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Abstract 

Background Segmental overgrowth, lipomatosis, arteriovenous malformation, and epidermal nevus (SOLAMEN) 
syndrome is a segmental overgrowth syndrome that is part of Cowden’s Syndrome, a subset of the PTEN hamartoma 
tumor syndrome cluster. Due to SOLAMEN disease’s rarity, clinical suspicion should arise if multiple small nonspecific 
variably low-attenuated nodular lesions in the back, shoulders, and upper arms are present on CT, which are asso-
ciated with mucocutaneous lesions. We present a rare case of SOLAMEN syndrome with widespread lipomatous 
growth, greater than reported in literature, with confirmed PTEN genetic testing.

Case presentation We describe a case of a 2-year-old boy with a slowly growing left neck mass since birth. Physi-
cal exam revealed macrocephaly and epidermal nevi on left axilla, arm, and fingers, appearing as pink verrucous 
and has visible veins on chest wall/abdomen. CT and MRI imaging showed a lipomatous hibernoma extending 
from the leftward neck to the abdominal cavity, encasing vascular structures form the left carotid and subclavian 
arteries to the diaphragmatic hiatus, in addition to the spleen and kidney. Biopsy of the left shoulder revealed hiber-
noma, a fatty neoplasm of benign brown fat. Patient had a resection of his left shoulder hibernoma and is currently 
asymptomatic, undergoing surveillance.

Conclusion Due to SOMAMEN syndrome’s rarity, clinical suspicion should arise if a patient presents with multiple 
small-nonspecific variably low-attenuated nodular lesions on CT and mucocutaneous lesions. Ongoing monitoring 
should be done as there is an increased risk of cancer.
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Background
Segmental overgrowth, lipomatosis, arteriovenous mal-
formation, and epidermal nevus (SOLAMEN) syndrome 
is a segmental overgrowth syndrome that is part of 
Cowden’s Syndrome, a subset of the PTEN hamartoma 
tumor syndrome cluster (PHTS) [1]. SOLAMEN syn-
drome is a segmental overgrowth syndrome that is part 
of Cowden’s Syndrome, a subset of the PTEN hamartoma 

tumor syndrome cluster (PHTS). PHTS is a rare genetic 
disorder caused by a phosphatase and tensin homolog 
(PTEN) gene mutation; when this tumor suppressor gene 
is mutated, overgrowth of tissues is observed. PTEN 
mutations are estimated to affect 1:200,000 people [2]. 
There have been very few cases described in literature, 
as such potential for underreporting of this disease as the 
criteria are extensive.

Due to Cowden disease’s rarity, if multiple small non-
specific variably low-attenuated nodular lesions in the 
back, shoulders, and upper arms are present on CT, as 
these are associated with mucocutaneous lesions. This 
multisystemic disease is associated with Lhermitte-
Duclose disease and hamartomas of the GI, breast, thy-
roid, and testicles [2]. In our case report, we present 
a pediatric patient with macrocephaly and significant 
widespread enlarged extracerebral hamartomas at a 
young age, unreported in literature.
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Case presentation
We report a 2-year-old boy presented with a slowly grow-
ing neck mass since birth (Fig. 1). Prenatally, a mass on 
his shoulder and spine were noted on ultrasound, but 
no external lesion was present on birth. The mother’s 
pregnancy and delivery were uneventful. A cesarean sec-
tion was performed due to the patient’s macrocephaly 
at 37  weeks, 1  day. He presented with a left neck mass 
at 1  month of age that has continued to grow. Patient 
has experienced no symptoms from the mass on his left 
shoulder. Family history contributory for lipomas in both 
grandmothers. Physical exam revealed epidermal nevi 
on left axilla, arm, and fingers, appearing as pink verru-
cous and has visible veins on chest wall/abdomen. Mac-
rocephaly is noted at the 99th percentile (z = 6.11), but 
parents also had large head sizes. He also had minor leg 
length discrepancy. Patient had been meeting all neuro-
logical milestones.

Intracranial ultrasound at 7  months showed mild 
prominence of the extra-axial space benign enlargement 
of subarachnoid space (BESS). MRI of the left neck and 
shoulder at 2.5  years showed a lipomatous mass with 
thin septations and vascular areas that include the left 
shoulder and extends into the left chest cavity, axilla, 
and around main vessels of the heart, spleen, and kidney 
(Figs. 2, 3). At the same time CT of the neck, chest, abdo-
men, and pelvis revealed a fat attenuating mass extending 
from leftward neck, mediastinum to the abdominal cav-
ity, encasing the left carotid and subclavian arteries, and 

encasing the diaphragmatic hiatus (Figs. 5, 6, 7). MRI of 
the abdomen showed asymmetrical enlargement of the 
left anterior abdominal extraperitoneal fat with thin sep-
tations (Fig. 4).

