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Background: A calcium alginate dressing (ALGINATE) and negative pressure wound
therapy (NPWT) are frequently used to treat wounds which heal by secondary inten-
tion. This trial compared the healing efficacy and safety of these 2 treatments.
Methods: This randomized, non-inferiority trial enrolled patients who underwent
skin excision (>30cm?), which was left open to heal by secondary intention. They
received ALGINATE or NPWT by a centralized randomization. Follow-up was per-
formed weekly until optimal granulation tissue was obtained. The primary out-
come was time to obtain optimal granulation tissue for a split thickness skin graft
take (non-inferiority margin: 4 days). Secondary outcomes were occurrence of
adverse events (AEs) and impact of the treatments on the patient’s daily life.
Results: ALGINATE and NPWT were applied to 47 and 48 patients, respectively.
The mean time to optimal granulation was 19.98 days (95% CI, 17.7-22.3) with
ALGINATE and 20.54 (95% CI, 17.6-23.5) with NPWT. Between group differ-
ence was —0.56 days (95% CI -4.22 to 3.10). The non-inferiority of ALGINATE
versus NPWT was demonstrated. No AE related to the treatment occurred with
ALGINATE versus 14 AEs with NPWT. There was no difference in the impact of the
treatments on the patient’s daily life.

Conclusion: This trial demonstrates that ALGINATE has a similar healing effi-
cacy to that of NPWT and that is markedly better with regard to patient safety.
(Plast Reconstr Surg Glob Open 2020;8:¢2691; doi: 10.1097/GOX.0000000000002691;
Published online 27 March 2020.)

urgical excisions of the skin and the underlying soft
tissue are carried out for various reasons including
infections, trauma, and tumors. Such excisions are
left open to heal by secondary intention to obtain optimal
granulation tissue which allows a split-thickness skin graft
(STSG) take.* This clinical trial compared a calcium
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alginate wound dressing (ALGINATE) and negative pres-
sure wound therapy (NPWT), medical devices widely used
by French surgeons in the treatment of surgical excisions.
ALGINATE>® and NPWT"! are known to eliminate excess
exudate and promote granulation. Over the last 15 years,
the use of NPWT increased exponentially in all kinds of
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wounds as a replacement for alginate, and other types of
modern dressings. Despite numerous systematic reviews
being performed, the Cochrane Collaboration still does
not contain good-quality clinical evidence for informing
health decision-making on the utility of NPWT in wound
treatment versus dressings. The Cochrane Collaboration
continuously asks for relevant and high-quality clinical
trials to decide on this issue.'"""® The aim of thistial was
to determine whether the healing efficacy, defined as the
time to obtain optimal granulatin for STSG take, is non-
inferior with ALGINATE versus NPWT and whether it is
safer to use ALGINATE and whether the cost is inferior
with ALGINATE. Results of the healing efficacy and safety
of the 2 interventions are presented in this article. Cost
results will be reported in another article.

Trial Design

This was a multicenter, randomized, non-inferiority,
parallel-group, and open-label clinical trial, with a blinded
assessment of the primary outcome. Plastic and reconstruc-
tive surgery units of 17 French teaching hospitals partici-
pated in the trial. All patients signed an informed consent
form before inclusion. The trial was initially designed to
compare 2 wound treatments and was amended into a
trial comparing 2 therapeutic strategies using ALGINATE
or NPWT as the first-line treatment. The amendment,
accepted by the ethics committee on 26 March 2015,
allowed surgeons to replace the first-line treatment, if this
failed, with another dressing until obtaining optimal gran-
ulation tissue.

Patients

Patients were included if they were 18 years or older
and had at least 30 cm? of their skin and soft tissue excised
surgically for infectious, traumatic (except burns), or

The study was conducted in accordance with the Declaration of
Helsinki. This study was approved by the regional ethics committee
of lle-de-France IV on 15 July 2013.

