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Abstract

The aim of this study was to summarise the clinical evidence supporting

almost 40 years of topical cadexomer iodine (CIOD) use in wound bed prepara-

tion by removing barriers to healing such as exudate, slough, bioburden, and

infection and allowing chronic wound progression. A systematic review was

conducted (Embase/PubMed, November 2020) to identify relevant compara-

tive studies meeting inclusion criteria. Meta-analyses were performed using a

fixed-effects (I2 < 50%) or random-effects model (I2 ≥ 50%) depending on sta-

tistical heterogeneity. Dichotomous outcomes were reported as relative risk

(RR) and continuous outcomes as mean difference (MD), with 95% confidence

intervals. In total, 436 publications were identified of which 13 were compara-

tive trials including outcomes of interest. Significant reductions in exudate,

pus/debris, slough, bioburden, and infection were reported in chronic wounds

treated with CIOD, compared with standard of care (SOC). Meta-analyses

highlighted the positive impact of CIOD on mean wound area reduction

(MD = 2.35 cm2, 95% CI = 0.34–4.36, P = .0219) after eight weeks treatment

and overall wound healing events compared to SOC; wounds including venous

leg ulcers, diabetic foot ulcers, and pressure ulcers treated with CIOD were

more than twice as likely to heal than those receiving SOC (RR = 2.30, 95%

CI = 1.54–3.45, P < .0001). This meta-analysis demonstrates the efficacy of

CIOD on chronic wounds through removal of barriers to healing. CIOD should

be considered in wound bed preparation and treatment protocols.
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1 | INTRODUCTION

In addition to the comorbidities of the patient, a chronic
wound may contain various local factors, which may act
as barriers to successful wound healing. These can
include the following: excessive wound exudate, non-
viable tissue or cellular debris (slough and pus or puru-
lence consisting of dead white blood cells and bacteria
with tissue debris and serum), and high bacterial
bioburden including biofilm and infection. The presence
of biofilm represents a significant clinical challenge, par-
ticularly their enhanced tolerance to antimicrobials1,2

and ability to evade the host immune response.3,4 Control
or removal of these barriers is important to allow host
repair and for the wound to progress to healing as part of
an effective wound bed preparation protocol.5,6

One intervention that has been reported to help
reduce and remove these barriers to healing is cadexomer
iodine (CIOD). This treatment consists of biodegradable
spherical hydrophilic beads (size range 100-315 μm) of
cadexomer starch, which incorporate 0.9% w/w iodine,
and is available in powder, gel/ointment, and dressing
formats. The dual mode of action of CIOD combines
physical and antimicrobial attributes, which work
together to address many of the barriers to healing found
particularly in chronic wounds, namely excessive exu-
date, slough, and bioburden.7 The cadexomer beads have
been shown to absorb up to seven times their own weight
in fluid,8 resulting in effective exudate management in
wounds.8-13 This physical absorption by the starch beads
provides a further de-sloughing action8-10,12-16 removing
debris, purulence,11,16 and bacteria17 from the wound
into the dressing. The physical swelling of the cadexomer
beads upon contact with fluid allows the sustained avail-
ability of iodine, which kills bacteria and biofilm within
the dressing for up to 72 hours18-20 with subsequent mini-
mal impact in toxicity21,22 This mode of action is illus-
trated in Figure 1. These barriers to healing such as

excess exudate, slough pus and debris, and bioburden
including biofilm all have an increasingly recognised role
in delaying wound healing. Effective management or
removal of these barriers supports a wound environment
conducive to healing, thereby allowing wound healing to
progress. Successful healing outcomes following the use
of CIOD have been demonstrated across a large number
of high-level clinical studies spanning almost 40 years,
culminating in a positive Cochrane review for faster rates
of healing than standard of care (SOC) in venous leg
ulcers (VLU).23,24

The aim of this systematic review and meta-analysis
was to examine the clinical evidence for the use of
CIOD over the last four decades, building on the previ-
ous Cochrane review analysis in VLU, with the addi-
tional assessment of published data on diabetic foot

FIGURE 1 Schematic to illustrate the mode of action of cadexomer iodine8-20

Key Messages

• systematic review and meta-analysis of publi-
shed clinical data highlights the wealth of clin-
ical data and successful outcomes spanning
almost 40 years with cadexomer iodine (CIOD)
in chronic wounds