Given the concern for lipoblastoma, a biopsy was done 
on the patient. The pathology reported a gross pathology 
of irregular, ragged piece of pale-yellow, fleshy to fatty 
soft tissue, and a histological exam showed a mixture of 
mature fat and multivacuolated brown fat (Fig. 5). There 
was no myxoid tissue to suggest liposarcoma. Final diag-
nosis was hibernoma, a fatty neoplasm of benign brown 
fat. Patient was heterozygous for a pathological variant 
of PTEN of a codon deletion, patient was also hemizy-
gous for a variant in the OFD1 gene, unrelated to PTEN 
hamartoma syndrome.

The patient underwent surgery to excise a large neck 
mass on the left side; patient has recovered well (Fig. 6). 
The patient will be subject to ongoing follow-up.

Discussion
The clinical diagnosis of Cowden syndrome encom-
passes three types of criteria. Pathognomonic signs for 
Cowden syndrome include dysplastic gangliocytoma 
of the cerebellum and mucocutaneous lesions, such as 
trichilemmomas, acral keratosis, mucocutaneous neu-
romas or oral papillomas. Major signs include breast 
cancer, thyroid cancer, macrocephaly, and endometrial 
carcinoma. Minor signs include thyroid lesions, neuro-
divergence, hamartomas, intestinal polyps, and breast 

Fig. 1 Picture of the child prior to hibernoma resection
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fibrocystic disease. When a patient meets one of the 
pathognomonic criteria, two or more major criteria, 
one major and three minor criteria, or four or more 
minor criteria, a clinical diagnosis is made [2].

Macrocephaly and one of the following secondary cri-
teria are required for the diagnosis of PHTS syndrome 
in children: neurodivergence; dermatological features 
like lipomas, oral papillomas, trichilemmomas, and 
penile freckling; endothelial lesions like vascular mal-
formations or hemangiomas; gastrointestinal polyps; or 
pediatric-onset thyroid cancer or germ cell tumors [3].

One major criterion (macrocephaly) and one minor 
criterion (lipomas) of Cowden Disease was found in our 
patient. The criteria for pediatric PHTS diagnosis were 
met by our patient, as evidenced by the presence of mac-
rocephaly and the occurrence of lipomatous growth. In 
addition, our patient has a molecular genetic diagnosis 
of PTEN due to his heterozygous germline pathogenic 
variant. What makes this an atypical Cowden syndrome 
case is that the patient has a limb-length discrepancy 
and linear epidermal nevus. In addition, patients do not 
usually present with such large lipomatous overgrowth, 

Fig. 2 a Coronal T1 MRI Neck with contrast shows a large lobulated fat containing mass in the leftward neck extending into the mediastinum, 
subscapular region, and axilla. b Axial T1 MRI Neck with contrast shows a large lobulated fat containing mass in the leftward neck extending 
into the mediastinum, subscapular region, and axilla. c Axial T1 MRI Neck with contrast shows a large lobulated fat containing mass in the leftward 
neck extending into the mediastinum (white arrow), subscapular region, and axilla
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even in the setting of Cowden syndrome. Our patient’s 
lipomatous overgrowth/hibernoma is more significant 
than is commonly reported in PTEN related conditions 
with one germline mutation. However, this patient has 
multiple lipomatous masses present throughout the rest 
of the body, which along with genetic testing, suggests 
the diagnosis of SOLAMEN syndrome. The differential 
includes lipoblastoma, sarcoma, or lymphoma, atypi-
cal lipoma, lymphangioma, and other PTEN hamarto-
mas syndromes, namely CLOVES syndrome, Proteus 
syndrome.

Cowden syndrome, a genetic disorder characterized by 
the development of hamartomas (benign growths) and 
an increased risk of cancer, can be inherited in an autoso-
mal dominant manner or caused by a de novo (new) ger-
mline mutation in the PTEN gene. About 45% of Cowden 
syndrome cases are due to de novo mutations. The PTEN 
gene, located on chromosome 10, is a tumor suppres-
sor gene that plays a crucial role in controlling cell divi-
sion and growth. It also inhibits the PI3K/AKT/mTOR 
signaling pathway, which is involved in cell growth, glu-
cose metabolism, and protein synthesis. PTEN protein 
is found in many tissues, including the nervous system, 
endocrine system, reproductive system, cardiovascular 
system, immune system, and epithelial tissues. The “two-
hit hypothesis” proposes that the loss of both copies of 
the PTEN gene is necessary for tumor formation. The 
first hit may occur in the germline (reproductive cells), 

leading to Cowden syndrome. The second hit may occur 
in a somatic cell (any cell other than a reproductive cell), 
leading to cancer. PTEN mutations are associated with an 
increased risk of several types of cancer, including endo-
metrial cancer, thyroid cancer, breast cancer, and colo-
rectal cancer [3].

