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INTRODUCTION

Omphalocele-exstrophy-imperforate anus-spinal defects (OEIS) complex is a combination of 
defects comprising an omphalocele, exstrophy of the cloaca (cloacal exstrophy; CE), imperforate 

ABSTRACT
Background: Omphalocele-exstrophy-imperforate anus-spinal defects (OEIS) complex is a rare, life-threatening 
congenital malformation primarily treated with abdominogenital repair. e optimal indication and timing of 
neurosurgical interventions for the associated spinal cord lesions remains insufficiently studied. We reviewed 
spinal dysraphism in OEIS to evaluate the best timing for neurosurgical intervention.

Methods: We retrospectively reviewed 10 patients with OEIS, analyzing their clinical and imaging data, as well as 
surgical and pathological findings.

Results: Terminal myelocystocele (TMCC) and spinal lipomas were observed in 5 patients each. Of the spinal 
lipomas, one had a single filar lipoma, while four had double lipomas (3 caudal and dorsal; 1 filar and dorsal). 
TMCC manifested with severe lower limb motor dysfunction in addition to abdominogenital disorder at birth, 
with the cyst-induced lumbosacral mass increasing over time. Spinal lipomas were less symptomatic except for 
abdominogenital issues and demonstrated minimal growth of the intraspinal lipoma over time. Untethering 
surgery was performed in 8 patients (5 TMCC; 3 spinal lipomas) at a median age of 3 (range, 2–10) months for 
TMCC and 6 (range, 2–14) months for spinal lipomas. One TMCC patient (surgery at 10 months) experienced 
postoperative cerebrospinal fluid leakage, necessitating three reoperations.

Conclusion: Magnetic resonance imaging is essential to diagnose spinal cord malformations accurately. e 
necessity and timing of surgical intervention differ between TMCC and spinal lipomas. Since TMCC lesions tend 
to enlarge, surgery should be performed as soon as the patient’s abdominogenital condition stabilizes. For spinal 
lipomas, surgery should be considered carefully based on the patient’s neurological condition.
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anus, and spinal defects.[5] OEIS complex considered the 
most severe form, has been utilized synonymously with CE, 
representing the same congenital anomaly.[6]

Omphalocele, CE, and imperforate anus are life-
threatening conditions that necessitate urgent intervention 
by pediatric surgeons.[7,30] e most prevalent pathological 
condition of spinal dysraphism associated with the OEIS 
complex is occult spinal dysraphism, a deformity that 
is covered with normal skin. As such, neurosurgical 
intervention is typically deferred until recuperation 
from abdominogenital repair. Regarding occult spinal 
dysraphism, although terminal myelocystocele (TMCC) 
was previously reported as the most common,[7] recent 
studies indicate that spinal lipomas, such as the caudal 
or filar type, are also present.[15] However, the optimal 
indications and timing of neurosurgical intervention for 
such occult spinal dysraphism have been infrequently 
reported due to its rarity.[12,14]

We have previously reported spinal dysraphism in five 
patients with OEIS complex.[22,28,35] With the addition of five 
patients, we now summarize data from ten patients with 
OEIS complex and retrospectively evaluate the indications 
and timing of neurosurgical intervention by reviewing the 
clinical, neuroradiological, and histopathological findings.

MATERIALS AND METHODS

In this retrospective study, 10  patients treated at our 
institutions from 1995 to 2023 were examined, including 
five previously reported patients with OEIS complex[22,28,35] 
and five newly treated patients. Sex was comprehensively 
evaluated based on external genitalia, magnetic resonance 
imaging (MRI) of internal organs, and sex chromosome 
testing.

e diagnosis and classification of spinal dysraphism 
were based on an MRI performed after birth and the 
histopathological findings of the resected tethered cord 
region. e morphological classification of spinal lipomas 
was based on Arai’s classification.[2]

Routine MRI sequences included three-dimensional heavily 
T2-weighted imaging (3D-hT2WI) and 3D-T1-weighted 
imaging (3-mm slice thickness) of the whole spine in 
the sagittal plane, with axial sections through the region 
of interest. Additional sequences, including thin-slice 
reconstructed sagittal views of 3D-hT2WI, were performed 
as previously described.[10,11,23]

Intraoperative neurophysiological monitoring was performed 
as previously described.[22,23,28] Surgical specimens were 
stained using hematoxylin and eosin and immunostained for 
glial fibrillary acidic protein (GFAP) and S-100 protein in five 
patients (Patients 4–8) who recently underwent surgery.

RESULTS

Patient details

All 10  patients underwent surgical reconstruction to repair 
an ileostomy or colostomy, as well as enclosure and reduction 
of the omphalocele, urinary bladder, and urethra, performed 
by pediatric surgeons 0–5  days after birth. Postnatal MRI 
findings indicated that all patients exhibited occult spinal 
dysraphism with a tethered cord. No Chiari malformation 
or hydrocephalus was observed. Five patients presented 
with TMCC, while the remaining five possessed spinal 
lipomas. e clinical, neuroimaging, and histopathological 
findings are described below and summarized in Table 1 and 
categorized into two groups: TMCC and spinal lipoma.

