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ABSTRACT
Randomised controlled trials in chronic wounds typically exclude patients with comorbidities and confounding
factors. Well-designed observational studies can provide complementary clinical evidence that randomised trials
cannot address. This study determined if wound care registry outcomes could be an alternative data source and if
the results would be robust and valid. Changes in wound area and depth were hypothesised to be different between
run-in therapies and platelet-rich plasma (AutoloGel™, Cytomedix, Inc) treatment. From a treatment registry of 285
chronic wounds, 46 had run-in and post-treatment data. Seven chronic wound categories were identified. Mean
wound age at study start was 52·4 weeks. [Correction added on 20 September 2011 after first online publication:
The phrase 52.4 days was replaced with 52.4 weeks. The same change was made in the Key Points on page
2 and in the second paragraph of the General section under Results on page 6.] General linear model repeated
measures showed a credible and robust data set. Statistically significant differences for wound area and depth
were observed between run-in and post-treatment period at multiple time points. Wound area and depth ≥50%
reduction were analysed using Kaplan–Meier methods. During run-in, 15% of wound area improved compared
to 28% post-treatment and 11% of wound depth improved during run-in compared to 39% post-treatment.
Significant clinical outcomes indicated many previously non responsive wounds began actively healing in response
to platelet-rich plasma therapy, indicating that registry data can be used as a complementary source of evidence.
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INTRODUCTION
The healing of chronic wounds is often characterised by periods of relatively steady healing
interspersed with plateaus in which the wound
does not improve. Converting a plateaued or
stalled wound into a healing state is a challenge
in wound care practice. The Center for Medicare and Medicaid Services (CMS) utilises the
definition of a chronic wound as one that does
not heal completely after 30 days of standard
medical treatment (1). Clinicians, on the other
hand, employ a broader, more practical definition of a wound that cannot heal easily because
of overwhelming intrinsic and extrinsic factors (2–4). A defect in any of the major interrelated phases of healing – clotting, inflammation, proliferation and remodelling – can result
in a non healing wound that can be further exacerbated by factors, such as wound
age or infection (5). Comorbidities and other
factors such as patient age, poor nutrition, concurrent illness, steroids, radiation, immobility,
smoking also negatively influence the woundhealing trajectory and lead to stalled or delayed
healing (3,5).
In the treatment of persistent non healing wounds, a dilemma exists between the
competing considerations of cost and time-toheal. While an actively healing wound may
be treated with inexpensive agents and dressings, a wound that has stopped healing may
require changes in treatment to re-activate
healing (5–9). Determining how to stimulate
wound healing is a high priority for both
clinicians and wound researchers. Early intervention with more aggressive treatments may
even prevent stalling of the healing process
and improve the overall healing trajectory.
Accurate assessment of wound-healing trajectories is a major challenge for researchers
and clinicians applying effective treatment
strategies. The Wound Healing Society (WHS)
treatment guidelines for diabetic ulcers advises
re-evaluation of the wound and treatment
based on failure to reach a 40% reduction of
initial wound size by week 4 (6). If there are
no clinical signs of infection, pressure ulcers
should respond to comprehensive care in as
little as 2 weeks. Pressure ulcers that are not
responsive prior to surgery and/or to initial
comprehensive therapy should be considered
candidates for growth factor-type therapy (8).
Initial wound-healing trajectories have also
been correlated to outcomes (10–13). Diabetic
© 2011 The Authors
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ulcer patients with a 53% reduction in ulcer
area at 4 weeks have been shown to exhibit
a statistically significant 58% healing rate at
week 12, whereas those with less reduction in
ulcer area had only a 9% healing rate (13). Early
identification of wounds with a low probability
of healing allows clinicians to proceed quickly
to more effective treatments.
Among several advanced wound-healing
modalities, autologous platelet-rich plasma
(PRP) has been in clinical use for wound
healing for more than two decades. PRP
consists of cytokines, chemokines and growth
factors. The platelet actively mediates wound
healing by initiating the clotting cascade and
releasing multiple growth factors, such as
platelet-derived growth factor (PDGF), insulinlike growth factor (IGF), vascular endothelial
cell growth factor (VEGF), platelet-derived
endothelial cell growth factor (PD-ECGF) and
transforming growth factor-β (TGFβ) among
others (14). Clinical trials have shown the
application of PRP to a wound can activate
the healing process (15,16). Currently, the
only way to deliver multiple growth factors
simultaneously is to utilise an autologous
therapy.
Autologous platelet-rich plasma (PRP) Gel
(AutoloGel™; Cytomedix, Inc, Gaithersburg,
MD) is derived from a small sample of the
patient’s blood and is applied directly to
the wound bed. This PRP Gel consists of
plasma and platelets, yielding a physiologic
concentration of growth factors, cytokines,
chemokines and a fibrin scaffold. The platelet
and plasma fraction is mixed with ascorbic acid
and calcified thrombin to activate platelets and
form a fibrin gel. Unlike other PRP products,
this autologous PRP Gel is applied topically
to a wound at near physiological levels (16,17).
The PRP Gel technique received FDA 510(k)
device permission in 2007, and is used for
chronic and acute wounds, such as venous
leg, pressure and diabetic ulcers and for the
management of mechanically or surgically
debrided wounds (18). The mechanism of
action for PRP is presumed to be the molecular
and cellular induction of normal woundhealing responses. Accordingly, this therapy
should have clinical activity regardless of
wound aetiology.
A prospective, randomised, controlled,
blinded, multicenter study of PRP Gel was
performed in 72 diabetic foot ulcer (DFU)

