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Abstract

Chronic wounds are a challenging medical entity for patients, medical pro-
fessionals and healthcare systems. Frequently, patients present themselves
to wound specialists after months or even years of unsuccessful treatment.
Recent developments have resulted in a multitude of different advanced
wound dressings created to treat complex, chronic wounds, one of which is
the polylactide dressing Suprathel. This study aimed at investigating the
healing potential of Suprathel in chronic wounds and differentiating
between old and “young”, diabetic and non-diabetic chronic wounds. A
prospective, multicentric, non-controlled intervention study was conducted,
treating patients with chronic lower leg ulcers (>3 months) with Suprathel
and assessing them weekly. Afterwards, a retrospective analysis was per-
formed analysing the wound size initially, after 4 and after 8 weeks of treat-
ment. Furthermore, a differentiation between diabetic and non-diabetic,
and chronic wounds older and younger than 12 months, was assessed. A
significant reduction in wound size was observed in the study population
after 8 weeks of treatment. The effect size in the diabetic wound and the old
chronic wound group even reached more than one, with the other groups
still showing a large effect of the intervention. This study shows that Sup-
rathel is a valuable tool in the armamentarium of a wound specialist. Not
only could we show a positive effect on chronic wounds, we could even
demonstrate a significant wound size reduction in chronic wounds of old
and young, as well as diabetic wounds, with the treatment of older chronic
and diabetic wounds yielding an even larger effect size. Further random-
ised, controlled studies are necessary to show the full potential of advanced
wound dressing materials in large patient cohorts.
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the patient selection or the results of the
study. Key Messages
1 | INTRODUCTION

Wound care is a highly relevant medical field. Besides acute
wounds in general need of being treated by surgery, chronic
wounds resulting from diabetic or vascular preconditions
can occur from trivial trauma that can lead to complex
wounds often requiring wound management by special-
ists."* While the primary goal of wound care is quick and
efficient wound closure, accomplishing this goal can be
tedious and challenging. Usually, chronic wounds are found
in the senescent population, resulting from comorbidities
such as diabetes, vascular or other morbidities.* The ongo-
ing trend towards an older and ageing society makes
‘chronic wounds' an essential topic of interest and will be
an even more present problem in the future. Chronic
wounds can drastically impair a patient's quality of life and
have an effect on caretakers and families of those affected,
as well. In the end, chronic wounds are a huge burden for
the healthcare system and lastly to society.’

Plastic surgeons or other departments specialising in
wound care are consulted after months or even years of
unsuccessful wound treatment with “every dressing and
ointment there is.”. The wounds presented and the
underlying cause(s) are usually treated with the respec-
tive department's favoured standard of care - ideally
adapted to the patient's individual needs. Another chal-
lenge in the treatment of chronic wounds is to start treat-
ment as early as possible. A ‘young’ chronic wound
might still show signs of possible healing like formation
of granulation tissue or bleeding, while ‘older’ chronic
wounds appear inert with no sign of healing whatsoever.

In most countries, the current market and the reim-
bursement system allow hospitals to use more elaborate,
hence, more expensive wound dressings than general
practitioners in their offices. Several ‘advanced” wound
dressings have been developed, including foams, hydro-
gels, hydrocolloids, or different polymers — more than
3000 in 2015 and rising.S However, the ideal wound
dressing remains to be developed.®

One of these wound dressings is Suprathel (PolyMedics
Innovations GmbH, Denkendorf, Germany), initially created
to improve burn care. Suprathel is a porous synthetic
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« chronic wounds are a major burden for patients, their next of kin, medical
professionals and healthcare systems

« this study assessed the effectiveness of Suprathel on chronic wounds. A ret-
rospective analysis of 19 patients was conducted

« a significant reduction in wound size was seen in the treated wounds.
Wounds older than 12 months and diabetic wounds showed larger effect
sizes than their respective counterparts

copolymer of DL-lactide. The polylactide degrades to lactic
acids and its salts”® after using up physiological buffers, ulti-
mately resulting in a signalling of hypoxic conditions in
normoxic surroundings, whereby cytokines and growth
factors are released influencing the wound healing cas-
cade.”" Given the fact that complicated and chronic
wounds often show an increased pH being the foundation
for infections and other complications,'*"* the upregulated
lactate levels,"* which are further supported by Suprathel,
provide metabolisms to support healing, suggesting Sup-
rathel as potent dressing for the treatment of chronic
wounds.

