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OBJECTIVES: To compare the efficacy of a sequennal
strategy combining calcium alginate and hydrocolloid dres-
sings treatment of grade IIT or IV pressure ulcers (PUs) and
the efficacy of nonsequential strategy with hydrocolloids
alone,

DESIGN: An open, randomized, multicenter parallel-group
trial.

SETTING: Twenty geriatrics hospital wards.

PARTICIPANTS: One hundred ten older patients with
grade III or IV PUs.

INTERVENTION: The control strategy consisted of ap-
plying hydrocolloid dressings (DuodermE) for 8 weeks; the
sequential straregy consisted of applying combined calcium
alginare dressings (UrgoSorb) for the first 4 weeks and hy-
drocolloid dressings [Algoplaque) for the next 4 weeks.

MEASUREMENTS: PU surface areas were measured weekly
by ulcer tracing. The endpoints were the mean absolute
surface area reduction (SAR) during the 8-week study pe-

riod and the number of patients achieving a 40% or more

SAR [SAR,,).

RESULTS: Fifry-seven and 53 patients were randomly al-
located to sequential and control strategies respectively.
Baseline patient characteristics and PU ulcer fearures ar in-
clusion were similar in the two groups. Mean = standard
deviation SAR was significantly larger in the sequential

treatment group (5.4 = 5.7 cm? and 7.6 £ 7.1 cm? at 4 and
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8 weeks) than in the control group (1.6 = 4.9 cm? and
3.1 =2 7.2 cm?, P < .001). In the sequential treatment group,
68.4% of the patients reached SAR,, ar 4 weeks and
75.4% at 8 weeks, proportions significantly larger than in
the control group (22.6% and 58.5%, respectively, P <
.0001). Dressing tolerance was good in both strategies.

CONCLUSIONS: In grade IIT or IV PUs, treatment using
first calcium alginate dressings and then hydrocolloid dres-
sings promotes faster healing than treatment with hydro-
colloid dressings alone. ] Am Geriatr Soc 50:269-274,
2002.
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Pressure ulcers (PUs} are a common problem in older
subjects admitted to hospitals or living in nursing
homes.'~* They are responsible for high morbidity and im-
paired quality of life and require time-consuming and costly
rreatments that delay hospital discharge.**

Local treatment of PUs is based on careful nursing
and use of dressings, to protect the wound and create an
environment favorable to healing. During the last decades,
considerable advances have been made in understanding
the healing process,™ leading to the design of new types of
dressings. An increasing number of wound dressings are
available, but there are few controlled studies for the com-
parison of different rypes of dressings. Most of the existing
studies have documented the efficacy of hydrocolloid dres-
sings in the management of chronic wounds.'®* In PUs,
hydrocolloid dressings have been compared with wet-to-dry
dressings and with saline gauze dressings'*'" and now
appear to be one of the reference treatments of PUSs. 1521

Wound debridement is the first step in the course of
rreatment of an established PU. This process is important,
because tissue granulation cannot occur until necrotic mare-
rial and debris are removed. However, it can take a long time
ta debride a PU completely, especially in frail older parients
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who frequently cannot undergo surgical debridement. Be-
cause calcium alginate dressings have been shown to help the
debridement of PUs, 2% we wondered whether a sequential
strategy using first calcium alginate and then hydrocolloid
dressings would lead to faster PU healing in older patients,
than nonsequential treatment with hydrocolloid dressings
alone.

METHODS

This 8-week, open-label, randomized, parallel group study
was conducted in 20 French geriatric hospital wards. Pa-
tients aged 65 and older were considered for participation if
they suffered from PUs that passed through the subcutane-
ous tissue (grades I and IV of Yarkony's classification®).
In patients with several grade Il or IV PUs, only one ulcer
was selected for study. Patients were eligible if the target
ulcer met four criteria: location on the sacrum, elsewhere
on the pelvic girdle, or on the heel; surface area of less
than 50 cm?, as measured by planimetry; granulation ris-
sue area not covering more than 50% of the ulcer surface,
as visually estimated by the investigator; and no clinical
evidence of active local infection. Patients were not eligible
if their serum albumin concentration was below 25 g/L; if
they were being treated with radiotherapy, cytotoxic drugs,
or corticosteroids; or if surgical or palliative care was
needed. Written consent was obtained from each subject
before inclusion. Baseline parameters were age, sex, height,
body weight, medical and surgical history, and Norton
score, 2 which documents risk factors for PUs based on
mobility status, neurological and mental condition, and
incontinence. For each participant, we recorded previous
history of PUs and the location, grade, duration, and ap-
pearance of the surrounding skin of the targer ulcer. Blood
was sampled for serum albumin determination.

