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Ehlers–Danlos syndrome (EDS) is a group of inherited connective tissue disorders that may present with a
wide range of multisystemic symptoms. Hypermobile EDS, one of 13 identified subtypes of EDS, is the
only variant without a known associated genetic mutation. A review of the literature suggests the five
primary dermatological changes associated with hypermobile EDS are soft skin, atrophic cutaneous scars,
piezogenic papules, hyperextensive stretchability, and hematomas. Our paper will address these cuta-
neous manifestations and delve into how they affect patients (primarily women). Possible consequences
and treatment options for these different dermatological changes, as well as other skin manifestations
such as livedo reticularis and elastosis perforans serpiginosa, will also be further explored.
� 2021 The Authors. Published by Elsevier Inc. on behalf of Women’s Dermatologic Society. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction

Ehlers–Danlos syndrome (EDS) is a rare heritable connective
tissue disorder that is classified into 13 subtypes (Fig. 1). Each
subtype has unique clinical diagnostic criteria, with a degree of
variability and overlap in symptoms. Most of the subtypes are
extremely rare; however, the most common type is hypermobile
EDS (hEDS). Out of the 1 in 5000 people worldwide who have
EDS, 80% to 90% of cases are classified as hEDS (Tinkle et al.,
2017), the majority of which are women (Hugon-Rodin et al.,
2016). hEDS follows an autosomal dominant inheritance pattern
and is the only subtype that does not have a known genetic
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Fig. 1. Clinical classification of 13 subtypes of Ehlers–Danlos syndrome and associated genetic basis (Malfait et al., 2017).

Fig. 2. Healed wounds result in atrophic, cutaneous scars (arrow on anterior shin;
Kang, et al., 2018; copyright McGraw-Hill Education. All rights reserved).
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mutation. Thus, hEDS is difficult to diagnose because of the lack of
genetic markers in confirmatory laboratory and molecular tests
(Ritelli and Colombi, 2020). Moreover, hEDS may be misdiagnosed
as fibromyalgia, Marfan syndrome, and other related connective
tissue disorders because of its clinical overlap in skin hyperexten-
sibility, joint hypermobility, and tissue fragility (Ritelli and
Colombi, 2020).

The aim of the present review is to examine and create aware-
ness of the added impact hEDS has on women and to address the
most common detectable skin findings and their role in diagnosis
(Fig. 2).

Soft skin

Patients with hEDS likely present with a velvety, silky, soft skin
texture and semitransparent skin that causes veins and tendons to
be more visible on the forearms (Tinkle et al., 2017), which predis-
pose to skin lesions and lacerations. Such skin fragility is due to a
decreased expression in FLG, a gene that encodes profilaggrin,
which is then hydrolyzed to filaggrin protein and plays an impor-
tant role in cell envelope formation and creating an effective skin
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barrier. Because FLG is downregulated, this causes a disruption in
keratinocyte differentiation, resulting in decreased skin integrity
(Chiarelli et al., 2016).
Hematomas

The presentation of bleeding in patients with EDS, including the
hEDS subtype, varies from mild bruising to possibly severe or fatal
bleeding (Artoni et al., 2018). The most common bleeding symp-
toms experienced by patients include bruising, hematomas, and
menorrhagia (Artoni et al., 2018). A significant factor for bleeding
is the delicate subcutaneous and perivascular tissues that are com-
mon in collagen disorders (Artoni et al., 2018). A study of data from
112 papers with a total of 467 patients noted that of all bleeding
symptoms, the formation of hematomas, especially after minor
trauma, was the most frequently reported vascular-related compli-
cation (D’hondt et al., 2018). The majority of the hematomas were
reported to be subcutaneous. The management of hematomas was
described only for patients with musculocontractural EDS in this
study. Specific management included transfusions that were
required for a number of the hematomas due to minor trauma,
intensive care unit admittance, and, in one instance, emergency
surgical drainage accompanied by transfusion (D’hondt et al.,
2018).