This is the first study investigating the effect of Sup-
rathel in chronic wounds. We retrospectively analysed
prospectively collected data. The primary outcome was
the wound size after treatment with Suprathel. The sec-
ondary outcome was whether differences in the treat-
ment outcome of ‘old’” or ‘young’, diabetic or non-
diabetic chronic wounds exist.

2 | MATERIALS AND METHODS
The initial study was designed as a prospective, multi-
centric, non-controlled intervention study. The ethics
committee of the Eberhard-Karls-University, Tiibingen,
Germany, approved the study for applying the resorbable
wound dressing Suprathel in chronic wounds (No. 239/
2009MPG?2). Preliminary data were used for the doctoral dis-
sertation of Shubitidze, D."

2.1 | Summary of the preliminary
prospective study

The preliminary study was conducted in six hospitals in a
25-month period.”” In total, there were 22 participants, of
whom 11 participants’ wounds (50%) had healed during the
study. Only one participant's wound had not healed during
the study, which was limited to 6 months per participant.
Ten participants had dropped out (infection = 2, wound
progress/stagnation = 5, wrong inclusion [carcinoma] = 1,



1= | wWiLEY-JEE)

NISCHWITZ Et AL.

amputation after trauma = 1, vascular surgical interven-
tion = 1). Because of the high number of dropouts, the ret-
rospective analysis was limited to an eight-week interval.

2.2 | Study design

A retrospective analysis of 22 chronic leg ulcers that were
prospectively enrolled and treated with Suprathel was per-
formed in this investigation. The wound size in cm? after
8 weeks of treatment was defined as the primary endpoint.
Initial (T0) wound size, after 4 weeks (T1) and after 8 weeks
(T2) were measured. If the wound had healed, wound size
was indicated as 0. Dressing changes occurred weekly.

To assess efficacy in different subgroups, wound size
in wounds of less than 12 months (further referred to as
‘young’) was compared to those 12 months or older
(further referred to as ‘old’) and wound size in diabetic
and non-diabetic wounds at those time points.

Inclusion criteria were a chronic wound (more than
3 months) located at the lower leg of a patient (18 years
or older) of no more than 25 cm?.

2.3 | Statistical analysis

Statistical analysis was performed using Prism 9 (GraphPad
Software, San Diego, CA, USA). Data were analysed using
means, median, standard deviation (in the following indi-
cated as ‘+’) and other variables of descriptive statistics. To
describe inferential statistics, one-way analysis of variance
(ANOVA) with repeated measures was used to analyse
wound size. Tukey's multiple comparisons test was used to
further investigate significance. Mann-Whitney U-test was
used for the analysis of the different subgroups at the
respectively indicated timepoints. Significance was set to
P < .05. Given that statistical significance can only be
reached in groups with a large enough sample size, and this
study was of exploratory character, P values have to be
interpreted in a descriptive, non-confirmatory sense. In
addition to statistical significance, the effect size was calcu-
lated using Cohen’s d, allowing an estimation of the actual
effect also for small sample size groups.'

3 | RESULTS

3.1 | Study population

Nineteen patients completed the study, while three were
lost to follow-up in the prospective intervention study
(infection: n = 1, wound size progression: n = 1, patient’s
wish to terminate the study: n = 1).

The mean wound age of the patients included was
13.26 months (range: 3-36), while the patients' age ranged
from 30 to 87 years with a mean age of 69.21 years. Thir-
teen patients were male (68.42%), and six female
(31.58%). Four of the patients suffered from diabetes
mellitus (21.05%). No adverse event associated to the
intervention has occurred in the study period.

Results are summarised in Table 1.

3.2 | Wound healing

The average wound size at TO was 7.45 cm? (+6.54 cm?),
at T1 4.89cm> (+4.66cm?) and at T2 3.32cm?
(+3.29 cm®). The ANOVA yielded a significant difference
(P <.001). Figure 1 shows the overall wound size
over time.

While no significant difference was found between TO
and T1 (P = .074), the wound size differed significantly
between T1 and T2 (P = .031). The wound size between
TO and T2 also decreased significantly (P = .006).

