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Evaluation of pentoxifylline and ferrous sulfate for treatment of
lower limb venous ulcers

Avaliagdo da pentoxifilina e do sulfato ferroso no tratamento da tlcera varicosa dos
membros inferiores
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Abstract

Background: Venous ulcers (VU) are the most advanced stage of chronic venous disease (CVD) of the lower limbs.
They are frequently associated with episodes of hemorrhage that can provoke chronic anemia (CA), delaying healing.
There are no studies in the literature analyzing the prevalence of CA among patients with VU of the lower limbs and few
studies have analyzed use of pentoxifylline to treat VU of the lower limbs. Objectives: To evaluate the prevalence of
CA'in patients with lower limb VU and responses to treatment with ferrous sulfate (SF) compared with a combination
of SF plus pentoxifylline as adjuvant treatment for VU of the lower limbs. Methods: A total of 67 patients with
lower limb VU were recruited from a Lymphedema and Angiodysplasia Clinic at the Hospital das Clinicas, Recife, PE,
Brazil. After initial clinical and laboratory assessments, patients diagnosed with CA were randomized into one of two
groups: a control group, given SF (900 mg/day oral route), or a study group, treated with SF (900 mg/day oral route)
and pentoxifylline (1,200 mg/day). All were reassessed after 90 days. Results: Twenty-seven patients (40%) had CA.
After treatment, increases were observed in hemoglobin and hematocrit levels, iron kinetics had improved, and both
depth and area of VU had reduced in both groups, without statistically significant differences. Conclusions: A high
prevalence of anemia was detected in the study population. The combination of SF and pentoxifylline was not more
effective than SF alone for adjuvant treatment of VU of the lower limbs.
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Resumo

Contexto: A Ulcera varicosa (UV) é o estagio mais avangado da doenga venosa crénica (DVC) dos membros inferiores
(MMI), frequentemente associada a episddios de hemorragia que podem provocar anemia cronica (AC) e retardar a
sua cicatrizagdo. Ndo ha, na literatura, trabalhos que avaliem a prevaléncia da AC nos portadores de UV dos MMII, e
poucos trabalhos analisam o uso da pentoxifilina no tratamento das UV dos MMII. Objetivos: Avaliar a prevaléncia
da AC nos pacientes portadores de UV de MMII e a resposta terapéutica ao sulfato ferroso (SF) e a associagdo da
pentoxifilina com SF no tratamento adjuvante das UV dos MMII. Métodos: Foram avaliados 67 pacientes portadores
de UV de MMl atendidos no ambulatério de Cirurgia Vascular do Hospital das Clinicas, Recife, PE. Apds as avaliagdes
clinica e laboratorial iniciais, os pacientes diagnosticados com AC foram randomizados em dois grupos: o grupo
controle, que recebeu SF (900 mg/dia via oral), e o grupo de estudo, tratado com SF (900 mg/dia via oral) e pentoxifilina
(1.200 mg/dia). Todos foram reavaliados apds 90 dias. Resultados: Entre os pacientes avaliados, 27 (40%) apresentavam
AC. Apds o tratamento, foram observados aumento dos niveis de hemoglobina e de hematécrito e melhora das taxas
da cinética do ferro, assim como a diminuicdo da profundidade e da area das UV em ambos os grupos, sem diferenca
estatistica. Conclusdes: Foi encontrada alta prevaléncia de anemia na populagdo estudada. A associagao do SF com a
pentoxifilina ndo se mostrou mais eficaz do que o emprego isolado do SF no tratamento adjuvante da UV dos MMII.
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INTRODUCTION

Venous ulcers (VU) are the most advanced stage
of chronic venous disease (CVD) of the lower limbs.
The majority of patients who have this condition also
have low disposable income and, as a consequence, have
unreliable access to health services. As a consequence,
they seek medical attention when they already have
extensive ulcers, which are often associated with
chronic hemorrhage episodes, since in the majority
of cases this type of wound develops in areas with
varicose veins that rupture easily. These repeated
episodes can provoke chronic anemia (CA), which,
in turn, as has been well established in the literature,
can delay or even prevent VU healing.'®

