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Abstract
Proteus syndrome is a rare, sporadic, congenital syndrome that causes asymmetric and disproportionate overgrowth of limbs,
connective tissue nevi, epidermal nevi, alteration of adipose tissue, and vascular malformations. Genetic mosaicism, such as
activating mutations involving protein kinase AKT1, phosphoinositide 3 kinase (PI3-K), and phosphatase and tensin homolog
(PTEN), may be important causes of Proteus syndrome. However, many patients have no evidence of mutations in these genes.
Currently, the diagnosis is clinical and based on phenotypic features. This article reports a case of Proteus syndrome in a 14-year-
old female patient who presented with linear epidermal nevi, viscera anomalies, and adipose tissue dysregulation. She showed an
asymmetric progressive overgrowth of the right lower limb after birth bringing relevant functional and esthetic consequences.
Therefore, she asked a plastic surgery consultation and a surgical treatment with a combined technique was planned. With our
approach, we were able to reduce leg diameter and improve joint mobility reliably and safely with satisfying esthetic results.
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Introduction

Overgrowth syndromes, such as Proteus Syndrome, rep-
resent a spectrum of disorders with global or regional
overgrowth of multiple tissues such as the bone, fat, skin,
and other connective tissues [1]. These syndromes are
related to non-hereditary genetic mutations [2]. Proteus

syndrome is a rare sporadic disorder described in 1979
by Choen and Hayden [3] with an estimated prevalence
of < 1/1000000 live births [4]. In 1983, it was named
“Proteus Syndrome” by Wiedemann et al., after the
Greek god of the sea who was capable of assuming many
forms to escape capture [5].

Primarily, it derives from sporadic activating mutation
(c.49G>A, p. Glu17Lys) of an AKT gene located on chromo-
some 14q32 [6].

Proteus syndrome presents a wide variability of clinical
expressions and can be hard to diagnose [5]. At birth, it can
show modest manifestations or none, then develops rapidly
and progressively in the early years and childhood [3], causing
a distortion and overgrowth of the affected structures.

The aim of our article is to describe successful surgical
technique to achieve a life-changing improvement in esthetic
and functional aspects for these patients and to offer a starting
point for the other plastic surgeons to treat Proteus syndrome-
related soft tissue overgrowth.

On April 2019, a 14-year-old patient was admitted to our
unit for the treatment of progressive postnatal overgrowth of
the right lower limb (Fig. 1). She was the eldest child of
healthy unrelated parents. She was born via normal vaginal
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delivery after assisted fertilization and an uneventful pregnan-
cy. She had a birth weight of 3,620 g, a length of 51 cm, and
an APGAR score of 10/10 with a regular postnatal physical
and psychomotor development.

She has two healthy younger brothers; her aunt was
affected by a nephroblastoma in childhood; her mother
died from a brain tumor when the patient was 12 years
of age.

Three months after birth, an asymmetric growth of the low-
er limbs was noted, with the right leg 1.3 cm longer than the
left. The most relevant manifestation was macrodactyly of the
right foot great toe, treated with epiphysiodesis of IP joint at
one year of age.

In 2014, she underwent surgery for epiphysiodesis of right
knee joint. In 2015, osteotomies of the proximal and distal
phalanx of the right foot great toe and removal of the eight
plates from the right knee were performed.

In April 2019, aged 14, she requested a plastic surgery
evaluation at our department due to concern at this time re-
garding both the esthetics and worsening mobility for a simul-
taneous and progressive hypertrophy of soft tissues surround-
ing the knee and the ankle joints.

In December 2019, she underwent surgery.

Surgical Technique

A comparative ultrasound exam of both legs was performed
preoperatively to assess the status of soft tissues. The presence
of two superficial non-pathologic adipose tissue layers, soft
and separated from a well-defined fascial system, was noted.
In the right limb, in a splitting of deep fascia, a third fatty layer
was identified (Fig. 2). This was thicker, rich of fibrous tissue
and vessel anomalies to the eco-Doppler, with all the features
of a lipohamartomatous tissue.

The decision was to proceed with a combined technique:
liposuction superficially and surgical removal of deep
lipohamartomas [7]. The operation was performed under gen-
eral anesthesia with the patient in the supine decubitus
position.