One of the 19 included wounds had healed at T1
already (5.3%) and two more at T2 (15.79%).

3.3 | Old vs. young chronic wound

There were 8 old and 11 young wounds. The wound size
at TO did not differ significantly between these two
groups (P =.113), neither did the patients’ age
(P = .614), the gender ratio (P > .999) or the occurrence
of diabetes mellitus (P = .262). Figure 2 shows the wound
healing over time of old vs. young chronic wounds.

The overall wound size showed a significant reduction in
the ANOVA of old and young wounds (P = 0.002 and 0.03,
respectively). In old wounds, a reduction from a mean of
4.87 cm?® (+2.86 cm?; TO) to 2.36 cm? (+2.44 cm? T1) and
2.14 cm? (+1.75 cm? T2) was observable. The overall reduc-
tion reached significance (P = .015). In young wounds, a
reduction from a mean of 9.32cm’ (+7.88 cm?* TO) to
6.74 cm? (+5.17 cm?; T1) and 4.16 cm? (+-3.94 cm?; T2) could
be seen. The reduction reached significance (P = .03).

The mean wound size reduction in old wounds dur-
ing the whole study period (T0-T2) was 5.15cm?
(+5.99 cm®) and 2.73 cm® (+1.86 cm?) in young wounds.
The difference was not significant (P = .531).

3.4 | Diabetic vs. non-diabetic chronic

wound

The average wound sizes between diabetic and non-
diabetic wounds did not differ significantly at the time of
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TABLE 1 Summary of study collective and results
Wound Patient Gender Diabetes
age (mo) age (y) (F/M) mellitus (Y/N)
3 81 F N
4 83 F N
5 86 F N
24 85 F Y
7 49 M N
4 71 M N
6 87 M N
18 53 M Y
6 72 M N
12 82 M N
5 30 M N
6 67 M N
10 73 M N
36 75 F N
24 43 F N
23 73 M N
10 75 M Y
36 59 M Y
13 71 M N

Note: TO is the day of inclusion; T1 is after 4 weeks of treatment; T2 is after 8 weeks of treatment.

Abbreviations: F, female; M, male; Y, yes; N, no.

Wound Size
*%k
ns *
5o 1
£
L 104
N
(7}
e \
3 "
S
0 T T 1
TO T™ T2
Time

FIGURE 1
standard deviation. TO is the day of inclusion, T1 is after 4 weeks,
and T2 is after 8 weeks. ns, not significant, * P < .05, **P < .01

Wound size over time indicated as mean and

study inclusion (T0) (P = .944), the wound age differed
significantly with 22 (range: 10-36) months on average in
the diabetes group and 10.93 (range: 3-36) months in the

Wound Wound Wound
Size T0 (cm?) Size T1 (cm?) Size T2 (cm?)
4 1 0
9 6 2,5
24,25 18 15
2,8 2,6 1,2
6,25 12 5,1
25 6 3
3 1,4 1,4
11,4 6,7 5
5,7 4,8 5,5
3,7 2,2 2,6
4 3,3 1,8
3,9 3,3 3,6
10 11,5 3,6
6,25 3 2,7
34 0 0
2,81 0,42 1,9
7,4 6,8 4,3
4,1 0,2 0
4,5 3,75 3,75
Old vs young
*pen
207 | I -e- Young
-+ OId

Wound size (cm?)
2

5
0 1 1 1
TO ™ T2
Time
FIGURE 2 Comparison of the wound size in old vs young

wounds indicated as mean and standard deviation. TO is the day of
inclusion, T1 is after 4 weeks and T2 is after 8 weeks. ns, not
significant

non-diabetes group (P = .049); the patients’ age did not
differ significantly (P = .899). Figure 3 shows the wound
size over time in diabetic vs. non-diabetic chronic wounds.