This trial is registered under the name “Comparison of the efficacy,
tolerance and cost of Algostéril vs Negative Pressure Therapy in
preparation for skin grafting following surgical excision,” ISRCTN
Clinical Trial Registry number ISRCTN60292377 (hitp://www.
isrctn.com/ISRCTN60292377).
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tumor-related reasons, with the wound left initially open
to heal by secondary intention. Patients were not eligible
if they had uncontrolled hyperglycaemia (HbAlc >10%),
or had been treated during the 30 days before inclusion
by immunosuppressant treatment, chemotherapy, or
radiotherapy.

Treatments

ALGINATE (Algostéril, BROTHIER, France) is a
wound dressing composed of pure calcium alginate
obtained from brown seaweed. NPWT (3M, France; Smith
& Nephew, UK; Hartmann, Germany; Molnlycke, Sweden)
is an electrical device comprising polyurethane synthetic
foam, a tube, a canister, and an electrical generator. The 2
treatments were applied according to the manufacturer’s
instructions: ALGINATE was changed once a day or every
2 days and the NWPT foam was changed every 2 to 3 days.

Evaluation
Primary Outcome

There is no definition of “optimal granulation tissue”
in the literature; therefore, we defined it as “a homoge-
neous, pink, continuous, non-oozing, non-hemorrhagic,
non-infected granulation tissue that is well-vascularized
and uniformly covering the totality of the surgical excision
area.” Its evaluation was performed by visual assessment.

The time to obtain an optimal granulation which
allows STSG take was expressed in the number of days
between the date of the surgical excision and the date on
which optimal granulation tissue was achieved.

To minimize the subjectivity of the visual assessment
of the optimal granulation, the date of optimal granula-
tion was decided by a consensus between the investigator
and a blind assessor, who was unaware of the treatment
received by the patient. Subsequently, via anonymized
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photographs, an oversight committee validated this date
or suggested another date. The date of optimal granula-
tion chosen by the committee was used in the statistical
analysis.

Secondary Outcomes

The safety evaluation was based on the frequency and
nature of serious or non-serious adverse events (AEs)
related to the tested treatments. Complications related to
the tested treatments were evaluated using the number of
AFs, withdrawals and treatment switches (posthoc analy-
sis). The quality of the wound dressing removal was assessed
by nurses at each dressing change based on the degrees of
the adherence to the wound, bleeding, and foul odor. The
impact of the tested treatment on the pain and the discom-
fort during sleep and movement was self-evaluated by the
patient: 0 (no impact) to 10 (maximum impact).

Assessments

At the inclusion and randomization visit that occurred
between Day . and Day , day on which the surgical exci-
sion was performed, the investigator collected data on
the patient. At the weekly follow-up visits, the investiga-
tor recorded the percentage of granulation tissue on
the wound area and the impact of the treatment on the
patient’s daily life. The end-of-trial visit took place on the
day when the investigator and the blind assessor agreed
that the optimal granulation tissue was obtained. At each
visit, a photograph was taken according to a standardized
protocol (see document, Supplemental Digital Content 1,
http://links.lww.com/PRSGO/B320).

AEs related to the tested treatments were reported
throughout the trial. At each wound dressing change, the
quality of the dressing removal was recorded.

Patients were first followed up in the hospital (oper-
ating theater, intensive care unit, or hospitalization unit)
and then in an after-care and rehabilitation facility and/
or in home hospitalization, and/or at home under care
provided by a district nurse.

Sample Size

The number of patients to be included was calculated
by the RCTS company (France) using the SAS software
(version 9.2). A non-inferiority margin of 4 days for the
primary outcome was designated by the investigators in
the absence of literature data. Using a SD of 7 days, a type
I error rate of 0.025 (I-sided) and a type II error rate of
0.20, the number of patients required was estimated at 50
per group. Assuming that about 10% of patients would
deviate markedly from the protocol or would be lost to fol-
low-up, a sample size of 56 patients per group was decided
upon.

