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Significance: Sickle-cell leg ulcers (SCLUs) are a severe, chronic, and recur-
rent complication of sickle-cell disease (SCD). There are no official recom-
mendations for treatment.
Recent Advances: Only a few studies with a high level of evidence have been
conducted to evaluate treatment of SCLUs. However, several studies have
been conducted with a high level of evidence to evaluate the efficacy of
treatments in venous leg ulcers, and SCLUs could benefit from these treat-
ments, especially when a venous incompetence or an edema is associated.
Pathophysiology of SCLUs includes a vasculopathy related to chronic hemo-
lysis and an endothelial dysfunction, which could be therapeutic approaches to
SCLU treatment.
Critical Issues: Therapeutic approaches to SCLUs can target SCD on the one
hand and skin healing and associated aggravating factors on the other. A
review of the literature found only case series and six randomized controlled
trials; some offered encouraging results, but most had serious biases. Clinical
trials specifically targeting SCLUs are difficult to realize because of the small
number of affected patients, in comparison with patients with leg ulcers from
other causes.
Future Direction: Treating SCLUs remains a challenge. Data in the literature
are currently insufficient to offer clear treatment guidelines because of several
biases in controlled studies. New studies are under way to assess the efficacy of
topical treatments and describe the microbiome of SCLUs. Prevention of
SCLU recurrence should be assessed in future clinical trials because the high
risk of recurrence is an unsolved critical issue.
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SCOPE AND SIGNIFICANCE

Sickle-cell leg ulcers (SCLUs)
are a frequent complication of sickle-
cell disease (SCD). Geographical ori-
gin is a factor in the occurrence of
SCLUs, with a reported prevalence
in SCD patients of up to 14–18% in
the United States, France, and Afri-
ca, and 40% in Jamaica.1–5 SCLUs
are a particular type of ulcer: they
are very painful, heal with difficulty
(Fig. 1), and have a significant im-
pact on quality of life.

TRANSLATIONAL AND CLINICAL
RELEVANCE

The risk of SCLUs occurring varies
according to individual factors and
the genotypic and phenotypic traits
of the SCD. A correlation with age
has been observed: SCLUs almost
never occur before the age of 10, have
an incidence rate of 3/100 persons per
year between the ages of 10 and 19,
and occur at a rate of 14.5 to 19/100
persons per year after age 20.6 Pre-
dominance in male patients has also
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been observed. SCLU patient genotypes are often,
in order of frequency, homozygous SS sickle-cell
anemia, compound heterozygous Sb0 thalassemia,
and hemoglobin (Hb) SCD.

SCLU incidence varies with the total Hb rate and
the fetal Hb rate.6 When low, they are associated
with an increased risk of ulcers. More recently, it
has been shown that chronic hemolysis is probably a
major pathophysiological factor in the occurrence of
SCLUs. The vasculopathy related to chronic hemo-
lysis in SCD is characterized by pulmonary hyper-
tension, endothelial dysfunction resulting in a
deficiency of functional nitric oxide (NO), vascular
intimal hyperplasia, and vascular smooth muscle
cell proliferation.7 Epidemiological studies have
shown that SCLUs are often associated with a high
level of lactate dehydrogenase, a higher rate of
pulmonary hypertension, and an increased risk of
death.2,8,9 However, other diseases responsible for
chronic hemolysis, such as paroxysmal nocturnal
hemoglobinuria, are not characterized by a high
prevalence of leg ulcers,10 suggesting that other
mechanisms are at work in SS in the pathophysi-
ology of SCLUs. More recently, the deficiency of
angiogenesis and chemokine CXCL12 was observed
in a mouse model of SCLUs.11

The treatment of SCLUs is difficult because these
chronic wounds are very painful, resistant, and re-
curring. There are currently no recommendations
for the treatment of SCLUs. This review summarizes
the data in the literature on their treatment: general
measures, dressings, local treatment, and systemic
treatment. Treatments are summarized in Table 1.