Key Points
•
•

•

•
•

•

•
•
•

•

•

•

•

•
•

•

practice-based evidence studies are
a useful source of information for
the treatment of chronic wounds
hypothesised that an appropriately
analysed wound care outcomes
registry could be an alternative
source of data to determine effect
of treatment on chronic wounds
comparing run-in pretreatment
data with post platelet-rich plasma
treatment data raised the level of
evidence of treatment effects in
real-world patients
statistical analysis showed a credible
and robust data set in chronic
wounds
chronic wounds in this study
were recalcitrant to standard and
advanced wound care and remained
unhealed during the run-in period
statistically significant differences
for wound area and depth were
observed between run-in and
post-treatment period at multiple
time points
mean wound age at study start was
52·4 weeks
seven chronic wound categories
were identified
a surrogate marker for ≥50%
reduction in wound area and depth
was used to assess wound trajectory
and clinical impact
wound trajectory comparisons
between run-in pretreatment and
post platelet-rich plasma (PRP)
treatment showed statistically
significant improvement in both
wound area and depth
run-in pretreatment therapies took
>2·5 weeks longer than post-PRP
treatment to achieve ≥50%
reduction
clinical results in this study appear
to be similar to previously published
results in larger patient populations
regardless of study design
using run-in pretreatment data and
post-PRP treatment data provides
insight into the clinical practice and
realities encountered by chronic
wound care clinicians
wound care registries can be
extremely useful in analysing clinical
practice outcomes
use of pretreatment run-in data for
self control provided a unique, but
valid approach to obtaining realworld practice-based evidence (PBE)
the analytical approach used in
this study might be useful when
analysing data on other wound
care registries in other products or
interventions.
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patients (15). The study demonstrated complete healing in 81·3% of common-sized ulcer
wounds treated with PRP Gel compared with
42·1% in controls for a subgroup per protocol analysis, P = 0·036 (15). Frykberg et al.
described an observational clinical study of
autologous PRP Gel treatment in 65 complex
wounds of different aetiologies, including pressure ulcers, diabetes, venous, arterial, surgical,
trauma and sickle cell wounds, and several
key clinical parameters (16). Despite the failure to heal in pretreatment, improvements in
wound area and volume, undermining or sinus
tracts/tunnelling were observed in 97% of the
wounds within 2·8 weeks following 3·2 PRP
Gel applications. These findings indicate PRP
Gel may offer clinicians a biologic healing stimulant for recalcitrant wounds.
Although randomised controlled trials
(RCTs) are considered to be the gold standard in generating clinical evidence, the clinical
effects of interventions in ‘real-world’ patients
in less controlled conditions are becoming
recognised as important for study (19–21).
Because ‘real-world’ patients are clinically
complex, often presenting with multiple
comorbidities, underlying aetiologies and compliance issues, RCT-proven therapies may fail
to be effective. This might be attributed to
RCT designs that do not reflect the complex
issues faced in clinical practice and are limited
by the challenges of designing such studies given wound heterogeneity (19–23). Use of
practice-based evidence (PBE) or observational
study data obtained in a real-world setting
may provide data complementary to RCT evidence. Most observational studies, however,
are not rigorous in their design, execution
and analysis, and therefore their conclusions
are not always considered valid for the practice of evidence-based medicine (EBM). Consequently, the most important designs will
continue to be cohort, case control and comparative designs which have a higher level of
evidence than a large case series.
To increase the level of evidence and to
overcome criticism of observational studies
due to lack of rigor, a comparative design
utilising specific statistical methods was used
to analyse a wound outcomes registry. A
wound care registry contained a dataset of
chronic wounds with pretreatment run-in data.
The data was analysed using general linear
modelling (GLM) techniques on a time scale
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basis over run-in and treatment periods. A
Kaplan–Meier (KM) analysis was performed in
which each wound served as its control during
run-in and treatment phases.
The hypothesis of this study was threefold:
(i) wound care registry data could generate
clinically meaningful evidence when the outcomes are appropriately analysed as an alternative source of data; (ii) the robustness and
validity of the results could be demonstrated
by statistical analysis; and (iii) significant differences in wound area and depth between
PRP Gel treatment compared to pretreatment
run-in therapies could be detected.

