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INTRODUCTION

Proteus syndrome (PS) was described as a discrete clinical en-
tity by Cohen and Hayden (1) in 1979. In 1983, the term Prote-
us syndrome was coined by Wiedemann et al. (2) after the poly-
morphous Greek god Proteus who has the ability to change his 
appearance. PS is known to be caused by a mosaic, activating 
AKT1 mutation (c.49G > A, p.Glu17Lys). The mutation has 
been identified in only 2 of 38 peripheral blood DNA samples, 
so a blood test is a poor way to establish the diagnosis. Lind-
hurst et al. (3) suggest that the clinical criteria for PS alone may 
be sufficient for the diagnosis without identifying the mutation, 
except in early cases when the clinical findings are not definitive. 
The purpose of this report is to familiarize the reader with mul-
tiple clinical and radiologic manifestations of PS including skel-
etal, soft-tissue and visceral anomalies as well as tumors.

CASE REPORT

A 14-year-old girl was referred for the evaluation of her scoli-

osis. She underwent an excision for the hyperostosis of her ex-
ternal auditory meatus in another hospital. The thoracolumbar 
hump on her back was revealed in an Adam’s forward banding 
test. It is the positive sign for the presence of a thoracolumbar 
scoliosis. On physical examination, she had a long, asymmetric 
face with a relative enlargement of the right side, an uneven 
macrodactyly affecting both hands and a tortuous, serpentine, 
skin-bulging superficial lesion with an overlying skin discolor-
ation, in her left lower leg, suggesting a vascular malformation. 
The patient did not have any neurological symptom. Laboratory 
studies revealed no abnormality. There was no family history of 
congenital anomaly. Radiographs were obtained of the verte-
brae, skull, hands, feet and extremities. And then, MR imaging 
were also performed of the whole spine, unenhanced CT of the 
chest, enhanced CT of the abdomen-pelvis and MR imaging of 
the brain for further evaluation. Spine radiographs showed an 
asymmetric overgrowth of the multiple vertebrae with severe re-
sultant scoliosis, abnormal anteroposterior spinal alignment and 
posterior scalloping of the thoracolumbar vertebra (Fig. 1A-C). 
On MR imaging and CT, the axis appeared as megaspondylo-
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Proteus syndrome is a rare congenital hamartomatous condition that is character-
ized by a wide range of malformations with overgrowth of various tissues. The au-
thor reports the case of a Proteus syndrome in a 14-year-old girl who had the 
unique features of this syndrome including megaspondylodysplasia with resultant 
scoliosis, leg discrepancy, macrodactyly, clinodactyly, hyperostosis in external audi-
tory meatus, asymmetric megalencephaly, splenomegaly, cystic lung changes, asym-
metric soft tissue fat infiltrations and a long, asymmetric face, with descriptions of 
the radiological features.
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rarely associated with benign or malignant tumors. PS is caused 
by a somatic activating mutation in AKT1 (c.49G > A, p.Glu-
17Lys). Nevertheless, a knowledge of the multiple specific mani-
festations of PS is necessary for clinical and imaging diagnosis 
(3). Biesecker et al. (6) and Jamis-Dow et al. (7) set up diagnostic 
criteria in 1999. There are general and specific criteria to diag-
nose a patient with PS. The general mandatory criteria are mo-
saic distribution of the lesions, progressive course and sporadic 
occurrence. Mosaic or random distribution is the hallmark of 
PS and it means that only some body parts show signs of over-
growth while others are unaffected. This disease commonly pro-
gresses in childhood rapidly, but may slow down or stabilize 
during early adolescence. Patients of PS have no family history 
of congenital anomaly that presents similar features of over-
growth. Specific criteria or category signs are also necessary and 
should include either one sign from category A or two from cat-
egory B or three from category C. The single sign in category A, 
cerebriform connective tissue nevus, appears to be pathogno-
monic for the diagnosis. But, it is not a common finding in pa-
tients with PS. It is most frequently found as a gyriform gross 
thickening of the soles. The category B includes linear epidermal 
nevus, disproportionate overgrowth and specific tumors, such 
as bilateral ovarian cystadenoma and parotid monomorphic ad-
enoma before or during the second decade of life. The signs of 
the category C are dysregulated adipose tissue, vascular malfor-
mations, lung cysts and an abnormal facial phenotype. A pul-
monary disease may not be rare in PS, although it has not been 
widely recognized. It may include pulmonary venous dilatation 
and bullous disease. Small lung cysts in PS, as seen in this case, 
can progressively and irreversibly change into an extensive bul-
lous disease (8). On chest radiographs the pulmonary disease in 
PS can be misdiagnosed as chronic or interstitial pneumonia 
and can be easily overlooked if the thorax is deformed, in par-
ticular, when severe thoracic scoliosis is present (8). In the pres-
ent case, the chest radiograph showed non-specific findings and 
small lung cysts were depicted on chest CT. In spite of the high 
radiation risk in our young patient, a CT was inevitable because 
of the limitation of ultrasound study for an abdomino-pelvic 
evaluation with sound beam attenuation due to the patient’s 
subcutaneous, intrapelvic and retroperitoneal fat hypertrophies. 
Progressive skeletal abnormalities such as macrodactyly, scolio-
sis, asymmetric overgrowths and limb length discrepancy are 

