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Abstract
Knowledge about practice patterns and optimal usage criteria for topical antimicrobial dressings is limited. A retrospective
data analysis was conducted to evaluate: 1) the length of time these dressings are applied in a typical episode of wound
care, 2) the number of episodes of antimicrobial dressing use, and 3) whether antimicrobial dressings are applied in con-
sideration of signs and symptoms of infection. Wound care registry data from a level-4 electronic medical record were an-
alyzed, providing information on 3,084 patients older than 17 years seen from July 2003 through December 2008 in 26
hospital-based, outpatient wound centers in 14 states. The 5,541 recorded wounds ranged in size from 0.3 to 225 cm2.
One antimicrobial dressing use episode was recorded for 71% of wounds (4.7% had four or more). Mean treatment episode
length was 32.5 days (median 21 days). Clinicians used these dressings for a longer period of time if patients had multiple
comorbidities (P = .0001), a refractory wound (P <.00001), or were prescribed oral antibiotics (P <.0002); first dressing use
was more common in wounds with signs and symptoms of infection (P <.00001). During an average of 16 (median 10)
visits and a follow-up time of 269 days, 61.4% of wounds healed (range 42.2% for flaps or grafts to 67.9% for surgical
wounds of all 5,541 wounds). Antimicrobial dressing use for 2 to 4 weeks was associated with a higher proportion of healed
wounds, but in wounds that healed, longer dressing use was associated with a longer healing time. The practice pattern
observed suggests that antimicrobial dressing usage generally is based on patient and wound assessment variables but
prospective studies are needed to develop optimal guidelines of care. 

Key Words: wounds, retrospective study, electronic medical records, antimicrobial dressing, clinical practice 

Index: Ostomy Wound Management 2010;56(3):28–42

Potential Conflicts of Interest: Dr. Fife has received speaker honoraria from KCI® (San Antonio, TX) and Organogenesis,
Inc (Canton, MA) and is a major shareholder in Intellicure, Inc.™ (The Woodlands, TX). Dr. Carter has received speaker
honoraria from Hollister Wound Care, LLC (Libertyville, IL). Mr. Walker owns stock in and Mr. Thomson is employed by In-
tellicure, Inc.

Dr. Fife is a Associate Professor, Department of Medicine, Division of Cardiology, The University of Texas Health Science Center, Houston, TX. Dr. Carter is
President, Strategic Solutions, Inc., Cody, WY. Mr. Walker and Mr. Thomson are President/CEO and Senior Software Engineer, respectively, Intellicure, Inc., The
Woodlands, TX. Please address correspondence to: Caroline E. Fife, MD, Department of Medicine, Division of Cardiology, The University of Texas Health Science
Center, 6431 Fannin, MSB, Houston, TX 77030; email: Caroline.E.Fife@uth.tmc.edu.

Earn CEUs for studying this article.
Visit www.numedix.com.

D
O

 N
O

T 
R

EP
R

O
D

U
C

E



MARCH 2010  OSTOMY WOUND MANAGEMENT 29www.o-wm.com

ANTIMICROBIAL DRESSING USE

In recent years, the use of antimicrobial dressings that do not
contain antibiotics — whether ointments, gels, or impreg-

nated dressings — has increased.1-8 Preclinical studies suggest
that when active agents, such as ionic silver, can be released
over a period of time at steady concentrations, the likelihood
of cytotoxicity is decreased, reducing possible impairment of
wound healing while achieving a more constant antimicrobial
effect to reduce bacterial growth.1,2 Iodophors (eg, povidone-
iodine and cadexomer-iodine, ionic silver, chlorhexidine, and
polyhexamethylene-biguanide) are some of the most com-
monly used antimicrobials,3-8 but the evidence for their effi-
cacy in terms of improving wound healing is limited.
Specifically, the sample size of many relevant randomized con-
trolled trials (RCTs) has been small (<140 patients), follow-
up is short (≤6 weeks), and evidence about some
wound-healing outcomes, such as complete wound healing or
time to heal, is frequently lacking although results of recent
meta-analyses9,10 of silver-impregnated dressings suggest they
improve wound healing and reduce odor, wound pain, and
exudate compared to other protocols of care. Regarding
wound bacterial control, a body of evidence from different
comparative and noncomparative trial designs and in vitro
and in vivo studies indicates that early judicious use of antimi-
crobial dressings can reduce wound bacterial burden or local-
ized infection,3,11-17 although no controlled studies have
specifically reported on wound bioburden reduction and im-
provements in wound healing concurrently.

Guidelines for antimicrobial usage. Guidelines for pre-
scribing systemic antibiotics often are based on expert opinion
rather than scientific fact.18 Also, guidelines for chronic
wounds differ substantially because the evidence is far from
conclusive, subsequently inviting interpretation. Generating
suitable indications for use of topical antimicrobials such as
silver-impregnated dressings has been similarly challenging.
For example, classic symptoms of wound infection include
erythema, heat, pain, edema, and purulence,19 but in infected
chronic wounds more reliable indicators proposed by Cutting
and Harding20 include serous drainage with concurrent in-
flammation, delayed healing, discoloration of granulation tis-
sue, pocketing at the base of the wound, friable granulation
tissue, malodor, and wound breakdown.