• CIOD was found to significantly reduce many
of the barriers to wound healing such as excess
exudate, slough, debris, and bioburden across
multiple high-level studies compared to stan-
dard of care (SOC) subsequently allowing
wound healing to progress

• meta-analysis of wound healing data demon-
strated wounds were greater than two times
more likely to heal with CIOD treatment com-
pared to SOC (P < .0001)

WOO ET AL. 587



ulcers (DFUs) and pressure ulcers (PUs). Furthermore,
this review provides a more in-depth analysis of the
impact of CIOD in reducing some of the barriers to
healing such as exudate, slough, and bioburden, which
subsequently may contribute to wound progression and
enhanced healing.

2 | METHODS

2.1 | Search strategy

A systematic literature search was performed using the
following search terms “IODOSORB” OR “IODOFLEX”
OR “Cadexomer iodine” OR “CADEX” OR ((“Cadexomer
beads” OR “Iodine beads” OR “Iodine starch”) AND
(“wound healing” OR “chronic wound”)), and no lower
date limit was conducted on Embase and PubMed to
identify relevant studies on 24 November 2020. To

increase the sensitivity of the searches, search terms were
intentionally left open and did not include words related
to specific outcomes, patient populations, or adverse
events. Reference lists of included articles were hand-
searched to identify any further studies along with inter-
nal database searches. Searches were restricted to
English-language articles. The inclusion of studies into
the review is illustrated in Figure 2.

2.2 | Inclusion and exclusion criteria

Interventions with CIOD in any of its preparations (pow-
der, dressing, or ointment/ gel) were assessed. Compara-
tive studies (including prospective and retrospective
design) that evaluated the use of CIOD along with rele-
vant wound healing outcomes in patients of any age or
with any risk factors for complications were included. A
comparator was defined as standard or routine care

FIGURE 2 A PRISMA flow

diagram mapping out the number of

records identified, included and

excluded, and the reasons for exclusions
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appropriate for that wound type such as compression for
VLUs, and basic (non-antimicrobial) wound dressings
such as paraffin, gauze, or hydrocolloid dressings, which
varied according to local practices. Non-comparative tri-
als and case reports, case series, retrospective observa-
tional studies, review articles, letters, commentaries, and
notes were excluded.

2.3 | Outcome measures of interest

Outcome measures included the following: exudate man-
agement, reduction in pus (more recently termed puru-
lence), slough and cellular debris, bioburden (including
biofilm), infection, pain and wound area, and wound
healing.

2.4 | Study selection and data extraction

Review of the publications that met the eligibility criteria
was performed by two independent reviewers (SE and
EW). Data were extracted by use of standardised spread-
sheet tables. Study quality and bias was assessed, the
quality of included studies were independently assessed
by BC and SE (Supplement 1). Quality criteria were taken
from Centre for Reviews and Dissemination guidelines
for the assessment of risk of bias in RCTs. Wherever
available, data recorded included general study character-
istics such as year of publication, duration of follow up,
number of participants, mean age of participants, and
SOC (Supplement 2). Furthermore, the primary outcome
measures and adverse event data were also extracted.

2.5 | Data synthesis and statistical
analysis

Overall effect estimates were calculated using the meta
package in R 3.5.0 (R Core Team, 2018). The inverse vari-
ance weighted method was adopted for continuous out-
comes and the Mantel–Haenszel method for binary
outcomes, using either a fixed-effects model or a random-
effects model. Individual risk ratio estimates and sum-
mary estimates were displayed graphically in forest plots.
Heterogeneity was quantified with the I2 statistic. The
method for calculating the SD of the mean difference
(MD) for continuous outcomes was undertaken using the
following for formula: σd = sqrt (σ1

2/n1 + σ2
2/n2). σ1

2 cor-
responds to the SD in population 1 and σ2

2 corresponds
to the SD in population 2. N1 and n2 correspond to the
total sample sizes in population 1 and 2, respectively.
Where the SD was not specifically indicated, we classed

the corresponding number after the mean as the SEM
and converted this to an SD. This assumption was made
as a result of similar publications in that time period
reporting data in this way. This was conducted by multi-
plying the SEM by the square root of the number of
patients. Studies which reported a relevant outcome
which could not be included in the pooled analysis
because of methodological or reporting issues are dis-
cussed qualitatively.