The Ethics Committee of Versailles {France) approved
the study protocol, and the study was conducted in accor-
dance with the principles of the Declaration of Helsinki.

Treatment of Pressure Ulcers

Each patient was randomized to one of the two treatment
strategies. The randomization was balanced by center and
by blocks of four patients. The control strategy consisted
of applying hydrocolloid dressings (DuodermE®, Conva-
tec-Bristol Myers Squibb, France) for 8 weeks. The se-
guential strategy consisted of applying calcium alginate
dressings (UrgoSorb®, Urgo, France) for the first 4 weeks,
and then hydrocolloid dressings (Algoplague®HP, Urgo,
France) for the next 4 weeks. The UrgoSorb dressing is a
nonwoven dressing composed of calcium alginate fibers
and carboxymethylcellulose; alginates were obtained from
brown seaweeds. Both the Algoplaque and DuodermE
dressings comprise an outer layer of polyurethane and an
inner layer formed by an elastomere matrix that includes
hydrocolloid molecules (carboxymethylcellulose, pectin,
and gelatin). In patients with deep PUs, investigators were
allowed to prescribe a hydrocolloid paste while hydrocol-
loid dressings were being applied (DuodermE Pite in the
control group and Algoplague Pate in the sequential treat-
ment group). However, for the patients in the sequenrial
treatment group with deep PUs, no paste was added to the
calcium alginate dressing. No other debridement therapy

such as enzymes, hydrotherapy, or surgical debridement
was used during the trial.

Because the appearance and use of the hydrocolloid
and alginate dressings were very different, it was not pos-
sible to conduct the trial under blinded conditions. Before
it started, the nursing staff of all the participating centers
were trained in the use, supervision, and removal of the
dressings. During the trial, nurses examined dressings daily
and changed them if necessary according to a protocol
standardized for the study. Hydrocolloid dressings were
removed every third day or more often if the area discol-
ored by exudate was less than 1 cm from the edge of the
dressing or if a leakage was apparent. Calcium alginate
dressings were removed every other day or more often if
they were saturated, especially when exudate appeared
through the secondary dressing.

Other aspects of local care were standardized for all
patients. In particular, ulcers were cleansed with sterile sa-
line, and the surrounding skin was dried before applying
dressings. For all patients, general treatment (nutrition,
medication, and the use of mattress and cushion) was de-
cided by each investigator according to their usual proce-
dure of care and to the patient’s health status.

Endpoints and Ulcer Healing Assessment

The main endpoints were the evolution of the surface area
reduction (SAR) during the trial and the percentage of pa-
tients whose ulcer reached a 40% or more SAR (SAR ).
SAR was calculated for each week of the trial as an abso-
lute value and a percentage ({100 x {baseline surface area
minus actual surface area)Vbaseline surface area). The sec-
ondary endpoint was dressing rolerance.

Ulcer surface area was measured by planimetry at in-
clusion and then weekly during the trial. After cleansing
and drying, a sterile transparent polyurethane film was ap-
plied to the target uleer, and the investigator traced its pe-
rimeter with a permanent ultra-fine-tipped marker. A pho-
tograph of the ulcer was also taken (Canon EOS 1000
camera, Tokvo, Japan). Area tracings and photographs
were performed according to the same standardized proto-
cols in all centers. For each tracing, the surface area was
measured in triplicate by an independent investigator un-
aware of treatment allocation, using a digitalization table
and computer program {AutoCAD), and the mean value
was included in the analysis.

When dressings were removed, nurses recorded infor-
mation about the general features of the ulcer and pain
during care, to detect any adverse event before the next
medical visit. For each act of care, they assessed the ease of
dressing removal on a 2-item scale (easy/very easy, diffi-
cult), the presence or absence of pain during dressing re-
moval, and the presence of odor on a 3-item scale (none,
mild, strong).

Statistics

The size of the study was designed to allow detection of a
335% difference berween groups in the number of patients
reaching SAR,,, with a 5% alpha risk and an 80% study
power. Statistical analysis was conducted on the intention-
to-treat population using SAS software. Comparisons be-
tween groups were performed using chi-square rest for
qualitative parameters and the Mann-Whitney U test for
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quantitative variables. The percentage of patients reaching
SAR,, was analyzed by the Kaplan-Meier method, and
treatment groups were compared using the logrank test.
The evolution of SAR during the trial was analyzed by re-
peated-measurement analysis of variance, to investigate
the effect of time and trearment. Tests were bilateral, and
the significance threshold was fixed ar .05.

