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Role of Silver-containing Carboxymethyl Cellulose
Dressing in the Management of Exudative Infected
Wounds

Ji Hyuck Lee, M.D., Eun Sang Lee, M.D.,
So Ra Kang, M.D.

Department of Plastic and Reconstructive Surgery, Ewha
Womans University, College of Medicine, Seoul, Korea

Purpose: Wound healing is a result of complex pro-
cesses whose components, such as cells, extracellular
matrix, proteolytic enzymes, and their inhibitors receive
effects from immune compartments, cytokines, chemo-
kines, and growth factors. Impairment of normal physio-
logic response to wounding makes nonhealing chronic
wounds. Wound infection and exacerbated proteolytic
process may induce uncontrolled tissue degradation or
exudates formation, which may result in the develop-
ment of a nonhealing chronic wound. Thus proper man-
agement of wound infection and exudates is critical to
prevent and treat nonhealing wound. The aim of this
study is to evaluate effects of Aquacel AG, silver-con-
taining carboxymethylcellulose dressing on treatment for
exudative infected wound.

Methods: The study included 31 patients with non-
healing wound. Wound was dressed with Aquacel AG.
The effect of dressing was investigated by serial bac-
terial culture and wound exudates assessment. Each
infection and exudates control time was determined and
statistically analyzed.

Results: Wound infection and exudates were effec-
tively managed using Aquacel AG dressing. Mean in-
fection and exudates control time were 3.4 £ 1.2 and
5.7 £ 1.4 weeks, respectively. Statistical analysis of the
data indicated that infection control time correlated posi-
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tively to age and exudates control time (p < 0.05).

Conclusion: There is as yet no ideal dressing for
the topical treatment of chronic nonhealing wound. But
silver-containing carboxymethylcellulose dressing can be
used effectively for exudative, infected nonhealing
wound.

Key Words: Wound infection, Exudates, Dressing, Silver,
Carboxymethyicellulose
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Fig. 1. A classification and demonstration of infection degree in
bacterial culture. We classified infection degree into four
categories; no growth(-), few(+), moderate(++), and many(+++).
No growth means that bacterial colonies do not appear on
culture dish. (Left) Few and moderate mean that bacterial
colonies grow on one field and (Center) two field culture dishes,
respectively. (Right) Many means that bacterial colonies appear
on more than three fields.
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Table I, Details of Patients(n=31) with Exudative Infected Wound
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Patient Age (yr) Sex Site Etiology Comorbidity
1 73\ F Coccyx Pressure ulcer ICH
2 73 M Coccyx Pressure ulcer ICH, DM
3 53 M Sacrum Pressure ulcer Dementia
4 78 F Sacrum Pressure ulcer DM, ICH, Pneumonia
5 13 F Heel, left Pressure ulcer None
6 72 M Sacrum Pressure ulcer ICH
7 69 F Coccyx Pressure ulcer Dementia, DM
8 80 M Sacrum, Coccyx Pressure ulcer ICH, Pneumonia
9 67 F Sacrum, Coccyx Pressure ulcer DM, Hypertension
10 57 F Lower leg, left Crushing injury None
11 48 F Foot, left Crushing injury None
12 27 F Arm, left Crushing injury None
13 32 M Ankle and Foot, right  Crushing injury None
14 47 M Ankle and Foot, left Crushing injury None
15 54 M Great toe, left DM foot ulcer DM, Hypertension
16 67 M 15t and 2nd toe, right DM foot ulcer DM, Liver cirrhosis
17 62 F Great toe, right DM foot ulcer DM, Hypertension
18 68 F Great toe, right DM foot ulcer DM, Hypertension
19 7 M Wrist, left Burn None
20 27 M Arm, right Burn None
21 58 M Thigh, left Burn None
22 35 M Great toe, right Burn None
23 54 M Anterijor tibia, left Open fracture ICH
24 28 M ~Anterior tibia, left Open fracture None
25 45 F Thigh, left Open fracture Hypertension
26 26 F Anterior tibia, right Open fracture None
27 70 M Knee, right Septic arthritis Nephrotic syndrome
28 54 F Anterior tibia, left Skin ulceration Polycythemia vera
29 71 M Great toe, right Artery obliteration Atherosclerosis
30 4 M Foot dorsum, right Extravasation Hydrocephalus
31 72 M Neck Radiation dermatitis Pharyngeal cancer

ICH: intracranial hemorrhage, DM: diabetic mellitus
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Table I, Exudates Scoring System
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Exudates score Exudates amount

Dressing requirement

0 None No absorptive dressings required
1 Minimal If clinically feasible, dressings could stay on for up to a week
2 Moderate Dressing changes required every 2-3 days
3 Large Dressing changes required at least daily
31 8
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Fig. 2. Infection degree and control time. (Left)
Mean infection degree were plotted against the
number of weeks in dressing. Total wounds(e,
n=31), MRSA wounds(0, n=18) and P. aeruginosa
wounds((], n=12). (Right) Infection control time
was calculated and compared. Total wounds([ ],
n=31), MRSA wounds(f, n=18) and P. aeruginosa
wounds(ll, n=12). Results are represented as
mean * SD.