3 | RESULTS

3.1 | Study selection

In total 480 publications were identified, 96 from PubMed,
382 from Embase, and 2 from additional searches. After
screening the studies based on the exclusion/inclusion
criteria, 13 comparative trials were reviewed and 12 com-
parative trials demonstrated data suitable for further anal-
ysis (Figure 2).

3.2 | Study characteristics

Thirteen studies were identified as meeting the inclusion
criteria (Figure 2, Supplement 2). The majority of the
studies comprised of VLU patient populations, followed
by one study focusing on PUs and two studies with DFU
patients, all of which covered a range of different clinical
outcomes. SOC varied across studies reflective of local
protocols, including dressings such as paraffin gauze or
hydrocolloid dressings. In addition, lower extremity com-
pression therapy was used across all of the VLU studies
for both CIOD and SOC groups, and an offloading boot
used in one of the two DFU studies.

3.3 | Outcomes measures of efficacy

3.3.1 | Reduction in excessive wound
exudate

Eight RCTs were identified to report on exudate levels,
measured using a visual analogue scale, following treat-
ment with CIOD compared to SOC in VLUs. Harcup and
colleagues25 highlighted a significant reduction in exu-
date levels by week 4 of treatment (P < .001), with simi-
lar findings demonstrated by Lindsay and colleagues10

with significant reduction in exudate levels by 4 weeks
for CIOD compared with SOC (P < .002). Laudanksa26

reported a significantly faster reduction in exudate levels
with CIOD treatment following 1 and 2 weeks (P < .01),
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and 4 and 6 weeks of treatment compared to SOC
(P < .001), whereas Skog and coworkers11 reported that
treatment with CIOD for 6 weeks was significantly more
effective for reducing exudate compared to SOC
(P < .005). Also within 6 weeks of treatment, Troeng et al
reported that wounds became significantly less exudative
following CIOD.9 Hansson and team reported that fol-
lowing a 12-week intervention with CIOD, 70% of the
ulcers had no exudate, compared to 52% and 44% in the
hydrocolloid and paraffin gauze groups, respectively.13

Finally in two further randomised crossover trials,12,15

obvious improvements in exudate levels were observed
with trends favouring CIOD.

3.3.2 | Reduction in cellular debris:
wound slough and purulence

Hansson and colleagues13 reported a significant reduc-
tion in the percentage of slough in chronic wound using
CIOD compared with SOC (P < .05), whereas Skog et al11

observed a marked debriding effect on VLU wounds due
to reduction of pus (purulence) and removal of cellular
debris from the wound bed.

Nine RCTs across both VLU and PU indications iden-
tified a reduction in purulence and cellular debris after
use.9-12,15,16,25-27 Significant reductions in pus and cellular
debris following 4 weeks of treatment with CIOD vs SOC
were demonstrated in VLUs by Lindsay10 (P < .002) and
Troeng9 (P < .005)—with significant reductions observed
at also weeks 2 and 6 in the latter study (P < .025/
P < .001). Similar results were reported in VLUs at
6 weeks (P < .001) compared with SOC by Hillstrom
et al.27 In an RCT crossover study, Harcup25 demon-
strated a significant improvement in pus and debris in
the wound by 4 weeks of CIOD treatment compared with

SOC (P < .05). The reduction in pus and debris was
shown to be more rapid following CIOD intervention in
VLUs compared to SOC by Laudanska and colleagues.26

Improvements were also highlighted in randomised
crossover trials by both Holloway15 and Troeng9 with
trends favouring CIOD, but results were not significant.
Finally, an 8-week RCT in PUs highlighted CIOD to be
superior compared to SOC in removing purulence and
debris (P < .005).

A meta-analysis of these studies that contained the
required information for statistical pooling, Figure 3, dem-
onstrated a statistically significant difference between
CIOD and SOC in the reduction of pus and debris assessed
by visual analogue scale at 6–8 weeks (MD = 9.52, 95%
CI: 5.27–13.77, P < .0001).

3.3.3 | Reduction in wound bioburden

Challenges of non-standard measures and outcomes
across studies ranging from elimination of specific bacteria
to reduction in bacterial load resulted in the available data
being insufficient for a meta-analysis; however, compara-
tive data within the studies identified are summarised
later.