Using the clinical signs and symptoms checklist, a tool to
assess infection in chronic wounds developed by wound care
experts and employed by nurses trained in the procedure for
the study, Gardner et al21 assessed and quantitatively cultured
36 chronic wounds. Based on sensitivity, specificity, discrim-
inatory power, and positive predictive values, increasing pain,
friable granulation tissue, foul odor, and wound breakdown
were validated as signs of infection. This confirmed that in
chronic wounds, secondary signs of infection were better in-
dicators of infection than classic signs (eg, redness, pain, and
heat) because the mean sensitivities were 0.62 and 0.38, re-
spectively. Increasing pain and wound breakdown both were
sufficient indicators with a specificity of 100%.

Based on the literature and clinical experience, Sibbald et
al22 proposed two paradigms to help clinicians differentiate
between critical colonization and infection. The first, NERDS©

(nonhealing, exudate, red friable tissue, debris/discoloration,
and smell) includes proposed indications for the presence of
superficial wound critical colonization; the second,
STONEES© (size increasing, temperature elevation,
“os”[meaning “probes to bone], new breakdown,
erythema/edema, exudate, and smell) summarizes clinical
signs of a deep infection. To assess the validity of these para-
digms, Woo and Sibbald23 compared semiquantitative culture
results (scant or light for NERDS and moderate or heavy
growth for STONEES) obtained from 112 patients with 44 leg
ulcers and 68 foot ulcers with the appearance (or no appear-
ance) of each sign listed. The authors then calculated the prob-
ability of bacterial growth and quantity for each sign, as well
as for combinations of signs (two to four) in each paradigm.
Sensitivity and specificity, the proportion of ulcers with bac-
terial growth and one or more clinical signs, and the propor-
tion of ulcers without bacterial growth and without one or
more clinical signs were calculated. 

Although large differences exist with regard to the sensi-
tivity and specificity of assessment variables between the stud-
ies of Gardner et al21 and Woo and Sibbald,23 results for the
following clinical variables were similar: debris (NERDS),
smell, (NERDS and STONEES), periwound temperature, and
new wound breakdown (STONEES). Moreover, sensitivity
and specificity were highest when three of the clinical signs to
assess bacterial growth were used — 73.3% and 80.5%
(NERDS) and 90% and 69.4% (STONEES), respectively. Al-
though resulting information is encouraging, more studies are
needed to assess the predictive validity of these assessment
variables in the context of bacterial growth on wounds.

With regard to the optimal length of time an antimicrobial
dressing should be applied to achieve the desired result, the
most data available address silver-impregnated dressings. The
majority of RCTs have such dressings employed for 4 weeks,9,10

but no RCT study to investigate optimal treatment duration

Key Points
• This retrospective study involving 3,084 patients 

describes practice patterns of topical antimicrobial
dressing usage. 

• While practice variations were seen, the data suggest
these dressings are generally used for 4 weeks and in
patients with multiple comorbodities who receive 
antibiotics and have a refractory wound with signs
and symptoms of infection.

• Studies to ascertain optimal treatment times are
needed to help guide patient care. 
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has been conducted. Furthermore, results of a literature search
going back to 1990 and including PubMed, Scopus, and
Cochrane databases, as well as the journals Wounds and World
Wide Wounds, using the terms antimicrobial dressing, silver
dressing, povidone-iodine, cadexomer-iodine, chlorhexidine, and
polyhexamethylene-biguanide suggest that large studies (N =
3,000 or larger) of antimicrobial dressing usage have not been
conducted and that information about their use in clinical
practice is limited. 

The purpose of this retrospective study was to determine:
1) length of time antimicrobial dressings are applied in a typ-
ical episode of wound care, 2) number of episodes of antimi-
crobial dressing use that occur in wound healing, and 3)
whether antimicrobial dressings are applied in consideration
of signs and symptoms of infection in persons <17 years old
from information in a national wound database. 

Methods
Extraction of datasets. Facilities utilizing Intellicure’s (The

Woodlands, TX) proprietary electronic medical record (EMR)
software can choose to contribute data to the Intellicure Research

Consortium (IRC), a national wound registry. The 50 facilities
currently using the software are located in 22 US states; they
are either stand-alone or hospital-based wound care clinics
and utilize their own protocols of care. The software maintains
a database of level-4 EMR wound-care data under the auspices
of a Health Insurance and Portability and Accountability Act
(HIPAA) agreement, updated nightly using a secure file trans-
fer protocol (FTP). The database contains all patient-related
information, including wound characteristics, staging system
used, treatments provided, facility charges, physician level of
service, tests, medications, interventions, and information on
patient comorbidities and lifestyle choices (eg, tobacco or al-
cohol use). Data from facilities participating in the IRC are
de-identified and moved to a separate server. The combined
database served as the initial reservoir of data for this study,
representing 8,335 patients with 21,595 wounds seen from
July 2003 through December 2008 in 26 hospital-based, out-
patient wound centers in 14 states.

Study variables. The IRC wound registry was queried using
Microsoft’s SQL programmable relational database management
system to provide specific datasets; the term query here refers to
use of program commands to delineate specific variables (eg, fe-
male patients with surgical wounds age 60 to 70 years). For this
study, the following independent variables were obtained for all
wounds in which an antimicrobial dressing, based on known
dressing categories (see Table 1), was used: patient age and gen-
der; number of antibiotic prescriptions, wound cultures, comor-
bid conditions for each patient during the study period; type of
medical insurance; wound type, area, and volume; age of wound
before first being seen at a clinic; drainage characteristics
(amount, type of drainage); and periwound characteristics. Out-
come (dependent) variables included percentage of wounds that
healed and time to healing for wounds that healed using clinic
visit dates and outcome data. 