METHODS
Database creation and management
A platelet-rich plasma gel (PRP Gel,
AutoloGel™) treatment registry is maintained
by Cytomedix, Inc. The wound registry is a
centralised database of data provided voluntarily by clinicians as they treated patient’s
wounds during an evaluation of the use of the
PRP Gel for the treatment of chronic wounds.
Data is only tabulated during this evaluation
period. Clinicians do not provide data following the evaluation period. All information on
patient wound and treatment are voluntarily
submitted by clinicians using this PRP Gel. No
other PRP gels are included in the registry.
No other restrictions are applied on the data
submitted, nor is submission required as part
of the product usage. Information on registry
wounds includes a variety of information that
is normally recorded and/or measured during normal standard of care evaluations and
procedures and charted per the policy of each
institution. Clinicians can submit this information to the registry. Registry data includes
wounds that improved, showed no change or
worsened. This PRP Gel database was accessed
with provider and company permission to
acquire the data for this study.
Privacy of all patients within the database
was protected by de-identification of patient
data in compliance with the Health Insurance
Portability and Accountability Act (HIPAA)
regulations for studying aggregate data for
research purposes, per the National Institutes
of Health Authorization for Research Uses and
Disclosures. According to the HIPAA Privacy
Rule, Internal Review Board’s approval and
informed consents are not required as the
© 2011 The Authors
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data was gathered by the clinicians during
normal clinical care and all protected health
information about the patients were deidentified prior to analysis (24). The data
submitted to the registry and the conduct of the
study to evaluate the data also complies with
the ethical guidelines of the 1975 Declaration
of Helsinki.

Inclusion/exclusion criteria
In this study, the run-in period is defined as the
pretreatment period during which standard or
advanced treatment modalities were used.
This study evaluated the changes in wound
dimensions between pretreatment therapy
impact and post-PRP Gel treatment impact.
The registry data was from multiple outpatient
and long term acute care (LTAC) centres. The
study population consisted of a general chronic
wound population. Unlike a randomised
controlled trial, the data in the registry is
voluntarily submitted and reflects clinical
practice treatment and outcome data in these
real-world patients.
Because comparing the run-in pretreatment
outcomes to the PRP Gel post-treatment
outcomes was essential to the study hypothesis,
all registry patients were reviewed. Patients
included those who received at least one
PRP Gel treatment and had at least three
wound measurements, including the transition
baseline measurement, prior to PRP Gel
treatment, a baseline measurement at the time
of PRP treatment, and at least one postPRP treatment measurement. Out of the 285
wounds (n = 200 patients) in the database,
49 (n = 35 patients) had run-in data available.
Three wounds were not included because the
data from the run-in period was over 100 days
with no baseline measurements recorded
immediately prior to PRP treatment preventing
assessment of the baseline status. Detailed
information on the preparation and use of the
PRP treatment analysed in this study has been
described previously (16).

Wound measurements
Clinicians using PRP Gel were previously
trained to use a comprehensive wound measurement technique to ensure uniformity of
wound assessment. Disposable paper rulers
with centimeter markings, and cotton-tipped
applicators were used to probe and measure length, width and depth of the visible
© 2011 The Authors
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wound as well as undermining, sinus tracts
and tunnelling. Measurements were taken and
recorded just prior to each PRP Gel application and after the last PRP Gel treatment.
Length and width of the wound opening
was measured using the standard ‘clock face’
method (25). Length is 12:00 to 6:00 with 12:00
towards the head, width at 3:00 to 9:00. Depth
measurement was taken from the deepest point
of the wound bed to the level of usual skin
surface and at a 90◦ angle to skin surface.
To ensure more accurate area measurement
for all wound types, area was calculated in
the registry as an ellipse using the longest and
shortest linear measurements of the wound
perpendicular to each other as the major
and minor axes (length × width × 0·7854). The
common calculation of area (length × width)
is more appropriate for square and rectangular
shapes rather than elliptical shapes seen in
a clinical population. Use of an ellipse for
calculating wound measurement has been used
in a database of more than 120 000 wounds
and in RCTs (26, 27). Depth was analysed as a
separate variable to better assess the changes
observed instead of using a volume calculation.