Randomization

Patients were randomized to receive ALGINATE or
NPWT in a 1:1 ratio. The allocation sequence, stratified
according to the center and balanced using a block size of
4, was generated by ABPlus Company (France). The ran-
domization was carried out via an interactive web-based or
vocal response system.

ALGINATE vs NPWT for Grafting Bed Preparation

Statistical Analysis

The RCTS Company performed the statistical analysis
on the Intent-To-Treat (ITT) population, comprising all
randomized patients who have been exposed at least once
to 1 of the 2 treatments and on the Per Protocol (PP) pop-
ulation, comprising only patients of the ITT population
who completed the trial without major protocol devia-
tions. No interim analysis was planned nor performed.

Primary Outcome

The non-inferiority analysis was based on the mean
time difference to obtain optimal granulation between
the ALGINATE and NPWT groups. Non-inferiority will be
shown if the upper limit of the 95% CI of the between
group difference was less than the pre-specified non-infe-
riority margin of 4 days and will also include 0. If non-
inferiority was met, it was planned to test the superiority of
ALGINATE. Such superiority could be shown if the upper
limit of the 95% CI was less than the non-inferiority mar-
gin and also less than 0.

Secondary Outcomes

The secondary outcomes were analyzed for the ITT
and PP populations, defined without a hierarchy and
based on a search for a significant difference between
the 2 groups defined using an a cutoff of 0.05 (2-sided).
The safety analysis was descriptive and performed on
the ITT population. The quality of the wound dressing
removal and the impact of the treatment on the patient’s
daily life were compared as follows: (a) continuous vari-
ables were compared using analysis of covariance with
a mixed effect integrating the center effect as the ran-
dom effect and the initial evaluation of the measure as
the covariate, (b) binary variables were compared using
logistic regression with mixed effects integrating the cen-
ter effect as the random effect and their initial evaluation
as a fixed factor.

Post-hoc Analyses

Complication rates were analyzed by the Axonal
Company (France). The Fisher’s exact test was used to
compare their incidence between the 2 groups in the ITT
population. All of the collected variables were described
using the usual statistical models. A 2-sided probability
value of P< 0.05 was considered to be indicative of a statis-
tically significant difference.

Reporting of the trial was conducted according to
CONSORT rules published for non-inferiority trials."”

Participants

Between 11 July 2014 and 31 May 2016, 113 patients
were included and randomized between D_  and D,. The
last patient completed the study on 13 July 2016. Baseline
characteristics of patients and surgical excisions did not dif-
fer between the 2 treatment groups for the ITT (Table 1) as
well as for the PP population (see tables a-e, Supplemental

Digital Content 2, http://links.lww.com/PRSGO/B321).
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The ITT population consisted of 107 patients and the PP
population of 95 patients (Fig. 1).

Primary Outcome

The mean time to optimal granulation was 19.98 days
with ALGINATE and 20.54 with NPWT (Fig. 2). The non-
inferiority of ALGINATE versus NPWT was met in the PP
and ITT populations as the upper limit of the 95% CI of
the difference, 3.10 days, was less than the pre-specified
non-inferiority margin of 4 days and also included 0.
The results for the primary outcome were identical for
the PP (Table 2) and ITT populations (see tables a-e,
Supplemental Digital Content 2, http://links.lww.com/
PRSGO/B321). No conclusion could be drawn regard-
ing the superiority of ALGINATE since the upper limit of
the 95% CI exceeded 0. The time course of granulation
development was similar for both treatments, with a rapid
development during the first 2 weeks that slowed thereaf-
ter (Fig. 3).

Secondary Outcomes

No AE was reported in the ALGINATE group. The 14
AFEsreported in the NPWT group, related to the treatment,
occurred in 13 (23.6%) patients. One patient experienced
2 AEs and 12 patients experienced a single AE (with 1 of
these patients experiencing a serious AE) (Table 3).