Significant reductions in wound pathogens were
noted following CIOD intervention compared to SOC in
RCT's, within 6 or 8 weeks of treatment. Hillstrom27

reported a significant reduction in Staphylococcus aureus
(P < .001) using semi-quantitative methods with an
improvement in infection (classified here as heavy
growth in semi-quantitative culture) in 16 of 23 patients
in the CIOD group compared with 0 of 18 groups in SOC
group. Significant reductions in S aureus were also
reported in the other three RCTs9-11; Lindsay et al
highlighted that CIOD treatment resulted in elimination

FIGURE 3 Reduction in ulcer pus and debris (visual analog scale) after 6–8 weeks for CIOD experimental group vs SOC control group.

Ulcer pus and debris after 6–8 weeks was significantly reduced in CIOD experimental group as compared to the SOC control group

(P < .0001). CIOD, cadexomer iodine; SOC, standard of care
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or decrease of organisms in most cases, and this was asso-
ciated with reduced odour and improvement of the
ulcer.10 In addition to significant reductions in S aureus
reported by both Skog and Troeng following 6 weeks
of intervention with CIOD compared with SOC,9,11 sig-
nificant reductions in streptococci, enterococci, and
enterobacteriaceae such as Proteus and Klebsiella species
were noted (P < .001 and P < .01, respectively) in these
two trials.

One further study in DFU compromised by biofilm
highlighted the significant reduction in biofilm numbers,
as indicated by biopsy enumeration, using CIOD com-
pared with the non-antimicrobial control following
2 weeks of treatment (P = .063).28

In addition, various studies emphasised reductions in
other factors linked to infection or high bioburden follow-
ing CIOD treatment; wound odour reduction has been
linked to bioburden reduction, with a specific reduction in
coliforms and S aureus in one study associated with a sig-
nificant reduction in wound odour (P < .002).10 Finally,
Skog et al11 reported a correlation between the time taken
to reduce or eliminate S aureus and the rate of healing,
which was much faster in the CIOD group compared with
SOC as detailed in the healing section later.

3.3.4 | Reduction in pain

In total, six studies that reported on pain measured using
a visual analogue scale (VAS) scoring following CIOD
intervention compared with SOC; four in VLUs including
significant pain reductions following 611,26 and
8 weeks10,25 of treatment and one study in PU demon-
strating a significant reduction in pain (P < .02) during
the 8 weeks of study.16

A further study conveyed a trend towards less pain
and was reported by Holloway and team with CIOD

compared with SOC in VLUs; however, the difference
was not statistically significant.15

Meta-analysis of relevant data, Figure 4, conveys a
statistically significant difference in pain reduction mea-
sured using VAS between CIOD and SOD at 6–8 weeks
(MD = 14.73, 95% CI: 3.75–25.71, P = .0086).

3.3.5 | Wound area reduction and
wound healing

Considerable improvements in wound area reduction or
complete healing events in chronic wounds (VLU, DFU,
and PU) were demonstrated in 10 RCTs in the published
literature following CIOD intervention.9-13,15,16,25-27

Specifically, significant reductions in wound area in
VLUs have been reported by Hansson et al13 who showed
a 66% reduction in ulcer area over the 12 weeks study
compared to only 18% in the SOC group (P = .0127), with
a significantly higher rate of healing compared to SOC
(P = .0353). Similarly, venous ulcers were observed to
heal more than twice as rapidly using CIOD compared to
SOC (P = .0025) in a randomised crossover trial.15 Accel-
erated wound healing was also reported by Hillstrom27

who demonstrated a significant reduction in VLU wound
area with CIOD after only 1 week of treatment, and con-
tinued up to the end of the study (week 6). Similarly,
Troeng and colleagues9 also showed significant reduction
in ulcer size compared to SOC at weeks 1, 2, 4, and
6 (P < .01, P < .005, P < .01, P < .02, respectively). Fur-
thermore, the significant reduction in ulcer size by 1 and
2 weeks highlighted by Skog et al11 (P<.02 and P < 0.005,
respectively) equated to a 34% reduction in ulcer size by
6 weeks compared to an increase in ulcer size by 5% in
the SOC group. Comparable reductions in VLU area fol-
lowing 8 weeks of CIOD treatment were also noted in a
crossover trial by Lindsay et al10 (33.6% vs 4.2% for SOC