Assessment times
Data on wound variables were available at
seven general assessment times: start of runin period, farthest from baseline (T_3); second
run-in time point, second farthest from baseline (T_2); run-in time point, closest to baseline
(T_1); baseline, run-in treatment discontinued, PRP Gel initiated (T0); first post-PRP
Gel treatment point (T1); second post-PRP
Gel treatment point (T2); third post-PRP Gel
treatment point (T3). Data for area (i.e. length
and width) and depth were recorded at each
assessment time (measured in days before
baseline for the run-in period, and after baseline during PRP Gel treatment). Because the
registry is a compilation of clinical practice, assessment times were not the same for
different wounds (i.e. for one wound, T_3
might be 21 days, while for another it might
be 7 days). Because 28% (n = 13) and 35%
(n = 16) of the data were missing at T_2
and T2, respectively, these assessment times
were not used in the analysis. In addition,
for some wounds, T_3 was equal to T_1,
and T1 equal to T3, respectively, when only
one measurement before or after baseline was
available.
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Wound type
The aetiology of each wound type was
documented in the database with seven types
identified: arterial, diabetic foot, pressure
or venous ulcer; dehisced, surgical wound
and wound of other aetiology. Surgical and
dehisced wounds were combined to form
one category because of the sample size and
the related nature of these wounds. Because
of the small numbers of arterial ulcers and
wounds of other aetiology, these two types
of wounds were combined in the statistical
analysis to form a mixed group. Categorised
and aggregate results were used to display the
outcome variations in these chronic wounds.

Data transformation
Because the range of wound depth and area
was large, the depth or area was set at 100%
for start of run-in period (T_3) data, and all
measurements at other assessment times were
calculated as percentages in relation to the
initial depth or area to this time point.

Statistical analysis
The primary variables used in the analysis
were wound depth and area. To test whether
the percentage of area or depth significantly
decreased from the run-in period to the end
of the treatment period, a GLM repeated
measures approach was taken (formal H0
hypothesis: the percentage of depth and area
in relation to initial depth and area are equal
at each time point). GLM repeated measures
is a statistical approach designed to compare
time points that contain data for multiple
variables in a longitudinal manner (28). The
general equation is: T = YM, where T is time
at multiple points, Y represents the variables
at each time and M is the orthonormal contrast
matrix. The equation as a whole when tested
is (28):
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Models can be simple within-group factors or complex involving covariates and
other between-group factors. Models were
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developed using T_3 data for the initial time
point and four time points (pretreatment runin, baseline, post-PRP treatment 1 and postPRP treatment 3) with and without wound
type as additional factors. Initial models were
multivariate (depth and area). Robustness of
models was tested using non transformed and
log-transformed variables. The effect of outliers
was examined by using a cut off of standardised residuals >3·3. The significance of
estimated marginal mean differences between
the time points was adjusted for multiple comparisons using Sidak.
Another way to capture the events that
happen within a longitudinal time frame is
to use KM analysis in which events are
treated according to survival algorithms. By
using patients as their own controls, the runin period can be compared to the treatment
period provided wounds that meet the event
criteria are not represented in both groups
(i.e. no double counting). To determine clinical
outcomes of PRP Gel treatment, a KM analysis
was also carried out in which an event was
defined as a wound reduced by 50% or more
in area or depth by the time the treatment
ended using 100% as the initial value. First,
data were categorised for two groups: run-in
pretreatment and post-PRP treatment. Second,
while a wound could decrease by 50% in area or
depth between any two assessment points, the
reduction in depth or area had to be improving
(i.e. show a 50% decrease in area or depth) for
the event to be valid. Third, if a wound was
reduced by 50% during the run-in period, then
the wound was not analysed in the treatment
period to avoid skewing the data in either
direction. Statistical analysis was performed
using PASW 19 (SPSS, Inc, Chicago, IL).

