
PAGE 232 JOURNAL OF VASCULAR NURSING DECEMBER 2019
www.sciencedirect.com/journal/journal-of-vascular-nursing
Effectiveness of two bundles in venous
leg ulcer healing: A randomized
controlled trial
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The objective of this study was to compare the effectiveness of 2 bundles in venous leg ulcer healing.

This study is a open, randomized, controlled clinical trial with parallel treatment, 1:1 allocation rate, and 24-week

follow-up. Twenty-eight patients with venous leg ulcers of the lower limbs were allocated to 2 groups: group A

(n = 14) and group B (n = 14). The mean age of the participants was 59.67 � 11.95 years, and the mean ulcer surface

area was 29.32 (�98.43) cm2. The primary outcome was ulcer healing. Secondary outcomes were wound area reduction

rate, Pressure Ulcer Scale of Healing (PUSH) scores, and the presence and intensity of pain before, during and after dres-

sing change. Two different bundles were applied in 2 phases to the randomized groups. All participants engaged in an

educational activity, performed exercises, rested with legs elevated, received oral nutrition supplementation (Cubitan; Da-

none Nutricia), and had their ulcers cleaned with warm saline solution and biguanide polyhexanide solution (Prontosan;

B. Braun). Topical therapy in the first phase was papain 2% or 4% for group A and 2% hydrogel for group B. Both groups

received single-layer elastic compression therapy (SurePress; ConvaTec). In the second phase, group A received compres-

sion therapy with Unna boot (Viscopaste; Smith-Nephew) as the primary dressing, while group B received a cellulose mem-

brane (Membracel; Vuelo Pharma) followed by the Unna boot (Viscopaste; Smith-Nephew).In group A, 71.42% of the

ulcers healed; in group B, the figure was 64.28%. Wound area, PUSH scores, and the occurrence and intensity of pain

decreased significantly and equivalently in groups A and B.Both bundles are effective in the treatment of venous leg ulcers

and pain relief. (J Vasc Nurs 2019;37:232-245)
he Municipal Health Department, Nursing Graduate
, Federal University of Goi�as, Goiânia, GO, Brazil;
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INTRODUCTION

Venous leg ulcers (VLUs) are defined as wounds that develop
on the leg, foot, or on an area affected by venous hypertension.1

They are long-lasting sores,2 which are also considered complex3

and hard-to-heal wounds.4

These ulcers are a public health problem and cause frequent
pain, edema, especially in the region of the ankles and feet, loss
of mobility, and impairment of activities of daily living, labor,
and leisure.5 Symptoms such as pain, odor, and exudate can
affect many aspects of the lives of people with VLU, such as
sleep and relationships, thus negatively influencing quality of
life and increasing the affliction experienced by these people.6

Study conducted in the United Kingdom between 2015 and
2016 found that the mean cost of wound care over 12 months
was an estimated £7,600 per VLU, and the cost of managing
an unhealed VLU increases 4 to 5 times in comparison to that
of managing a healed VLU.4 In Australia, a study that sought
to identify VLU treatment costs in a specialized clinic, a hospital
and 2 wound treatment services, from 2016 to 2017, found that
the mean weekly cost was AUD 214.61 in community care ser-
vices and AUD 294.72 in specialized services. Although the costs
were higher in the latter, healing time was less.7 Based on 4 ran-
domized clinical studies using the Markov model, the study esti-
mated and compared the costs of venous ulcer treatment with
iodine together with multilayer compression therapy and the
costs of standard treatment, which included multilayer

mailto:cynthiaassisdebarros@gmail.com
mailto:cynthiaassisdebarros@yahoo.com.br
mailto:cynthiaassisdebarros@yahoo.com.br
https://doi.org/10.1016/j.jvn.2019.09.004
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jvn.2019.09.004&domain=pdf
https://doi.org/10.1016/j.jvn.2019.09.004
https://doi.org/10.1016/j.jvn.2019.09.004
http://www.sciencedirect.com/journal/journal-of-vascular-nursing


Vol. XXXVII No. 4 JOURNAL OF VASCULAR NURSING PAGE 233
www.sciencedirect.com/journal/journal-of-vascular-nursing
compression therapy and debridement, when necessary.8 The
costs were calculated in USD (based on 2014).8 Iodine treatment
together with multilayer compression therapy was USD 7.259
during one year compared to USD 7.901 for standard treatment.8

Using the combined treatment, as opposed to the standard treat-
ment, resulted in savings of USD 643 per patient.8

The treatment for VLU is multidimensional. It includes
educational interventions,9 rest with elevation of the affected
lower limb, physical exercise,10,11 compression therapy,12 nutri-
tion,13 perilesional skin care,14 and topical therapy.15

However, studies usually test 1 type of treatment or a combi-
nation of 2 or 3 types.16–20 Some studies clearly indicate the
combinations used,10,11,16–18 while others only mention the
standard treatment, leaving doubts about the use of combined
therapies.19,21,22

Systematic reviews indicate that there is no ‘‘gold standard’’
topical therapy for treating VLU, and whatever the topical ther-
apy chosen, it must be combined with compression therapy to
promote healing.15,23

Using different protocols, consisting of a single topical ther-
apy17,18,24 or compression therapy17 to combinations of 3 or 4
therapies,19,25 the studies carried out so far report healing rates
between 0%18 and 65%20 in a 12-week follow-up, suggesting
that the most positive results were obtained in investigations
that applied combinations of a certain number of therapies.
The examined outcomes focus on the complete healing of the
wound, but it is also important to understand the effect of thera-
pies on pain handling.26,27 In this regard, the greatest contribu-
tion has originated from studies that associate exercises using
the legs with compression therapy.10,28,29 There are different ex-
ercises16,28,30 and compression therapies31 that can be combined.
A gold standard exercise program has not been defined, and
although multilayer compression therapy offers a more effective
action than other methods, all the procedures show positive ef-
fects and are recommended for the treatment of VLU.31

Although it is known that people with this type of wound
show a higher risk of malnutrition in comparison with people
who do not have the ulcer,32 there is no evidence proving the
effectiveness of nutritional supplementation in the improvement
of healing in the affected population.33 However, the daily con-
sumption of 3 doses of a nutritional supplement enriched with
immunonutrients led to positive results in the healing of pressure
injury in adults and elderly people, even those who did not have
malnutrition,34–37 indicating the potential of this therapy to treat
patients with VLU.

