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Abstract
Scleroderma is a rare autoimmune condition of uncertain etiology that affects approximately 1 in 40,000 people in the
United States and is characterized by excessive collagen deposition in all organ systems including the skin [1]. Common
symptoms of scleroderma include Calcinosis, Raynaud phenomenon, Esophageal dysmotility, Sclerodactyly, and Telangiectasia (CREST syndrome) as well as vascular, pulmonary and cardiac pathology [2]. Symptoms are often debilitating and lead to
functional and aesthetic compromise. Plastic surgical intervention may be a viable option for a subset of patients to ameliorate
functional and / or aesthetic symptomatology depending on the subtype of scleroderma, the magnitude of disease extension
and the operative setting.

What is Scleroderma?
Scleroderma is a rare autoimmune disease characterized
by abnormal function of the immune system resulting in excess
deposition of collagen in tissues [3]. This aberrant activity leads to a
range of pathologies predominantly affecting the skin, vasculature,
and GI tract. Skin thickening is one of the earliest clinical features
and typically affects the fingers, hands and wrists, although the
face is also commonly involved as well [4]. The additional skin
findings include pruritus, edema, and telangiectasia [4,5] which
are often difficult to conceal and can be an aesthetic concern for
patients. Early functional losses may include flexion contracture of
the digits, destruction of sweat glands and esophageal dysmotility
[5]. Functional losses may lead to generalized weakness and
contribute to muscle and joint pain. The magnitude of anatomic
involvement varies depending on scleroderma subtype (diffuse vs.
localized) and is an important clinical tool in determining treatment
options for affected patients.

Biochemical Pathogenesis
Although the inciting etiology of scleroderma remains
unknown, it is apparent that the biochemical pathogenesis is
multifactorial and includes abnormal interactions of growth factors,
immunologic cytokines, lymphocytes and macrophages. Examples
of signaling molecules thought to contribute to pathogenesis
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include TGF-Beta and Platelet Derived Growth Factor [6,7]. Tubo,
Tamaki, et al. identified elevated levels of transforming growth
factor beta (TGF-B1) mRNA transcripts in the skin samples of
select patients with the localized scleroderma subtype [6]. Excess
activity of TGF-B1 is thought to lead to the increased production of
collagen via aberrant secondary fibroblast activation, which could
explain excess collagen deposition characteristic of the disease.
Similarly, Jones, Gay, et al. evaluated skin biopsies from 8 patients
with known scleroderma and through immunohistochemistry found
a large abundance of PDGF in the macrophages of capillaries in
affected tissues [7].
Numerous other immunologic mediators have been
implicated in the pathogenesis of scleroderma, including high titers
of immunologic markers such as anti-centromere autoantibodies.
These have been found in abundance in patients with the limited
systemic scleroderma subtype [8]. These markers have not only
been important for initial diagnosis, but have also contributed to
distinguishing the various subtypes of scleroderma. Regardless
of the inciting biochemical pathway, eventual aberrant fibroblast
activation and extracellular matrix deposition contributes to the
fibrosis of peripheral and central organ systems leading to significant
morbidity and mortality. Understanding the precise etiology of
scleroderma will be important in identifying opportunities where
medical therapy may halt future disease progression.
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Subtypes of Scleroderma
The classification of scleroderma as either localized or
diffuse plays a significant role in identifying potential downstream
complications. Patients with localized limited cutaneous
scleroderma typically present with a series of symptoms that fall
within the clinical acronym “CREST”. CREST is an acronym for
Calcinosis cutis, Raynaud’s phenomenon, Esophageal dysmotility,
Sclerodactyly, and Telangiectasia [9]. Complications linked to
CREST syndrome are often debilitating and increase the probability
of joint dysfunction and digital ischemia. There is also an increased
risk of malignancy, such as esophageal adenocarcinoma [10]. One
common clinical presentation in patients with limited sclerosis
is reactive color changes in the digits as seen in Raynaud’s
phenomenon which is an arterial vasoconstriction of the distal
phalanges triggered by stress or changes in temperature [11]. The
vessel response is present in a litany of conditions and is reversible
in most patients when the causative factors are removed. However,
chronic vasoconstriction is a clinical concern amongst scleroderma
patients. Chronic vasoconstriction increases the probability of
digital ischemia and ulceration, which may lead to amputation [12]
which can be incapacitating for affected patients and dramatically
affects their quality of life.
The diffuse form of systemic sclerosis is characterized by
disseminated disease that contributes to potentially lethal multisystem organ failure. Complications of diffuse scleroderma
include skin sclerosis, esophageal hypo-motility (with increased
risk for Barrett’s esophagus), pulmonary interstitial lung disease,
pulmonary vascular disease, lung cancer, and renal cancer
[10,13,14]. Relative to the localized subtype of scleroderma, the
diffuse subtype is significantly direr, with five-year and 10-year
survival rates of 70% and 55% respectively [2].