RESULTS
General
The entire wound registry consisted of 285
wounds of various aetiologies. Within the
registry, there was a group of patients with
run-in historical data on 46 wounds. Mean age
of all patients was 59·6, whereas run-in data
patients were of an average age of 58·3 years
(range 25–89 years). Mean wound age of the
entire registry was 48·2 weeks with a median
of 22 weeks and the run-in dataset mean was
52·4 weeks and median of 34 weeks showing
the run-in group had a similar but longer
© 2011 The Authors
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Figure 1. Percentage changes in area by wound type in regard to assessment period, using first assessment values as 100%.

wound duration. The predominant wound for
the registry and the run-in data set was a
pressure ulcer (n = 142 and 20, respectively)
followed by surgical wounds (n = 38 and 8,
respectively). Other wounds included in the
registry and this study were dehisced wounds
(n = 24 and 6), diabetic ulcers (n = 41 and 4),
venous ulcers (n = 32 and 3), sickle cell (n = 1
and 1) and other (n = 5 and 2 respectively).
Mean baseline area for all registry wounds was
26·0 cm2 and mean baseline depth was 1·40 cm.
The mean area for the run-in wounds was
32·3 cm2 at baseline [standard deviation (SD):
79·69; range: 0·4–530·2], while mean depth at
baseline was 1·63 cm (SD: 1·48; range: 0·1–5·0).
The mean percent reduction in area (33%) and
depth (44%) between baseline and the final
treatment assessment point for the 46 wounds
was similar compared to the entire 285 wound
registry (area 38·8%, depth 37·7% and volume
54·3%), suggesting that the run-in wound
dataset had a similar wound trajectory to the
entire dataset. All of these data characteristics
indicated the two groups were similar in
wound characteristics and trajectory.
Of the 46 wounds with run-in data (N = 34
patients), the mean age of the wound at first
assessment was 52·4 weeks (SD: 71·62). Mean
time from first wound assessment during
run-in (T_3) to baseline (T0) was 22·2 days
(SD: 22·84, range: 2–87) and mean time from
baseline at the third assessment (T3) during
treatment was 13·4 days (SD: 9·88, range:
3–36). The first run-in assessment of mean
area was 33·9 cm2 . At the final post-treatment
assessment, however, the average area was
© 2011 The Authors
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22·6 cm2 resulting in a 33% decrease in size
from first run-in assessment. For depth, the
first run-in assessment was 1·8 cm. At the final
post-treatment assessment though, the mean
depth was 1·0 cm, a 44% decrease. Compared
to first assessment, dehisced/surgical wounds,
as well as diabetic foot ulcers showed the
largest decrease in percentage of area (46
and 53%; Figure 1), while diabetic foot and
venous ulcers showed the greatest decrease in
percentage of depth (54 and 58%; Figure 2).
While a few wounds substantially increased
in depth during the run-in period (120% for
other types of wounds; Figure 2), both diabetic
foot ulcers and other types of wounds had
very large increases in area during the runin period (>200%; Figure 1). Moreover, while
most wounds had larger areas at baseline
compared to the first assessment period during
run-in, dehisced or surgical wounds were
approximately 80% of original areas at baseline.
Given the vast increased pretreatment wound
size, using error bars and showing the entire
graph is impractical. It should be noted that
for eight wounds, the start of the run-in period
(T_3) was equal to the run-in time point closest
to baseline (T_1) and for 12 wounds, the
first treatment period (T1) was equal to the
third treatment period (T3), that is only one
measurement from baseline was available.

GLM repeated measures
Although heteroscedasticity was observed at
some time points in the variables and two
outliers had a few residuals that exceeded
3·3, the overall results of the models did
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Figure 2. Percentage changes in depth by wound type in regard to assessment period, using first assessment values as 100%.

not justify the use of outlier deletion or logtransformation given the small size of the sample. The multivariate analysis demonstrated
significant interaction between area and depth
(percentage-transformed variables), as well as
significant differences between pairs at different time points. Multivariate tests showed
significant effects between-subjects and withinsubjects (between-subjects: Wilks’ lambda =
0·155, P = 1·6 × 10−18 ; within-subjects: Wilks’
lambda = 0·452, P = 9·3 × 10−6 ). Adding a
wound type factor did not improve the
model significantly. Sphericity is a measure
of the variance–covariance matrix in which the
covariance between any two variables is equal
to the average of their variances minus a constant. If it is significantly violated, it has to be
corrected so that the overall F test of the model
is valid. Table 1 shows that there is significant
violation of sphericity. The most commonly
used method to correct for sphericity violation

is epsilon adjustment, of which GreenhouseGeisser (GG) is considered conservative in a
small sample size. The epsilon adjustments
using Huynh-Feldt and lower-bound methods
are also included as they are normally reported
in this kind of analysis. Table 2 shows the univariate effects. Note that while power is above
0·8 for the GG correction for depth, it is below
this level for the GG for area (0·620). This means
that in respect of area it is still possible that a
type II error may be possible in which more
significant effects may be apparent. However,
given the simplicity of the model, this is an
acceptable limitation. From the tests of withinsubjects contrast, it was noted that for depth, a
quadratic effect (P = 0·005) was also apparent,
suggesting that a nonlinear component might
be present (data not shown). This is also a limitation of the model, in that linear effects are
assumed. No significant nonlinear contrasts
were apparent for area.