dysplasia with a right sided hyperostosis, leading to a marked 
reduction in the patient’s mobility. Skull radiographs revealed 
asymmetric multifocal calvarial thickening with increased con-
volutional changes and an asymmetric overgrowth of the right 
sided mandible and facial bone (Fig. 1D). Hands radiograph 
showed an uneven macrodactyly of the third and fourth right 
digit and of the first and second left digit; a clinodactyly of the 
second and fourth right digit and of the second left digit; diffuse 
soft tissues thickening in the second and third right rays and in 
the second left ray; and an associated hyperostosis and calcified 
soft tissue mass in the third right ray (Fig. 1E). There was no de-
monstrable abnormal finding on feet radiographs. Radiographs 
of the lower extremities showed a leg length discrepancy with 
the right femur slightly longer than the left and a bowing in the 
left femur; disproportionate overgrowths of the tibiae to the fib-
ulae; and a superficial tortuous soft tissue density in her left calf, 
suggesting a vascular malformation (Fig. 1F, G). An unenhanced 
CT of the chest revealed small cystic changes in both lower 
lungs, with the right side more severe than the left as well as an 
asymmetrical fat deposition in the posterior chest wall (Fig. 
1H). An enhanced abdominal-pelvic CT revealed splenomegaly, 
increased retroperitoneal fat and asymmetric fat infiltrations in 
the paraspinal muscles (Fig. 1I, J). The brain MR imaging re-
vealed a slight enlargement of the right cerebral hemisphere with 
cortical thickening and a mainly in the parietal lobe diminished 
sulcation and an ipsilateral ventricular enlargement. These find-
ings were consistent with the diagnosis of a right-sided asym-
metric megalencephaly (Fig. 1K). 