Also, research on wound healing shows that warm saline
rinses should be used to clean the wounds38 because hypothermia
may occur during dressing changes,39 affecting tissue repair.40

Despite this recommendation, studies do not mention the use
of this procedure.10,11,16,19–22

In this sense, it is important to test the effectiveness of bun-
dles composed of a set of therapies combined to obtain an ex-
pected outcome.41 As yet, no bundles for the treatment of VLU
are available.

Testing bundles can generate knowledge for evidence-based
practice and provide support for future recommendation in re-
gard to the treatment of VLU aimed at the proper management
of pain, a decrease in the time of healing, and an improvement
in the venous circulation of the legs.
In light of the multidimensionality of VLU treatment, the
objective of this study is to compare the effectiveness of 2 bun-
dles to promote wound healing and pain relief on venous ulcers
over a 24-week follow-up period.

MATERIALS AND METHODS

Design and location of the study

This is an open, randomized, controlled, comparative trial of 2
multidimensional bundles, with a 1:1 allocation ratio. This study
was prepared according to the CONSORT, 2010 guidelines.42

The study was conducted in a wound dressing room within a pub-
lic health unit in a large city in the Central-West region of Brazil,
from June 2016 to March 2018.

Study participants and sample

A total of 118 people were evaluated for eligibility. The inclusion
criteria were the presence of VLU (diagnosed by a medical profes-
sional using vascular echocardiography of the lower limbs or from
clinical signs of impaired venous circulation); ankle circumference
greater than 18 centimeters; age equal to or greater than 18 years;
and a Mini-Mental State Examination score compatible with the ed-
ucation level.43 Individuals (n = 82) were excluded if they presented
hepatopathy, nephropathy, arterial pulse undetectable by manual
Doppler, impeding the verification of the Ankle-Brachial Index
(ABI), ABI <0.8 or >1.3, intermittent claudication when walking
250 meters or less, severe auditory or visual impairment, or if the
affected limb went pale when elevated. Three people declined to
participate in the study.

The convenience sample was composed of successive entries.

Randomization and blinding

Stratified randomization was applied according to VLU area
(area < 20 cm2; area $ 20 and < 60 cm2; area $ 60 and < 90 cm2

and area$ 90 cm2). The participants were allocated into 2 treatment
groups (group A and group B). To perform randomization, the
Research Randomizer program (https://www.randomizer.org) was
used according to the tutorial. Blinding was used in the randomiza-
tion of participants and in the calculation and analysis of ulcer areas.

Instruments for data collection and evaluation

An instrument containing questions on social and demographic
data (gender, age, level of education, years of education, and in-
come) and exclusion-criteria diseases (liver and kidney diseases)
was developed. A cognitive assessment was also performed by
means of the Mini-Mental State Examination44 to evaluate the eligi-
bility criteria.

The outcomes were evaluated at baseline and then every week
until complete healing or at the end of the 24-week follow-up period.
Ulcers were evaluated every day for adverse events (clinical signs of
deterioration, infection, and signs of allergy to the products used).

The data collected at baseline through the interview and physical
examination were social and demographic data (civil status, occupa-
tion, and per capita income); self-reported medical diagnosis and
ongoing treatment of diabetes, thyroid diseases, systemic arterial hy-
pertension, pulmonary and cardiac diseases, problems in venous and
arterial circulation, availability of vascular pulse in the lower limbs
by Doppler, and history of deep vein thrombosis; clinical conditions
of the lower limbs (varicose veins, reticular veins, telangiectasias,
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hemosiderosis, lipodermatosclerosis, edema, perimeter of the ankle
and calf, ABI); smoking and alcohol consumption; clinical condi-
tions of the ulcers, including the healing state measured by the Pres-
sure Ulcer Scale of Healing (PUSH)45; evaluation of ulcer pain
during dressing change by a numeric pain scale,46 planigraphy,
and photography of ulcers; and venous blood collection for the
biochemical measurement of glucose.

The software Image J version 1.51j8 was used to calculate the ul-
cer area.

Data on the clinical conditions of ulcers and pain were collected
daily to monitor possible adverse reactions to treatment, as well as
the general condition of the participant. Data on the outcomes of in-
terest were collected weekly: ulcer healing, presence and intensity of
ulcer pain during a dressing change, planigraphy, and wound
photography.
Intervention

VLU was defined as a wound in the legs, associated with clinical
signs such as edema, varicose veins, hemosiderosis, telangiectasias,
reticular veins, white atrophy, and lipodermatosclerosis,47 without
any signs of arterial impairment, with ABI $ 0.8 a # 1.3,48 tibial
posterior and pedis pulses palpable or detectable by manual doppler
and the absence of intermittent claudication during ambulation.47

The 2 treatment bundles comprised educational intervention,
lower limbs physical exercise, periods of rest with the leg elevated,
and oral nutritional supplementation, combined with topical therapy
associated with compression therapy for each group. Through strat-
ified randomization, different topical therapies were applied to
groups A and B.

The educational intervention consisted of a self-care manual con-
taining guidelines on venous insufficiency, risk factors for VLU,
dressing protection during showering, drinking 8 glasses of water
per day, exercises, resting for 30 minutes with legs elevated 3 times
a day, and daily walks.

The nutritional supplement (Cubitan; Danone Nutricia) was
offered to the participants for 4 weeks, based on the initial wound
area. People with ulcers # 20 cm2 received 2 vials a day, and those
with wounds > 20 cm2 received 3 vials a day. All participants
received a booklet with healthy-eating guidelines based on the rec-
ommendations of the Brazilian Ministry of Health49 and were in-
structed by a nutritionist or nurse on how to use the supplement.

Taking into account that there is not a protocol to calculate the
dosage and that the clinical studies available used this supplement
in people with pressure injury administering 3 daily doses,36,37 the
supplementation for the patients examined in the present study
was determined based on the wound area.