Table 1 Mauchly’s test of sphericity (tests the null hypothesis that the error covariance matrix of the orthonormalised transformed
dependent variables is proportional to an identity matrix)

Within-subjects
effect†
Assessment

Measure Mauchly’s W
Depth
Area

0·516
0·109

Approx.
chi-square
28·931
96·980

Epsilon∗

df

P

Greenhouse-Geisser Huynh-Feldt Lower-bound

5 2·4 × 10−5
5 2·4 × 10−19

0·722
0·450

0·759
0·459

0·333
0·333

df, degrees of freedom.
∗ May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected tests are displayed in the tests of
within-subjects effects table.
† Design: intercept. Within-subjects design: assessment. While the GG values substantially deviate from 1·0, the correction is sufficiently good
enough that the model is valid.
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Area

Depth

55 411·86
55 411·86
55 411·86
55 411·86
93 243·32
93 243·32
93 243·32
93 243·32
184 974·43
184 974·43
184 974·43
184 974·43
958 199·32
958 199·32
958 199·32
958 199·32

Type III sum of squares

df, degrees of freedom.
∗ Power is below 0.8 for the GG area indicating a type II error may be possible.
Method used to correct for sphericity violation and its P value are bolded.

Error (Assessment)

Area

Sphericity assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound
Sphericity assumed
Greenhouse-Geisser
Huynh-Feldt
Lower-bound

Assessment

Depth

Measure

Source

Table 2 Univariate tests

3
2·165
2·278
1·000
3
1·349
1·376
1·000
135
97·405
102·499
45·000
135
60·721
61·927
45·000

df
18 470·62
25 599·76
24 327·28
55 411·86
31 081·11
69 102·02
67 755·97
93 243·32
1370·18
1899·03
1804·64
4110·54
7097·77
15 780·34
15 472·95
21 293·32

Mean square
13·480
13·480
13·480
13·480
4·379
4·379
4·379
4·379

F
Partial eta squared
0·231
0·231
0·231
0·231
0·089
0·089
0·089
0·089

P
9·5 × 10−8
3·7 × 10−6
2·2 × 10−6
0·001
0·006
0·030
0·029
0·042

1·000
0·998
0·999
0·949
0·864
0·620
0·626
0·535

Observed power∗

Wound registry analysis for platelet-rich plasma
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Table 3 Pairwise comparisons based on marginal means; P values adjusted for multiple comparisons (Sidak; significant values in
bold)
Measure

(I ) Assessment

(J ) Assessment

Depth

Pretreat2

Baseline
Post-PRP1
Post-PRP3
Post-PRP1
Post-PRP3
Post-PRP3
Baseline
Post-PRP1
Post-PRP3
Post-PRP1
Post-PRP3
Post-PRP3

Baseline

Area

Post-PRP1
Pretreat2

Baseline
Post-PRP1

Mean difference (I − J )

Standard error

P

95% CI for difference

−12·2
15·5
34·1
27·8
46·4
18·6
−24·480
11·3
38·2
35·7
62·6
26·9

10·32
8·10
7·72
6·45
7·81
4·84
22·41
10·80
10·00
16·45
26·52
12·61

0·809
0·318
0·00037
0·001
2·3 × 10−6
0·002
0·861
0·885
0·002
0·193
0·128
0·209

−40·63 to 16·14
−6·77 to 37·79
12·86 to 55·35
10·02 to 45·49
24·87 to 67·83
5·28 to 31·91
−86·15 to 37·19
−18·46 to 40·96
10·64 to 65·69
−9·52 to 80·98
−10·33 to 135·63
−7·78 to 61·61

CI, confidence interval.
Time points defined as follows: run-in pretreatment 2; baseline; post-PRP treatment 1; and post-PRP treatment 3.

Paired mean comparisons were made for the
different time points. Time points were defined
as run-in pretreatment 2; baseline; post-PRP
treatment 1 and post-PRP treatment 3. The initial run-in assessment is excluded as it is set
at 100%. For area data, there was a significant
difference (P = 0·002) between the run-in and
post-PRP treatment 3 period. There were multiple statistically significant differences for depth
between run-in pretreatment and post-PRP
treatment 3, baseline and post-PRP treatment
1, baseline and post-PRP treatment 3 and postPRP treatment 1 and treatment 3 (Table 3).

