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Abstract
Introduction Encephalocraniocutaneous lipomatosis (ECCL) is a rare congenital syndrome with complex skin, eye, and cen-
tral nervous system (CNS) symptoms. Diagnosis and treatment are challenging due to its rarity and diverse manifestations. It 
often involves issues like porencephalic cysts, cortical atrophy, and low-grade gliomas in the CNS, resulting in developmental 
delays. The spinal cord is frequently affected, leading to problems like medullary compression and radiculopathy, causing 
back pain and sensory/motor deficits. Surgical interventions are reserved for symptomatic cases to address hydrocephalus 
or alleviate spinal lipomas. This article reviews a case series to assess surgical risks and neurological outcomes.
Case series We present a case series ECCL, focusing on the diffuse lipomatosis of the spinal cord and the intricate surgical 
procedures involved. A multi-stage surgical approach was adopted, with continuous neuromonitoring employed to safeguard 
motor pathways. We discuss clinical characteristics, imaging studies, and indications for neurosurgical interventions.
Discussion ECCL is a complex syndrome. Diagnosis is challenging and includes clinical evaluation, neuroimaging, and 
genetic testing. Treatment targets specific symptoms, often requiring surgery for issues like lipomas or cerebral cysts. Surgery 
involves laminectomies, spinal fusion, and motor pathway monitoring. Thorough follow-up is crucial due to potential CNS 
complications like low-grade gliomas. Hydrocephalus occurs in some cases, with endoscopic third ventriculostomy (ETV) 
preferred over ventriculoperitoneal shunt placement.
Conclusion Neurosurgery for ECCL is for symptomatic cases. ETV is preferred for hydrocephalus, while the treatment for 
lipoma is based on the presence of symptoms; the follow-up should assess growth and prevent deformities.

Keywords Encephalocraniocutaneous lipomatosis · Surgical decompression · Hydrocephalus · Case series

Introduction

Encephalocraniocutaneous lipomatosis (ECCL) is a rare 
congenital syndrome characterized by signs and symp-
toms involving the skin, eyes, and central nervous system 

(CNS) [1]. This disease, of unknown origin, poses a chal-
lenge both for diagnosis and treatment due to its rarity and 
the complexity of its manifestations [2]. Reported CNS 
manifestations include porencephalic cysts, cortical atro-
phy, and low-grade gliomas (LGG), which are consistently 
associated with developmental delay and mental retarda-
tion. Most problems focus on the spinal cord with diffuse The corresponding author accepts responsibility  for the integrity 

of the submitted work and attests that no undisclosed authors 
contributed to the manuscript. 
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lipomatosis. Specifically, clinical presentations can be 
compressive medullary or radiculopathy, resulting in con-
sequences such as back pain, radiculopathy, or motor or 
sensory deficits. Neurosurgical interventions are complex 
and reserved for symptomatic cases. In this article, we ana-
lyze our series and reviews to evaluate the risk of surgery 
and neurological outcomes.

Case series

We present a series of three patients with ECCL treated at 
our institute between 2008 and 2023 (Table 1).

Patient A had scoliosis and a congenital lipoma in the 
right eye. Magnetic resonance imaging (MRI) revealed 
obstructive hydrocephalus and a spinal lipoma extending 
into the cervical-dorsal region (Fig. 1A), leading to the 
development of spastic tetraparesis and neurogenic bladder. 
Consequently, the patient underwent ventriculocisternos-
tomy and later had two surgical procedures to remove the 
spinal lipoma. Following the surgical removal of the spinal 
lipoma, the patient developed kyphosis, requiring stabiliza-
tion with spinal fusion. During follow-up, the patient devel-
oped a diffuse low-grade glioneuronal neoplasm throughout 
the brain, ultimately resulting in death.

Patient B presented with scoliosis and psychomotor 
delay. MRI revealed a spinal lipoma extending into the 
bulbo-dorsal region, along with hydrobulbia and hydro-
myelia (Fig. 1B). Surgical treatment was performed in two 
stages. After the first debulking surgery, the patient devel-
oped obstructive hydrocephalus, necessitating external 
ventricular drainage. The follow-up was concluded due to 
the patient’s death.