The number of days an antimicrobial dressing was applied
(days of antimicrobial dressing) was calculated by noting the
date of first use and last use in a particular wound. Because
the presence of an infection cannot be confirmed without
quantitative culture results, noted clinician concerns about in-
fection and surrogate measures were collected that might sug-
gest the presence of infection or heavy contamination. The
following surrogates of infection were collected for the devel-
opment of a surrogate infection factor variable: wound culture
taken; antibiotics prescribed the day of first treatment (>99%
of wounds); wound drainage (green, malodorous, or puru-
lent); periwound characteristics noted to be erythematous;
and patient temperature noted to be higher than a specified
temperature. The surrogate infection factor was the sum of
these five entries (when included in the electronic health
record — EHR) when the wound was evaluated; its score
could vary from 0 (no signs) to 5 (maximum). 

Refinement of datasets. A complete list of antimicrobial
dressing products was identified by name (see Table 1); sub-
sequently, the de-identified registry comprising 8,335 patients

FEATURE

Table 1. List of antimicrobial dressings 

Dressing
Aquacel AG Hydrofiber Dressing with Silvera

Arglaes, Arglaes Powderb

Biatain Agc

Contreet Agc

Gentell Hydrogel Ag Silver Antimicrobial Wound Dressingd

Hydrofera Bluee

Iodoflex Pad Absorbent Antimicrobialf

IodoSorb Gel Absorbent Antimicrobialf

Island Wound Dressing with Microbang

Maxorb Extra Ag+b

Mediplex Ag Dressingsh

Melgisorb Ag Alginateh

Acticoat, Acticoat 3, Acticoat 7, Acticoat Absorbent
Dressing, Acticoat Moisture Control, Acticoat Post-Op,
Acticoat Sitef

Actisorbi

Allevyn AG Adhesive Dressing, Allevyn Ag Heel, Allevyn Ag
Non-Adhesive Dressingf

AMDj

SilvaKollagenk

SilvaSorbb

Silverlonl

aConvaTec USA (Skillman, NJ); bMedline Industries, Inc. (Mundelein, IL);
cColoplast A/S (Humlebaek, Denmark); dGentell (Trevose, PA); eHydrofera,
Inc. (Willimantic, CT); fSmith & Nephew Wound Management (Largo, FL);
gMedwrap Corporation (Amherst, NY); hMölnlycke Health Care (Göteborg,
Sweden); iJohnson & Johnson Wound Management (Somerville, NJ);
jgeneric term; kDermaRite® Industries, LLC (Paterson, NJ); lArgentum 
Medical, LLC (Chicago, IL)
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with 21,595 wounds was initially used to identify wounds that
had received those dressings (approximately 49.9%).

Records for 319 patients aged ≤17 years were excluded from
the patient dataset, leaving 21,276 wounds. Cases associated
with burns and other types of ulcers  — eg, drained abscesses,
sutured wounds, malignant lesions (such as primary or
metastatic cancers), and ulcerations due to radiation — as well
as unidentified types of wounds (n = 1,189) — were deleted
from the wound dataset, leaving 20,087 wounds to be ana-
lyzed. Ninety cases with negative numbers for days before an-
timicrobial dressing (a nonsensical number likely due to
incorrect data entry) were noted and records that included
these cases were deleted and cases with days of antimicrobial
dressings = 0 also were excluded from data analysis.

Only wounds with complete initial wound size data were se-
lected in the wound encounter database. A data trim was per-
formed to select only those wounds measuring between 0.3 cm2

and 225 cm2, with the rationale that wounds <0.3 cm2 are too
small and that the largest venous ulcers would be 15 cm x 15
cm. Very large wounds, which comprised 3% to 5% of the
wound databases, often have been found to have undue influ-
ence over outcome parameters; thus, they were not included.
The wound and wound encounter datasets were merged so each
wound had wound size parameters as well days of antimicrobial
dressing parameters. Any records that did not have a wound
type description were excluded, leaving 5,643 wound records
in the database to be analyzed associated with 3,084 patients,
approximately 26% of the original wound sample. 

Gap analysis. Most patients followed in outpatient wound
centers require relatively frequent visits (eg, bimonthly). Total
product use was estimated based on the frequency of planned
dressing changes from the physician orders (eg, “change dress-
ings daily”) until the next visit. However, if patients failed to
return to clinic for follow-up for an extended period, it was
not appropriate to assume that antimicrobial dressing use
continued without clinical supervision over some long and
unobserved time frame. Thus, to identify patients who may
have had long “gaps” in their follow-up care, a gap analysis
was performed.

The process examined the merged (final) wound dataset
and determined how many visits were associated with each
wound (wound type); determined the number of visits during
which antimicrobial dressings were applied and removed in a
subsequent visit; calculated the number of antimicrobial
dressing episodes, defined as application of antimicrobial
dressings for a period of time followed by a period of time
with no antimicrobial dressings over the course of the wound
for each wound; and calculated the number of days the an-
timicrobial dressings were applied for each episode. This re-
sulted in calculation of two variables: 1) number of
antimicrobial dressing episodes per wound, and 2) mean
number of days of antimicrobial dressing per episode.