KM analysis
Seven wounds were reduced in area by 50%
during the run-in period, compared to 11
wounds during the treatment period. Mean
time for the run-in period was more than 2·5
times longer than that of the treatment period:
(66·0 vs. 25·0 days, respectively; standard error:
7·15 vs. 2·29, respectively). The majority of the
data are essentially right truncated rather than
right censored because run-in times are far
longer on average than PRP Gel treatment
times. The data showed that one minus cumulative survival probability was significantly
better for the PRP Gel treatment group compared to the run-in group (logrank Mantel-Cox
test: P = 0·028; Figure 3).
Five wounds were reduced in depth by
50% during the run-in period compared to
16 wounds during the treatment period. Mean
time for the run-in period was also more than
646

Figure 3. Kaplan–Meier analysis for run-in and treatment
times for time to 50% reduction in area.

three times longer than that of the treatment
period: (72·9 vs. 22·3 days, respectively; standard error: 6·18 vs. 2·47, respectively). The
majority of this data are also essentially right
truncated because the run-in times are far
longer on average than PRP treatment times.
One minus cumulative survival probability
was significantly better for the PRP Gel treatment group compared to the run-in group (log
rank Mantel-Cox test: P = 0·00034; Figure 4).

DISCUSSION
An RCT in diabetic foot ulcers previously
demonstrated the efficacy of this PRP gel (15).
© 2011 The Authors
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Figure 4. Kaplan–Meier analysis for run-in and treatment
times for time to 50% reduction in depth.

The data presented in this study complements
the RCT results and effectiveness across a large
variety of wound etiologies. When the clinical
impact of a treatment can be demonstrated
in controlled situations (i.e. RCT) as well as
less controlled settings, clinicians can be more
certain that the intervention has utility in a
wide variety of clinical settings. Even though
this study population was small, the outcome
results and trajectories were similar to those
achieved in much larger study sizes (15, 16,
34).
Observational studies describe outcomes in
which selection criteria are less restrictive than
RCTs. When used in conjunction with RCT
results, PBE data can add to an enhanced
evidence pool for clinical decision making.
Wound care registries can be extremely useful
in analysing clinical practice outcomes and
the use of pretreatment run-in data for
self control provided a unique, but valid
approach to obtaining real-world PBE. To
overcome the limitations encountered in many
observational studies, comparative run-in data
and statistical methods were used in this
study to compare the impact between the
run-in pretreatment and post-PRP treatment
on the same wounds. Using run-in data not
only raises the level of comparative clinical
evidence in this study, but also acts further
as a complementary set of evidence to prior
RCT results (15). Furthermore, using the run-in
pretreatment data and post-PRP treatment data
provides insight into the clinical practice and
realities encountered by chronic wound care
© 2011 The Authors
© 2011 Blackwell Publishing Ltd and Medicalhelplines.com Inc