METHODS

For this review, we searched PubMed using
the search terms ‘‘sickle cell AND ulcer’’ and ‘‘sickle

cell AND wound.’’ Furthermore, we scanned the
reference lists of identified articles for additional
sources. Inclusion criteria included randomized
controlled trials, cohort studies, case reports, and
review articles pertaining to leg ulcers in patients
with SCD.

CRITICAL ISSUE
General measures

In a recent prospective study including 98 SCD
patients, it was demonstrated that the healing
prognosis of SCLUs was, as in venous leg ulcers
(VLUs), associated with the clinical characteristics
of the leg ulcer rather than with the biological
features of the SCD.12,13 Indeed, complete SCLU
healing was achieved at 6 months in 75% of cases in
this study when both the area was less than 8 cm2

and the duration less than 9 weeks, comparable
with the healing rates observed in VLUs.14

Table 1. Sickle-cell leg ulcer treatments

Treatment Type of Trial

Topical treatment
Solcoseryl RCT31

RGD peptide matrix RCT32

Topical triple antibiotherapy RCT34

Topical sodium nitrite Phase I16

Collagen/glycosaminoglycan matrix Retrospective36

Collagen matrix (Collistat) Case report37

Heparan sulfate Case report38

GM-CSF Case report39,40

Dressing —

Systemic treatment
Isoxsuprine hydrochloride RCT43

Arginine butyrate RCT42

l-Carnitine RCT44

Zinc Controlled clinical trial21

Hydroxyurea Observational study,45

Case series46

Pentoxifylline Case report50

Bosentan Case report51

Blood transfusion Case report52

Recombinant human EPO Case report53

Hyperbaric oxygen therapy Case reports54,55

Systemic antibiotherapy —
Transfusionnal exchanges —

Cellular-based therapy
Autologous stem cell-based therapy Pilot study62

Autologous platelet gel Case reports65

Peripheral blood stem cell transplantation Case report66

Allogeneic keratinocytes Case report63

Pinch graft Case serie58

Apligraf� —

Physical treatments
Negative-pressure wound therapy Case report64

Low-frequency noncontact ultrasound —
Venous compression —
Bed rest —

GM-CSF, granulocyte/macrophage colony-stimulating factor; RGD, argi-
nylglycylaspartic acid.

Figure 1. Long-lasting SCLU. SCLU, sickle-cell leg ulcer.
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Thus, venous compression therapy and standard
local wound care, including modern dressings and
sharp debridement, are used to treat SCLUs, by
analogy with VLU treatment protocols, but with-
out any study validating this practical approach.15

SCLU treatment includes nonspecific care, nec-
essary for any chronic wound, such as pain man-
agement, wound cleansing, and the application of
dressings.

Pain management. SCLUs are extremely pain-
ful, and yet there are no pain management recom-
mendations for SCD patients with SCLUs. In a
prospective study including 98 patients with
SCLUs, all patients took painkillers; 32% took opi-
oid analgesics.12 Patients’ visual analog scale pain
evaluation was 6/10 when the ulcers were present.
In a prospective phase I study of 18 patients with
SCLU, 69% took opioid analgesics daily.16

Nonsteroidal anti-inflammatory drugs are often
used to manage SCLU-related pain. This is often
preferred to opioid drugs, which have more adverse
effects and a risk of creating dependency. More-
over, a longitudinal observational study on 450
subjects with chronic wounds of different causes
showed that opioid use was associated with a re-
duced likelihood of their chronic wounds healing.17

Topical lidocaine is used for local treatment as
with any leg ulcer. Effective pain management
should enable a reduction in stress-induced cate-
cholamine secretion, and can counter vasocon-
striction.18 One study (case series) observed that
oxycodone and meperidine formed an effective
combination for topical treatment in two patients,
providing total pain relief.19

Nutritional therapy. A study involving 80 pa-
tients showed that SCD patients had zinc blood
levels significantly lower than control subjects.20 A
2013 meta-analysis revealed the benefits of giving
SCD patients zinc supplements, thereby reducing
the number of vaso-occlusive crises and systemic
infections, but the effect on SCLUs was not stud-
ied.21 A single randomized placebo-controlled trial,
carried out in 1970, observed faster healing of
SCLUs in the group taking zinc supplements (13/
15 patients’ ulcers healed faster, versus 8/14 in the
placebo group), but no studies have confirmed
these results since then.22 Malnutrition is obvi-
ously treated in all patients, but to date there is no
evidence that protein supplements enable faster
healing of SCLUs, or of leg ulcers of other etiologies
for that matter.23

Several studies have suggested that vitamin D
or folic acid might be associated with some benefi-

cial effects on venous ulcer healing,23 but with no
data on SCLUs specifically.