The leg exercises were prescribed by a physical therapist, along
with the nurses, and based on the available kinesiotherapeutic guide-
lines based on scientific evidence.10,28–30 The objectives of these
exercises were to increase the mobility of the ankle joint, to
stimulate muscle pump, promoting venous circulation, and increase
strength and muscular endurance. The exercises consisted of 1)
(warm-up) in an orthostatic position with support, with leg extended
or semiextended, ankle rotations for 30 seconds, in both directions,
one foot at a time; 2) in an orthostatic position with support,
simultaneous heel lifts (15 repetitions); 3) in a sitting position,
resisted ankle plantarflexion, with an elastic band around the foot
held in the hands, providing moderate resistance to movement (15
repetitions); 4) in a sitting position, triceps surae stretch with
dorsiflexion using an elastic band for 15 seconds (3 repetitions); 5)
in dorsal decubitus with 90� flexion of the hip and knee, lymphatic
decongestive maximal ankle dorsiflexion, alternating between the
lower limbs (15 repetitions with progression to 25); and 6)
rotational movements of the ankles for 30 seconds each side in a
sitting or lying position. The protocol consisted of 3 exercises
sessions a day, with 1 under the supervision of the research team
when the patient came for their dressing change.

Participants were also advised to take 1,000 to 1,500 meters daily
walks in the morning or afternoon and to rest with legs elevated for
30 minutes 3 times a day (morning, afternoon, and night).

Participants were provided with a diary in which to record their
exercises, periods of rest with elevated limbs, walks, and intake of
the nutritional supplement as a means of monitoring the activities
performed. On the day of their care, participants were administered
with a supervised dose of the supplement, and the empty bottles from
the previous day’s consumption were collected. Participants were
considered to have adhered to the exercise, rest, and nutritional sup-
plementation regimen when they complied with at least 80% of the
program in terms of frequency.

Different topical and compression therapies were applied accord-
ing to the group. For group A, in the first phase, the wound was
cleaned with a jet of warm 0.9% saline solution50,51 and then com-
pressed with a cotton gauze soaked in a solution of polyhexanide bi-
guanide and betaine (Prontosan; B Braum),52,53 which was left on
the wound for 15 minutes. After removal of the dressing, the perile-
sional skin was wiped and skin protective powder (Stomahesive;
from ConvaTec)54 was applied. Then, a primary wound dressing
was applied with either 2% or 4% papain,55–57 as prepared in a
compounding pharmacy, depending on the percentage of slough in
the VLU bed, determined by macroscopic evaluation (in # 50%,
2% papain was used; in > 50%, 4% papain was used). Then, rayon
gauze and cotton gauze were applied, and the dressing was sealed
with crepe bandages. Finally, grade III compression therapy with
one layer of elastic bandage was applied (Surepress;
ConvaTec).58,59 Group B received the same procedures, with the
only difference being the application of 2% hydrogel,60,61 as pre-
pared in a compounding pharmacy, instead of papain.

In the second phase, approximately 14 to 21 days after the begin-
ning of treatment, when the slough area had reduced and new epithe-
lial tissue was apparent at the borders, the lesions were cleaned as
previously described for groups A and B, and a different dressing
was used. In group A, inelastic compression therapy (Unna’s boot,
Viscopaste; Smith-Nephew)47,62 was applied directly on the ulcer.
In group B, a cellulose membrane was applied as the primary dres-
sing (Membracel, from Vuelo Pharma),63 followed by inelastic
compression therapy (Unna’s boot, Viscopaste; Smith-Nephew).47,62

In both groups, cotton gauzes were used on the Unna boot in the
area of the ulcer, for absorption of the exudate, and secured with
crepe bandages. At this stage, dressing changes were performed at
3- and 4-day intervals (twice a week).

Saline solution is the solution most commonly used to clean up
wounds. It can be used in the long run and does not damage the gran-
ulation tissue.50 The temperature in the microenvironment of the sur-
face where the wound is located may decrease as a consequence of
the loss of the thermal protective barrier, which occurs by both
skin rupture and the action of external factors such as the environ-
ment temperature and the temperature of the substances used in
the dressing. Saline solution can minimize the interferences in main-
taining the temperature suitable for cell proliferation.51

Polyhexanide biguanide solution (Prontosan) is considered effec-
tive in treating colonized or infected wounds, providing favorable
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conditions to the healing process, decreasing healing time and in-
flammatory signs of infection or colonization,52 and may be used un-
til wounds heal.53

Papain is a selective debriding agent which does not harm the
healthy tissue of wounds, has anti-inflammatory properties, de-
creases the volume of exudate, and favors wound healing by stimu-
lating the formation of granulation tissue.56 The action of papain
depends on the concentration used. In granulation tissue, it is recom-
mended to use a concentration between 2% and 4%, and in the pres-
ence of purulent exudate and/or infections papain, concentrations
may vary from 4% to 6%.55 Papain also has the function of inhibiting
and reducing the formation of biofilms or interrupting the growth of
biofilms already formed.57

Hydrogels act as a chemotactic agent for leukocytes, favoring
angiogenesis and promoting autolytic debridement,60 showing posi-
tive effects on healing.61 Cellulose membranes (Membracel) protect
wounds from mechanical traumas, with no direct effects on
healing.63

The Stomahesive (ConvaTec) skin protector has been used as a
barrier in the care to peristomal skin.60 In the VLU treatment
context, it was used to protect perilesional skin, which is in contact
with exudate, to prevent maceration.

Surepress is a monolayer elastic bandage that can be considered
as an option for compression therapy, with a lower cost in compari-
son with multilayer bandage.58,59

The Unna boot is a bandage soaked in zinc oxide, gelatin, and
glycerin. It is recommended to treat VLU and lymphedema60

because it reduces edema as it presses the legs during exercises,
improving blood pumping through the calf muscles.47

Outcomes

The primary outcome analyzed was the healing of VLUs, with
healing defined as the complete closure of the wound, verified by
epithelization of the wound sustained for 1 week.