clinicians. At this time, appropriately designed
observational studies providing valid evidence
for clinical effectiveness in patients with
comorbidities and refractory wounds are rare.
Although values of the marginal means and
probability values changed with different general linear repeated measures models and with
the inclusion of all data or removal of two
outliers, the overall outcome pattern did not.
Consequently, given the small sample size, the
multivariate model using all data and untransformed variables was preferred and judged
sufficiently robust that its major conclusions
are reliable. Although less common in wound
research, KM analysis was used to analyse
two groups in which patients constitute their
own controls so that pretreatments and treatment can be compared (29). Thus, the statistical
techniques used in this study are valid for comparatively analysing a wound care registry.
It is well accepted that reducing wound
size has clinical significance in terms of
improvement in healing and patient Quality
of Life (QoL) measures (20). For prospective
studies, a predefined reduction of the wound
size by >50% has served as a surrogate
endpoint for healing (20). In this study, when
using a surrogate marker of a reduction of
≥50% of wound area during the pretreatment
period, only 15% of wounds improved whereas
post-PRP treatment, 28% were actively healing.
The difference was greater when the surrogate
marker was applied to depth. During the
pretreatment period, only 11% of wounds
improved compared to the post-PRP treatment
of 39% actively healing by ≥50%. These results
could indicate that the short-term use of PRP
Gel appears to convert many non healing
wounds into actively healing ones. Analysing
time and 50% reduction in size, the KM
analysis also showed the pretreatment runin period was much longer than post-PRP
treatment period to achieve the same amount of
improvement. Because the analysis was limited
to available data, the time to complete healing
is not known.
The results of this study demonstrated that
more non healing wounds had reduced area
and depth between the run-in pretreatment
period and the post-PRP Gel treatment period.
The KM analysis indicated that PRP Gel
treatment statistically reduced the wound area
or depth by ≥50% more than the pretreatment
run-in period (area P = 0·028, depth P =
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0·00034). The results appeared to be more
pronounced for depth measurements than
area calculations. One possible reason for this
observation is that many chronic wounds, such
as DFUs and pressure ulcers, can have deep
tissue involvement resulting in deep wounds.
By contrast, venous leg ulcerations are more
superficial, but must have a granulated wound
bed prior to healing by epithelialisation.
Because the body must replace absent tissue
before more superficial layers can heal, the data
could be interpreted as an observation of the
wound healing from the bottom up (i.e. depth)
more than healing from the sides (e.g. length,
width and contraction). Healing by granulation
tissue deposition to reduce the wound depth
could prevent further deep tissue involvement
and associated comorbidities such as infection
and amputation (30, 31). All of the wound
types showed improved depth and area postPRP treatment, but diabetic foot and venous
ulcers showed the greatest depth reduction,
whereas dehisced and surgical wounds and
diabetic foot ulcers had the greatest decrease
in area within 4 weeks. Because surgical and
dehisced wounds were previously treated to
heal by primary intention, it is possible the base
of the wound bed was shallow enough that
once granulated, the area quickly decreased
as contraction and epithelialisation began to
occur.
The chronic wounds in this study were
recalcitrant to standard and advanced wound
care (i.e. negative pressure wound therapy)
and remained unhealed during the run-in
period. The pretreatment run-in period was
2·5 times longer for area and more than
three times longer for depth compared to the
treatment period. Wounds incur a treatment
cost no matter if they are healing or not,
yet even basic inexpensive care becomes
expensive when it is ongoing and ineffective (2,
3). A cost effectiveness model analysed cost
and QoL benefits for PRP Gel treatment
and alternative wound care treatments for
DFUs. It documented that PRP Gel was less
expensive with increased QoL benefits over a
5-year period than the alternative treatments
including standard of care, tissue engineered
skin substitutes, non contact ultrasound, single
growth factor, and negative pressure wound
therapy (32). In this wound care registry study,
the results support the idea of cost savings
based on mean treatment times. The mean
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time for pretreatment run-in was 9·5 and 10·5
weeks for area and depth compared to 3·5
and 3 weeks for post-PRP treatment. Such
a reduction in treatment time, cost and QoL
should impact important clinical and financial
decisions.
Unlike a case series, this analysis utilised
prospectively collected data from patients as
part of their standard wound care treatment.
Because each patient served as their own
control and the pretreatment run-in periods
were included, the study has a higher level
of evidence (33). In addition, wound data and
outcomes came from real-world patients with
a variety of wound aetiologies, comorbidities
and other confounding factors like PBE
studies. Study limitations included missing
data points for some wounds and not all time
points were able to be analysed resulting in
missing potentially useful ancillary data. Use
of grouped assessment time points is a study
limitation because it adds variability to the
dataset; however, using such a grouping of
general days allows the actual clinical practice
to be analysed. Often pretreatment run-in
data was not available in chronic non healing
wounds which resulted in a small sample size
and even smaller wound subcategory sizes.
While the small sample size is a limitation,
particularly in regard to individual wound
types, other larger clinical results suggest
similar outcomes. Also, the GLM model on
depth uses the assumption that healing is
linear, but the data suggest a nonlinear effect
may be present. The GLM model on area does
not seem to have this nonlinear effect and the
assumption is correct. Lastly, the observation
that not all wounds were ‘kick started’ is valid,
but the reason why the majority of wounds
began healing actively and others did not, is
not known at this time.
This study demonstrates the utility of wound
care registry data when appropriately analysed. Both analytical methods, GLM and KM,
demonstrated that the results obtained using
registry data were in broad agreement with
the results obtained from the RCT and other
studies (15, 16, 34). By including run-in pretreatment and post-PRP treatment data, the
statistical analysis showed important clinical
outcomes resulting from various treatments.
Including run-in treatment and outcome data
for each wound raises the level of evidence
in this study. A predefined surrogate marker
© 2011 The Authors
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for healing, reduction of the wound size by
>50%, was used to assess clinical improvement (20). Greater than 50% reduction in area
and depth following PRP Gel treatment in a relatively short time appears to suggest many non
responsive wounds developed a strong healing
trajectory. The significant clinical outcomes in
response to PRP Gel therapy complement clinical results obtained from prior clinical studies.
We propose that this analytical approach can be
used with data on other wound care registries
in other products or interventions.
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