The dataset then was refined to ensure each wound had
matching gap and other variable-associated data. Then, the
dataset was split and recombined to ensure proper variable
continuity, leaving 3,084 patients with 5,541 wounds. 

Statistical analysis. Statistical analysis was conducted using
SPSS version 16.0 (SPSS, Inc., Chicago, IL). Because mean days
of antimicrobial dressing per episode, wound areas and vol-
umes, and time to heal all had non-normal distributions, the
data were log transformed before analysis. ANOVA was con-
ducted using the post-hoc Games Howell test for multiple
comparisons because Levine’s, Welch’s, and Brown and
Forsythe’s tests all showed significance with regard to unequal
variance and sample size. When comparing differences be-
tween two groups, a t-test was employed.

Correlations between pairs of variables were calculated to
obtain Pearson’s correlation coefficient, assuming linear rela-
tionships. Cross-tabulations were analyzed using chi-square
for nominal level variables and the gamma statistic for ordinal
level variables.

To examine the infection surrogate factor, a null hypothesis
was developed: antimicrobial dressings are applied without
consideration of infection surrogate variables on the day that
a wound was examined. The null hypothesis was tested by
comparing a dichotomous outcome (ie, was the patient given
an antimicrobial dressing?) against the infection surrogate
score with scores of  ≥3 recoded to 3 (ie, a 2 x 4 matrix) using
the gamma statistic.

A univariate analysis of time to heal was conducted using
wound type, number of antimicrobial dressing episodes, and
infection surrogate score (first visit) as factors and age, num-
ber of comorbidities, log mean duration of antimicrobial
dressing, and age of wound before first antimicrobial dressing
as covariates. Models included main effects and all two-way
interactions between factors and covariates and were refined
by including only significant variables.

Results
Patient demographics. Of the 3,084 patients analyzed in

the study, 50.6% were women. The mean age was 60.1 years
(range 18 to 85 years, standard deviation [SD] 16.80) and the
mean number of antibiotic prescriptions, wound cultures, and

Figure 1. Distribution of wounds by etiology (N= 5,541). 
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comorbid conditions that each pa-
tient had during the study period
was 9.1 (range 0 to 77, SD 7.73), 2.3
(range 0 to 80, SD 5.53), and 12.3
(range 1to 43, SD 7.70), respec-
tively. Only 0.5% of the patients
paid all expenses out-of-pocket;
43.9% had private insurance and
55.6% had Medicare/Medicaid.

The mean number of visits was 16.0
(range: 1 to 294, SD 20.2) and the me-
dian number of visits was 10. 

Wound characteristics. The largest
category of wounds represented was
chronic wounds (n = 1,647), followed
by traumatic (n = 974) and surgical
wounds (n = 928) (see Figure 1). The
mean age of the wound before first ex-
amination (visit) was 199.8 days (me-
dian 30 days) (see Table 2). Mean
wound age before first application of
an antimicrobial dressing varied sub-
stantially from 60.8 days (SD 95.35),
53.2 days (SD 178.42), and 70.2 days
(SD 254.12) for amputation, surgical
and traumatic wounds, respectively, to
666 days (SD 2,845.1) for flaps and
grafts (see Figure 2). 

Antimicrobial dressing use. The
majority of wounds (70.5%) had only one episode of antimi-
crobial dressing usage, with four or more episodes constitut-
ing only 4.7% of all wounds (see Table 3). The mean number
of antimicrobial dressing usage days per episode (nonlog-
transformed data) was 32.5 days (range 1 to 510 days, median
21 days, SD 36.53 days, 95% confidence interval 31.55–33.48
days). When mean days of antimicrobial dressing per episode
were examined by wound type, surgical and traumatic
wounds were found to have a significantly lower number of

days compared to all other types of
wounds except amputation wounds
(P <.0001) and traumatic wounds
versus flaps and grafts (see Table 4).
The number of antimicrobial dress-
ing use episodes was also higher for
arterial ulcers and flaps and grafts
than for other types of wounds (P
<.001) (see Table 5). 

Correlations between days of an-
timicrobial dressing use per episode,
wound size, and volume were poor
or nonexistent (r = 0.074, and r =
0.004). A similar result was observed
between mean days of antimicrobial
dressing per episode and patient age.

Table 2. Wound characteristics at first visit 

Parameter
Wound area (cm2)
Wound volume (cm3)
Age of wound (days)

Minimum
0.3
0.03

0

Maximum
225

2,723
21,951

Mean
10.7
8.6

199.8

SDa

22.67
54.23
908.3

Median
3.00
0.70
30.0

IQ Rangeb

1.00–9.52
0.2–3.0
7–99

aStandard deviation; binterquartile range

Table 3. Number of episodes of antimicrobial
dressings

Number of episodes
1
2
3
≥ 4
Total

Frequency
3,906
1,026
348
261

5,541

Percent
70.5
18.5
6.3
4.7

100.0

Figure 2. Average age of wound by etiology before first application of 
antimicrobial dressing.

