leukocyte-rich PRP 4 19.8

“For each outcome variable, the surface under the cumulative
ranking (SUCRA) was calculated for each treatment option, and
treatments were then ranked in order of descending SUCRA.
IKDC, International Knee Documentation Committee; PRP,
platelet-rich plasma; WOMAC, Western Ontario and McMaster
Universities Osteoarthritis Index.

and urinary tract, abdominal, and upper respiratory
infections.*® Local knee reactions, including transient
pain and swelling, were reported consistently in 5 stud-
ies. 2536404144 Ap gdditional study reported postinjection
knee pain and swelling, but it was excluded from quantita-
tive analysis since 100% of patients in both treatment
groups had these symptoms.*?

DISCUSSION

This NMA provides a quantitative synthesis of 6 RCTs and
3 prospective comparative trials—including a total of 1055
patients—investigating the use of PRP for OA of the knee.
Specifically, we focused on the role of leukocyte concentra-
tion on clinical outcome. Overall, the available evidence is
of low quality. The principal findings of this study are two-
fold: (1) functional outcome scores are at best marginally
affected by leukocyte concentration, in favor of LP-PRP,
and (2) the incidence of local reactions to PRP injections
is not affected by leukocyte concentration.

Given the paucity of NMA in the orthopaedic literature,
it is important to discuss the subtleties of interpreting
these results. First, readers should understand that the
most definitive results of NMA are the pairwise odds ratios
or mean differences reported in forest plots. These can be
interpreted in essentially the same way as traditional pair-
wise meta-analysis. SUCRA values and treatment rank-
ings require more caution.?® The SUCRA for a given
treatment represents the probability that that treatment
is ideal.®® Therefore, if treatment A has a SUCRA of 80
and treatment B has a SUCRA of 40, treatment A is twice
as likely to be the optimal treatment. However, the SUCRA
values give no information about the magnitude or clinical

The American Journal of Sports Medicine

significance of the difference between treatments.’® Using
the example above, treatment A might have a success rate
of 2% and treatment B a success rate of 1.9%, even with
such a large difference in SUCRA.

With these points in mind, it is clear that no significant
difference was found in IKDC subjective scores between
LR-PRP and LP-PRP. This is consistent with a previous
study directly comparing LR-PRP and LP-PRP.!3 While
LP-PRP had a slightly higher SUCRA and was therefore
ranked first, the confidence interval for the LR-PRP/
LP-PRP comparison is wide and crosses the null reference.
It is also interesting to note that neither LR-PRP nor
LP-PRP showed significantly different effects on IKDC
scores compared with HA or placebo injections.

The effect of leukocyte concentration on WOMAC scores
was more notable. While the confidence interval on the
point estimate comparing LR-PRP and LP-PRP is quite
large, this is mainly an effect of the small number of studies
available for inclusion in our NMA. What is salient is that
LP-PRP demonstrated a significantly greater improvement
of WOMAC scores than both placebo and HA, while LR-
PRP did not. The magnitude of these differences (17 and
21 points, respectively) is well beyond the minimal clinically
important difference for the WOMAC—1.33 points.! Unfor-
tunately, there was an imbalance in the baseline WOMAC
scores between LR-PRP and LP-PRP groups, with the latter
having more severe scores. This is of interest since it has
been suggested that PRP is more effective in patients with
less symptomatic OA.'%*8 If one assumes that the differ-
ence between LR-PRP and LP-PRP groups was actually
driven by their baseline WOMAC, the exact opposite
would be true in our data. To better understand the con-
tribution of this baseline difference, meta-regression
including treatment type and baseline WOMAC scores
as independent variables was performed. This did not
show a significant influence of the baseline WOMAC
scores. However, meta-regression has relatively low
power to detect such effects when only a few studies are
available for analysis.'®

Perhaps the most surprising finding of our study is that
the leukocyte concentration of PRP does not affect the
incidence of local adverse reactions. Preliminary in vitro
and animal studies have shown increased proinflammatory
characteristics of LR-PRP.311:2931 [t hags been inferred, based
on these studies, that the local adverse reactions experienced
by patients after PRP knee injections are related to the
activation of inflammatory cascades and that LP-PRP prepa-
rations should be used to minimize these reactions.?® In a sin-
gle prospective comparative study, LR-PRP led to more
severe local reactions than LP-PRP.'® It should be noted,
however, that in this study 100% of patients in both treat-
ment groups had knee pain and swelling, and only the sub-
jective severity of these symptoms differed, which is highly
susceptible to bias. The actual incidence of local reactions
was not different between groups. This is consistent with
our results, which suggest that there is no clear relation
between leukocyte concentration and the presence of clini-
cally relevant inflammatory reactions. Future studies com-
paring LR-PRP and LP-PRP are clearly needed and should
include standardized definitions of adverse events.
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A WOMAC B IKDC Subjective C Adverse Reactions
Treatment Mean Ditference Treatment Mean Difference Treatment Odds Ratio
Comparison (8%C1) Comparison [a5%Ci) Comparison [a5%ci)