The quality of the wound dressing removal was sig-
nificantly better for ALGINATE than for NPWT, with less
adherence (52.2% versus 73.2%, P < 0.0001), less bleed-
ing (38.9% versus 55.4%, P < 0.0001), and less foul odor
(22.7% versus 47.4%, P< 0.0001). There was no intergroup
difference concerning the impact of the tested treatments
on the patients’ daily life (noise nuisance, background
pain, or discomfort during sleep and movement).

Table 1. Baseline Characteristics of the Patients and Surgical
Excisions in the ITT Population

ALGINATE NPWT
n=>52 n=>55
Patients
Mean age, years (SD) 0.8 (21.0) 54.9 (22.4)
Male, n (%) 26 (50.0) 25 (45.5)
Diabetes mellitus, n (%) 5 (9.6) 9 (16.4)
Current smokers, n (%) 16 (30.8) 21 (38.2)
Obesity, n (%) 11 (21.2) 18 (32.7)
Surgical excisions
Etiology, n (%)
Infectious 29 (55.8) 27 (49.1)
Traumatic 16 (30.8) 19 (34.5)
Tumor-related 7 (13.4) 9 (16.4)
Localization, n (%)
Lower limb 21 (40.4) 26 (47.3)
Upper limb 18 (34.6) 17 (30.9)
Thoracic 2 (3.8) 3 (5.5)
Back 4 (7.7) 4(7.3)
Abdominal 2 (3.8) 1(1.8)
Lumbar/sacral 0 2 (3.6)
Buttock 1 (1.9) 1 (1.8)
Anal/perineal/genital 4 (7.7 1(1.8)

Median surface area, cm? (IQR) 100 (60-174)
Median volume, cm?® (IQR)* 145 (75-300)

*Missing data for 1 patient in the ALGINATE group.
IQR, interquartile range.

80 (49-150)
150 (70-300)
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Excisions with healthy perilesional skin (without mac-
eration) are more numerous in the ALGINATE group:
78% versus 58% for NPWT (see tables a-e, Supplemental
Digital Content 2, http://links.lww.com/PRSGO/B321).

Post-hoc Analyses

The proportion of patients who had at least 1 com-
plication related to the tested treatments was signifi-
cantly higher in the NPWT group (34.5%) than in the
ALGINATE group (0%) (see tables a-e, Supplemental
Digital Content 2, http://links.lww.com/PRSGO/B321).
Easiness of handling was evaluated: 88% of ALGINATE
applications were considered easy versus 55% of NPWT
and 83% of ALGINATE removals were considered easy
versus 56% of NPWT.

This trial compared the healing efficacy and safety of
ALGINATE versus NPWT in treating surgical excisions
left open to heal by secondary intention. The primary
outcome was the time (days) to obtain optimal granula-
tion tissue, which allows a STSG take. This time was simi-
lar in the ALGINATE and NPWT groups, at an average of
20 days. This similarity in mean time may be explained
by their similar mechanisms of action: the 2 treatments
drain the wound exudate and accelerate granulation.
ALGINATE drains the exudate thanks to its highly hydro-
philic nature and to the capillarity of its multilobal fibers.
ALGINATE accelerates the formation of granulation tis-
sue by releasing calcium ions, which activate endothelial
cells and fibroblasts.'® By applying negative pressure to
the wound, NPWT drains the exudate and creates a tis-
sue hypoxia gradient, which generates new blood vessels
and hence accelerates granulation.” In contrast to these
results, a single-center trial by Monsen et al'’ that com-
pared NPWT with 2 alginate-based wound dressings,
found that the healing of surgical wounds was 2-fold faster
with NPWT. The Cochrane review revealed the presence
of selection, detection, and analysis biases in Monsen trial
and concluded that “the benefits of NPWT versus wound
dressings in surgical wounds remain largely uncertain,
due to the absence of a rigorous randomized controlled
trial.”’* Beyond the methodology biases, the difference
in results between the Monsen et al trial and our trial is
understandable given that the 2 alginate dressings used
by Monsen et al were different from ALGINATE tested in
our trial. The clinical efficacy of alginate wound dressings
rests on the release of their calcium ions into a wound,'®"
which is influenced by the ratio between 2 constituents
of alginate dressings, mannuronic and guluronic acids.*"*!
This ratio varies between manufacturers.”’?* Different
compounds added by manufacturers to alginate dressings,
such as carboxymethyl cellulose and sodium ions*"**
alter further the release of calcium ions and subsequently
the healing efficacy of alginate. The characteristics of
alginate fibers, such as their form, resistance, and textil-
ing, impact their drainage capacity and vary considerably
between manufacturers.”* The nonequivalence of algi-
nates, well described in the literature,”** is why clinical
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Included and randomized patients