In addition to standard treatment with dressing
and elastic compression, there are now adjuvant
measures proposed for treatment of VU of the lower
limbs, including administration of medications
such as pentoxifylline, which acts on red blood
cell deformability. Published data indicate that use
of this drug is associated with improved healing
process, compared with placebo, when combined
with elastic compression and with no other type of
treatment.’'> According to a systematic review from
the Cochrane Database of Systematic Reviews,’ in the
presence of concomitant compressive therapy, groups
treated with pentoxifylline demonstrated a higher
probability of healing compared with treatment with
placebo. There are few studies that have adequately
studied use of pentoxifylline to promote healing of
this type of ulcer and there are no studies that have
evaluated its use in combination with ferrous sulfate
(SF) for this purpose.

In the light of the above, the objective of this
study was to evaluate the prevalence of chronic
anemia among patients with lower limb VU and
their response to the treatment with SF compared to
pentoxifylline and SF for adjuvant treatment of VU
of the lower limbs.

METHODOLOGY

A total of 67 patients with CVD and VU of the
lower limbs were recruited from a Lymphedema and
Angiodysplasia Clinic at the Hospital das Clinicas,
Recife, PE, Brazil, and assessed from August 2015 to
August 2016 (consecutive sample). The design employed
was a prospective intervention study (clinical trial)
with simple randomization. All participants signed
free and informed consent forms after being given
information about the study.

The sample was calculated on the basis of the expected
frequency of active or healed VU in the population
with CVD (3.6%), considering an acceptable margin
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of error of 5%, a 95% confidence interval (CI), and
heterogeneity of 50%. This calculation was based on
the normal distribution.

The following Formula 1 was used to calculate
the sample size:

n:ZxZ[P(l—P)] )
(D x D)

Where “Z” represents the normal distribution — in this
case, Z=1.96 (95%CI); “P” is the expected prevalence;
and “D” is the maximum acceptable estimation error
(5%). The primary outcome was presence of CA and
secondary outcomes were response to treatment of
CA and lower limb VU at 90 days.

Study participants were adult patients with VU of
the lower limbs and a laboratory diagnosis of CA.
Diagnosis of CA was defined as: iron deficiency
anemia secondary to chronic bleeding (hemoglobin
<12 g/dL); normal reticulocytes, ferritin, serum iron;
transferrin saturation at the lower limits of the normal
reference or below it; and total iron binding capacity
(TIBC) at the upper limit of the reference range or
elevated beyond it. Presence of peripheral pulses in
the lower limbs was also an inclusion criterion.

Patients were excluded from the study if they had
infected VU, or were diagnosed with VU of lower
limbs and also had chronic gastrointestinal and/or
genitourinary bleeding, iron-deficiency anemia, or
anemia of other etiologies — such as thalassemias,
and inflammatory, sideroblastic, aplastic, hemolytic
(autoimmune and non immune), or megaloblastic
anemias, considering patients’ prior histories and
laboratory differential diagnosis.

Patients who had serum hemoglobin below 12 g/dL
and hemometric and kinetic iron results compatible
with iron deficiency anemia secondary to chronic
bleeding were randomized into one of two treatment
groups: a control group (G1) comprising 13 patients
who were treated with the standard dressings by the
vascular surgery service at the Hospital das Clinicas,
Recife, PE, and oral administration of SF (300 mg,
three times a day) for 90 days, or a study group (G2)
comprising 14 patients treated with standard dressings
and oral administration of both SF (300 mg, three
times a day) and pentoxifylline (400 mg, three times
a day), also for 90 days.

Clinical assessment of VU of the lower limbs
was conducted according to the MEASURE
methodology®® followed by analysis of blood tests.
After 90 days of treatment, all patients underwent
clinical reassessment with the MEASURE system
and laboratory tests were repeated.

The data collected were organized in spreadsheets
(Microsoft Office Excel®, New Mexico, United
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States) and analyzed using GraphPad Prism® version
4.0 (GraphPad Software, California, United States).
Analysis of variance (ANOVA) was used for continuous
variables that fit a normal curve (parametric) which
were compared using Student’s ¢ test. The Kruskal-
Wallis and Mann-Whitney U tests were used to analyze
non-parametric data. Fisher’s exact test was used to
analyze proportions and percentages.