Finally, there is no sufficient evidence to provide
any specific recommendations for nutritional sup-
port in SCLUs.

Treatment of edema and chronic venous insuffi-
ciency. The prevalence of deep and superficial
venous insufficiency is higher in SCD patients with
leg ulcers than in those without or in the general
population,4,15 reaching 32% of patients in a
French cohort when a Doppler ultrasound was
systematically carried out.12 In a Jamaican cohort
of 183 SCD patients, a venous incompetence, de-
fined as a venous reflux on Doppler examination,
was present in 45/50 (90%) SCLU patients, com-
pared with 92/133 (69%) patients without SCLUs.4

This difference was significant, and the presence of
a venous incompetence was predictive of SCLU
occurrence in SCD patients. In another cohort of
320 subjects (183 patients with SCD and 137
healthy controls), venous incompetence was sig-
nificantly more frequent in SCD patients (75%)
than in healthy controls (39%).24

Edema is almost always associated with SCLUs,
either because there is superficial or deep venous
insufficiency (visible in venous Doppler ultra-
sound), or because there is tibio-tarsian ankylosis
or pain when using the ankle, resulting in a re-
duction of the muscular pump function, and
therefore, functional venous insufficiency. About
43% of patients with SCLUs have ankle ankylo-
sis.12 Venous compression is therefore system-
atically applied for all SCLUs associated with
edema, to relieve pain and also to promote wound
healing, despite no study being performed to as-
sess the efficiency of venous compression on
SCLU healing.

It must of course be adapted in cases of underlying
artery disease, which is rare in young patients. If
there is no such artery disease, multitype, multi-
layer compression is used to obtain a pressure of
between 30 and 40 mmHg at the ankle,25 as used for
VLU treatment. This compression is removed and
reapplied once or twice a week when the dressing is
changed, which is convenient for young patients.

Among multilayer compression bandages, those
comprising an elastic layer in the bandages, as in
the system kits currently on the market, are more
effective than those without an elastic component
for the healing of VLUs.26 The alternative, for
small leg ulcers, is to use two-layer compression
hosiery.27 Short stretch bandages are also fre-
quently used to prevent edema, but they need to be
changed daily.
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When superficial venous insufficiency, without
deep venous insufficiency, is detected by venous
Doppler ultrasound, surgical treatment of the in-
continent vein sections can be suggested to reduce
the risk of SCLU recurrence, by analogy with
VLUs,13,28,29 but this treatment has never been
specifically studied in SCD patients. A meta-
analysis, however, did not formally prove the su-
periority of surgery on venous insufficiency over
compression only in recurrence or healing of
VLUs.30 It has never been shown that surgery
enables faster healing of SCLUs. More recently, a
controlled randomized trial demonstrated the in-
terest of endovenous ablation of superficial ve-
nous reflux in complete healing of small VLUs at
24 weeks.31 No studies have been conducted on
SCLUs specifically to demonstrate a potential in-
terest of treating superficial venous reflux. How-
ever, this treatment strategy may be proposed
to SCLU patients, considering that the presence
of a venous incompetence worsens the healing
prognosis.

Finally, bed rest makes it possible to reduce
edema, although this is not always easy to imple-
ment. A study (case reports on two patients)
showed that bed rest in SCLU patients enabled not
only a reduction in venous pressure at the ankle
and in the edema, but also better red-blood-cell
deformability.32

In our experience, venous compression, with a
multicomponent compression bandage system or
with a two-layer compression hosiery to obtain a
30–40 mmHg pressure at the ankle, is always re-
quired to reduce the edema and the associated
pain, and to optimize the wound healing process.
When complete healing is obtained, we use com-
pression hosiery to reduce the risk of recurrence if
an edema still persists or if a venous incompetence
is observed on a Doppler examination.