The whole area of the knee was marked for liposuction in
sitting position with the knee at 90 degrees of flexion to pre-
vent the likelihood of postliposuction depression in the medial
knee during flexion [8]. A tumescent solution (a dilute anes-
thetic solution consisting of 0.05 % lidocaine and epinephrine
1 : 1.000.000) [9] was prepared; 80 ml around the knee and
50 ml around the ankle were infiltrated using a cannula with a
diameter of 3 mm. After 15 minutes from the infiltration,

Fig. 1. Fourteen-year-old female
patient affected by Proteus
syndrome with an asymmetric
overgrowth of the right lower
limb (a), macrodactyly of the
right foot great toe and excessive
adipose tissue surrounding ankle
(b), and knee (c) joints
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liposuction was performed; overall, 40 ml of fat from the knee
and 20 ml from the ankle were harvested. As in classical
liposuction, a fat thickness of about 2 cm was maintained to
avoid vascular impairment and contour deformity [7].

Liposuction was performed in a very superficial layer be-
cause of the difficulty to perform this procedure in the fibrotic
deeper planes and the relevant risk of fat embolism due to
vessel hypertrophy in the pathological tissues. All are in line
with our preoperative planning.

In postliposuction measurement, the leg diameter at the
level of the knee decreased by only one centimeter (60–59
cm) and 0.7 cm at the ankle region (37–36.3 cm).

Subsequently, it was decided to proceed with surgical re-
moval of the subcutaneous tissue and of the excessive skin [7].
After inflation of the tourniquet (300 mmHg), a V shape inci-
sion on the medial aspect of the knee was drawn. An ellipse of
skin 14 by 4 cm in. was excised, including the residual scars of
the previous orthopedic surgeries. An extended undermining
of the skin and subcutaneous flap from the deeper fat tissue
was performed. The excessive adipose tissue had features of
that of a solid non-capsulate neoformation. The mass was
removed en bloc, preserving the saphenous vein (Fig. 3).
The tissue was sent for pathology.

The previous liposuction gave more mobility and elasticity
to the skin flap and allowed it to slide down easily, performing
a tension-free closure.

The tourniquet was released (60 min) and hemostasis
was performed. After inserting one drain (Jackson–Pratt
CH 19 mm), a layered closure was performed. To re-
duce postoperative swelling, a lower limb bandage was
applied for three weeks postoperatively and compression

stockings were prescribed for a further four weeks. No
serious complications occurred. At seven days follow-
up, a seroma had formed, which had spontaneously re-
solved at 15 days.

Six months later, the procedure was repeated at the site of
the ankle where a mass of 8 cm in length was removed (Fig 3).
Attention was paid to isolate and preserve the saphenous vein
to avoid chronic edema [10].

Results

Outpatient follow-up was carried out at 1 and 3 months after
surgery, evaluating functional and esthetic improvement.

We measured the following:

& Flexion of the knee (78 pre-op– 95° post-op) and of the
ankle (5 pre-op–15°post-op)

& Leg diameter at the knee (60 pre-op–53 cm post-op) and at
the ankle (37 pre-op–30cm post-op)

& Foot diameter at 1 cm distal from the Lisfranc joint at 7
days and 3 weeks after surgery, decreased from 28 to 26
cm, with the use of compressive bandaging

The patient, in the presence of the father, was asked to
score her satisfaction with the procedure on a scale of 1 to
10 (1 extremely dissatisfied, 10 extremely satisfied). She
scored her satisfaction as an 8 and subjectively reported a
significant improvement in her walking and running ability
and better fitting of clothes.

Fig. 2. Left lower limb: two
adipose tissue layer separated
from a well-defined fascial sys-
tem and the underlyingmuscle (a)
right lower limb: three fatty layer
with the deeper one thicker, rich
of fibrous tissue and vessel
anomalies (b) and the underlying
muscle.
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Discussion

Proteus syndrome is an extremely rare and complex disease
with asymmetric postnatal overgrowth that can affect many
tissues, bringing severe disfigurement and functional
impairment.