The values from laboratory test results for the
parameters (hemoglobin, hematocrit, reticulocytes,
ferritin, serum iron, iron binding, and transferrin) were
organized for multivariate analysis with ANOVA,
followed by the 7 test for independent samples. The same
variables were also analyzed for differences in each
parameter tested before and after treatment, within
each group (D90 —DO0) and between groups (Group 2 —
Group 1), in this case taking the laboratory reference
values for each parameter. Analysis of differences was
inferred using the Mann-Whitney U test.

Hemoglobin was defined as the primary diagnostic
parameter for anemia. These data were first used to
calculate descriptive statistics, and then the efficacy
of treatment with SF combined with pentoxifylline
was analyzed using the following formula:
[Efficacy = % treatment failure in the SF group - %
treatment failure in the SF + pentoxifylline group / %
treatment failure in the SF group]."

Odds ratios (OR) were calculated to measure the
likelihood that a person would achieve therapeutic
success from anemia treatment using pentoxifylline
combined with SF. The parameter defined as the
cutoff value for normal hemoglobin was >12 g/dL.

The Miettinen formula was applied, for which the
result is equivalent to the lower limit of the confidence
interval (95%CI) of the OR, as follows: Strength of
association = antilog {[1-1.96/\/}(2] .In(OR)}, with
5% significance (i.e., Z =1.96). If the result is greater
than 1, the association is considered significant.

The nonparametric Friedman test was used
for the parameters assessed with the MEASURE
methodology because this test is calculated using
the ranks of data rather than their numeric values.
For all situations, the maximum probability of error
acceptable for rejection of the null hypothesis was set
at 5% (p < 0.05), considering a 95% safety margin.

The study was approved by the Human Research
Ethics Committee at the Hospital das Clinicas,
Universidade Federal de Pernambuco (UFPE), Recife,
PE, Brazil, for data collection under protocol number
1.134.878.

RESULTS

Twenty-seven of the 67 patients with lower limb
VU had CA (40%). The mean age of the 67 patients
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assessed was 63 years (£ standard deviation [SD]
11.78). Female patients accounted for 71% (n=47)
of the sample. In the subset of 27 patients with
lower limb VU and CA, mean age was 72.6 years
(= SD 12.88) in G1 and 59.4 years (+ SD 10.35) in
G2, with a statistically significant difference between
groups (p = 0.0072).

Comparison of data on the characteristics of the
lower limb VU from the first consultation (D0) with
those from the reassessment at 90 days (D90) showed
that in G1 there was an increase in the number of
patients with hyperpigmentation and a decrease in the
number of patients with lipodermatosclerosis, both
without statistical difference (p = 1.000); an increase
in granulation tissue in the VU bed, but without
statistical difference (p = 0.9853); an increase in the
number of patients with VU exudate, but without
statistical difference (p = 1.000); and absence of
fetid odor at both assessments and reduction in the
depth of VU, but without statistically significant
difference (p = 0.8566 in the right lower limb [RLL]
and p=0.6522 in the left lower limb [LLL]). The was
also a reduction in the area of ulcers, but without
statistically significant difference (p =0.9097 for the
RLL and p =0.9583 for the LLL).

Analysis of the characteristics of the lower limb VU
in G2 comparing DO to D90 revealed no changes in
hyperpigmentation or lipodermatosclerosis; reduction
in granulation tissue in the VU bed (p = 0.9853),
absence of fetid odor, infection, or exudate at both
assessments; reduction in the depth of ulcers, but
without statistically significant difference (p =0.8566 for
RLL and p = 0.6522 for LLL); and reduction in the
area of ulcers, also without statistically significant
difference (p =0.9097 for the RLL and p=0.9583 for
the LLL) (Table 1).

Analysis of laboratory test results from before (D0)
and after (D90) CA treatment in G1 and G2 revealed
increases in hemoglobin, hematocrit, reticulocytes,
ferritin, transferrin, and serum iron levels; and a
reduction in total iron binding capacity. There was
also a statistically significant improvement in anemia
after 90 days of treatment in G2, in which treatment
was with SF and pentoxifylline (p = 0.0262).