Dressings/local treatment
SCLUs typically heal with difficulty and recur

readily.18 Their treatment includes nonspecific
measures used to treat all leg ulcers: cleansing
with soap and water and avoiding irritating anti-
septics that can favor wound exzematization and
delay healing. The detersive cleaning of the fibrin
and/or necrosis is an important step in obtaining
granulation tissue. This is a difficult procedure,
owing to the intense pain it inflicts: anesthetic—
local and sometimes even general—is mandatory.
Detersion can be of two main types:

� Mechanical: with a curette or scalpel, at the
patient’s bed, after topical anesthetic.

� Autolytic: hydrogels, alginates, or hydro-
fibers are used and should be changed every
2 days.

When the wound is clean, less exudative, and
at a granulation stage, a hydrocellular dressing
may be applied. This is to be changed every 2–
4 days.

There are no recommendations in favor of one
dressing over another in SCLUs as in VLUs. One
study observed that hydrocolloid dressings were
poorly tolerated in general,33 something that has
not been described in subsequent studies.

Topical treatment
There are three randomized controlled trials in

the literature.
One randomized placebo-controlled trial stud-

ied Solcoseryl ointment, containing a protein-free
extract of calf blood, in association with a hydro-
colloid dressing (DuoDerm�) in 32 patients for 12
weeks.33 There was no significant reduction in the
surface area of the ulcer after 12 weeks of treat-
ment in the two groups. A complete healing rate
was not provided.

A double-blinded, placebo-controlled trial on 55
patients (of whom 23 formed the placebo group)
demonstrated that an arginylglycylaspartic acid
(RGD) peptide matrix composed of a tripeptide
Arg-Gly-Asp associated with hyaluronic acid
significantly reduced the surface area of ul-
cers.34 On the contrary, there was no meaningful
difference between the two groups in terms of
complete healing and this study also had a high
risk of bias, making the results of this study
questionable.35

One randomized controlled trial studied the ef-
fectiveness of a triple topical antibiotherapy in 15
patients, versus a placebo control group.36 At week
8, there was a significant reduction in the surface
area of SCLUs versus the placebo group. This study
had a high risk of bias, included a small number of
patients,35 and the findings have not been con-
firmed since.

NO plays an essential role in chronic wound
healing. It increases the production of extracellular
matrix and stimulates keratinocyte proliferation
and angiogenesis.37 A phase I study in 2014 on
topical sodium nitrite, which produces NO, showed
a significant reduction in the surface area of
SCLUs and in pain in 18 SCD patients.16 A clinical
study measuring the therapeutic effect of topical
sodium nitrite is not yet available.

Garwood et al. used a bovine collagen/gly-
cosaminoglycan matrix in a retrospective study
to treat atypical ulcers in patients with coagu-
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lopathies, systemic diseases, and SCD.38 They
observed healing in 42.3% of patients after 220
days on average, but SCLUs were not studied
specifically.

Two cases were reported, in whom a collagen
matrix (Collistat) was used, with application once
a month; healing was complete in 12 weeks.39 One
of the two patients relapsed after 3 months, how-
ever.

Topical heparan sulfate was applied in the case
of a 25-year-old woman with a hyperalgesic
SCLU.40 After 8 weeks, the ulcer had healed com-
pletely and the pain had subsided. At 12 months,
she had suffered no relapse. To the best of our
knowledge, no other cases with this treatment have
been described.

Some clinical cases have been described, report-
ing the effectiveness of granulocyte/macrophage
colony-stimulating factor (GM-CSF) administered
locally.41,42

Finally, no topical treatment has demonstrated
any significant efficiency over another.