The other analyzed outcomes were:

� Wound area reduction rate (initial area minus the area found in the
subsequent evaluation, multiplied by 100)64;

� Healing evolution, verified by PUSH scores media and the delta of
the total PUSH scores (calculated based on the difference in the
scores from week to week);

� Pain occurrence;
� Intensity of wound pain, before, during, and after dressing change,
verified by an 11-point numeric pain scale, in which zero means
absence of pain and 10 the worst possible pain.46

The variables studied for the homogeneity analysis of the groups
were gender, age, level of education (years of education), per capita
income, occupation, fasting glycaemia, diabetes, hypertension,
smoking, body mass index, pain in the wound before dressing, lipo-
dermatosclerosis, use of venotonic medications, duration and initial
area of the ulcer, and initial PUSH score.

Ethical aspects

This study complied with Brazilian and international guidelines
for research involving human beings. It is part of a matrix project
approved by the Research Ethics Committee of the Federal Univer-
sity of Goi�as (opinion 797.280/2014), registered in the Brazilian
Clinical Trials Registry (ReBec), linked to the International Clinical
Trials Registry Platform and to the World Health Organization (reg-
ister number: RBR-5d4s4f).
The project received financial support from the Research Support
Foundation of the State of Goi�as (PPSUS 201410267000321) and
the National Council for Scientific and Technological Development
(CNPq) (487093/2013–5), as well as partial donations of Cubitan
(Danone Nutricia Brasil).

The participants were monitored for adverse events. Therapy was
continued when mild adverse events occurred and suspended in
cases with moderate adverse events. The adverse events observed
were allergy to the Unna boot or to the crepe bandage and onset,
worsening, or uncontrolled clinical signs of infection.

Data analysis

Data were analyzed through descriptive statistics (absolute fre-
quency, percentage, mean, median and standard deviation) and
analytical statistics. The Shapiro-Wilk test was used to test normality
of the quantitative variables. The Fisher Exact test or the Chi-
Squared test and the Mann-Whitney U test or the Student’s t-test
were used to test the homogeneity of the groups A and B.

The outcomes (healing, wound area reduction rate, PUSH score
evolution, wound pain intensity before, during and after dressing
change) were compared intra and inter groups.

The Kaplan-Meier estimator and hazard ratio and its 95% confi-
dence interval were used to evaluate the time required for ulcer heal-
ing. The Wilcoxon test was used in the intragroup analysis. The Chi-
Squared test, the Fisher’s exact test, and the Mann-Whitney U test or
the Student’s t-test and Cohen’s D were used in the analysis between
the groups. To compare the effect of bundles in the presence of pain,
the Cochran Q test with post hoc analyses was used in intragroup an-
alyses. The value of P < .05 was adopted. The Statistical Package for
the Social Sciences for Windows (version 17.0) and Stata programs
(version 14.0) were used for the statistical analysis of the data.

RESULTS

Of the 118 people assessed for eligibility, 82 were considered
ineligible, and 3 refused to participate. Therefore, only 33 were
randomly assigned to group A (n = 15) and group B (n = 18).
Five participants were discontinued from the study before
completing the first week of evaluation (4 due to adverse reac-
tion/worsening of clinical signs of infection and 1 abandoned
treatment). Thus, 28 subjects were included, group A (n = 14)
and group B (n = 14) (Figure 1).

Characteristics of the participants

The characteristics of the participants at baseline are
described in Table 1, which shows the homogeneity between
the groups.

Bundles effectiveness

Healing. Ulcer healing occurred in 19 (67.85%) participants,
of whom 10 (71.42%) were in group A and 9 (64.28%) were in
group B (P = 1.00) in 24-week follow-up. After 12 weeks, the
healing rate was 7 (50.0%) in group A and 9 (64.28%) in group
B. There was no difference between the 2 groups in terms of heal-
ing proportion in the follow-up study (P = 1.000) (Figure 2).

Wound area reduction rate. Between the baseline period and
the fourth week (period established for wound healing prog-
nosis19), the ulcer reduction rate was 50.21% (�58.28) in group
A and 65.19% (�42.05) in group B (P = .642). Comparing the
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Figure 1. Participants’ flowchart during clinical trial participation.

TABLE 1

DEMOGRAPHIC, SOCIAL, AND CLINICAL CHARACTERISTICS OF PARTICIPANTS AT BASELINE

Variables
Group A
(n = 14)

Group B
(n = 14)

Total
(n = 28) P value

Female (n, %) 10 (71.4) 9 (64.3) 19 (67.9) 1.000z
Age in years* 62.14 (12.03) 57.07 (11.75) 59.6 (11.95) .821x
Years of education* 5.64 (3.45) 6.53 (5.18) 6.08 (4.34) .473k
Income per capita*,y 201.70 (124.31) 225.51 (108.26) 213.60 (115.02) .434k
Occupation (n, %) 3 (21.4) 6 (42.9) 9 (32.1) .420z
Fasting glycaemia* 107.77 (35.28) 113.28 (76.13) 110.53 (58.29) .679k
AH (n, %) 6 (42.9) 7 (50.0) 13 (46.4) .705{
DM (n, %) 5 (35.7) 2 (14.3) 7 (25.0) .385z
Smoking (n, %) 2 (14.3) 1 (7.1) 3 (10.7) 1.000z
PUSH score* 11.14 (3.71) 12.50 (2.50) 11.82 (3.18) .056x
Wound pain before dressing change* 1.57 (2.70) 2.14 (3.00) 1.85 (2.82) .537k
Duration of lesions* 47.64 (56.85) 51.07 (97.49) 49.35 (78.33) .333k
Area of lesions 11.50 (14.01) 47.15 (138.71) 29.32 (98.43) .383k
BMI* 31.91 (5.52) 31.21 (3.73) 31.56 (4.64) .072x
Lipodermatosclerosis (n, %) 4 (28.6) 5 (35.7) 9 (32.1) 1.000z
Use of venotonic drugs (n, %) 8 (57.1) 11 (78.6) 19 (67.9) .420z
AH = arterial hypertension; DM = diabetes mellitus; PUSH = Pressure Ulcer Scale Healing; BMI = body mass index.

*mean (standard deviation).
yPer capita income calculated in dollars. Dollar (U$) to real (R$) in 2016: R$ 3.49.
zFisher’s Exact test.
xStudent’s t-test.
kMann-Whitney U test.
{Chi-square test.
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Figure 2. Probability of healing of venous ulcers in groups A and B
over 24-wk follow-up.