RESULTS
Patients

g

Of the 110 padents included (71% women, mean age =
standard deviation (SD) = 83.5 = 7.6), 37 were random-
ized to the sequential strategy and 53 1o the control strat-
egy. The baseline characteristics of the two groups were
similar (Table 1), except for hypertension and diabetes
mellitus, which were more frequent in the sequential treat-
ment group. No significant differences between groups
were found in the baseline characteristics of the target PU
(Table 2). Most PUs were grade III (75.5%) and were pre-
dominantly located on the heel and sacrum. The mean sur-
face area of ulcers at baseline was 14.7 = 10.4 cm? in the
sequential group and 12.6 = 8.0 cm? in the control group
(NS). The 25%, 50%, and 75% percentiles for ulcer area
were, respectively 7.4 cm?, 11.3 cm?, and 14.4 cm? in the
sequential treatment group; the corresponding values in
the control group were 6.4 cm?, 10.1 cm?, and 17.8 cm?,
In most cases, they had been covered with a hydrocolloid
dressing before randomization (Table 2). In four patients
in the sequential treatment group and three in the control
group, the ulcer was located on the lateral border of the
foot. In another patient, the ulcer’s surface area (56.7 cm?)
was slightly above the limit set by the inclusion criteria.
However, these features were considered to be minor devi-
ations from the protocol, and the patients were included in

the analysis. In all, the PUs of 11 patients (10.0%, 95% con-
fidence interval = 5.1-17.2%) healed completely in the
course of the study (three in the sequential treatment
group and eight in the control group; P = .162).

Thirty-three patients of 110 (30%]) did not complete
the planned 8-week follow-up for reasons other than ulcer
healing (Table 3); 11 patients in the sequential trearment
group (12.3%) and eight in the control group (15.1%,
NS} died during the study.

Surface Area Reduction

The PU surface areas measured during the trial are shown
in Table 4. In the sequential treatment group, 39 (68.4%)
patients reached SAR,; at 4 weeks and 43 (75.4%) (cumu-
lative) at 8 weeks; in the control group, 12 (22.6%) and
31 (58.5%) patients reached SAR,; at 4 and 8§ weeks, re-
spectively. The difference in SAR,, berween groups was
highly significant during the trial (P < .0001, logrank test;
Figure 1). Compared with the baseline value, PU surface
area was reduced by 7.0 £ 5.7 cm?® at 4 weeks and by 9.7 =
7.1 cm? at 8 weeks in the sequential treatment group, and
by 1.6 = 4.9 cm? and 5.2 = 7.2 cm?, respectively, in the
control group (P < .001). Expressed as a percentage, SAR
at 4 weeks diminished by 47.3 = 30.0% in the sequential
group and by 14.6 = 39.7% in the control group (P <
.001). Ar 8 weeks, the corresponding values were 69.1 £
33.9% and 42.6 = 49.1%, respectively (P < .001, Figure
2). Moreover, we verified that excluding the patient with
the ulcer area exceeding 50 cm?® from analysis did not alter
the conclusions of the statistical analysis on SAR.

Tolerance Assessed by Nurses

During the trial, 1,314 dressings (804 calcium alginate and
497 hydrocolloid) were used in the sequential treatment
group and 879 in the control group. The mean number of

Table 1. Baseline Characteristics of Older Patients with Pressure Ulcers Treated Sequentially with Alginate + Hydrocolloid

Dressings or Hydrocolloid Dressings Alone (Control)

Sequential
Treatment Group Control Group
Characteristic (n = 57) (n = 53) P-Value

Women, n (%) 42 (74) 36 (68) 506
Age, years, mean = SD B4.8 £ 7.1 B22=x79 078
Body weight, kg, mean + 5D 56.9 + 10.2 56.9 = 13.6 894
Height, cm, mean = SD 1626 = 7.2 160.7 = 101 280
Serum albumin, g, mean = 8D 203 +40 295+ 39 BB1
Risk factors for pressure ulcers
Morton score, mean = SD 13.2 = 34 126 = 3.1 336

Totally bedridden, n (%) 8(14) 10(19)

Poor health status, n (%) 14 (25) 14 (26)

Comatose or apathetic, n (%) 38 (67) 38 (72)