DISCUSSION

PS is a rare congenital hamartomatous condition that produc-
es multifocal overgrowth of tissue derived from any of the three 
germinal layers (4). This disorder is characterized by progressive 
mosaic overgrowth of skin, bones, muscles, fatty tissues and 
blood and lymphatic vessels as well as by visceromegaly, lung 
cysts and a predisposition to pulmonary embolism. The most 
common causes of a premature death in Proteus syndrome are 
pulmonary embolism and respiratory failure. Predisposing fac-
tors for pulmonary embolism in these patients include vascular 
malformations, surgical convalescence and a very restricted mo-
bility in severe cases of Proteus syndrome (5). The syndrome is 
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Fig. 1. Proteus syndrome in a 14-year-old girl.
A-C. Whole spine anteroposterior (AP) (A), and cervicothoracic (B) and thoracolumar (C) spine lateral radiographs show asymmetric overgrowth 
of multiple vertebra with resultant scoliosis, lumbar hyperlordosis, and posterior scalloping of the thoracolumbar vertebral bodies (arrows). 
D. Skull AP radiograph shows multifocal calvarial thickening and the increased convolution. Overgrowths of the right sided mandible and cervical 
spines are also demonstrated. 
E. AP radiographs of right hand demonstrates uneven macrodactyly of the third and fourth right digits; clinodactyly of the second and fourth 
right digits; diffuse hypertrophy of the soft tissues with the associated hyperostosis (open arrow) and calcified soft tissue mass lesion (arrow) in 
the third right digit. 
F, G. AP radiograph of the lower extremity (F) shows asymmetric overgrowth of the right pelvic bone and femur, and bowing of the left femur, 
resulting in limb length discrepancy. AP radiograph of the left proximal tibia (G) shows the superficial serpentine soft tissue density in the left 
calf (arrows). 
H. Axial CT of the lower thorax demonstrates small cystic changes in the both lower lobes. 
I, J. Coronal (I) and axial (J) abdominal CT reveal marked splenomegaly, asymmetric fat infiltrations in the paraspinal muscles (arrows), and over-
growth of the thoracolumbar vertebra. 
K. Coronal T2-weighted images of the brain shows the right hemimegalencephaly with the cerebral cortical thickening (arrowheads) and the de-
creased sulcation, mainly in the right parietal lobe, and ipsilateral ventricular enlargement. Also, noted are mutifocal calvarial thickening and skull 
bossing (arrow).
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the absence of those signs (6, 7, 10). Epidermal nevus syndrome 
is a rare sporadic neurocutaneous disorder characterized by an 
epidermal nevus and cerebral anomalies. Central nervous sys-
tem anomalies are typically severe and ipsilateral to the nevus. 
The spectrum of central nervous system abnormalities includes 
those ranging from ventriculomegaly to severe migrational dis-
orders. No epidermal nevus was shown in the patient of the 
present case (10). Hemihyperplasia-multiple lipomatosis syn-
drome, a very rare sporadic disorder with mosaic distribution, is 
characterized by an asymmetric overgrowth over half of the body 
and multiple lipomata, resulting in an asymmetry between the 
right and the left body sides. Cutaneous capillary malformations 
may occur in some instances. Mild to moderate signs are present 
at birth. Progressive overgrowth is more marked in PS, whereas 
hemihyperplasia-multiple lipomatosis syndrome is relatively 
stable (10). 

 In conclusion, PS is a complex disorder with multisystem in-
volvement and great clinical variability. Diagnosis of this disease 
will depend entirely on the clinical and imaging features until a 
specific mutation is identified. Knowledge of the multiple highly 
characteristic radiologic manifestations of Proteus syndrome 
and an appropriate use of imaging modalities are therefore es-
sential for an accurate diagnosis of this condition. 
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김옥화

Proteus 증후군은 드문 선천성 과오종성 질환으로, 태생기 삼배엽으로부터 기원하는 모든 조직과 기관에 병발할 수 있으

며, 신체 일부의 과잉성장을 포함한 여러 가지 기형과 다양한 증상을 나타내는 복합성 질환이다. 저자는 14세 된 여아에서 

출생 후, 진행성 경과를 보였던 척추, 사지, 두개골, 외이, 대뇌, 비장의 불균형적인 과잉성장, 연부조직에 비대칭적 지방조

직의 침착, 폐의 낭성 변화, 좌측 하지의 혈관 기형과 길고, 비대칭적 얼굴을 보였던 전형적인 Proteus 증후군을 경험하였

기에, 진단에 필수적인 영상의학적 소견과 함께 이를 보고하고자 한다.
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