Plastic Surgical Intervention: Hand
When hand defects are present, hand surgery plays an
important role in the management of scleroderma. Treatment
is aimed at limiting ischemia to the distal phalanges, removing
calcified nodules, and improving the function of the phalanges by
repositioning the fingers from a hyperflexed position to a more
functional orientation. Procedures including sympathectomy and
micro-surgical revascularization of the distal phalanges are just
two examples of surgical techniques that have been shown to be
effective in a number of patients with scleroderma associated hand
pathology [12]. Gilbart and Bogoch evaluated the efficacy of joint
excision arthroplasties as well as interphalangeal joint fusions in
10 patients with systemic sclerosis. Interphalangeal joint fusions
were successful in all 7 patients who returned post operatively
for follow up, however nearly all had wound healing issues [3,7].
Three of the seven patients required additional surgery to alleviate
complications from the tension band wires [15].
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As previously described, Raynaud’s phenomenon is a
feature of the CREST variant of scleroderma. The pathogenesis of
Raynaud’s phenomenon was initially thought to occur via aberrant
sympathetic activation of peripheral vessels in the presence of cold
temperatures or stress, leading to reduced tissue perfusion [16]. The
pathogenesis of Raynaud’s phenomenon has subsequently become
better elucidated with research implicating serum Endothelin-1
concentrations as a contributing factor [17]. Surgical intervention
to reduce sympathetic induced vasospasm of palmar and digital
arteries through sympathectomy may reverse aberrant sympathetic
vasoconstriction of palmar arteries, thus preventing chronic
vasoconstriction, digital tissue ischemia and necrosis [16].
Jones, Raynor, Medsger’s, et al. evaluated two scleroderma
patients who underwent microsurgical reconstruction of the radial
and ulnar artery inflow tract using interposition vein grafts to
provide adequate perfusion to the hand and superficial palmar
arch [18]. Initially, both patients had inadequate flow to the distal
phalanges as well as proximal narrowing of the radial and ulnar
arteries, which acted as a target for microsurgical intervention.
The postop pulsatile flow of blood to the fingers was noted to be
enhanced relative to pre-treatment values in both patients suggesting
that select patients with more proximal vascular pathology may be
good candidates for revascularization [18].
Digital ulcers are present in roughly 50% of systemic
sclerosis patients and are associated with reduced digital tip tissue
perfusion, leading to digital tip ulceration and eventual gangrene
[19]. Another proposed treatment option is the use of autologous
fat grafting for affected digital ulcers. Del Bene, Bonomi et al.,
found that the vast majority of disease induced ulcers successfully
healed following fat grafting [19]. Specifically, 15 ulcers were
treated over 9 total patients with systemic sclerosis whereby fat
was injected at the borders of the ulcers. 10 of 15 ulcers were
identified as completely healed 8-12 weeks’ post-op, with follow
up ranging from 6 months to 2 years [19]. While this demonstrates
fat grafting as a potentially exciting treatment option for distal ulcer
management it was more successful in patients who were treated
early in their disease process and diminished with advanced ulcer
formation and prolonged ischemia prior to intervention [19]. Hand
surgery for both aesthetic and functional enhancement in affected
patients is possible and requires further evaluation.