Hivs Placebo —————— 330 (-14.55,21.16) Placebo va HA .~ . 0.53 (-11.04,12.98) HAvs Placebo  ———f—— 141 (0.08,35.42)
LA-PRF vs Placebo ———————— . .355(-3208,2496)  Placebo vs LR-PRP ————  7.33(3.58.18.23) LR-PRAPvs Placebo 10,10 (0,19, 541.66)
LP-PRP vs Placebo - -17.84 (3495,-073)  piacebo vs LP-PAP —————  830(1.53,18.12)  LP-PAPvs Placebo —_———— 7.91(0.43,144.61)

LA-PRP vs HA ————————————  .5.86(-33.70,19.98) HA vs LR-PRP — 6,80 (-1.68, 15.28) LR-PRP vs HA —_— 7.18(0.70,74.14)

LP-PRP S HA  » J -21.14 (-30.83,-2.85) HAvs LP-PRP ——————  7.77 (:4.91,20.45) LP-PRP va HA 563 (1.38,22 90
LP-PAP vs LR-PRP + ~14.28 (4480.16.25) |APRPvELP-PRP ~———fb—— 097 (0.46,11.41)  LP-PRPVELA-PRP =t 0.78(0.05,11.93)
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Figure 3. Network meta-analysis results. For each outcome variable, all pairwise treatment comparisons are represented in a for-
est plot. (A, B) For continuous variables (WOMAC and IKDC scores), treatment effects are reported as mean differences with 95%
credible intervals. The vertical reference line represents a mean difference of 0, indicative of statistical equivalence. (C) Similarly,
for categorical outcomes (local adverse reactions), treatment effects are reported as odds ratios with 95% credible intervals. The
vertical reference line represents an odds ratio of 1, indicative of statistical equivalence. Credible intervals colored in gray do not
cross the reference line and therefore represent statistically significant differences. HA, hyaluronic acid; IKDC, International Knee
Documentation Committee; LP-PRP, leukocyte-poor platelet-rich plasma; LR-PRP, leukocyte-rich platelet-rich plasma; WOMAC,
Western Ontario and McMaster Universities Osteoarthritis Index.

The results of this study are consistent with those of
prior meta-analyses.>?3 Specifically, a small improvement
in WOMAC scores and an increase in adverse advents were
observed with PRP injections compared with HA and pla-
cebo. The effect sizes observed in this study were smaller,
likely because of a more stringent statistical design.
Indeed, several drawbacks were noted in the previous
meta-analyses, including inclusion of low-quality studies®
and statistical grouping of HA and placebo injections.®?3
In addition, previous studies treated all PRP preparations
as equal, which boosts statistical power by increasing sam-
ple sizes but also ignores biological differences between
LR-PRP and LP-PRP.

Nonetheless, our study has several limitations. The
internal validity of an NMA is determined by the quality
and number of studies available to model the statistical
model. Only 9 studies were available for analysis, and 3
of these studies provided level 2 evidence. In addition,
the outcomes reported were so inconsistent that many
interesting variables, including Tegner scores and Knee
Injury and Osteoarthritis Outcome Scores, could not
be studied. There was statistical heterogeneity in the dis-
tribution of Kellgren-Lawrence grades between treatment
groups. However, the clinical importance of these differen-
ces was questionable. This does raise the question of how
strong is the association between the radiographic severity
of osteoarthritis and the efficacy of PRP injections. To date,
a single randomized study has found a trend toward
improved efficacy of PRP in patients with Kellgren-Lawrence
grades lower than 2.'2 Further prospective studies are
required to answer this question. With respect to external
validity, it should be noted that the included studies enrolled
young patients (with mean ages in the mid-50s) with predom-
inantly mild OA based on functional scores and radiographic
findings. Therefore, the results of this NMA may not be appli-
cable to older patients and those with advanced knee OA.
Finally, all but one study®! included in this analysis used
series of PRP injections (typically 3 injections). Therefore,

the results may not be applicable to single-injection PRP
protocols.

In summary, an NMA of 9 studies (1055 patients), all with
level of evidence 1 or 2, investigating the use of PRP for knee
OA reveals significant shortcomings in the evidence available
to surgeons, physicians, and health care decision makers.
Nonetheless, there is evidence that LP-PRP may have
a greater effect on functional outcome scores than LR-PRP.
Further clinical studies analyzing PRP injections should
include information regarding the leukocyte concentration
used. In addition, these 2 treatments have similar incidences
of local adverse reactions. This study provides justification
for a dedicated, larger RCT comparing LR-PRP and
LP-PRP in the treatment of knee OA. In addition, since local
adverse reactions appear to be a class reaction of PRP that is
not dependent on WBC concentration, further laboratory
research is warranted to understand the exact mechanism
of these reactions and how they can be prevented.
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