Figure 3. Analysis of the evolution of mean PUSH scores between
groups A and B over a 24-wk follow-up.
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baseline and the 12th week of follow-up (period generally used in
effectiveness studies11,16,37), the mean ulcer reduction rate was
88.30% (�19.18) in group A and 80.88% (�35.67) in group B
(Table 2), with no difference between groups.

PUSH scores. Figure 3 shows the comparative analysis of the
evolution of mean PUSH scores between groups.

The mean PUSH scores decreased during the follow-up
period, up to the eighth week for both groups and up to the
12th week for group A. There was no difference in the compar-
ison between groups (Table 3 and Figure 4).

Pain. There was a significant reduction in the occurrence of
pain in the first 4 weeks. In the 20th week, there was no report
of pain among the participants, and in the last week, only one
TABLE 2

COMPARISON OF ULCER AREA REDUCTION
RATES BETWEEN GROUPS A AND B OVER 24-
WK FOLLOW-UP

Weeks Group A m (SD) Group B m (SD) P value*

0–4 50.21 (58.28) 65.19 (42.05) .642

0–8 76.96 (38.77) 78.29 (32.72) .881

0–12 88.30 (19.18) 80.88 (35.67) .741

4–8 46.31 (73.82) 62.38 (40.35) .757

8–12 �308.96y (1,008.02) 35.44 (54.83) .886

12–16 39.31 (65.70) 10.55 (39.60) .449

16–20 22.12 (67.12) 42.95 (33.83) .655

20–24 �10.83 (129.62) 38.19 (47.90) .827

SD = standard deviation.

*Mann-Whitney U test.
yNegative rates indicate an increased ulcer. A patient with an almost epithe-

lialized lesion had intense pruritus and traumatized the area by scratching it.
participant in group A reported pain (P = .549) (Figure 5).
(Note: P value > 0.5 in all times; Fisher’s exact)

There was no statistically significant difference in the pres-
ence of pain in both groups (P value > .05) (Table 4).

Pain intensity. There was no difference in pain intensity be-
tween groups A and B before, during, and after dressing change
in the follow-up period (Table 5). At baseline, the mean pain in-
tensity reported before dressing change was 1.57� 2.71 in group
A and 2.14 � 3.0 in group B (P = .537). During dressing change,
it reached 3.36 � 3.39 in group A and 3.43 � 3.52 in group B
(P = 1.000). After dressing change, pain intensity was
1.21 � 2.00 in group A and 2.14 � 3.20 in group B.

Pain intensity before dressing change decreased in group A
between the fourth, eighth, and twentieth weeks, and in group
B, pain intensity decreased between baseline and all other weeks,
with no statistical difference between groups and no significant
differences in the other periods (Table 5 and Figure 6).

During dressing change, the pain intensity decreased between
the fourth, eighth, twelfth, 16th, 20th, and 24th weeks in group A
and group B (Table 5 and Figure 6).

After dressing change, decreased pain intensity was observed
in group A only between the baseline and the 16th, 20th, and 24th
weeks (Table 5). In group B, pain intensity decreased between
baseline and all other weeks, with no statistical difference be-
tween groups (Table 5 and Figure 6).
DISCUSSION AND LIMITATIONS

The bundles tested in groups A and B promote favorable
healing, reduce pain in VLU, and are effective for healing these
wounds. No differences were found in the comparison between
the groups (all P values > .05). In 24 weeks, the bundle tested
in group A promoted the healing of 71.42% of the VLU, while
the bundle tested in group B promoted the healing of 64.28%.
There was also a reduction in ulcer area, the PUSH scores, and
in pain intensity.

Different healing rates have been observed in studies
involving people with VLU,16–19,21,25 with values generally
smaller than those found in the present study.
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TABLE 3

COMPARISON OF THE MEAN PUSH SCORES IN EACH GROUPAND THE DIFFERENCE IN PUSH SCORES
BETWEEN GROUPS A AND B OVER THE 24-WK FOLLOW-UP TREATMENT

Time (wk)

Group A* Group B*
Difference
(95.0% CI) ty P value Cohen’s Dm (SD) m (SD)

0 11.14 (3.72)a 12.50 (2.50)c �1.36 (�3.81; 1.10) �1.133 .268 0.428

4 7.64 (4.95)b 7.14 (6.01)d 0.50 (�3.78; 4.79) 0.240 .812 0.091

8 6.54 (5.42) 6.42 (6.29) 0.13 (�4.99; 5.24) 0.052 .959 0.022

12 8.42 (4.16) 11.00 (5.44) �2.57 (�8.42; 3.29) �0.966 .355 0.537

16 6.71 (5.02) 8.80 (5.89) �2.09 (�9.11; 4.94) �0.661 .523 0.387

20 7.67 (4.68) 8.00 (7.00) 3.85 (�9.43; 8.77) �0.087 .933 0.062

24 3.67 (3.21) 8.33 (6.66) �4.67 (�18.56; 9.23) �1.093 .336 0.892

SD = standard deviation; CI = confidence interval.

*Intragroup comparisons performed by the Student’s t-test for dependent samples; a, statistical difference at 4 wk (P value = .003), 8 wk (P value = .002), 12 wk

(P value = .021), and 20 wk (P value = .042); b, statistical difference with 8 wk (P value = .012); c, statistical difference with 4 wk (P value = .001) and 8 wk (P

value = .001); d, statistical difference with 8 wk (P value = .018) and 16 wk (P value = .037).
yIntergroup comparison performed for each week of follow-up by Student’s t-test for independent samples.
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Studies that used 2% to 4% papain not associated with
compression therapy reached a healing level between 12.5%18

and 20.0% in the treated VLU24 in a 12-week follow-up. By us-
ing 2% carboxymethylcellulose hydrogel only, with no compres-
sion therapy, no ulcer healed in 12 weeks.18

Although these studies have reported positive effects, the
healing percentages were lower than those found in the present
investigation. This may be explained by the fact that the
mentioned studies did not apply compression therapy. In addi-
tion, the dressings were applied by both patients at home and pro-
fessionals at the health unit, alternately.