Table 4. Days of antimicrobial dressing use per episode by wound type

Wound type
Amputation
Arterial ulcer
Chronic ulcer
Diabetic foot ulcer
Flap or graft
Pressure ulcer
Surgical wound
Traumatic wound
Venous ulcer

N
52
63

1,647
191
194
681
929
977
807

Mean
32.4
40.7
37.96
41.92
34.56
40.1
22.8d

23.3d

34.1

SDa

31.08
40.19
44.38
40.67
33.94
41.66
22.24
23.55
35.22

Median
19.5
29.5
24
30

22.3
28
16

15.5
22

IQ Rangeb

11.3–44.2
18–53
14–44
14–56

11.5–47.5
14–52
8–29

8.5–28
13–42

95% CIc

23.79–41.09
30.58–50.82
35.81–40.10
36.11–47.72
29.75–39.37
36.93–43.20
21.33–24.20
21.81–24.77
31.64–36.50

aStandard deviation; binterquartile range; cconfidence intervals; dsignificantly lower than other wounds except
amputation (P = .001 for flap or graft versus traumatic wounds; otherwise P <.0001)D
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The correlation between number of
patient comorbidities and mean days
of antimicrobial dressing use per
episode was significant (r = 0.181, P
<.00001). When number of patient
comorbidities was grouped, the dif-
ferences between groups were all sig-
nificant (P <.0001) (see Table 6). The
mean and median number of days of
antimicrobial dressing use per
episode was higher in patients with
more comorbid conditions.  Corre-
lation coefficients between mean
days of antimicrobial dressing use
per episode, number of antibiotic
prescriptions, and number of wound
cultures were also significant (r =
0.125 and r = 0.212, respectively; P

<.001). When antibiotic prescriptions were
grouped by number (0 to 4, 9 to 12, >12) differ-
ences between prescription groups and mean days
of antimicrobial dressing per episode were all sig-
nificant (24.6, 28.8, 36.0, and 44.5 days, respec-
tively; P <.0002). Finally, when data were grouped
by age of wound before first antimicrobial dress-
ing (≤150 days and >150 days), mean days of an-
timicrobial dressing use per episode for the two
groups differed significantly (≤150 days: 30.0 days;
>150 days: 43.6 days; P <.00001) and  a higher

proportion of wounds that were >150 days old at the time of
first antimicrobial dressing received more than one dressing
(P <.00001, chi square and gamma statistic) (see Table 7).

For the initial visits, 0.6% of patients had an infection sur-
rogate score of 4 or 5. When the infection surrogate score was
cross-tabulated against whether an antimicrobial dressing was
received on the date of the assessment, the proportion of pa-
tients receiving an antimicrobial dressing was higher for
wounds with a higher infection score. (P <.00001) (see Table
8). 

Healing outcomes. During an average of 269 days of care,
approximately 61% of all wounds were healed; arterial ulcers,
flaps or grafts, and pressure ulcers had the lowest percentage
of healed wounds (44.0%, 42.2%, and 47.0%, respectively)
(see Table 9). Of the 61% of all wounds that healed, time to
healing ranged from 52.8 days for surgical and 89.6 days for
traumatic wounds to 377.3 days for arterial ulcers (see Table
10). A poor-to-fair correlation between time to healing and
mean days of antimicrobial dressing use (r = 0.404, P = <
000001) was found, with healing taking longer when antimi-
crobial dressings were applied for a longer period of time. Re-
garding number of antimicrobial dressing episodes, a
monotonic relationship was found between the percentage of
wounds healed and the number of episodes (1: 64.6%, 2:
58.1%, 3: 47.7%, and >3: 44.8%; P <.000001), indicating that

Table 6. Relationship between days of antimicrobial dressing
use per episode and number of patient comorbidities

Number of 
comorbidities
1–6
7–0
11–15
>15

Mean
(days)
22.0
29.1
34.5
42.8

SDa

24.28
30.46
34.77
47.19

Median

15
21
25
28

IQ Rangeb

8–28
11–35

13.5–43.5
15–53

95% CIc

20.77–23.36
27.47–30.75
32.65–36.43
40.44–45.14

aStandard deviation; binterquartile range; cconfidence intervals 

Table 5. Number of episodes of antimicrobial dressing use by wound type

Wound type
Amputation
Arterial ulcer
Chronic ulcer
Diabetic foot ulcer
Flap or graft
Pressure ulcer
Surgical wound
Traumatic wound
Venous ulcer
Total

1
34 (65.4)
34 (54.0)

1,186 (72.0)
124 (64.9)
100 (51.5)
470 (69.0)
684 (73.6)
718 (73.5)
556 (68.9)

3,906

2
8 (15.4)
16 (25.4)
285 (17.3)
39 (20.4)
46 (23.7)
137 (20.1)
174 (18.7)
166 (17.0)
155 (19.2)

1,026

3
3 (5.8)
5 (7.9)

101 (6.1)
13 (6.8)
26 (13.4)
51 (7.5)
49 (5.3)
54 (5.5)
46 (5.7)

348

> 3
7 (13.4)
8 (12.7)a

75 (4.6)
15 (7.9)

22 (11.4)a

23 (3.4)
22 (2.4)
39 (4.0)
50 (6.2)

261

N (Wounds)
52
63

1,647
191
194
681
929
977
807

5,541

aSignificantly higher than other wound types (P <.001)

Number of antimicrobial episodes (% of total episodes)

Table 7. Antimicrobial dressing use and age of wound
before first application of antimicrobial dressing