Management is most likely applicable to multiple EDS subtypes
despite this study reporting hematoma management of only
patients with musculocontractural EDS. Guidelines exist to help
prevent the formation of hematomas. Protective bandages and
pads, in addition to the avoidance of contact sports and heavy exer-
cise, are recommended to patients with marked bruising (Paepe
and Malfait, 2004). Additionally, ascorbic acid supplementation
can help decrease the tendency toward bruise development.
Because ascorbic acid is a cofactor of prolyl and lysyl hydroxylases
(enzymes that aid in the biogenesis of collagen; Castori, 2012),
ascorbic acid may facilitate increased dermal stiffness and
integrity.

Additionally, conjugated estrogens may activate coagulation
pathways, shorten prolonged bleeding times, and stop bleeding
in patients with uremia (Mannucci, 1998). As mentioned in a case
report, a 23-year-old male patient diagnosed with EDS and a hema-
toma had been using daily deamino-delta-d-arginine vasopressin
(DDAVP) to reduce the bleeding at a hematoma site but had min-
imal improvement in bleeding time (Boulanger et al., 2003). How-
ever, after adding conjugated estrogen intramuscularly with
DDAVP, the bleeding time returned to normal and the patient no
longer had ongoing hemorrhagic episodes (Boulanger et al.,
2003). Thus, both estrogen and DDAVP are helpful agents in reduc-



Fig. 3. Wound dehiscence: Note evidence of former sutures at lower border, now
3 weeks after injury and treatment with antibiotics. Scars tend to stretch further in
the 6 months after closure (Kang, et al., 2018; copyright McGraw-Hill Education. All
rights reserved).

Fig. 4. Clinical picture of piezogenic pedal papules (Photo courtesy of Zachary P.
Nahmias, MD).
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ing bleeding; however, estrogen has a longer duration of effects on
bleeding time (10–15 days compared with DDAVP’s average dura-
tion of 6 to 8 hours; Mannucci, 1998).

EDS is most prevalent in female patients; thus, this basis of
improving bleeding time may be applicable, perhaps with lower
amounts of conjugated estrogen required. Of note, however, the
use of conjugated estrogen has been shown to increase the risk
of thrombotic events. A study composed of both perimenopausal
and postmenopausal women found that there was an increased
risk of venous thrombosis in women taking conjugated estrogen
in comparison with women not using hormones and in women
using esterified estrogen (Smith, et al., 2004). Consequently, pre-
caution should be taken when considering conjugated estrogen
as a modality of therapy for bleeding prevention.

Atrophic scars

Compared with patients with other variants of EDS who have
cigarette-paper and crumpled scars, patients with hEDS tend to
have atrophic, nonpapyraceous cutaneous scars at sites exposed
to repeated traumas, such as the knees, elbows, and shins
(Castori, 2012). In hEDS, collagen and elastic fibers are altered in
the dermis, ligaments, vessel walls, and internal organs, and the
size of the flower-like collagen fibers is much smaller than normal
(Hermanns-Lê et al., 2016). The scars exhibit abnormal elastic
fibers with granulo-filamentous deposits with the presence of large
stellate hyaluronic acid-like globules (Hermanns-Lê et al., 2016).
Emphasized in the reticular dermis layer, flower-like collagen scaf-
folding shows uneven fibril sizes and irregular interfibrillar spac-
ing, and elastic fibers demonstrate irregular contours (Hermanns-
Lê et al., 2016). Thus, the appearance of these atrophic scars is
due to the defective collagen fibrils that precipitate decreased stiff-
ness of the dermis (Hermanns-Lê et al., 2016).

The greatest surgery-related issue of hEDS is the possibility of
increased bleeding risk and delay in wound closure and tissue
repair (Tinkle et al., 2017). For patients with hEDS, soft-tissue
repair takes longer than normal, and surgeries carry a higher risk
of unsatisfactory results, such as postsurgical complications and
scarring (Tinkle et al., 2017). In some cases, the appearance of
scars may be wider than the original wound and/or sunken below
the surface of the surrounding skin (Fig. 3; Tinkle et al., 2017).
Hence, patients with hEDS should always consider nonsurgical
approaches before undergoing invasive procedures. However, if
surgical procedures are necessary, they should be carried out with
gentle dissection and the use of mild lateral force during inci-
sions, retraction, and suturing (Tinkle et al., 2017). To minimize
tension, skin closure should have a sufficient number of deep
sutures, and support tape should be used to reinforce the sutures
(Burcharth and Rosenberg, 2012). If superficial sutures are used,
they should be left in twice as long compared with patients with-
out EDS to avoid wound reopening (Burcharth and Rosenberg,
2012). Careful postoperative planning is critical for patients with
EDS and should include pressure bandages and wraps for high-
tension sites.