Urinary and fecal incontinence, n (%) 27 (47) 26 (49)
Concomitant diseases

Diabetes mellitus, n (%) 17 (28.8) 7(13.2) 035

Hypertension, n (%) 29 (51.0) 17 (32.1) 046

Heart disease, n (%) 22 (39.1) 25 (48.1) 357

Neurologic/psychiatric disease, n (%) 36 (63.2) 36 (67.9) 599

Peripheral arterial disease, n (%) 16 (28.1) 12 (23.1) 551

5D = srandard deviation.
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Table 2. Baseline Characteristics of Pressure Ulcers

Table 4. Evolution of Ulcer Surface Areas Over Time

Sequential
Treatment Control
Group Group
Characteristic (n = 57} in=253 PValue
Ulcer grade 166
I, n (%) 40 (71.4) 43 (B2.7)
IV, n (%) 16 (28.6) a9(17.3)
Ulcer location 621
Sacrum, n (%) 14 (24.6) 11 {20.8)
Pelvic girdle, n (%) 5(8.8) 2(3.8)
Heel, n (%) 34 (59.8) 37 (69.8)
Other, n (%) 4 (7.0} 3(5.7)
Duration, weeks, 686
mean = 5D T2*68 T 766
Surface area, cm?, 245
mean * SD 147 =104 126+ 80
Range
Frevious dressings 4.1-57.2 3.6-378 325
Hydrocolloid, n (%) 30 (52.6) 27 (50.9)
Calcium alginate, n (%) 8(14.0) 357
Saline gauze, n (%) 6 (10.5) B(15.1)
Enzymes, n (%) 8 (14.0) 7(13.2)
Others, n (%) 5(8.8) 8(15.1)

S = standard deviation,

dressings per week was significantly greater in the sequen-
tial treatment group. The nurses in the two groups scored
ease of removal similarly. Pain during dressing removal
and odor were significantly less in the sequential treatment
group (Table 5).

Adverse Events

Reasons for dropping out of the trial are shown in Table
3. Adverse events were reported for 11 patients {six in the

Table 3. Reasons for Dropping Out and Local Adverse
Events During the Trial

Sequential
Treatment
Group
(n=57)

Control
Group
{n =53)

Varable n

Reasons for dropping out
Death 1
Transfer to another care unit
Worsening health status
Local adverse event
Pressure ulcer impairment
Adverse local events
Infaction
Erythema of the surrounding skin
Hypargranulation
Maceration
Bleeding

O =L = —a —a
Wwomm

. By e
oMo o

Surface Area (cm?@)

Sequential
Treatment Group Control Group

(n = 57) (n = 53)
Week mean = 5D
o} 14.7 = 10.4 126 =80
1 10.9 £ 7.3 124 = 8.7
2 a7+=74 12494
3 8876 116 86
4 T T 7.6 11.0£ 8.4
& T0x86 895899
G 6.2 £ 8.1 84102
K 58+ 80 F7ix892
8 5082 74 =102

Mate: P < (W11 for differences between groups {analysis of variance).
5D = srandard deviarion.

sequential treatment group and five in the control group,
NS5). All the local adverse events recorded in the control
group were due to excessive granulation.

DISCUSSION

This randomized trial shows that, in older patients, a se-
quential therapeutic strategy consisting of calcium alginare
dressings followed by hydrocolloid dressings clearly led to
faster healing of full-thickness PUs in the debridement
phase than standard nonsequential treatment with hydro-
colloid dressings alone. This finding might have important
clinical implications for treating older patients with Yarkony
grade III or IV PUs and might help to improve their out-
come and shorten their hospital stay.

Assessing the efficacy of dressings for wound healing is
a complex problem, for specific methodological reasons.
Standard drug trial methods cannot be directly applied 1o

B9 —— Sequential srrategy (n=357)
----- Control strategy (n = 53)

20/ B

Cumulative percentage of patients
&

Weeks

Figure 1. Cumulative percentage of patients reaching a 40%
pressure ulcer surface area reduction over 8 weeks in the groups
undergoing sequential treatment (n = 37) and control trearment

(n=53).
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Figure 2. Pressure ulcer surface area reduction (mean = standard
error of the mean) during the trial expressed as percentage of
change from baseline. The difference between groups is signifi-
cant (P < .001).

such assessment. The use of a “placebo dressing™ is not
possible, and comparison of two or more different dress-
ings is required. Moreover, it is quite impossible to give the
dressings to be compared a similar appearance, and, there-
fore, clinical trials cannot be double-blinded. In this study,
we attempted to overcome this problem by ensuring that
the technical investigator who computed and measured ul-
cer areas was independent of the clinical investigators and
was blinded to the treatment allocated. Nevertheless, de-
spite the methodological difficulties involved in such trials,
it seems important to conduct them so as to compare the
efficacy of dressings and thus help physicians prescribe the
most appropriate therapy for patients with PUs,