Age of wound before
antimicrobial dressing
≤150 days
>150 days

1
73.1%
59.4%

2
17.6%
22.5%

3
5.4%
10.0%

4
3.9%
8.1%

Chi-square =96.93, P <.000001; gamma = 0.290, P <.000001

Number of antimicrobial 
dressing episodes

Table 8. Infection surrogate score and antimicrobial
dressing application

Infection 
Surrogate Score
0
1
2
>3
Total

No (%)

4,040 (70.8)
3,342 (63.5)
836 (51.6)
293 (46.9)

8,511

Yes (%)

1,668 (29.2)
1,921 (36.5)
783 (48.4)
332 (53.1)

4,704

Total

5,708
5,263
1,619
625

13,215

Antimicrobial dressing applied

Chi-square = 303.4, P <.000001; gamma = 0.245, P <.000001D
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the more episodes of antimicrobial dressings received, the
poorer the outcome. 

When mean days per antimicrobial dressing episode was
categorized into ≤14 days versus >14 days, a smaller percent-
age of wounds healed when antimicrobial dressings were ap-
plied for a shorter duration (59.3% versus 62.5%, P = 0.019).
The difference was similar for most wound types except for
flaps and grafts and traumatic wounds in which the differ-
ences were much larger (32% versus 8% and 59.6% versus
68.4%, respectively). Grouped into four categories of antimi-
crobial dressing use duration, the proportions healed were
59.3% for  ≤2 weeks of usage; 64.8% healed for 2 to 4 weeks,
61.4% healed for 4 to 6 weeks, and 60.7% for ≥6 weeks (ie, not
statistically significant). One-way ANOVA of time to healing

using the same dressing duration pe-
riods showed a monotonic increase
in time to heal as the duration of an-
timicrobial dressing increased: ≤2
weeks: 54.6 days; 2 to 4 weeks: 78.7
days; 4 to 6 weeks: 106.7 days; ≥6
weeks: 217.5 days (P <.001, except
between 2 to 4 weeks and 4 to 6
weeks, where P = .006).

Univariate analysis. After two re-
finements, the final model included
two factors, one covariate, and nine
interactions (R2 = 0.598; see Table
11). Although some violation of the
homogeneity of covariate regression

Table 9. Percentage of wounds healed by wound
type after 269 days (SD 317.2)  

Wound type

Amputation
Arterial ulcer
Chronic ulcer
Diabetic foot ulcer
Flap or graft
Pressure ulcer
Surgical wound
Traumatic wound
Venous ulcer
Total

Healed
wounds (%)

35 (67)
28 (44)

1,077 (65.4)
127 (66.5)
82 (42.2)
320 (47.0)
631 (67.9)
630 (64.5)
473 (58.6)

3,403 (61.4)

Nonhealed
wounds (%)

17 (33)
35 (56)

570 (34.6)
64 (33.5)
112 (57.8)
361 (53.0)
298 (32.1)
346 (35.5)
334 (41.4)

2,137 (38.6)

Table 10. Time to healing by wound type

Wound type
Amputation
Arterial ulcer
Chronic ulcer
Diabetic foot ulcer
Flap or graft
Pressure ulcer
Surgical wound
Traumatic wound
Venous ulcer

Mean (days)
153.6
377.3
103.0
136.9
114.3
142.5
52.8d

89.6
157.5

SDa

226.2
358.8
154.4
198.6
108.1
206.4
80.2
183.9
259.9

Median
70.0
209.8
52.8
57.2
77.5
71.1
30.1
32.1
57.9

IQ Rangeb

31.0–166.0
96.2–695.8
24.0–121.0
23.0–150.0
34.5–168.0
35.1–174.7
16.0–56.8
17.0–71.2

27.0–172.5

95% CIc

75.9–231.3
238.2–516.5
93.7–112.2

102.1–171.8
90.5–138.0

119.8–165.2
46.5–59.0

75.2–104.0
134.0–180.9

aStandard deviation; binterquartile range; cconfidence intervals; dP < .001 compared to all other wounds 
except for amputation (P <.001)

Table 11. Univariate analysis of time to healing with total number of antimicrobial dressing episodes included

Source

Corrected model
Intercept
AMD episodes
Wound type
Log AMDb duration
IFSa,c wound type
Wound typea comorbid conditions
AMD episodesa wound type
AMD episodesa log AMD duration
AMD episodesa wound age
Wound typea log AMD duration
Wound typea wound age
Patient agea log AMD duration
Log AMD durationa wound age
Error
Total
Corrected total

Type III sum
of squares
560.036a

43.210
20.314
1.902
16.201
9.675
3.435
5.314
1.464
1.915
4.661
3.403
.556
.521

376.823
10,687.664

936.858

df

99
1
3
8
1

29
9

24
3
3
8
8
1
1

3,297
3,397
3,396

Mean
square
5.657

43.210
6.771
.238

16.201
.334
.382
.221
.488
.638
.583
.425
.556
.521
.114

F

49.495
378.066
59.246
2.080

141.747
2.919
3.340
1.937
4.270
5.586
5.097
3.722
4.866
4.556

P

<.000001
<.000001
<.000001

.034
<.000001
<.000001

.00045
.004
.005
.001

.000003
.00024
.027
.033

Partial eta
squared

.598

.103

.051

.005

.041

.025

.009

.014

.004

.005

.012

.009

.001

.001

Observed
powera

1.000
1.000
1.000
.846

1.000
1.000
.986
.995
.865
.945
.999
.988
.597
.569

aComputed using alpha = .05; bAMD = antimicrobial dressing; cIFS = infection surrogate score at first visitD
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coefficients was likely, the data clearly show that the more
episodes of antimicrobial treatment, the longer it took for
wounds to heal after adjustment for mean duration of antimi-
crobial treatment (see Figure 3). Selecting only data for one
episode of antimicrobial treatment, a similar model was de-
veloped that used one factor, two covariates, and eight inter-
actions (R2 = 0.497; see Table 12). After adjusting for mean