FIGURE 4 Reduction in ulcer pain (visual analog scale) after 6–8 weeks for CIOD experimental group vs SOC control group. Ulcer pain

after 6–8 weeks was significantly diminished in the CIOD experimental group as compared to the SOC control group (P = .0086). CIOD,

cadexomer iodine; SOC, standard of care
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P < .005). Finally, a 71% reduction in mean ulcer area
compared to 54% in SOC group (P < .05) over an 6-week
CIOD intervention was shown by Laudanska and
Gustavson.26

Effective reductions in ulcer area were also reported
in other chronic wound indications; Moberg et al16 dem-
onstrated a significant reduction in PU area in 8/18 in
the CIOD group compared to 1/18 in the SOC patients
(31% vs 19.5%, respectively, P < .01). However in DFU, a
53.6% median reduction in wound area and 50% reduc-
tion in wound depth were reported following CIOD treat-
ment compared to baseline.

Data pooling with regard to reductions in ulcer area
is shown in Figure 5. This demonstrates that when using
CIOD an MD of 2.35 cm2 was observed after 8 weeks of
treatment in both VLUs and PUs, significantly more than

that compared to SOC (MD = 2.35 cm2, 95% CI = 0.34–
4.36, P = .0219).

Several studies involving participants with VLU,
DFU, and PU reported complete wound healing follow-
ing CIOD intervention. In VLUs, significantly more
wounds were healed using CIOD compared to SOC
across studies spanning 6 weeks,26,29 8 weeks,10,25 and
12 weeks12,13 intervention. Likewise in PUs, significantly
more healing events were reported in the CIOD group
compared to SOC in an RCT by Moberg et al.16 Also, in
an open controlled comparative study in DFU, more
wounds in the CIOD group healed compared to the SOC
comparison group (5/22 vs 2/19).

Furthermore, upon pooling the relevant healing data
(Figure 6) when comparing CIOD to SOD with regard to
complete healing events, wounds treated with CIOD

FIGURE 5 Reduction in ulcer area (cm2) after 8 weeks for CIOD experimental group vs SOC control group. Ulcer area reduction after

8 weeks was significantly greater in CIOD experimental group as compared to the SOC control group (P = .0219). CIOD, cadexomer iodine;

SOC, standard of care

FIGURE 6 Complete healing events reported for CIOD experimental group vs SOC control group. Events are defined as complete

healing by clinical observation. Complete closure events increased two-fold in the CIOD experimental group as compared to the SOC control

group (P < .0001). CIOD, cadexomer iodine; SOC, standard of care
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were greater than two times more likely to heal than
those treated with SOC across studies including VLUs,
DFUs, and PUs (relative risk [RR] = 2.30, 95% CI = 1.54–
3.45, P < .0001).

Figure 7 illustrates the obvious impact of reducing
barriers such as slough, exudate, and bioburden in clini-
cal practice following CIOD treatment, with images of
wound condition before and after CIOD treatment in
conjunction with a wound bed preparation protocol
including debridement and cleansing as per local
protocol.

4 | DISCUSSION

Chronic wounds impart a high human and financial
cost.30 From a patient's perspective, wounds can lead to
pain, distress, social isolation, anxiety, extended hospital
stay, chronic morbidity, or even mortality.30 Furthermore,

recent data from the United Kingdom demonstrates that
an estimated 4.5% of the total UK adult population (2.2
million people) are living with a wound and up to £5.3 bil-
lion spend annually on managing these wounds.31 Simi-
larly reported health expenditure related to wound care in
the United States is far greater than previously
recognised.32 In addition, the patient care cost of an
unhealed wound further adds to this burden; reported to
be a mean of 135% more than that of a healed wound.33

An essential part of any treatment protocol for a
chronic wound is to minimise or remove the barriers to
healing by performing appropriate wound bed preparation
as described by wound experts using the T.I.M.E acronym
(Tissue (non-viable), Infection, Moisture imbalance, Edge
(not advancing or undermining)).5-7 This systematic
review of clinical studies highlights how CIOD treatment
can manage and reduce many of these barriers, helping
the wound to progress. The existing evidence for CIOD
use in clinical practice spans almost 40 years indicating