Analysis of the efficacy of anemia treatment revealed
improved parameters in both groups, with a greater
likelihood of cure of anemia in G2 than G1 (OR 2.5,
95%CI 0.51-12.30), but without statistical power
(p=0.4312).

Considering treatment of lower limb VU and CA,
there were improvements in hemoglobin levels and
reductions in ulcer depth, reflected in the healing
process in 4 (33%) patients in the control group,
compared to 8 (57%) patients in the study group,
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Table 1. Characteristics of lower limb VU in anemic patients.

Venous ulcers and anemia

Group 1 Group 2
VARIABLES Ferrous sulfate Ferrous sulfate + pentoxifylline p-value
Do D90 Do D90

Ulcer characteristics (%)
Hyperpigmentation 61.54 66.67 57.14 57.14 1.0000
Lipodermatosclerosis 38.46 33.33 42.86 42.86
Tissue types (%)
Granulation 76.92 83.33 71.43 64.29 0.9853
Granulation + fibrin 15.38 16.67 2857 3571
Fibrin 7.69 0.00 0.00 0.00
Infected (%)
Yes 0.00 8.33 0.00 0.00 1.0000
No 100.00 91.67 100.00 100.00
Exudate (%)
Present 0.00 8.33 0.00 0.00 1.0000
Absent 100.00 91.67 100.00 100.00
Odor (%)
Fetid 0.00 0.00 0.00 0.00 _
Sui generis 100.00 100.00 100.00 100.00
Depth (cm)
Right
0 37.50 62.50 0.00 18.18 0.8566
<03 50.00 12.50 54.55 7273
0.3-0.6 12.50 25.00 27.27 0.00
0.7-1.0 0.00 0.00 9.09 0.00
1.1-2.0 0.00 0.00 0.00 0.00
Left
0 2222 37.50 0.00 0.00 0.6522
<03 44.44 37.50 60.00 60.00
0.3-0.6 11.11 25.00 40.00 40.00
0.7-1.0 11.11 0.00 0.00 0.00
1.1-2.0 11.11 0.00 0.00 0.00
Area (cm?)
Right
0.5-5.0 25.00 50.00 18.18 54.55 0.9097
5.0-10.0 25.00 12.50 27.27 9.09
> 10.1 50.00 37.50 54.55 9.09
Left
0.5-5.0 3333 62.50 20.00 40.00 0.9583
5.0-10.0 22.22 0.00 20.00 0.00
> 10.1 44.44 37.50 60.00 60.00

Values expressed as percentage (%). The parameters “infected’, “exudate”, and “odor” were analyzed using descriptive statistics. The Friedman test was used. If p <

0.05. DO = data from first consultation; D90 = data from 90-day reassessment; VU = venous ulcer.
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with a higher likelihood of improvement in the
study group (OR 2.7, 95%CI 0.5380-13.22). There
was no statistically significant difference between
groups (p=0.2671). The analysis of ulcer depth was
defined as the parameter for evaluation of healing
after treatment (D90). The data on ulcer area were
not considered, because they were not representative
(Tables 2 and 3).

DISCUSSION

Laboratory diagnosis of CA in this study employed
laboratory tests and criteria that are well-established
in the literature. The method employed to assess VU
of the lower limbs was set out in the MEASURE
protocol, is widely employed in the routines of other
hospitals and clinics, and has been frequently used in
scientific studies of cutaneous ulcers.!>!517

The treatment for CA consisted of iron replacement.
The SF administration employed, at an oral dosage
of 900 mg/day, is the current recommendation in the
literature for treatment of cases of iron deficiency
anemia secondary to chronic episodes of bleeding.!*!32

Laboratory diagnosis of CA revealed mean hemoglobin
levels in the mild anemia range and in the same way
the iron kinetics parameters (trend for reduced ferritin,

Table 2. Distribution of patients who exhibited increased
hemoglobin (Hb) levels and reduction in ulcer depth, in control
and study groups.