Patient C presented with lower back pain, motor distur-
bances, pigmented skin lesions, and attention deficits. MRI 
showed a cervical-lumbar spinal lipoma associated with 
kyphosis (Fig. 1C). The patient underwent three-stage sur-
gical removal of the spinal lipoma, which included lami-
notomies and spinal stabilization. The patient’s follow-up is 
ongoing and has revealed an increase in kyphosis, requiring 
the use of a brace and rehabilitative therapy.

In all patients, surgical treatment was performed using 
a multi-step approach to better control the sequelae. Con-
tinuous neuromonitoring was applied during surgical proce-
dures, including electroencephalogram (EEG), electromyo-
gram (EMG), somatosensory evoked potentials (SSEPs), 
and motor evoked potentials (MEPs). Neuronal integrity 
was assessed through wake-up tests during surgery. This 
strategy was particularly crucial in the case of Patient C, as 
a loss of motor potentials in the lower limbs was detected 
during surgery (Fig. 2), allowing for immediate resolution 
of the complication.

Discussion

ECCL is a multisystemic syndrome that involves three 
main components: cutaneous involvement is often one of 
the most apparent signs with various skin defects, including 
superficial lipomas, pigmented skin lesions, and facial angi-
ofibromas [3, 4]. Central nervous system (CNS) involve-
ment is the most severe component and the most impor-
tant prognostic factor [5]. The distribution of lipomas is 
often widespread along the spinal cord, typically remaining 
stable throughout a patient’s life. Diagnosing ECCL can 
be challenging due to its clinical variability and similar-
ity to other neurocutaneous diseases. Typically, it is made 
through a detailed clinical evaluation, neuroimaging stud-
ies, and sometimes genetic tests to identify specific genetic 
mutations associated [6]. ECCL is primarily associated with 
mosaic mutations in the FGFR1 gene as revealed by exome 
sequencing. The connection between mosaic mutations 
and developmental pathologies, with potential overlap in 
tumorigenesis-related signaling pathways like RAS-MAPK, 
is highlighted. However, not all ECCL cases are linked to 
identifiable FGFR1 mutations, suggesting the possibility 
of other genetic factors or mechanisms at play [4, 7, 8]. 
The treatment of ECCL is complex and aimed at managing 
the specific manifestations of the disease. In symptomatic 
cases, surgical removal may be necessary [9]. In particu-
lar, in patient with joint cervicomedullary involvement, 
posterior fossa craniectomy with cervical laminectomies 
is reserved for sleep apnea and upper deficits. Extensive 
laminectomy can lead to progressive kyphosis, necessitating 
consideration of surgical atlantoaxial transarticular screw 
fixation. In pre-operative scoliosis cases where debulking 
occurs in multiple steps, a complete posterior arthrodesis 
is indicated. Authors recommend subpial excision of lipo-
mas, although intramedullary invasiveness may prevent 
complete removal [10]. Motor evoked potentials monitor-
ing provides real-time feedback on the integrity of motor 
pathways, reducing the risk of neurological injury. Another 
reason for rigorous follow-up is that CNS malformations 
may increase morbidity and mortality [11]. We analyzed 
clinical cases of ECCL with spinal cord lipoma described 
in the literature (Table 2), and we found descriptions of 7 
cases of ECCL with spinal cord lipoma. The extent of the 
lipoma ranged from involvement of only the dorsal portion 
to the entire spinal cord. Four patients underwent a surgical 
laminectomy with resection of the spinal lipoma [5, 10, 12, 
13], but only one case was the procedure performed in two 
stages [10]. Of the cases described in the literature, only 
two presented obstructive hydrocephalus [10, 14], and in 
both cases, the patients underwent surgical treatment. In 
one case, an endoscopic third ventriculostomy (ETV) was 
performed [10], while in the other, a ventriculo-peritoneal 
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Fig. 1  Patient A: (A1) Pre-operative X-ray of the spinal column dem-
onstrates scoliosis in the thoracic and lumbar spine. (A2–A3) Sag-
ittal T1WI image shows a high signal intensity intradural lesion on 
the dorsal surface of the cervico-thoracic cord. (A4–A5) Sagittal and 
axial T2W show a diffuse thalamo-mesencephalic glioma with micro-
cysts and a cerebrospinal fluid-like density in FLAIR sequences. 
(A6) Sagittal T2W image shows signal flux in ETV (endoscopic third 
ventriculostomy). (A7–A8) Posterior arthrodesis and instrumenta-
tion using DePuy Synthes EXPEDIUM 5.5 Titanium with polyaxial 
screws and hooks completed with a cross-connector system. (A9) 
Progression of gliomas involving the temporo-parietal lobes. Patient 
B: (B1) T2WI sagittal MR at presentation shows an extensive med-
ullary bulbo-cervico-dorsal lipoma with compressive effects. (B2) 
T2WI sagittal MR results after decompressive suboccipital craniot-
omy with cervical laminectomy and debulking of the lipoma at the 