duration of antimicrobial treatment and age of
wound before first application of antimicrobial
dressings, time to heal by wound type showed that
arterial ulcers took the longest time to heal (average
120.2 days) but pressure ulcers also took a long
time (average 54.7 days) compared to other wound
types (see Table 13).

Discussion
This data set represents the largest descriptive

evaluation of topical antimicrobial dressing use in
clinical practice. Currently, guidelines or best prac-
tices regarding indications for use and duration of
use for topical antimicrobial dressings are lacking.24

Part of the reason is the limited data in terms of ef-
ficacy, duration of use, and indications for use on
which to base such guidelines. For example, it has
been suggested that wound-healing protocols in-
clude a 2-week course of antimicrobial dressings
where appropriate,24 but most available study data
describe outcomes after 4 weeks of application.
Thus, it is reasonable to use antimicrobial dressings
for a period of time and then evaluate the wound.

If positive results are obtained, a further possible application
can be contemplated or the dressings discontinued, while neg-
ative results would indicate that no benefit has been obtained. 

In the current study, the average time antimicrobial dress-
ings were applied in any episode of antimicrobial dressing care
was 32.5 days (median 21 days), which would suggest that in
practice, clinicians prescribe antimicrobial dressings for about

Table 12. Univariate analysis of time to healing with one antimicrobial dressing episode included 

Source

Corrected model
Intercept
Wound type
Log AMDb duration
Wound age
IFSa,c wound age
Log AMD durationa wound age
Wound typea wound age
Patient Agea log AMD duration
IFSa wound type
Log AMD durationa comorbid conditions
Wound typea log AMD duration
Wound typea comorbid conditions
Error
Total
Corrected total

Type III sum
of squares

296.692
7.010
3.200
12.592
.735
1.468
2.109
6.257
.689
8.021
.471
4.917
3.282

300.346
6,757.956
597.039

df

71
1
8
1
1
4
1
8
1
29
1
8
9

2,446
2,518
2,517

Mean
square
4.179
7.010
.400

12.592
.735
.367

2.109
.782
.689
.277
.471
.615
.365
.123

F

34.032
57.089
3.258

102.548
5.987
2.989

17.175
6.370
5.608
2.252
3.836
5.006
2.970

P

<.000001
<.000001

.001
<.000001

.014

.018
.000035

<.000001
.018

.00015
.050

.000004
.002

Partial eta
squared

.497

.023

.011

.040

.002

.005

.007

.020

.002

.026

.002

.016

.011

Observed
powera

1.000
1.000
.974

1.000
.687
.800
.985

1.000
.658

1.000
.499
.999
.973

aComputed using alpha = .05; bAMD = antimicrobial dressing; cIFS = infection surrogate score at first visit

Figure 3. Number of antimicrobial treatment episodes and logarithmic
time to healing after adjustment for duration of antimicrobial treatment.
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4 weeks, although antimicrobial dressings for acute wounds,
such as traumatic and surgical wounds, were prescribed for
shorter periods of time. Using infection surrogate variables
on the day a wound was examined, the authors’ hypothesis
that antimicrobial dressings are applied without consideration
of signs/symptoms of infection was rejected. Although the
database did not include all the signs and symptoms described
in colonization/infection studies,21-23 the infection surrogate
factor algorithm was used in several unpublished studies and
the authors believe it has some utility in determining whether
at a given visit the wound has some signs of infection. It also
should be noted that this algorithm has not been formally val-
idated and it is unknown which or how many possible signs
of infection should be used. Nevertheless, by determining the
score and cross-tabulating this value with whether an antimi-
crobial dressing was applied, a significant trend toward an-
timicrobial dressing use was observed when the score was
higher, suggesting that antimicrobial dressings tend to be used
with more signs of infection. The observation that 29% of
dressing applications occurred when the infection surrogate
score was 0 requires further study. This is not necessarily a best
practice and suggests that clinicians might be ordering an an-
timicrobial dressing for prevention rather than treatment pur-
poses. On the other hand, antibiotic usage was high, with an
average of 9.1 prescriptions per wound, which suggests that
suspected episodes of infection that required systemic inter-
vention were also high in many instances.

In this study, 61% of all wounds healed after an average of
269 days. Time-to-heal comparisons between studies can be
difficult due to different follow-up times and the nature of in-
terventions. To determine if these study results were broadly
in line with prior literature results, the authors examined some
published studies in which mean times to heal were available.