In addition to using protective bandages and pads, patients may
practice low-resistance exercise and physiotherapy that pose min-
imal injury risk (Zhang et al., 2019). As mentioned, daily consump-
tion of ascorbic acid can ameliorate the fragility in blood vessels
and may reduce bruising (Zhang et al., 2019). Contributing to
wound healing, estrogen and estrogen-like compounds have posi-
tive effects on the homeostasis of connective tissue and promote
processes, such as regranulation and inflammation (Horng et al.,
2017). For postmenopausal women with an estrogen deficiency,
exogenous estrogen treatments could potentially maintain these
processes (Horng et al., 2017), especially for patients with hEDS
who are constantly at risk for wound problems.
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Piezogenic pedal papules

Piezogenic pedal papules are among the multiple dermatologic
symptoms associated with hEDS. The papules are described as
benign herniations of elastic tissue and subcutaneous fat that
break through the reticular dermis (Altin et al., 2016). The condi-
tion is exacerbated by pressure and compressive forces (de
Oliveira Rocha et al., 2015; Karadag et al., 2013), which cause tears
in the plantar fascia to make room for subcutaneous fat to seep
through (Doukas et al., 2004). Compressive forces, such as pro-
longed standing, put excessive pressure on the heel, thus exacer-
bating the papules (Poppe and Hamm, 2013), which are
compressible yellowish or skin-colored skin protrusions (Fig. 4;
Brown and Cook, 2020; de Oliveira Rocha et al., 2015). Biopsy of
a piezogenic papule reveals hyperkeratosis with a dense and thick
dermis, (Brown and Cook, 2020) with thin subcutaneous fibrous
trabeculae, thus allowing infiltration of subcutaneous fat into the
dermis (de Oliveira Rocha et al., 2015; Kahana et al., 1987).

The papules are caused by increased pressure; thus, they are
commonly found on the plantar aspect of the foot, primarily along
the medial surface of the heel where the body bears most of its



Fig. 5. Clinical picture of livedo reticularis (Photo courtesy of Zachary P. Nahmias,
MD).
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weight (Brown and Cook, 2020; Kahana et al., 1987). In most
patients, papules occur at random and without pain and as such
are often undiagnosed. Painful papules are more commonly seen
in patients with connective tissue diseases, such as EDS. (Brown
and Cook, 2020; Kahana et al., 1987). In extreme cases, continuous
force bearing down on the papules can cut off the blood supply and
cause ischemia, which can be responsible for nerve entrapment
causing sharp and localized pain (Altin et al., 2016). Less com-
monly, papules may be found on the wrist (Brown and Cook,
2020; Laing and Fleischer, 1991). Piezogenic papules often recede
when the weight-bearing force is removed (Altin et al., 2016).

Although there is no known genetic cause for piezogenic pedal
papules, an association with EDS has been demonstrated (van
Straaten et al., 1991), likely due to the inherent weakness of the
connective tissue (Poppe and Hamm, 2013). Patients with EDS also
have a higher likelihood of experiencing pain from their papules
secondary to their propensity for slow and impaired wound heal-
ing. Although no set treatment is available for pain from piezogenic
papules, patients are advised to reduce athletic activities and avoid
prolonged periods of standing (Kahana et al., 1987). Additionally,
providers should counsel patients on weight loss and avoidance
of foot trauma. Patients can also try orthotics and compression
stockings to alleviate associated discomfort (Brown and Cook,
2020). Success has been shown with localized injections consisting
of either betamethasone and bupivacaine (Doukas et al., 2004) or
deoxycholic acid (Turkmani, 2018).
Cutaneous stretchability