Plastic Surgical Intervention: Face
Tightening of the facial skin is frequently present in
scleroderma patients and is associated with significant aesthetic
facial disfigurement and functional losses. Facial abnormalities
include skin contraction, leading to the loss of naso-labial fold and
forehead wrinkling, which are often difficult to conceal and are a
frequently reported concern amongst patients. Treatments aimed
at alleviating facial disfigurement represent a quintessential area
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for Plastic Surgical intervention. Asjoe, Khan and Frame described
the use of a free dermal graft and fat injection to the upper lip of a
patient with scleroderma whose upper lip had retracted secondary
to the disease process [20]. In that case report, the authors illustrate
how their dermal-fat graft, harvested from right infra mammary
fold proved effective for the upper lip tightening. Likewise, the
authors noted that following the initial procedure; the patient
approved of the aesthetic result and requested a lower lip graft
using the same technique.
Recently, there has been a growing interest in the use of
autologous adipose derived stem cells to improve characteristic
facial involvement seen in systemic sclerosis. Grifiin, Butler et
al., studied the use of adipose derived stem cells of patients with
systemic sclerosis and compared them to the adipose derivatives
of healthy patients [21]. Their interest was in identifying a
difference in the phenotype, surface antigen expression as well
as invasion capacity of adipose derived stem cells from affected
patients relative to unaffected patients, in an attempt to evaluate
the safety of using autologous adipose derived samples from
affected patients. The surface antigen expression was equivalent
in the normal adipose derived stem cells compared to the
pathologic sample. This is intriguing in that it suggests that exvivo expansion of autologous adipose derived stem cells from
affected patients should behave similarly to patients without
pathology, allowing for use during reconstruction. Autologous fat
grafting would reduce the probability of potential graft rejection,
allowing for potentially long-term post surgical success. Beyond
aesthetic concerns, autologous fat grafting has also been employed
as a potential therapy for functional losses attributable to skin
tightening. Specifically, fat grafting has been suggested to benefit
patients with disease-induced microstomia, suggesting that both
aesthetic and functional losses resulting from the disease may be
alleviated through the procedure [22]. Although preliminary, the
research is promising and may provide an option to patients with
facial disfigurement [21].

Surgical Considerations
Scleroderma is classified as an autoimmune condition and
as such, treatment commonly includes systemic corticosteroids
in order to diminish the patient’s overactive immune system,
reduce symptoms and potentially slow disease progression [10].
While systemic corticosteroids may provide therapeutic benefit in
patients, a weakened immune system may increase the probability
of postoperative wound infection [23]. This too must be factored
into the decision for surgical intervention and contributes to
concerns that operating on patients with scleroderma may be
further complicated based upon suspected “slow wound healing
and poor post-operative range of motion” [4]. Additionally, disease
associated changes in soft tissue vascularity highlighted previously,
describe a common concern amongst the surgical community, that
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reduced tissue perfusion as a consequence of consistent digital
artery vasoconstriction may increase the chances of intra-operative
and post-operative wound complications. However, the use of
vasodilators and local wound care to ensure soft tissues perfusion
prior to surgery has been effective, and offers a pre-operative
method of preventing post-surgical complications [12]. Judicious
surgical intervention has provided therapeutic benefit in select
patients without increased post-operative wound complications [4].
When multi-organ involvement is present, an additional
concern amongst the surgical community includes potential
operative complications; particularly when organ sites are
affected that may compromise intraoperative organ perfusion
and respiratory function. The process of evaluating the risk
to benefit ratio of surgery for patients who desire correction of
functional or aesthetic disfigurement is elaborate and often patient
specific. Given that the etiology of scleroderma remains elusive,
treatment for scleroderma is a multilayered approach including
both medical and surgical interventions. Medications to improve
peripheral blood circulation, reduce peripheral cytokine synthesis
and release, is central to limiting disease progression. Likewise,
immunosuppressant therapy to inhibit fibroblast activity, and thus
collagen deposition, is vital for patient care [24].
When surgical intervention is planned electively for
scleroderma patients, efforts can be taken to improve the chance
of success and minimize complications. The emergent setting does
not offer the same peri-operative optimization and plays a role in
the probability of postoperative complications. When possible,
multi-disciplinary coordinated care is fundamental to improving
outcomes in scleroderma patients who present in an emergency
setting. Safe surgical intervention in patients with scleroderma is
clearly a complex issue that requires thorough evaluation of the
risks and benefits to the patient.

Summary
Scleroderma is a debilitating condition that produces
substantial defects in both the form and function of the patient.
The exact etiology of scleroderma remains unknown and a topic
of interest amongst the research community. Scleroderma has
two subtypes, both of which have specific organ distributions
and potential downstream complications. As such, surgical
intervention is patient dependent, and the goals, risks and benefits
of the procedures must be discussed prior to operating. Surgeons
continue to pursue opportunities to safely operate on affected
patients in order to improve the function of affected limbs and
reduce aesthetic compromise that are a consequence of the disease.
After careful evaluation of the patient, preoperative optimization
and disclosure of the inherent risks, plastic surgery can play a
meaningful role in scleroderma management.
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