FIGURE 7 CIOD use in clinical practice; images illustrate wound condition before and after CIOD treatment in conjunction with

wound bed preparation including debridement and cleansing as per local protocol in (a) traumatic leg wound, CIOD powder; (b) DFU,

CIOD ointment; (c) DFU, CIOD dressing. Wound images with permission from Dr Woo, Dr Malone, and Dr Dowsett, respectively. CIOD,

cadexomer iodine; DFU, diabetic foot ulcer; SOC, standard of care
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consistent successful outcomes compared to SOC.
Although some of the studies using CIOD were published
nearly 40 years ago, the SOC is mostly reflective of current
clinical practice with compression or offloading still used
frequently today when managing VLUs and DFUs, respec-
tively, as per various current guidelines and pathways.34-36

In addition the outcomes of more recent studies are
aligned to these older trials also. Although research trends
in recent years have focussed more on silver use in wound
care, our understanding of the efficacy of iodine, in partic-
ular CIOD, against new challenges such as biofilm has re-
ignited the interest in this intervention.

Excessive exudate, often containing elevated levels of
inflammatory mediators may slow down or prevent cell
proliferation,37 interferes with growth factor
availability,38,39 it can lead to peri-wound skin maceration
and loss of skin integrity.40 Exudate production may con-
tinue and be excessive due to ongoing infection or inflam-
matory processes (localised and/ or systemic).40 CIOD can
absorb up to seven times its own weight in exudate,8 a
benefit reflected in many clinical studies in this review,
demonstrating a reduction in exudate levels following
CIOD treatment8-14,21,25,26,41 and helping to optimize moist
wound environment that is conducive to healing.

The presence of slough in chronic wounds, defined as
non-viable adherent fibrous material derived from pro-
teins, fibrin, and fibrinogen, is a barrier to healing as
it may prevent migration of cells, provides protection
and nutrition for bacteria, and may sequester growth
factors.42,43 CIOD demonstrates effective desloughing
properties in chronic wounds,8-10,12-16 with significant
reductions of slough, pus, and debris compared to SOC
(P < .05), which is demonstrated across multiple studies
in VLUs.10,13,25,26 More detailed exploration of the avail-
able data by meta-analysis in this study highlighted a sta-
tistically significant MD in pus and debris reduction
(assessed by visual analogue scale), which is observed in
favour of CIOD compared to SOC at 6 to 8 weeks of
MD = 9.52, 95% CI: 5.27–13.77, P < .0001). The removal
of slough as a barrier to healing through autolytic
debridement is vital to wound bed preparation.

High bioburden and wound infection are associated
with overproduction of pro-inflammatory cytokines and
matrix metalloproteinases (MMPs) leading to a prolonged
inflammatory stage. The wound may then enter a chronic
state and fail to heal.44-46 In addition to the fast and effec-
tive broad spectrum antimicrobial activity demonstrated in
clinically relevant in vitro tests and animal models,18,47

many clinical studies using CIOD demonstrate the
removal/reduction of bioburden as described in this
review.9-11,27,48 According to a previous review by
Sundberg et al,14 CIOD was also found to be more effective
than SOC in reducing bioburden and infection.14

Furthermore, significant reductions compared to baseline
in total bioburden counts in DFU wounds compromised
by biofilm highlighted by Malone and colleagues were cor-
related to reductions in MMP-9 and MMP-2 (P = .03).49

More recently, the role of biofilms as causes of
chronic wound infections and delay in wound healing
have been reported,50-52 with over 78% of chronic non-
healing wounds demonstrated to contain biofilms.53 The
presence of biofilm represents a significant clinical chal-
lenge, particularly their enhanced tolerance to antimicro-
bials1,2 and the ability to evade the host immune
response.3,4 CIOD has demonstrated to be effective
against mature biofilms in multiple in vitro models incor-
porating various clinically relevant conditions and sub-
strates such as porcine tissue1,19,20; in addition, animal
models show promising results with CIOD against bio-
film in a wound.19,20