Fig. 3. Exudates score and control time. (Left)
Mean exudates score were plotted against the
number of weeks in dressing. Total wounds(#,
n=31), MRSA wounds(C, n=18) and P. aeruginosa
wounds(, n=12). (Right) Exudates control time
was calculated and compared. Total wounds({],
n=31), MRSA wounds(f, n=18) and P. aeruginosa
wounds(ll, n=12). Results are represented as
mean * SD.
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Table Ili, Bacterial Strains, Infection Degrees, and Exudates Scores of Wounds
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Culture / Exudates score

Patient  Bacterial strain
Initial 1 week 2 week 3 week 4 week 5 week 6 week 7 week 8 week
1 K. pneumoniae +H+/2 +++/2 -/2 -/2 -/2 -/1 -/1 -/0
2 P. aeruginosa ++/2 +/2 -/2 -/2 -/1 -/1 -/0
3 MRSA +/2 +/2 +/2 +/1 -/1 -/0
4 P. aeruginosa +++/3 +++/3 +++/3 0 +++/2 +/2 -/2 -/2 -/1 -/1
5 MRSA +/2 +/2 -/2 -/1 - /1 -/0
6 MRSA +++/3  +++/3  +++/3 +++/2 + /2 -/2 -/1 -/1 -/0
7 MRSA ++/3 +++/2 ++/2 ++/2 + /1 -/1 -/0
8 MRSA +++/3 ++/3 ++/3 ++/2 + /1 -/1 -/0
9 P. aeruginosa +++/3  +++/3 ++/2 ++/1 + /1 -/1 -/0
10 MRSA +++/3  +++/3 +/2 -/2 -/1 -/1 -/0
11 MRSA /3 ++4+/3 0 /2 +/2 -/2 -/1 -/1 -/0
12 MRSA ++/2 +++/2 +/2 -/2 -/1 -/1 -/0
13 MRSA ++/3 ++/2 +/1 -/1 -/1 -/0
14 P. aeruginosa ++/3 ++/3 +/2 -/2 -/1 -/1 -/0
15 P. aeruginosa +/1 +/1 +/1 +/1 +/1 -/1 -/0
16 MRSA ++/2 ++/2 ++/1 ++/1 +/1 -/1 -/0
17 P. aeruginosa +++/3 ++/2 +/1 +/1 -/1 -/0
18 MRSA ++/2 ++/2 ++/2 ++/1 +/2 -/1 -/1 -/0
19 P. aeruginosa ++/3 +++/3 -/2 - /1 -/1 -/0
20 P. aeruginosa ++/3 +/3 +/3 +/3 -/2 -/2 -/1- -/1 -/0
21 P. aeruginosa +++/3  +++/3 +/2 -/1 -/0
22 MRSA ++/2 +/1 -/1 -/0
23 MRSA +/3 +/3 -2 -/2 -/1 -/1 -/0
24 MRSA ++/3 +/3 +/2 -/1 -/1 -/0
25 MRSA ++/3 ++/3 +/3 -/2 -/2 -/1 -/0
26 P. aeruginosa ++/2 ++/2 -/1 -/1 -/0
27 P. aeruginosa +++/3 ++/3 ++/3 ++/3 -/2 -/2 -/2 -/1 -/0
28 MRSA +/2 +/1 -/1 -/0
29 MRSA +/2 +/1 +/1 -/1 -/0
30 P. geruginosa ++/3 ++/2 -/2 -/2 -/1 -/0
31 MRSA ++/2 +/1 +/1 -/1 -/0

K. pneumoniae: Klebsiella prneumoniae, P. aeruginosa: Pseudomonas aeruginosa, MRSA: Methicillin-resistant Staphylococcus aureus,
Representation of culture score: +++(many), ++(moderate), +(few), -(no growth)
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(Left) The correlation between age and in-
fection control time. (Right) The correlation
1 6 between exudates control time and infec-

tion control time.

Age Infection control time Exudate control time
Age 0.487*
Infection control time 0.487* 04857
Exudate control time 04857

*»=0.006, partial correlation coefficient adjusted by initial infection degree, Tp=0.007, partial correlation coefficient adjusted by age
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Fig, 5, Patient 27. (Above, left) A nonhealing chronic wound on the knee of a septic arthritic patient with nephrotic syndrome.
Initial amount of wound exudates was large and wound infection state was many Pseudomonas. (Above, right) After
debridement, silver-containing carboxymethylcellulose dressing was started. (Below, left) After 7 weeks treatment, no bacterial
growth was reported and minimal exudate was assessed. (Below, right) The wound was then successfully skin grafted and
healed completely after 4 weeks.
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