Comparison between the application of elastic compression
therapy associated with an inert therapy (Petrolatum gauze)
and the use of the Unna boot as an exclusive therapy showed
that each group had a healing rate of 11.1% in a 13-week
follow-up.17
Figure 4. PUSH scores presented by group A and group B over 24-
wk follow-up.
Higher healing rates were obtained in a study that associated
compression therapy using the Unna boot with different coatings
containing nanocrystalline silver and educational actions in the
context of care to patients with VLU through nursing appoint-
ments, as reported in the descriptive and retrospective investiga-
tion, which included 80 VLU, showing healing of 51.3% of the
wounds in 12 weeks.62

These examples indicate that it is necessary to combine ac-
tions for concomitant use to obtain better results.

The bundles tested in the present study showed higher effec-
tiveness than the intervention with proper topical care to the con-
ditions of the ulcers’ bed and high compression therapy, in some
cases associated with surgery of superficial veins, which pro-
moted healing of 44% of the 94 treated VLU, in 24 weeks.19
Figure 5. Self-reported pain among participants of groups A and B
over 24 wk of follow-up.
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TABLE 4

PAIN SELF-REPORTED IN GROUPS A AND B OVER 24-WK FOLLOW-UP

Time (wk)

Group A* Group B*

Difference (95% CI) P valuey V Cramern (%) n (%)

0 10 (71.4)a 12 (85.7)a 14.29 (�16.41; 42.32) .648 0.174

4 2 (14.3) 2 (14.3) 0.00 (�27.64; 27.64) 1.000 0.000

8 2 (14.3) 2 (14.3) 0.00 (�27.64; 27.64) 1.000 0.000

12 2 (14.3) 3 (21.4) 7.14 (�22.02; 35.25) 1.000 0.093

16 1 (7.1) 1 (7.1) 0.00 (�25.02; 25.02) 1.000 0.000

20 — — — — —

24 1 (7.1) — 7.14 (�15.17; 32.47) 1.000 0.192

CI = confidence interval.

*Intragroup comparisons performed by the Cochran Q test; a, statistical difference at week 4 (P value # .001), week 8 (P value < .01), week 12 (P value

# .001), week 16 (P value < .01), week 20 (P value < .01), and week 24 (P value < .001).
yIntergroup comparison performed for each week of follow-up by Fisher’s exact test.
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Although the bundles examined in the present study resulted
in a healing rate similar to that reported by an investigation which
tested topical care associated with high, medium, and low
compression therapy or pneumatic compression,21 the proced-
ures described in the present study have the advantage of produc-
ing this effect in a shorter time. In the mentioned study, healing of
70% of the VLU occurred in 48 weeks, whereas in the present
investigation, the same result was reached in 24 weeks.

A faster healing process implies cost savings for health sys-
tems and patients, increases the number of days with a higher
quality of life, and means a reduced negative social impact of
venous insufficiency.

In some studies, referred to previously,19,21 the topical thera-
pies were not described in the method, which prevented the
reproduction of these studies. We believe that this information
should not be omitted in study design descriptions as bed prepa-
ration and the topical therapy used may promote healing.14

In the present investigation, the total percentage of wounds
healed after 12 weeks reached 62.5%, demonstrating that the as-
sociation of the measures used in bundles, which had not been
tested previously in other research, increased the success of the
treatment.

The best results found in the literature taking into account a
12-week follow-up were reported in a cohort study involving
217 participants with venous and mixed ulcers20 that used 4-
layer (69.0%) and 3-layer compression bandages (13.0%) and
the Unna boot (18.0%). However, the study did not disclose
the selection criteria for the compression modalities nor the in-
formation on the topical therapy used. In this study, approxi-
mately 65% of ulcers were healed within 12 weeks and 75%
after 16 weeks.20 Multilayer compression therapy was not
included in the bundles tested in the present investigation; how-
ever, a similar healing percentage was achieved after 12 weeks of
follow-up, with 50.0% healing in group A and 64.28% in group
B. In the 16th week, 64.28% of wounds had healed in group A
and 64.28% in group B, suggesting that this method could be
adopted in developing countries in the later stages of treatment,
with the aim to achieve its rational use.

The differences observed in the studies regarding healing per-
centages may result from both the therapeutic approach used and
the severity of the VLU included in the investigation. Ulcer dura-
tion, wound area, and microbial load, as well as the presence of
comorbidities and the condition of the affected limb, such as lip-
odermatosclerosis, are intervening factors for healing of
VLU.21,39

The present study included people who showed hindering
factors for the healing of VLU.65 However, the association of
the therapeutic measures proposed in the bundles could promote
a high healing rate.

A wound reduction rate of more than 30% up to the fourth
week of treatment is considered a favorable outcome, with a
good prognosis in VLU healing.19 In the present study, be-
tween baseline and the fourth week of follow-up, the mean
rate of ulcer reduction was well above this percentage
(50.21 � 58.28% in group A and 65.19 � 42.05% in group
B), indicating that the bundles tested are associated with
good prognoses.

Regarding the ulcer reduction rate, the results obtained by us-
ing bundles were similar to those found in a 12-week follow-up
study that obtained a 77.10% (�25.70) reduction in ulcer area in
the intervention group and 69.20% (�40.03) in the control group
by using laser photobiomodulation. However, the final results for
full healing reach were inferior: 18% healing in the control group
and 29% in the intervention group, and it was not clear whether
compression therapy was associated with photobiomodulation
throughout the follow-up.25
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TABLE 5

INTERGROUP AND INTRAGROUP COMPARISON OF DIFFERENCES IN PAIN INTENSITY BEFORE,
AFTER, AND DURING DRESSING CHANGE

Time (wk)

Group A* Group B*

Difference (95.0% CI) Hy P value Cohen’s Dm (SD) m (SD)