bulbo-medullary junction, associated with a patch graft. (B3) T2WI 
sagittal MR image shows 7 months after the second step postopera-
tive decompression of the dorsal parts of the lipoma. (B4–B5) Sur-
gical views of the lipoma pre- and post-debulking. Patient C: (C1) 
Pre-operative X-ray (lateral view) shows cervico-dorsal kyphosis. 
(C2) Sagittal T2W reveals polilobulated lipomas extending between 
D1 and L1, adhering to the posterior surface of the spinal cord. The 
spinal cord appears displaced anteriorly in the dorsal tract and mark-
edly thinned due to compression at multiple points, especially at the 
C7 level and in the D3-D10 tract. The spinal canal exhibits a bone 
remodeling phenomenon of the posterior dorsal neural arches. (C3) 
Sagittal T2W displays post-operative partial removal of intradural 
cervical and dorsal lipomas, demonstrating slightly reduced thick-
ness. (C4) Partial cervico-dorsal fixation with growing rods con-
nected only to lumbar pedicle screws on the left
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shunt (VPS) was placed [14]. In fact, ventriculomegaly 
and macrocephaly are common findings in ECCL patients, 
but not all of them develop hydrocephalus. Hydrocephalus 

was diagnosed in approximately one-third of patients with 
ECCL, and ETV should be considered as the first option 
instead of VPS placement.

Fig. 2  Intraoperative neurophysiology of Patient C: The figure illus-
trates transcranial motor evoked potentials (TcMEPs) recorded 
before, during, and at the end (panels from left to right) of the three 
surgeries (A, B, C) for Patient C. The thick red lines represent the 
baseline signal. A Debulking of the rostral part of the lipoma resulted 
in a transient reduction in the amplitude of TcMEPs recorded at the 
left TA muscle (middle panel). TcMEPs returned to baseline by the 
end of the surgery (right panel). B Debulking of the caudal part of 
the lipoma caused a widespread loss of TcMEPs following durectomy 
(middle panel). TcMEPs gradually recovered over time, and no sig-

nificant changes were observed compared to baseline at the end of 
the surgery (right panel). C Placement of growing rods resulted in a 
widespread loss of TcMEPs (except for bilateral ABPs) following the 
rods correction procedure (middle panel). TcMEPs improved after 
the release of the correction (right panel), with the rods ultimately 
connected only to lumbar pedicle screws on the left. Abbreviations: 
AH abductor halluces, TA tibialis anterior, ABD abdominal, INTER-
COST intercostal, ABP abductor pollicis brevis, EXT extensor digito-
rum communis brevis, QUAD quadriceps, GASTRO gastrocnemius, 
SPHINCT anal sphincter
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Conclusion

Early identification of ECCL is crucial for accurate diagno-
sis, effective symptomatic management, and better patient 
care, ultimately improving the quality of life for affected 
individuals [4]. In terms of treatment, the approach varies. In 
cases of associated hydrocephalus, ETV is usually preferred 
to alleviate intracranial pressure. The surgical approach for 
spinal cord lipomas is recommended in symptomatic cases 
and involves the removal of the lipoma, sometimes in mul-
tiple stages, to preserve nerve function. In our experience, 
we believe it is appropriate to perform surgical procedures 
in symptomatic cases, and we consider follow-up crucial not 
only to assess the growth of lipomatous lesions but also to 
prevent vertebral deformities; specifically, we anticipate cer-
vical stabilization to prevent the development of kyphosis.
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