Recently, a systematic review on the efficacy of topi-
cal agents used in wounds for managing chronic biofilm
infections identified a large disparity in the translation of
laboratory studies to clinical research.54 Published clini-
cal studies on CIOD are now starting to bridge the wound
biofilm evidence gap from laboratory to clinic. These
studies demonstrate an ability to affect/reduce microbial
load and community cohesion (biofilm and planktonic)
in DFUs with biofilm following CIOD treatment.28,49 In
addition, the physical impact of the cadexomer beads
reported previously from experimental work17,18 has been
observed clinically with a visual reduction in biofilm
architecture on the tissue samples from the DFUs.49

Moreover, a recently published meta-analysis of topical
antimicrobial treatments against biofilms has concluded
that CIOD was the only agent that reduced total micro-
bial load including biofilm in human clinical studies.54

Many of the older studies in this review report significant
outcomes within 6 to 12 weeks of treatment. This longer
treatment may be explained today in part by the increas-
ing understanding of persistent biofilm communities in
wounds that may require longer antimicrobial interven-
tion to ensure effective activity55 although further
research is yet to define this clearly.

Increasing pain, malodour, friable tissue, and exces-
sive exudate production are some of the clinical symp-
toms that have been used to indicate localised and
spreading wound infection.56-59 Increasing pain specifi-
cally is reported to be indicative of infection in a
wound.56,58 Thus, it follows that when wound bioburden
and/or infection are reduced in a wound, a concurrent
reduction in pain may also be reported. A reduction in
pain was observed in six studies in this review following
intervention with CIOD with five studies demonstrating
significant pain reductions compared to SOC. Further
analysis demonstrated ulcer pain was significantly
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diminished in the CIOD experimental group as compared
to the SOC control group in both VLUs and PUs after
6 to 8 weeks treatment (P = .0086).

The effective outcomes reported in relation to the
removal of barriers to healing described earlier help to
provide a wound environment conducive to healing. It is
no surprise therefore that many of the clinical studies
using CIOD in chronic wounds also report improved
healing outcomes with 11 RCTs demonstrate these bene-
fits. Furthermore, a recent meta-analysis (Cochrane
review) highlighted with these findings, suggesting that
CIOD generates higher healing rates than SOC in
VLUs,23 and as a result, CIOD has been incorporated in
treatment guidelines for management of VLUs.60 The
costs savings using CIOD as a result of the faster rate of
healing with CIOD compared with SOC have also been
highlighted.61

Meta-analysis of quantifiable data in this review iden-
tifies that the ulcer area after 8 weeks of treatment is sig-
nificantly decreased in persons receiving treatment with
CIOD as compared to the SOC (P = .0219). Moreover,
complete wound healing events increased 2-fold in per-
sons treated with CIOD as compared to the SOC
(P < .0001). This suggests that wounds treated with CIOD
are at least two times more likely to heal compared to
SOC (across VLUs, DFUs, and PUs). This faster healing
following CIOD treatment can lead to substantial cost
savings in patient care.61

5 | CONCLUSIONS

Systematic review and meta-analysis of published clinical
data highlight the wealth of clinical data spanning over
40 years with CIOD. The data demonstrate consistent posi-
tive outcomes that CIOD treatment has on chronic stalled
wounds through the removal of barriers that impede wound
healing. The data presented in this systematic review and
meta-analysis confirm that treatment with CIOD should be
considered as part of wound bed preparation and treatment
protocols in persons with chronic non-healing wounds.
Moreover, further real-world investigations of CIOD as part
of wound bed preparation and infection management
protocols would show the impact of these benefits to the
patient and resources, translating observations from clini-
cal research into clinical practice.

5.1 | Limitations of the study

For numerous outcomes, the meta-analysis revealed a
high I2 value (>90%), indicating the presence of statistical
heterogeneity or that over 90% of the observed variance

reflects differences in effect size between studies. One
explanation for this could be the fact that the meta-
analysis pooled data across different wound types. As a
result of this, the random-effects model was reported in
these instances. Additional comparative studies particu-
larly in PU and DFU would allow statistical differentia-
tion for each wound type similar to that already
demonstrated in VLUs. Additionally, the power of the
test to detect true heterogeneity was low due to the pres-
ence of small numbers of studies; however, the findings
of the statistical analysis were in agreement with the
wider literature, that is, the studies not included specifi-
cally within the meta-analysis that were discussed quali-
tatively. Building on the results in this analysis and
review, further research may consider comparative stud-
ies in the increasingly important area of wound biofilms.
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