Fat content within these lesions may be confirmed on 
MRI by visualizing signal-intensity loss after fat-satura-
tion techniques [4]. Cowden Syndrome can be detected 
in the GI system through conventional radiography, 
revealing a radiolucent mass without mineralization. 
Ultrasound imaging demonstrates a well-defined hyper-
echoic mass with clear boundaries, while Doppler imag-
ing may reveal increased vascularity. CT and MR imaging 
reveal well-defined heterogeneous vascular lesions in 
various locations: intermuscular, intramuscular, subcuta-
neous, or retroperitoneal [5]. A distinguishing character-
istic of Cowden Syndrome on CT scans is the presence of 
prominent branching and serpentine high-flow and low-
flow vascular structures exhibiting contrast enhancement 
and low signal intensity across all MR pulse sequences. 
Although these features may suggest a well-differentiated 
liposarcoma, such distinct vascularity is not observed in 
liposarcoma cases. These lesions are hamartomas, lipo-
mas, or fibromas. Cowden Syndrome’s tissue appears 
similar to fat yet displays branching vascular structures 
or high-water contrast [2].

Neurologically, individuals with Cowden Disease pre-
sent specific features, notably Lhermitte–Duclos Disease, 
characterized by the presence of a benign gangliocytoma 
located in the cerebellum. This condition is distinguish-
able through MRI scans, showcasing a high T2 signal 
and a low T1 lesion that does not enhance with contrast. 
Furthermore, a distinctive tiger-stripe pattern consist-
ing of hypoattenuating and hyperattenuating bands can 
be observed. Additionally, enlarged perivascular spaces, 
also referred to as Virchow–Robin spaces, which extend 
from the pia mater into the arteries, along with height-
ened white matter hypointensities, contribute to the neu-
rological profile of Cowden Disease [2].

Characterization of PTEN syndromes determine man-
agement. Given the rareness of the disease and the wide 
spectrum of possible PTEN findings. Further genetic 
sequencing is recommended and continued surveillance 
of various conditions is recommended. The prevalent 
neck masses recommended treatment involves complete 
surgical resection, and the prognosis is generally favora-
ble due to the benign nature of the tumor. Resection is 
used to treat hamartomas. mTor inhibitors such as siroli-
mus and everolimus have been shown in clinical trials to 
be useful to treat symptoms [6].

Fig. 3 This T1 Coronal MRI displays crescentic lobulated 
asymmetrical enlargement of the left extraperitoneal intra-abdominal 
fat with thin septations when compared to the right abdominal wall 
directly deep to the lateral abdominal musculature
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SOLAMEN syndrome is the germline mutation of 
PTEN, as such cancer surveillance is recommended due 
to the high risk of breast, thyroid, kidney, and endome-
trial cancer. Cancer surveillance guidelines for individu-
als with PTEN hamartoma syndrome should be screened 
annually for a skin and thyroid. Thyroid ultrasound 
should start at 18 and be offered annually Renal ultra-
sound should be offered at 40 and every 2  years. Colo-
noscopy should be started at 35–40 and surveillance 
adjusted from then. In addition, women should receive 
an annual MRI breast cancer screening starting at 30. 
Genetic testing and screening of their family members 
should be recommended [7].

Conclusions
In conclusion, we report a rare case of SOLAMEN show-
ing rapid growth despite a young age. A diagnosis of 
exclusion, this multisystemic disease is associated with 
Lhermitte-Duclos disease and hamartomas of the GI, 
breast, thyroid, and testicles. Due to SOMAMEN syn-
drome’s rarity, clinical suspicion should arise if multi-
ple small nonspecific variably low-attenuated nodular 
lesions in the back, shoulders, and upper arms are pre-
sent on CT, which are associated with mucocutaneous 
lesions. Ongoing monitoring should be done as there is 
an increased risk of cancer.

Fig. 4 a Coronal CT Neck presents with large lobulated fat attenuating mass in the left neck extending into the left axilla, left superior mediastinum 
and left heart border (white arrow). b CT Coronal of the Chest/Abdomen presents with a fat attenuating mass extending from the left heart border 
to the abdominal cavity (white arrow). c CT Axial of the Neck presents with a fat attenuating mass characterized above extending from leftward 
neck mediastinum encasing the left carotid and subclavian arteries. d CT Axial of the Chest presents with a fat attenuating mass with encasement 
of the aorta by the mass at the diaphragmatic hiatus
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SOLAMEN  Segmental overgrowth, lipomatosis, arteriovenous malfor-

mation, and epidermal nevus
PTEN  Phosphatase and tensin homolog
CT  Computed tomography
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PHTS  PTEN hamartoma tumor syndrome
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PI3K/AKT/mTOR  Phosphoinositide 3-kinase/protein kinase B/mammalian 

target of rapamycin
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Fig. 6 Picture of the child post hibernoma resection
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