n=113

|

|

ALGINATE (n =53)

Investigator’s decision to suture the excision

ALGINATE not applied (n = 1) for the following reason:

NPWT (n=60)

NPWT not applied (n=5) for the following reasons:
Investigator’s decision to suture the excision (n = 2)

Withdrawal of consent (n = 1)
Death from multivisceral failure (n = 1)
Contraindication of NPWT (excision haemorrhage) (n = 1)

|

ALGINATE ITT population NPWT
(n=52) n =107 (n=55)
Dropouts (n=5) for the following reasons: Drfa pouts (n = 7) for the following reasone:
Withdrawal of consent (n = 3)
Lost to follow-up (n = 3) .
s Pain (n =2)
Heart failure (n = 1) Sluggish excision (n = 1)
Death due to altered general state (n = 1) ‘fgg,ls, e’fc'S'on L
Skin irritation (n = 1)
ALGINATE PP population NPWT
(n=47) n=95 (n=48)

Fig. 1. CONSORT participant flow diagram.

ALGINATE NPWT
better | ,  better

I 1

-4,22 -0,56 3,10,

H— & I

I 1

I 1

f f

-4 0 4

Fig. 2. Presentation and interpretation of primary outcome “time
to obtain an optimal granulation tissue,” using Cl in relation to non-
inferiority margin. Dashed lines indicate non-inferiority margin; the
region between dashed lines is zone of non-inferiority. Error bar indi-
cates 2-sided 95% Cl. Given that Cl for the difference in mean times
(ALGINATE minus NPWT) lies to the left of the non-inferiority margin
[A, (+ 4 days)] and also include 0, the interpretation is ALGINATE is
non-inferior to the NPWT but not shown to be superior.

results are not transposable from one alginate wound
dressing to another. During the course of our trial, no
complications nor AE occurred in the ALGINATE group,
whereas 20 complications were reported in the NPWT
group. These complications involved 19 patients (34.5%)
and 14 were reported as AEs related to NPWT. The causes
of these complications are well explained in the literature
and reported frequently: (a) bleeding and pain occur
due to the granulation tissue infiltrating the foam and

Table 2. Time to Optimal Granulation Tissue in the PP
Population

ALGINATE, NPWT,
n =47 n =48
Mean time, days (SD) 19.98 (7.76) 20.54 (10.03)
95% CI 17.7-22.3 17.6-23.5
Median (IQR) 19.0 (14.0-24.0) 19.5 (14.0-27.0)
Range 8.0-37.0 7.0-47.0
Mean time ALGINATE -0.56 (1.84)
minus NPWT, days (SD)

95% CI -4.22 to 3.10

being torn apart when removing the NPWT foam,'*?-"