Systemic treatment
Three randomized controlled trials have been

carried out. Chronic hemolysis in SCD patients
results in the release of arginase in the plasma
and a depletion of plasma arginine, a necessary
factor in NO synthesis. One randomized clinical
trial assessed the effectiveness of intravenous ar-
ginine butyrate, in doses of 500 mg/kg/day, 5 days/
week, over 12 weeks.43 Some 37 patients received
the treatment and another 25 a placebo. A signif-
icant reduction in the ulcer surface area was ob-
served in the group receiving treatment. There
was no significant difference, however, between
the two groups in terms of complete healing (30%
in the treatment group versus 8% in the placebo
group), probably owing to a lack of power. The
benefits were therefore relatively minor for a
heavy treatment requiring a vein catheter for 12
weeks.

Isoxsuprine hydrochloride was administered in
a randomized controlled study in 1977 to 30 pa-
tients with SCLUs.44 There was a significant dif-
ference in terms of complete healing between the
two groups: seven patients’ ulcers healed in the
treatment group, versus four in the placebo
group. Nevertheless, the methodology of the study
did not allow drawing any conclusion.

l-Carnitin is a cofactor in the oxidation of fatty
acids. It was administered by oral route in a pilot,
randomized, double-blinded, and placebo-controlled
study in 1977 to 15 patients over 12 weeks.45 The
ulcer surface area was not significantly reduced at

the end of treatment. The complete healing rate was
not provided.

Overall, in these three randomized studies, re-
sults were either negative for complete healing or
not supported by a strong methodology of the
study.

Hydroxyurea has been suspected of provoking
ulcers in SCD patients, but this causal effect re-
mains controversial. The administration of mod-
erate doses of hydroxyurea by oral route (0.5–1 g/
day) enabled the complete healing of ulcers in 14
of 17 patients in one series.46 In an observational
study, there was no difference in incidence of SCLUs
among 131 SCD patients treated with hydroxyurea
and 199 patients not receiving this treatment, with
a median follow-up of 8 years.47 The total preva-
lence of SCLUs in this study (3%) was low, how-
ever. In a systematic literature review, treatment
with hydroxyurea was not significantly associated
with an increased risk of SCLUs in SCD pa-
tients.48,49 Overall, there is currently no sufficient
evidence to conclude that hydroxyurea improves or
delays SCLU healing.

Following treatments are only case reports, with
a low level of evidence.

Pentoxifylline by oral route is a platelet aggre-
gation inhibitor, which also enables better red-
blood-cell deformation.50 No randomized case-
controlled studies on the effectiveness of pentox-
ifylline in SCLUs have been conducted. A single
case in 1990 reported that pentoxifylline by oral
route (400 mg, 3/day) was effective on an SCLU,
with complete healing in 3 months.51

One patient with an SCLU was treated with
bosentan, an endothelin receptor antagonist, for
pulmonary hypertension.52 The ulcer healed in 3
weeks, without relapse for 10 months. The patient
also received iterative transfusions and was bed-
ridden, which probably helped healing.

No prospective case-controlled studies asses-
sing the effectiveness of transfusions in the
treatment of SCLUs have been conducted. Only a
few clinical cases have been reported,53 but this
method remains common in practice. The objec-
tive of transfusions is to increase the Hb rate to
over 10 g/dL and to reduce the sickle Hb rate below
30%. Indirect arguments justifying this approach
include the link between the prevalence of SCLU
in SCD patients and the total Hb rate or low oxy-
gen saturation.5 Even if iterative transfusions or
transfusionnal exchanges are frequently used to
prevent or cure acute and chronic complications of
SCD, there are currently no data demonstrat-
ing any efficacy of these treatments in healing
or preventing SCLUs. A non-negligible risk ex-

352 MONFORT AND SENET



ists, however, of alloimmunization and secondary
hemochromatosis.

One clinical case reported the effectiveness of
recombinant human erythropoietin.54

Anecdotal cases of oxygen therapy in SCLUs
have been reported, with a very low level of
proof.55,56 A recent meta-analysis did not reveal
any benefits of hyperbaric oxygen therapy in
chronic wounds, but SCLUs were not specifically
studied.57

SCLUs, like chronic wounds of other etiologies,
have bacterial colonization. It has never been
proven that systemically administered antibiotics
speed up the healing of SCLUs or of VLUs.58

Cell-based therapy
Cell-based therapy is a promising therapeutic

strategy in wound healing. Although cell-based
treatments exist for other leg ulcers, no such
treatment is currently available for SCLUs. Even
pinch grafts, which are currently used in SCLUs,
have never been correctly evaluated for their po-
tential efficacy.