In the current study, 66.7% of diabetic ulcers healed; from
the univariate analysis, it took an average of 31.6 days to
heal the ulcer, which is compatible with the findings from
the literature. For example, Nabuurs-Franssen et al25

found that among 98 patients who had neuropathic dia-
betic foot ulcers (44% with peripheral arterial disease and
29% of ulcers infected), the application of total contact
casting — the gold standard of treatment — resulted in a
healing rate of 76% with an average time to heal of 21
days. On the other hand, a trajectory analysis of 160 pa-
tients conducted by Robson et al26 showed that among
patients that healed, 67% had healed after 33 days, a re-
sult very similar to current study findings. With regard
to venous ulcers, Blair et al27 compared a four-layer
bandage system against traditional adhesive plaster
bandaging (part of larger randomized trial of five dif-
ferent dressings), and found that in 84 days, 74.3% of
ulcers healed with an average time to heal of 44.1 days,
while Bolton et al28 noted an average time to heal of 57
days for venous ulcers in a variety of settings. In the cur-
rent study, 58.6% of venous ulcers healed in an average

of 39.8 days, which is similar, given the different ways in
which results have been reported. Thus, current results do
not appear to be substantially out of line with regard to find-
ings reported in the literature. 

Although the study was not specifically designed to retro-
spectively analyze cohorts that received or did not receive an-
timicrobial dressings with regard to outcomes, the data did
suggest a number of trends. First, the proportion of wounds
healed was generally lower with antimicrobial dressings ap-
plied for 2 weeks or less compared to longer times. This might
indicate that 2 weeks is too short a duration for optimal effect.
Some evidence also notes that 2 to 4 weeks might be more op-
timal in terms of outcomes. At the same time, for wounds that
healed, time to healing was significantly longer for wounds
with longer use of antimicrobial dressings. Variables that sig-
nificantly affected the use of antimicrobial dressings included
type of wound, age of wound before treatment, number of co-
morbid patient conditions, patient age, the infection surrogate
score, duration of antimicrobial treatment, and number of
episodes of antimicrobial treatment.

After adjusting for patient age, number of comorbid con-
ditions, duration of antimicrobial treatment, and wound
age, there still appeared to be differences with regard to the
time required for wounds to heal when receiving one episode
of antimicrobial treatment. Finally, both cross-tabulated and
univariate analyses indicated that a wound took much longer
to heal if it received more than one episode of antimicrobial
treatment. This finding was consistent for all types of
wounds, even after controlling for number of patient comor-
bidities, wound age, and duration of antimicrobial treat-
ment. Because this study was not designed to establish
causality and possible signs and symptoms of infection were
captured only at the start of the treatment, it is not known

Table 13. Univariate analysis of time to healing by
wound type 

Wound type

Amputation
Arterial ulcer
Chronic ulcer
Diabetic foot ulcer
Flap or graft
Pressure ulcer
Surgical wound
Traumatic wound
Venous ulcer

Mean
(days)
33.1
120.2
31.5a

31.6
33.7
54.7a

40.7a

40.1a

39.8

Standard
error
1.37
1.32
1.06
1.11
1.23
1.13
1.11
1.09
1.07

Lower
bound
17.9
69.3
27.9
25.7
22.5
43.3
33.3
34.0
34.6

Upper
bound
61.4

208.9
35.6
39.0
50.5
69.2
49.8
47.2
45.8

aCovariates appearing in the model are evaluated at the following values: patient
age: 59.58; number of comorbid conditions: 13.06; log antimicrobial duration:
1.354387; wound age: 116.9114 days

95% Confidence
interval
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if these wounds exhibited signs of persistent deep tissue in-
fection or if the treatment itself affected healing. 

Although cell culture experiments suggest that some anti-
septics, such as povidone-iodine, can adversely affect wound-
healing, in the case of silver, it is likely a function of
concentration.29 Moreover, iodine complexes, such as cadex-
omer iodine, show no toxicity at appropriate concentrations30

and the most recent randomized controlled trial of a silver-
impregnating dressing conducted for 9 weeks was found to be
of definite benefit.31 Thus, it seems unlikely that the treatment
itself could have caused impaired wound healing. 

Alternatively, clinicians might be using antimicrobial dress-
ings as a precaution because they judge the wound to be at
high risk of infection. Although prospective studies are needed
to confirm current study observations and help develop opti-
mal antimicrobial dressing usage criteria, the study sample
size, consistency of observations, and exclusion only of
wounds smaller than 225 cm2 increase confidence that the re-
sults adequately reflect current clinical practice. The clinicians
whose data contributed to the data set have varying levels of
knowledge regarding wound infection and are not likely to
have the same criteria in mind as they select products. Previ-
ous studies have shown that adherence to even well-accepted
clinical practice guidelines is highly variable (eg, compression
in venous ulcers and offloading of diabetic foot ulcers32). 

Conclusion
Data from a database of 5,541 wounds suggest that clini-

cians are significantly more likely to use antimicrobial dress-
ings for a longer period of time when managing patients with
multiple comorbidities or a refractory (“old”) wound and
when oral antibiotics are prescribed. The first antimicrobial
dressing application is more likely to occur when wounds ex-
hibit signs and symptoms of infection or heavy contamina-
tion. Of the 3,084 wounds evaluated, 61.4% healed after an
average of 269 days. The average duration of antimicrobial
dressing use was 32.5 days, after which some other type of
dressing was used. Although antimicrobial dressing use for 2
to 4 weeks was associated with a higher proportion of healed
wounds, in wounds that did heal, longer dressing use was as-
sociated with a longer healing time. �
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