(b) infection is frequently caused by fragments of foam
remaining trapped in the granulation tissue,”**=* (¢) irri-
tation of the perilesional skin is due to an allergic reaction
to the polyurethane film used to ensure the airtightness of
the wound,” ™ and (d) ankylosis results from immobiliza-
tion of the joint in proximity to the wound treated with
NPWT. Our results demonstrate that, upon removal, there
is significantly less wound adherence and less bleeding for
ALGINATE than for NPWT. These results were expected:
the granulation tissue often infiltrates the NPWT foam
which removal causes bleeding, whereas ALGINATE
dressing does not adhere to the wound bed because it jelli-
fies when in contact with exudate.** These features result
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Fig. 3. Time course of granulation development.
Table 3. AEs Related to Tested Products in the ITT Population
ALGINATE, n = 52 NPWT, n = 55
Adverse Event Aes, n Patients, n (%) Aes, n Patients, n (%)
At least one AE 0 0 (0) 14 13 (23.6)
Severe pain 0 0 (0) 5 5 (9.1)
Hemorrhage (one serious*) 0 0 (0) 4 3(5.5)
Skin irritation 0 0 (0) 2 2(3.6)
Infection 0 0 (0) 2 2(3.6)
Joint ankylosis 0 0 (0) 1 1(1.8)

*Blood loss of 300 mL.

in the non-traumatic removal of the ALGINATE wound
dressing, with little bleeding.™ The drawbacks of NPWT
are described in the literature: pain during the function-
ing of the device and when removing the foam, noise gen-
erated by the device, reduced mobility, increased stress,
and anxiety of the patient.™" Yet, our trial found that
there was no difference between the treatments in their
impact on patient’s daily life. This may be explained by
each patient evaluating the impact of only 1 treatment,
without knowing the effect of the other.

In this trial, some limits can be underlined. Three
patients in the ALGINATE group were lost to follow-up:
almost all ALGINATE patients were discharged from the
hospital to home care with a prescription, which enabled
them to have their wound dressing renewed by a nurse of
their choice without needing to return to the hospital. No
patient was lost to follow-up for NPWT because their treat-
ment depended on this device, which was provided and
monitored by a hospital. Several brands of NPWT were
used in this usual care trial, which could be considered as
its limit, but, according to health authorities there is no
difference in efficacy between NPWT brands. The NNT
(number needed to treat) was calculated to be 50 per
group. Fifty-three (ALGINATE) and 60 (NPWT) patients
were included in the trial. Due to premature dropouts,
the PP population consisted of 47 (ALGINATE) and 48
(NPWT) patients. This could have been a limit of the
trial, but the PP population was sufficient to demonstrate
the non-inferiority of ALGINATE. In the field of medi-
cal devices, the literature is often poor in data needed to
calculate the NNT and therefore this calculation is often
under- or overestimated.

6

To avoid the limitation of an open-label design,* the
primary outcome of our trial was reevaluated by a blind
assessor and then by an oversight committee on the basis
of anonymized excision photographs. One strength of our
trial was its strict methodology, centralized randomization,
inclusion of only 1 wound type (surgical excision), and
comparison of NPWT versus only 1 type of alginate dress-
ing. The use of NPWT in wound treatment has increased
over the past 15 years at the expense of wound dressings.
Is this change in practice justified by clinical evidence of
NPWT benefits versus wound dressings? Several systematic
Cochrane reviews were performed since 2007 on the util-
ity of NPWT versus wound dressings in burns,* skin grafts
and sutured wounds,"” pressure sores,'' leg ulcers,” surgi-
cal excisions,'” diabetic feet,* traumatic open wounds,*
and sutured wounds.* For all these types of wounds other
than traumatic wounds, the authors could not draw con-
clusions about the utility of NPWT versus wound dress-
ings due to the poor quality of evidence of randomized
controlled trials. Only the systematic review on traumatic
open wounds obtained a conclusion, thanks to the moder-
ate level of evidence,” with the authors concluding that
there was no difference between NPWT and wound dress-
ings regarding the percentage of healed wounds.

The results of this trial demonstrate that the healing effi-
cacy of ALGINATTE is similar to that of NPWT. ALGINATE
is markedly superior in terms of patient safety, with AEs
occurring in 23.6% of patients in the NPWT group versus
none in the ALGINATE group. These findings indicate
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that ALGINATE is preferable for the treatment of surgi-
cal excisions. The results of this trial can be extrapolated
to all non-infected acute wounds left open to heal by sec-
ondary intention. They cannot be extrapolated to chronic
wounds because they involve a different healing process.*’
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