The severity of this syndrome is variable; therefore, it is
difficult to make differential diagnosis with other overgrowth
syndromes. Given the variability of the clinical features of the
Proteus syndrome, it is possible to assume that it derives from
a somatic mosaicism and from certain postzygotic autosomal
mutations, lethal in the no mosaic state [2, 5]. The exact ge-
netic cause of this uncommon disease remains unclear, al-
though, according to recent studies, the activating mutation
in the AKT1 gene is the most commonly associated. In other
cases, mutations causing dysfunction of PI3K-AKT pathway
or of PTEN were revealed [11]. Other investigators believe
that patients with PTEN mutations presenting specific seg-
mental overgrowth disorders (such as SOLAMEN syndrome

(segmental overgrowth, lipomatosis, arteriovenous malforma-
tion, and epidermal nevus)) actually can be misdiagnosed as
Proteus syndrome patients. The phenotypic overlap is due to
the AKT activation deriving from PTEN loss-of-function [2].

However, many patients show negative results to all these
tests [12]. Therefore, we can affirm that currently the clinical
diagnosis can result from mutations in several diverse genes
not yet identified.

Our patient did not present any relevant genetic mutations.
From 2006 to 2010, methylation tests of H19, UPD11, and
LIT1 were performed. In 2012, genes AKT, PI3K, and PTEN
were analyzed on peripheral blood and on skin tissue sample.
All were found to be normal. Nevertheless, the set of such
alterations of the different tissues suggested a phenotypic di-
agnosis of Proteus syndrome, confirmed by genetic evaluation
in 2012.

The clinical diagnosis of Proteus syndrome is established
with the following diagnostic criteria revised by Turner et al in
2004 [13] (Table 1).

Fig. 3. Knee region: surgical
removal of prepatellar and medial
lipohamartomas (a), good
revascularization after deflating
the tourniquet (b), and tension-
free closure due to previous lipo-
suction of 40 ml of superficial
adipose tissue (c). Ankle region:
after liposuction of 20 ml of su-
perficial adipose tissue, surgical
removal of medial
lipomhamartoma of eight cm in
diameter (d) preserving the
saphenous vein (e)
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Our patient demonstrated all the general criteria: the dis-
ease has a mosaic distribution, as there were no other Proteus
syndrome cases in her family and the manifestations had a
progressive course.

As specific criteria, she presented four from category B
and one from category C.

The first and relevant alteration developed was the
macrodactyly of right great toe.

She has multiple linear epidermal nevi but not
cerebriform nevi of connective tissue in the palmar and
plantar regions, considered almost pathognomonic [14].

She underwent to abdominal ultrasounds every three
months up to the age of five, then every six months up to
the age of 10; these revealed the presence of an accessory
spleen.

She also presented with a development alteration of the
spine, in the form of mild scoliosis identified on clinical
and radiographic examinations.

In childhood, she showed a progressive subcutaneous
fat hypertrophy with disorganization of the soft tissues
surrounding the knee and ankle joints of the lower right
limb. This caused a dysmetria of the lower limbs and
asymmetry of the pelvis, responsible for intense pain
and serious limitations during daily activities.

Pulmonary CT examination showed no cystic forma-
tions, and six monthly abdominal ultrasound scans re-
vealed no genitourinary abnormalities. No cardiac com-
plications and ocular manifestations (strabismus, retinal
pigmentary anomalies, and epibulbar dermoids) were
found.

Even though some capillary, venous, and lymphatic
malformations are often noted in this syndrome, our patient
did not show any of these anomalies both on a thorough
clinical examination and on a CT angiography. The only
noteworthy cutaneous finding was a dark skin area local-

ized in the medial aspect of the right ankle: after an accurate
dermatological assessment, it was attributed to a chronic hyper-
pigmented lichenification caused by the continuous daily rub-
bing between the oversized supramalleolar tissues and the shoe.