In 2016, two phase III randomized controlled
trials demonstrated the lack of efficacy of a spray
consisting of human allogeneic fibroblasts and ker-
atinocytes for the treatment of VLUs in 673 patients
compared with placebo.59 Recently, a systematic
literature review evaluating adipocyte-derived stem
cells (ADSC) for the treatment of vascular leg ulcers
included 9 clinical trials and 14 registred trials.60

Even if the quality of the studies was low to mod-
erate, the use of ADSC was considered safe, im-
proving chronic ulcer healing. However, SCLUs
were not specifically studied in these trials, pre-
venting any use of these treatments in SCLUs out-
side a study.

Eighteen studies, including 15 randomized
controlled trials, evaluated the efficacy of platelet-
rich plasma (PRP) in leg ulcers of different causes,
but none concerned SCLUs. Protocols were heter-
ogenous and biases were numerous; a recent lit-
erature review concluded that evidence was
insufficient to recommend the routine use of PRP
for leg ulcers.61

Ten controlled trials evaluated the efficacy of
mesenchymal stromal cell-derived therapies for
different types of leg ulcers, but none concerned
SCLUs. These therapies included the use of au-
tologous bone marrow cells injections, ex vivo ex-
panded bone marrow mesenchymal stromal cells,
and peripheral blood stem cells after granulocyte
CSF mobilization. A recent literature review
concluded that evidence was insufficient and bia-
ses too numerous to use them in daily practice.61

A series of 13 patients with 18 ulcers were
treated with pinch grafts: 82% of the ulcers healed
by 40 days, but only 6 patients were followed up
correctly.62 The relapse rate over 12 months (52%)
was high, however.

A pilot study in 2016 used cellular therapy:
stem cells from bone marrow mononuclear cells
(BMMC) were injected locally in 23 patients with
SCLUs.63 During the 6-month follow-up period,
29.2% of the ulcers treated achieved total healing,
which does not appear different from results ob-
tained using standard wound care. The rationale
behind using these autologous cells was that pro-
genitor stem cells (CD34CD45low and fibroblast
colony-forming units) in BMMC were found to be
significantly reduced in SCLU patients when
compared with SCD patients without ulcers.
However, it was an open pilot study with no con-
trol group.

Apligraf� is a bilayered epidermis/dermis con-
struct, authorized by the American FDA, for ve-
nous ulcers that resist local adapted treatment.
Its effectiveness has been proven in randomized
controlled trials for venous ulcers.64 There are no
studies on its effectiveness in SCLUs specifically.
It can nevertheless be used in SCLUs with asso-
ciated venous insufficiency in countries where it is
available.

Following treatments are only case reports, so
they have low level of evidence. A case of SCLU in
a 30-year-old woman treated with allogeneic ker-
atinocytes was reported.65 Complete healing was
achieved in 3 months, without relapse over 8
months of follow-up.

The use of an autologous platelet gel was re-
ported in five patients with SCLUs, with a surface
area reduction in all patients in the first weeks of
treatment.66 A significant increase in the produc-
tion of platelet-derived growth factor, transforming
growth factor-beta, and vascular endothelial
growth factor was observed after treatment. Only
one study has reported the use of autologous
platelet gels for SCLUs; the majority of others re-
port use in cases of diabetic ulcers.