The overall wound size showed a significant reduc-
tion in the ANOVA of diabetic and non-diabetic wounds
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FIGURE 3 Comparison of the wound size in non-diabetic vs

diabetic wounds indicated as mean and standard deviation. TO is the
day of inclusion, T1 is after 4 weeks and T2 is after 8 weeks, ns, not
significant

(P =.005 and .015, respectively). In diabetic wounds, a
reduction from a mean of 6.43 cm? (+3.84 cm? TO) to
4.08 cm? (+3.24 cm?; T1) and 2.63 cm? (+2.41 cm?; T2)
was observable. The overall reduction was significant
(P = .014). In non-diabetic wounds, a reduction from a
mean of 7.72 cm? (+7.18 cm?; TO) to 5.11 cm? (+5.04 cm?
; T1) and 3.50 cm? (%3.55 cm?; T2) could be seen. The
reduction reached significance (P = .028).

The mean wound size reduction in diabetic wounds
during the whole study period (T0-T2) was 3.80 cm®
(+2.02 cm?) and 4.22 cm? (#5.59 cm®) in non-diabetic
wounds. The difference was not significant (P = .514).

3.5 | Effectsize

Since the case number in the groups was relatively small,
the effect size was calculated additionally. Overall, the
effect size between TO and T1 was 0.449. The effect size
between T1 and T2 was 0.391, and the effect size between
TO and T2 was 0.798.

The overall effect size (TO vs T2) of the influence of
the intervention on wound size in the group with the
young chronic wounds (less than 12 months) was 0.827,
while the effect size (TO vs T2) in the group with the old
chronic wounds was 1.15.

The overall effect size (TO vs T2) in the non-diabetic
group was 0.746, while the effect size (TO vs T2) in the
diabetic group was 1.183.

4 | DISCUSSION

In this retrospective analysis of prospectively collected
data, the healing effect of Suprathel on chronic lower leg

wounds was evaluated. A significant reduction in wound
size was seen after treatment for 8 weeks with high effect
sizes on wound size reduction in wounds older or youn-
ger than 12 months, diabetic or non-diabetic wounds.

The polylactide wound dressing Suprathel was ini-
tially designed to treat burn wounds.” Consequently, sev-
eral studies have investigated its effectiveness on burn
wounds of different degrees with promising results.'”'®
Its use as an epidermal skin substitute with no need for
frequent dressing changes makes it an effective wound
dressing for split-thickness skin donor sites.*'® Further-
more, it was used successfully in toxic epidermal
necrolysis cases in infants.*

Given that burn wounds can take several months to
heal and are therefore usually classified as complex
wounds,”! the promising results of the use of Suprathel
in the indications mentioned above implied the use in
another group of complex wounds: the chronic wound.
This is the first report of the use of Suprathel in chronic
wounds to the authors' knowledge. Our study population
included a valid and representative cohort of elderly
patients in terms of assessed parameters, typically suffer-
ing from chronic lower leg ulcers.**?

We observed no significant reduction in wound size after
the initial 4 weeks of treatment, with the ‘healing effect’
becoming apparent after another 4 weeks (8 weeks of treat-
ment); however, given the small sample size, we could see
an effect on wound size reduction of d = 0.449. Many
chronic wounds are inert, and the wound healing cascade
appears to have stopped before properly entering the prolifer-
ation phase.”® These chronic wounds have a higher pH in
their ‘resting state’, which favours bacterial growth, closing
the vicious circle and showing colonisation with a multitude
of different stems of bacteria, further inhibiting wound
healing.**** With advanced wound healing, a wound's pH
decreases towards more acidic, and the typical pH values of
the surface of healed skin of 4 to 6."**>*” This release of lac-
tate anions, which is the working principle of Suprathel,’
might cause a marked reduction of bacterial load.”® Further-
more, the postulated increase of lactate as energy provider
for wound healing and inductor of cytokines ultimately catal-
yses the resumption of the wound healing cascade. Given the
inactive and often desolate status of chronic wounds, a del-
ayed effect on wound size reduction could be explained that
shows already a high effect of d = 0.449 and even reaches
significance not after four but after 8 weeks of treatment.