Fig. 4. a H&E 1x: lipo-vascular
hamartoma predominantly com-
posed of fatty component, sparse
vessels, and focally fibrous
septae. b H&E 10x: vessels with
different thick wall irregularly
distributed in fatty tissue. c H&E
40x: well-differentiated mature
adipocytes without cytological
atypia

Table 1 Diagnostic criteria of Proteus syndrome

General criteria (all the
following criteria)

1.Mosaic distribution of lesions

2.Sporadic occurrence

3.Progressive course

Specific criteria from categories A-C (1
from category A or 2 from category
B or 3 from category C)

A. 1.Connective tissue nevus

B. 1.Epidermal nevus

2.Disproportionate overgrowth (one or
more)

• Limbs Skull-hyperotsoses
• Vertebrae-megalospondylodysplasia
• Viscera

3. Specific tumors before the end of the 2nd

decade (either one)
• Parotid monomorphic adenoma
• Bilateral ovarian cystadenomas

C. 1. Dysregulated adipose tissue (either one)
• Lipomas
• Regional absence of fat

2. Vascular malformations
• Capillary/venous/lymphatic

malformation

3. Facial phenotype
• Dolicocephaly
• Long face
•Minor downslanting of palpebral fissures

and/or minor ptosis
• Low nasal bridge
• Wide or anteverted nares
• Open mouth at rest

Source: Turner et al in 2004 (13)
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It is well known that patients with Proteus syndrome have
an increased risk for deep vein thrombosis (DVT) and pulmo-
nary embolism (PE); other researchers have argued that endo-
thelial abnormalities, platelet dysfunction, and stasis associat-
ed with vascular malformations cause adverse effects on he-
mostasis [15]. However, prophylactic anticoagulation is not
recommended due to the risk of life-threatening hemorrhage,
especially in children, for minor trauma [16]. Only patients
tested positive for DVT and PE on imaging should undergo
acute anticoagulation [15]. D-dimer test was used as screening
for the presence of DVT in our patient; the values below the
threshold (0.5 mcg/dl) did not justify a prophylactic
anticoagulation, as she was 14 years old.

Another usual characteristic of this syndrome is a dysreg-
ulation of the adipose tissue; on the one hand, lack of adipose
tissue could affect some patients; no fatty tissue atrophy was
revealed in our case. The young lady only showed a physio-
logical mild breast asymmetry. On the other hand, subcutane-
ous as well as internal lipohamartomas of enormous size is
frequently observed. Surgical intervention is indicated when
they bring functional limitations to the joints and impacting
esthetic effects on the patient’s body, such as in our case.
According to Hoey et al., the examination of our tissue sam-
ples has confirmed the histological features of pathologic ad-
ipose tissue. In most cases, they are lipohamartomas, lobules
of mature adipocytes interspersed with fibrous connective tis-
sue elements and vessels (Fig. 4). No cytological atypia was
found in any case [12].

As Proteus syndrome is a rare overgrowth disorder, the liter-
ature provides scarce data on surgical approach for lower limb
soft tissue dysregulation. In our hands, this combined technique
is highly effective and safe.

The final results of liposuction and lipectomy were evident
at approximately two months postsurgery after seroma reab-
sorption and reduction in postoperative swelling.

Accurate preoperative evaluation, correct surgical plan-
ning, careful intraoperative preservation of the saphenous
vein, and postoperative compressive bandage allowed us
to avoid severe complications. Close monitoring in the
early postoperative period is necessary to detect local re-
lapse after surgery due to the possibility of sudden adi-
pose tissue re-overgrowth. The patient will undergo peri-
odic six monthly checks. It was proposed to repeat the
same surgical procedure at least one year after the first
intervention only if relapse or dissatisfaction with surgical
results. Otherwise, we wish to postpone surgical treatment
when she will get skeletal maturity, treating at the same
time the gigantism of great toe removing the excessive
adipose tissue and covering distal phalanx with local ad-
vancement flaps.

We also recommend carrying out new, more specific anal-
ysis of the AKT gene on tissue samples from the upper dermis
where the prevalence of the mutation is higher [2]. This is

because the patient could benefit from pharmacological treat-
ment with Miransertrib, an AKT inhibitor [17].

Conclusion

This case report provides a brief review of the literature and
emphasizes the importance of management within a multidisci-
plinary team, particularly given the high rates of complications
and early mortality rate of Proteus syndrome patients. The defor-
mities caused by Proteus syndrome can carry many social prob-
lems. Our article could be a starting point for other surgeons to
manage esthetic and functional problems in patients with Proteus
syndrome and similar overgrowth syndromes.
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