Connor et al. reported a case of a 37-year-old
man suffering from a sickle-cell-related ulcer. After
an allograft of hematopoietic stem cells, the ulcer
healed completely in 16 months.67

Physical treatment
Negative-pressure wound therapy (NPWT) is

widely used for acute and chronic deep wounds to
accelerate the inflammatory stage of healing, in-
cluding before applying a surgical dressing.68 To our
knowledge, the use of NPWT for SCLUs has only
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been described in the literature in one clinical case.
Oliveira Paggiaro et al. described the case of a 28-
year-old woman with three SCLUs, which were
treated, respectively, with a normal saline solution
dressing, an alginate dressing, and NPWT.69 The
three wounds were treated with a thin skin graft and
achieved healing, but only the ulcer treated with
NPWT did not relapse in 11 months. No conclusions
can be drawn from these data, however. Further-
more, this case involved exposed tendons, which is
unusual for this type of ulcer. In our experience,
NPWT is used to obtain a granulation tissue in the
wound bed before a pinch graft (Fig. 2), as in VLU.70

Low-frequency, noncontact ultrasound therapy
is used to accelerate the inflammatory stage of
wound healing, especially in chronic wounds. It
encourages the release of NO and of growth factors
by stimulating angiogenesis and vasodilation.71 To
our knowledge, no studies have examined the use
of this treatment on SCLUs. Most studies on the
use of ultrasound therapy found in the literature
deal with venous ulcers, and their methodology is
poor.

Prevention
Factors associated with increased risk of leg

ulcers in SCD have been laid out above. Predict-
ing the risk of SCLUs is nevertheless impossible.
Patients with SCLUs have a risk 23 times greater
of developing another SCLU.3 SCLUs are often
triggered by an initial trauma; the prevention of
any trauma factors affecting the lower limbs

is therefore a simple primary or secondary pre-
vention measure: wearing adapted footwear,
consulting immediately if a wound appears, pre-
venting insect bites, avoiding perfusion of the
lower limbs, and so on. Combating edema and
chronic venous insufficiency is important: com-
pression stockings are used as secondary pre-
vention after an SCLU has healed, although the
effectiveness of this measure has not been eval-
uated in regard to this indication. Owing to the
paucity of randomized controlled trials in the
literature, factors predictive of recurrence cannot
currently be identified.

FUTURE DIRECTIONS

A phase II placebo-controlled study is currently
under way to assess the effectiveness of topical
sodium nitrite, which produces NO, for SCLUs.
The evaluation criteria will be tolerance, reduction
of ulcer size, and pain reduction.

A prospective case-controlled study is also under
way, comparing the skin microbiome of the legs in
SCD patients with and without leg ulcers, explor-
ing the hypothesis that the microbiome plays a role
in these ulcers. The psychosocial conditions of pa-
tients will also be compared.

SUMMARY

Treating SCLUs requires a multidisciplinary
approach with two main objectives: healing SCLUs
and preventing their recurrence.

Regarding wound healing, the therapeutic
measures common to all leg ulcers, including pain
management, local treatments, and combating
edema, are essential, in association with treating
the hematological burden, as necessary. Currently
available data are insufficient, however, to rec-
ommend any specific systematic or local treatment
for leg ulcers. New topical treatments, such as so-
dium nitrite, are currently being evaluated. Con-
cerning primary and secondary prevention, no
treatment—whether for SCD or for the prevention
of leg ulcers from other causes, such as venous
insufficiency or wearing compression hosiery to
prevent perimalleolar edema—has ever demon-
strated its efficacy.

As SCLUs are severe, painful, and recurrent,
innovative treatments targeting skin healing and
chronic hemolysis appear necessary.
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TAKE-HOME MESSAGES

� SCLUs are a severe complication of sickle-cell disease. They are associated
with an increased risk of death.

� They have a significant impact on quality of life. There are no official recom-
mendations for their treatment.

� Treatment must include pain relief, dressings, and sometimes systemic treat-
ment for severe cases.
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Abbreviations and Acronyms

ADSC ¼ adipocyte-derived stem cells
BMMC ¼ bone marrow mononuclear cells

GM-CSF ¼ granulocyte/macrophage
colony-stimulating factor

Hb ¼ hemoglobin
NO ¼ nitric oxide

NPWT ¼ negative-pressure wound therapy
PRP ¼ platelet-rich plasma
RGD ¼ arginylglycylaspartic acid
SCD ¼ sickle-cell disease

SCLU ¼ sickle-cell leg ulcer
VLU ¼ venous leg ulcer
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