Since we intended to investigate whether ‘old’
chronic wounds (12 months or older) can be treated the
same way as ‘younger’ chronic wounds (between 3 and
12 months), we compared two groups in which the
wounds were classified according to their age. Comparing
wound size, gender ratio, patients’ age and occurrence of
diabetes as co-morbidity at TO showed no significant
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differences between the two groups, yet due to the small
sample size, (non-)significance cannot be seen as confir-
matory. A significant wound size reduction in both
groups (P = .002 and .03, respectively) and high effect
sizes (d = 1.15 and 0.87) on wound size could be seen,
therefore suggesting the conclusion that ‘old’” and
‘young’ chronic wounds can be effectively treated with
Suprathel. While significance has to be seen in a descrip-
tive manner due to the low sample size, the high effect
sizes indicate an effective treatment. It is assumable that
once a wound has become chronic, it becomes self-
sustaining with insignificant alterations in its healing
potential. The higher effect size, observed in the group
with ‘older’ chronic wounds (1.15 vs 0.87), however, indi-
cates differently: despite the very large effect size in both
groups (<0.5 is considered as large theoretically,'® empir-
ically values higher than 0.3 ought to show a large
effect”), the use of Suprathel appears to have a larger
effect on ‘older’ chronic wounds. Since we could not
retrieve a single study from the available online literature
investigating the healing potential of ‘old’ vs ‘young’
chronic wounds, no temporal comparison with other
studies is possible. Further studies are necessary to prop-
erly evaluate treatment, metabolism and the local differ-
ences in differently aged chronic wounds.

In addition to wound age, we tried to further differenti-
ate between diabetic and non-diabetic wounds. A signifi-
cantly higher wound age was seen prior to the treatment in
the diabetes group, emphasising once more the diabetic pre-
conditions as a risk factor for (highly) prolonged wound
healing.** When comparing the diabetic and non-diabetic
groups, a significant reduction in both groups (diabetic:
P = 005 and non-diabetic: P = .015) could be seen, while
the effect size showed a larger effect in the diabetic than in
the non-diabetic group (1.186 vs 0.798). This difference in
effect size could however be seen due to different base value
from the beginning (not significant at TO, but possible cam-
ouflage thereof due to the low sample size). An investiga-
tion analysing pH and surface temperature in diabetic vs.
non-diabetic chronic foot ulcers showed no significant dif-
ferences of those biomarkers between the groups.*® Conse-
quently, similar conclusions are therefore to be drawn
regarding wound aetiology: diabetic and non-diabetic
chronic wounds can effectively be treated with Suprathel.
However, this statement needs to be put in parentheses as
the case number in the diabetic group was very low.

41 | Limitations and outlook

The case number was limited, which resulted in the addi-
tional calculation of the effect size as a parameter, further
allowing the interpretation of our results. This limited
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case number primarily affects diabetic vs. non-diabetic
wounds: There were only four cases with diabetic
wounds included in the analysis. Another reason for the
low number of diabetic wounds is that diabetic chronic
wounds were more likely to be lost during the initial pro-
spective study course, only allowing the retrospective
evaluation until after 8 weeks. During the prospective
study, diabetic wounds developed complications (e.g.,
infections) more often, which resulted in premature ter-
mination of the intervention study, hence not allowing a
proper analysis. The time interval analysed in this inves-
tigation (8 weeks) was also heavily affected by the high
number of dropouts after 8 weeks (data not shown),
which would have resulted in a distortion further yield-
ing no usable statistical analysis. The dropouts, however,
were not associated with adverse events associated to the
intervention. Finally, further differentiation in the
aetiology of the chronic wounds (venous, pressure ulcers,
etc.) was not assessed. While the wounds could be consid-
ered as their own control group (not having shown signs
of healing for 12 weeks), the lack of a proper control
group and, therefore, a possible bias by wounds that
would have healed without intervention, needs to be
listed as limitation as well. Future studies with large sam-
ple sizes should be performed to further evaluate the true
effect of Suprathel on different kinds of chronic wounds;
this study was able to show a large effect size in young,
old, diabetic and non-diabetic wounds in a small sample
for the first time. Follow-up studies are important to gain
more insight in possible effective therapies of long-term
unhealed wounds, whose implications have a major
impact on health services and the health of those who
suffer from such wounds.

In conclusion, this study shows that Suprathel is both
safe and efficacious for treating chronic wounds. Hence, it
is a valuable tool in the armamentarium of a wound care
specialist. A significant wound size reduction could be
shown in our cohort consisting of chronic wounds of old
and young age as well as diabetic and non-diabetic
wounds. Differences in effect sizes suggest that future
studies with larger cohort sizes that assess aetiology in
addition to the wound age should be performed, ideally in
a prospective, controlled and randomised manner.
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