Before

0 1.57 (2.71)a 2.14 (3.00)b �0.57 (�2.79; 1.65) 109.500 .603 0.201

4 0.29 (1.07) 0.36 (1.34) �0.07 (�1.01; 0.87) 89.500 1.000 0.148

8 0.00 (0.00) 0.21 (0.80) �0.21 (�0.65; 0.23) 105.000 .769 0.122

12 0.36 (1.08) 0.21 (0.80) 0.14 (�0.60; 0.88) 91.000 .769 0.122

16 0.14 (0.53) 0.00 (0.00) 0.14 (�0.15; 0.44) 91.000 .769 0.122

20 0.00 (0.00) 0.00 (0.00) — 98.000 1.000 0.000

24 0.29 (1.07) 0.00 (0.00) 0.29 (�0.30; 0.87) 91.000 .769 0.122

During

0 3.36 (3.39)c 3.43 (3.52)c �0.07 (�2.76; 2.61) 98.000 1.000 0.000

4 0.71 (1.86) 1.07 (2.89) �0.36 (�2.25; 1.53) 99.000 1.000 0.017

8 0.07 (0.27) 0.39 (1.07) �0.21 (�0.82; 0.39) 98.500 1.000 0.009

12 0.36 (1.08) 0.43 (1.16) �0.07 (�0.94; 0.80) 98.500 1.000 0.009

16 0.39 (1.07) 0.50 (1.87) �0.21 (�1.40; 0.97) 98.500 1.000 0.009

20 0.00 (0.00) 0.00 (0.00) — 98.000 1.000 0.000

24 0.00 (0.00) 0.00 (0.00) — 98.000 1.000 0.000

After

0 1.21 (2.00)e 2.14 (3.20)f �0.93 (�3.00; 1.14) 110.500 .571 0.218

4 0.79 (2.00) 0.50 (1.87) 0.29 (�1.22; 1.79) 92.000 .804 0.104

8 0.43 (1.60) 0.00 (0.00) 0.43 (�0.45; 1.31) 91.000 .769 0.122

12 0.36 (1.34) 0.00 (0.00) 0.36 (�0.38; 1.09) 91.000 .769 0.122

16 0.00 (0.00) 0.36 (1.24) �0.36 (�1.09; 0.38) 105.000 .769 0.122

20 0.00 (0.00) 0.00 (0.00) — 98.000 1.000 0.000

24 0.00 (0.00) 0.00 (0.00) — 98.000 1.000 0.000

SD = standard deviation; CI = confidence interval.

*Intragroup comparisons performed by the Wilcoxon test; a, statistical difference at week 4 (P value = .046), week 8 (P value = .046), and week 20 (P

value = .046); b, statistical difference at week 4 (P value = .025), week 8 (P value = .014), week 12 (P value = .014), week 16 (P value = .014), week

20 (P value = .014), week 24 (P value = .014); c, statistical difference at week 4 (P value = .001) and week 8 (P value = .005), week 12 (P value = .034),

week 16 (P value = .020), week 20 (P value = .003), week 24 (P value = .003); d, statistical difference at week 4 (P value = .020), week 8 (P value = .011),

week 12 (P value = .011), week 16 (P value = .020), week 20 (P value = .030), week 24 (P value = .030); e, statistical difference at week 16 (P value = .046),

week 20 (P value = .046), and week 24 (P value = .046); f, statistical difference at week 4 (P value = .025), week 8 (P value = .025), week 12 (P value = .025),

week 16 (P value = .025), week 20 (P value = .025), week 24 (P value = .025).
yIntergroup comparison performed for each week of follow-up by Mann-Whitney U test.
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Regarding healing evolution, there was a reduction in PUSH
scores during follow-up, especially between baseline and the
eighth week. This evolution profile was identified in another
study; however, it only occurred after the 12th week of follow-
up,25 suggesting that the tested bundles can promote the healing
process more quickly.

The bundles proposed in the present study included cleaning
procedures that may have contributed to the management of the
inflammatory phase. Warm 0.9% saline solution may prevent hy-
pothermia in the wound, which has been described as an event
that decreases the activity of leukocytes and favors infection.40

A double-blind randomized controlled trial showed that
Prontosan reduces inflammation signs and contributes to
speeding up the healing of vascular ulcers. Consequently, the up-
date of protocols addressing care to people with chronic wounds
including this product is recommended.66
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Figure 6. Pain intensity before (A), during (B), and after (C) dres-
sing changes over 24 wk of follow-up.
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In combination with elastic compression, Prontosan signifi-
cantly helped improve the control of bacterial load, as indicated
clinically, by a microbiological evaluation and by the reduction
of pain as of the second week until the end of treatment in the
intervention group (P < .05).64 The explanation of this result
was based on pH changes, which decreased from 8.9 � 0.6 to
7.0 � 0.3 after 4 weeks of treatment.67
In an acidic environment, nitric oxide is released, which stim-
ulates collagen deposition, bacterial control, and the formation of
new blood vessels.68,69

Regarding the topical therapy used in the present study, made
up of papain and hydrogel, there are investigations emphasizing
their benefits in wound treatment.55,56

Compression therapy is considered the gold standard to treat
VLU31,47 because it reduces venous hypertension, thus
decreasing edema.47

There are different types of compression therapy. Multilayer
therapy is considered more effective than single-layer dress-
ings.31 However, it is necessary to consider that multilayer ban-
dages are more expensive than single-layer bandages, which are
better options in contexts where financial resources are scarce.58

In underdeveloped or developing countries, such as Brazil, reus-
able compression therapy can be an accessible option for the cur-
rent public health system, with universal access.

A multicenter study involving 53 people with VLU compared
one-layer compression therapy (SurePress) to a standard short-
stretch system (Comprilan) and found that the proportion of ul-
cers that healed in 12 weeks was 44.4% among people treated
with SurePress and 17.2% among people treated with the stan-
dard system (P = .027). The study concludes that the SurePress
system was more effective than the standard system in healing
VLUs.59

There are several exercise protocols for the legs indicated for
improving the functioning of the calf muscle bomb and the ankle
articulation mobility, reducing venous hypertension and
edema.16 They promote a positive effect on tissue perfusion in
VLU, which is enhanced when compression therapy is applied.11

The combination of exercises and compression therapy was
tested in studies, leading to different healing proportions varying
from 30%8 to 83.0%14 in 24 weeks. These studies failed to clarify
the topical therapy used.