Because wound healing is a dynamic and highly com-
plex process,” a strategy using different dressings for dif-

Table 5. Aspects of Ulcer Care Recorded by Nurses for all
Changes of Dressing During the 8-Week Trial

Sequential
Treatment  Control
Group Group
Aspect of Care (n=1314) (n=887) P-Value
Mumber of dressings removed
per week, mean = SD 3816 2810 .01
Ease of removal a1
Difficult, % 7.6 9.6
Easy or very easy, % 92.4 90.4
Pain during removal .03
Yes, % 313 356
No, % 68.7 64.4
Odor 001
Strong, % 13.2 201
Mild, % 291 40.7
MNone, % 578 39.1

5D = standard deviation.

ferent PU phases (e.g., alginate for debridement and hy-
drocolloids for tissue granulation) might be better than
standard treatment using hydrocolloid dressings for all PU
phases. The results of the present study support our hypoth-
esis that the use of alginate dressings during the debride-
ment phase accelerates the healing of PUs. However, it
should be noticed that we used different brands of hydro-
colloid dressing in the two treatment strategies. This, rather
than the use of alginate in the sequential strategy, might be
responsible for the differences in their outcomes. How-
ever, we believe this is unlikely, because the differences be-
tween healing rates were striking during the first 4 weeks
of the trial and because SAR was diminished by 47% with
the sequential strategy but only by 15% with the control
strategy. By contrast, during the last 4 weeks of the trial,
healing rates were similar in the two groups, because SAR
further diminished by 35% and 33% in the sequential and
control groups, respectively. In addition, because of their
occlusiveness and to the mixture of wound fluid and hy-
drocolloid molecules they contain, hydrocolloid dressings
are known to promote healing by keeping the ulcer moist.
Therefore, the two types of hydrocolloid dressing used in
the trial had the same mechanisms of action, and it is un-
likely that their effects on the healing rate were very different.

As far as we know, this is the first investigation study
in which the efficacy of a sequential local treatment of PUs
was evaluated. The sequential approach we chose was
based of the biological properties of the dressings. Algi-
nates are gel-forming dressings that absorb wound exu-
date to form a nonadherent gel that maintains a moist en-
vironment.?* In addition, when encapsulated by alginates,
murine or human macrophages were found to be activared
and to secrete cytokines. 2! These effects might help to
clear necrotic debris and stimulate angiogenesis, which in
turn might help ulcer debridement. However, other in
vitro experiments showed that calcium alginates stimulate
fibroblast proliferation and reduce the proliferation of hu-
man microvascular endothelial cells and keratinocytes.*
Consequently, as soon as the granulation tissue is well de-
veloped, the maintenance of an alginate dressing may pro-
mote excessive granulation, which might delay re-epithe-
lialization. It is therefore necessary to switch to the use of
a more neutral dressing, such as a hydrocolloid dressing,
which maintains a moist environment but is not known to
activate macrophages.

In the present study, we chose a 4-week period for algi-
nate application, on the basis of a previous randomized trial
comparing the healing effect of alginate dressing and dextran-
omer paste on PUs.* In that study, the median time reguired
for SAR.,, was 4 weeks in the alginate dressing group. Never-
theless, a more optimized approach to the decision to switch
from alginate to another dressing might be individualized by
considering the feature of each patient’s ulcer. A clear SAR,;
combined with active granulation might constitute a reason
for changing the type of dressing. However, such an ap-
proach was considered to be difficult to implement in the
framework of a multicenter trial and therefore a more prag-
matic method with fixed periods of time was chosen here
and was found to be satisfactory.

The question of whether the shorter healing process
observed in the sequential treatment group might translate
into a shorter time required for complete healing is not an-
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swered in our study and was not the objective of this trial.
To answer it would have required a much longer follow-up
period and a considerably larger sample population. Fur-
thermore, conducting longer trials in such frail older pa-
tients is difficult, because of high dropour rates and the
high incidence of intercurrent disease, which lead to changes
in the general care of the patients. The initial healing rate
was found be a good predictor of complete healing in leg
ulcers,® but this has not been documented in PUs, How-
ever, even if the present healing rate is an intermediate out-
come, we believe it can be considered clinically relevant,

In conclusion, the PU healing process is accelerated by
a more physiological approach consisting of local sequen-
tial treatment. The first step in this treatment is to stimu-
late debridement and macrophage activation. Then, once
granulation is well developed. the second step is simply the
maintenance of a mosst environment.
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