Another common symptom of hEDS is the ability of the skin to
stretch excessively beyond normal limits and return to its original
state upon release (Burrows, 2016). The excessive cutaneous
stretchability is due to collagen defects (National Institutes of
Health, 2018), a hallmark of patients with EDS. Hyperextensible
skin is diagnosed with the rubber-glove skin test (Tinkle et al.,
2017) in which a skin fold from the dorsum of the hand is
stretched. If the skin stretches >1.5 cm (Burrows, 2016) or
stretches beyond the wrist (Tinkle et al., 2017), it can be classified
as hyperextensible.
Areas of further research

Additional symptomatic manifestations of hEDS are certainly an
area of research that should be further explored, including livedo
reticularis and elastosis perforans serpiginosa (EPS). EPS is typi-
cally noted in vascular EDS (vEDS) but has been documented in
hEDS as well. Further research in these areas may reveal a differ-
ence in manifestations and treatment options for patients with
hEDS.

Livedo reticularis

Livedo reticularis often affects young women and is exacer-
bated by cold temperatures (Sajjan et al., 2015). The rash can be
described as a bluish-to-lavender pigmented rash that appears in
a net-like distribution (Fig. 5; Wolff et al., 2017) and is commonly
seen on the legs (Sajjan et al., 2015). Patches can be temporary or
permanent and range from the benign, physiological form (cutis
marmorata) to the serious, pathological form associated with sys-
temic illness (lupus vasculitis or rheumatoid vasculitis). The
benign cutis marmorata form is likely associated with hEDS. This
can be inferred due to the defective collagen found in hEDS, leading
to structural defects being the basis of cutis marmorata in hEDS. In
both forms of livedo reticularis, the dusky colored rash is seen with
any process that decreases oxygen flow to the skin, including cold
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exposure, which causes increased levels of deoxyhemoglobin. In
healthy individuals, the vasospastic response to cold is only tem-
porary, and the vessels return to normal upon rewarming of the
skin (Rose et al., 2013). Treatment options involve avoiding the
cold and vasodilator therapy. The rash of livedo reticularis may
improve with age, and in most cases of EDS, no treatment is neces-
sary unless other comorbid conditions are present (Sajjan et al.,
2015).
Elastosis perforans serpiginosa

EPS is a rare condition that involves the transepidermal elimi-
nation of connective tissue fibers from the dermis through the epi-
dermis (Uldall Pallesen et al., 2019). The typical clinical
presentation is hyperkeratotic papules that are arranged in a
serpiginous-like manner. These lesions can be seen on the face,
neck, arms, and flexural surfaces (Uldall Pallesen et al., 2019).
Across numerous articles, EPS has been noted to occur in patients
with vEDS. A particular case study discussed an incidence of EPS
in a 26-year-old woman with vEDS. She was noted to bruise easily
and have prolonged wound healing during childhood, which was
followed by atrophic scar formation. The patient developed EPS
lesions on her upper arms, thighs, and hips. Biopsy was taken of
a lesion and testing demonstrated numerous coarse elastic fibers
in the reticular and papillary dermis extruding into the epidermis.
EPS has been described as either asymptomatic or pruritic (Uldall
Pallesen et al., 2019). Overall, there is poor response to treatment
of EPS. Treatment modalities include but are not limited to topical
corticosteroids, tretinoin, calcipotriol, tazarotene, narrowband
ultraviolet B light radiation, laser therapy, and cryotherapy
(Uldall Pallesen et al., 2019).
Conclusion

The dermatological manifestations of hEDS delineated in this
paper are the most common, and include soft skin, hematomas,
atrophic scars, piezogenic papules, and cutaneous stretchability.
Management techniques are especially important to note in prac-
tice because these patients may require different modalities.
Preventative measures, such as protective wear and ascorbic acid
supplementation, are some of the most important points on which
practitioners should counsel patients with hEDS. The implementa-
tion of these measures may prevent severe cutaneous complica-
tions, such as hematomas that require emergent surgical drainage.

Future research in livedo reticularis and EPS, as well as their
roles in hEDS, would be helpful in the management of patients
who present with such findings. Furthermore, because there has
been no genetic cause linked to hEDS, an exploration of how these
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patients can present clinically is important in developing patient
management protocols.
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