The combination of physical activity and compression has the
potential to reverse the effects of venous hypertension,
decreasing healing time, and preventing functional limitations.27

Exercises and compression therapy can decrease edema,10,16,28,70

improve calf muscle function and ankle range of motion,71 in-
crease oxygenation at the wound site,11 and reduce inflamma-
tion72 and, consequently, pain.10,16,28,70

Active exercise of moderate intensity, such as those adopted
in the present study, may affect the profile of cytokines and
growth factors in the limb affected by mechanotransduction.73

In particular, there was an increase in the production of anti-
inflammatory cytokines such as interleukin 10, defensins D1
and D2, and transforming growth factor b of fibroblasts in the
thoracolumbar fascia and deep muscles by means of low-
amplitude cyclic stimuli.74,75

The exercises also contribute to reducing the fear of active
movement and of exposing the leg to strain, optimizing the return
to daily and professional activities.29

Another fundamental aspect in the therapeutic approach for
people with venous ulcers is nutrition.13,76 As mentioned previ-
ously, evidence on the effects of oral supplements on healing
in this population is scarce, and comparisons between results
may be hindered.

A case series study investigated the effect of individually de-
signed nutritional support programs associated with nutritional
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supplementation on the healing of therapy-resistant VLU in the
legs in primary health care. Six people participated in the study,
with ten venous ulcers that had been open for 1.5 to 8 years.77

Participants were asked to follow an individualized diet plan
that included the use of dietary supplements (Fortimel; Nutricia
AB), taken once or twice daily between meals, containing
9.7 grams of protein, 10.4 grams of carbohydrate, 2.1 grams of
fat per 100 mL, 17 milligrams of vitamin C, and 1.7 milligrams
of zinc per 100 mL. After 9 months, all the ulcers had improved,
showing a decreased area, and 2 had healed, indicating the ben-
efits of this therapy.77

We emphasize that the nutritional supplement was used in the
present study for 4 weeks only, 2 or 3 times a day, which gener-
ates higher costs in the first month, with a decrease in subsequent
months.

The treatment of individuals with VLU should provide
adequate pain control as pain is a frequent occurrence in this pop-
ulation.26,27 The bundles tested significantly reduced pain in the
first 4 weeks of treatment, and the number of people for whom
this symptom persisted was reduced, with full resolution up to
20 weeks.

Pain in people with vascular ulcers can derive from the injury
itself, from an underlying vascular disease and from external fac-
tors such as the dressing. Manipulation during wound cleaning,
the application and removal of dressings, the type of dressing
used, debridement, and the presence of infection can also cause
and exacerbate pain.78,79

A study found a mean pain intensity of 5.43 (�2.97) during
dressing change and of 4.77 (�2.85)72 before the procedure,
values higher than the ones found in the present study. The study
also showed a positive and moderate correlation (r = 0.57,
P = .001) between self-reported pain intensity before dressing
change and during the procedure,78 which points to the impor-
tance of bundles that include care in the 24 hours after dressing
change, avoiding pain before the subsequent dressing change. In
addition, care during cleaning and debridement, which must be
atraumatic and performed with warm saline solution, is impor-
tant and was included in the bundles tested in the present study.

The reduction of pain intensity during dressing changing in
both groups may be related to the effect of polyhexanide bigua-
nide solution (Prontosan�), debridement, and reduction of mi-
crobial load, probably enhanced by the anti-inflammatory
action of papain in group A and hydrogel in group B. We stress
that these effects are known, but combining therapies may pro-
mote a quicker relief as a consequence of a synergistic action.

In addition, the therapies offered to both groups, including
exercises10,16,28,70 and compression therapy,59 may have contrib-
uted to reducing pain, given that they are commonly indicated to
solve this problem.

Finally, we highlight the importance of educational activities
such as the 1 included in this bundle. These increase adherence to
the treatment plan80 and promote self-care by providing the
knowledge and ability to administer it,9 supporting the healing
process and reducing pain.

Studying the effect of bundles is a complex task. It requires
financial investment and a heavily dedicated staff, available
over an extended period. However, this must not discourage
health professionals from seeking better practices to treat people
who are suffering.
The present study has some limitations that must be stressed,
such as lack of blinding and the small number of participants.
Given the nature of the treatments used, it was not possible to
establish the double-blind. Studies with combined interventions
need greater financial support or inputs from various institutions
to include large samples, which is rarely possible. Despite these
limitations, the present investigation represents a breakthrough
for combining several therapies recommended in the literature.
CONCLUSIONS

The tested bundles improved the ulcer healing conditions
from the fourth week of the treatment onwards, when a signifi-
cant decrease in PUSH scores and pain was observed in both
groups, a reduction in pain intensity before and after the dressing
in group B was noted, and a decrease in pain intensity during this
procedure in group A was registered. The wound reduction rate
had an average value higher than 50.0% after 4 weeks and higher
than 80.0% in 12 weeks, with healing levels of 71.42% in group
A and 64.28% in group B.

The tested bundles promoted healing and reduction of pain in
the VLU, and no differences were found between them. Thus,
both bundles are an effective approach to the treatment of
VLU. Health services may choose the most suitable bundle ac-
cording to the expected action of the products, wound bed condi-
tions, cost, ease of application and changes, and their
institutional possibilities.

Taking into consideration the VLU healing percentage and
the reduction of occurrence and intensity of pain obtained in
the present study after the treatment with the bundles in a 24-
week follow-up, the authors suggest the inclusion of warm saline
solution and polyhexanide biguanide in the cleaning of the
wounds, 2% hydrogel or 2% to 4% papain as a possibility of pri-
mary coating, and the promotion of compression therapy using
washable elastic bandage and the Unna boot in settings marked
by lack of access or contraindication of multilayer compression
therapy.

The present study poses the challenge of performing new in-
vestigations to estimate the contribution of the association of
each specific action included in the tested bundles and the share
related to the inclusion of new elements to the bundle, such as in-
dividual nutritional therapy, psychoemotional support, and inte-
grative and complementary practices, among others.

Knowing that there are regions around the world with
reduced access to health services, the present study prompts
the development of new investigations to test the application of
bundles in the modality of shared management of VLU care,
including families and patients themselves, merging home care
and care provided by multidisciplinary teams, to strengthen
self-care skills, and the engagement of families in the care to peo-
ple with VLU.
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