If ulcer depth < 0.3 (cm)
and Hb > 12 (g/dL)*

G2
Ferrous sulfate + pentoxifylline

Depth < 0.3 Hb > 12
Yes 13
G1
Ferrous sulfate

Depth < 0.3 Hb > 12
Yes 9

*Patients had Hb < 12 before treatment.

Venous ulcers and anemia

transferrin, and serum iron and increased TIBC) in
almost half of the patients assessed in this study.
These laboratory test results are compatible with iron
deficiency anemia by progressive blood loss (anemia
due to chronic bleeding).?!*

Recent Brazilian data show a 9% prevalence of iron
deficiency anemia among elderly people. The present
study detected a much higher prevalence (40%) of
iron deficiency anemia (secondary to chronic bleeding
of VU). In 1970, J. Marks and A. Shuster stated that
anemia and cutaneous ulcers were so common that it
would be expected to find them both in the same patient
and that, in some cases, this would occur because of
a direct relationship. Despite this, the authors of this
study did not specifically investigate the association
between VU of the lower limbs and CA. %%

With regard to treatment of CA, improvement in
anemia was observed in both groups at the end of
the 90-day treatment, with a statistically significant
difference in the study group, which was treated
with SF and pentoxifylline. There are reports in the
literature on the action of pentoxifylline in treatment
of anemia in inflammatory disease associated with
iron deficiency anemia secondary to chronic blood
loss (mixed anemia), such as anemia of chronic renal
failure,” but there are no consistent reports related to
the action of pentoxifylline for treatment or purely
iron-deficiency anemia due to chronic bleeding.”’

At the end of 90 days, in both treatment groups
it was observed that there were reductions in both
depth and area of ulcers and that the majority of
wounds had granulation tissue, reflecting improved
transcutaneous oxygen supply and an adequate wound
healing process. However, these reductions were not
statistically significant when assessment times were
compared (at diagnosis and after treatment) in each
group or between groups, even though some studies in
the literature had shown a significant positive effect of
pentoxifylline on healing of venous ulcers.”'? These
results are similar to those found by authors who have

Table 3. Analysis of treatment efficacy according to increase in hemoglobin (Hb) level and reduction in ulcer depth in control

and study groups.

If Hb > 12 (g/dL) and ulcer depth < 0.3 (cm)

Efficacy analysis

Yes No OR 95%Cl Efficacy (%) p Value
Factor Actual  Expected  Actual Expected
G2
Ferrous sulfate + pentoxifylline 8 57.1 6 429
G1 2.7 0.5380-13.22 35.7 0.2671
Ferrous sulfate 4 333 8 66.7

RR = (a/a+b) / (c/c+d). RR = 1.71. There is a higher "risk” of increase in Hb level and reduction in ulcer depth in group taking pentoxifylline + ferrous sulfate. OR =
(a*d) / (b*c). 2.7x greater chance of not curing anemia and depth when treated with only with pentoxifylline. Efficacy = 1-RR. If the RR is greater than 1 (as in the
example), then there is a higher risk in the exposed group relative to the not exposed group. Fisher’s exact test was used to analyze the data, in a contingency table.
RR = relative risk; OR = odds ratio.
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reported that pentoxifylline is a satisfactory adjuvant
medication for healing of VU of lower limbs, but the
data do not prove its efficacy.?®*

It is extremely important to identify patients
with lower limb VU associated with CA, in order to
indicate the need for simultaneous treatment of CA,
contributing to faster ulcer healing, improving patient
quality of life, and reducing expenditure on dressings.

LIMITATIONS OF THE STUDY

The sample calculation was based on the expected
VU prevalence at the tertiary University hospital
where the study was conducted. In this case, the
expected prevalence of VU was less than in the general
population, since the Lymphedema and Angiodysplasia
Clinic at this hospital has a larger number of patients
with arterial diseases and patients who need vascular
access for hemodialysis, rather than those with CVD
of the lower limbs. As a result, the sample size was
smaller than it would have been if the prevalence of
VU in the general population had been used.

CONCLUSIONS

A high prevalence of anemia was detected in
the study population. The combination of SF with
pentoxifylline did not show greater efficacy than
use of SF alone for adjuvant treatment of VU of the
lower limbs.
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