TMCC

e details of four of the five patients with TMCC (Patients 1–4) 
were previously reported[22,28], and the findings are concisely 
described herein. Patients 1–3 correspond to those in reference 
22. e spinal deformity of Patient 1 in reference 22 was initially 
described as closed myelomeningocele (MMC); however, 
subsequent investigations led to a revised diagnosis of TMCC. All 
patients with TMCC presented with lumbosacral cystic lesions 
containing cerebrospinal fluid (CSF). Neurological findings 
revealed that all patients with TMCC, with one exception, 
exhibited lower limb paraparesis in addition to abdominogenital 
issues. All patients demonstrated typical MRI findings of TMCC, 
characterized by cystic dilatation of the terminal spinal cord in 
the shape of a trumpet (myelocystocele), with a neural placode 
at its base that communicated with the rostral dilated central 
canal [Figures  1a and b]. Untethering surgery was performed 
in all five patients with TMCC, with a median age at surgery 
of 3 (range: 2–10) months. During the surgical procedure, the 
neural placode with a dilated central canal was untethered from 
the nonfunctional portion of the cyst wall. Histopathological 
examination of Patients 4 and 5 revealed that the inner wall 
of the myelocystocele sac was lined with an ependymal layer, 
surrounded by GFAP-immunopositive neuroglial tissues, and 
the lesion was histologically confirmed as TMCC.

In four patients (Patients 1–4), the CSF-filled cystic lesions 
significantly enlarged (more than doubled in size) during the 
waiting period for untethering surgery. In Patient 5, a case 
of relatively mild cyst enlargement during a brief period 
of 1.5  months is depicted in Figures  1c and d. is patient 
exhibited no neurological deterioration either before or 
after surgery. Similarly, all four patients with substantial cyst 
enlargement exhibited severe congenital dysfunction of the 
lower limbs but showed no neurological deterioration before 
or after surgery. In Patient 4, untethering surgery was delayed 
until 10  months due to abdominal conditions. During this 
period, the cyst continued to enlarge, necessitating three 
repair surgeries for postoperative CSF leakage.[28]
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Table 1: Clinical profile of the patients with OEIS complex.

Lumbo-
sacral  
mass

Neurological deficit 
in addition to 
abdominogenital 
findings

Diagnosis 
of spinal 
dysraphism 

Syrinx Age at 
untethering 

surgery 
(months)

Enlargement of 
lumbosacral mass
(from at birth till 
surgery)

Neurological 
deterioration at 
surgery

Type of 
neurulation 
failure

Reference

Yes Paraparesis TMCC No 2 Markedly (5×3 × 
3→16×7 × 9 )

No Secondary 22

Yes Paraparesis TMCC No 3 Markedly (6×3 × 
3→23×17×9 )

No Secondary 22

Yes Paraparesis TMCC Yes 6 Markedly (5×3 × 
5→16×7 × 9)

No Secondary 22

Yes Paraparesis TMCC No 10 Markedly (4×3 × 
1.5→11×11×5)

No Secondary 28

Yes None TMCC Yes 1.5 Mildly (6×6 × 
1.5→7×(×2)

No Secondary -

No None Double lipomas 
(dorsal, filar)

No 14 - Ankle weakness Primary and 
secondary 

35

No None Double lipomas 
(dorsal, caudal )

No 3 - No Primary and 
secondary 

-

Yes None Double lipomas 
(dorsal, caudal)

Yes 6 Mildly (3×3 × 0.5→4 
× 4×1)
No enlargement of 
spinal lipoma or syrinx

No Primary and 
secondary

-

No Paraplegia
Severe deformity of 
bilateral lower limbs

Double lipomas 
(dorsal, caudal)

Yes - - - Primary and 
secondary 

-

No None Single lipoma 
(filar)

No - - - Secondary -

TMCC: Terminal myelocystcele, OEIS: Omphalocele-exstrophy-imperforate anus-spinal defects

Spinal lipoma

Four out of five patients had double lipomas: three patients 
(Patients 7–9) possessed caudal and dorsal lipomas, while 
one patient (Patient 6) had filar and dorsal lipomas. Only 
Patient 10 had a single filar lipoma. e details of Patient 6 
were previously reported.[35] No patients had a subcutaneous 
mass in the lumbosacral region at birth, except for Patient 8.

ree patients with double lipomas (Patients 6–8) underwent 
untethering surgery. ey all exhibited no neurological 
symptoms at birth. MRI findings for each patient revealed a 
low-lying conus medullaris tethered by a terminal lesion, in 
addition to a dorsal-type lipoma, indicating the presence of two 
tethering lesions [Figures 2 and 3]. erefore, we considered the 
risk of lower limb function deterioration high, and prophylactic 
surgery was deemed beneficial. e median age at surgery was 
6 months (range: 3–14 months). Except for Patient 6, none of 
the patients experienced neurological deterioration before or 
after surgery. Patient 6, who underwent surgery at 14 months 
old, presented with mild ankle weakness at the time of surgery. 
ere was no enlargement of the intraspinal lipoma or syrinx 
before untethering surgery in any of the patients, although 
the subcutaneous mass in Patient 8 slightly increased in size. 
Because the initial MRI of Patient 7 was performed 2 months 

after birth due to the absence of a lumbosacral mass coupled 
with no apparent neurological symptoms, untethering surgery 
was performed shortly after diagnosis, and there was no 
information regarding changes in the intraspinal lesions.

Detailed histopathological examination of the cord-like 
structure (C-LS) connected caudally to the conus medullaris 
in Patients 7 and 8 revealed features of a retained medullary 
cord (RMC), as well as adipose tissue. is included a 
central canal-like ependyma-lined lumen surrounded by 
neuroglial tissue [Figures 2 and 3]. In conjunction with the 
neuroimaging findings and the presence of an intraoperative 
electrophysiological border at the C-LS, we ultimately 
diagnosed caudal lipomas with RMC components, in 
addition to dorsal-type lipomas, in Patients 7 and 8.

Two patients (Patients 9 and 10) received conservative 
treatment. Patient 9, who presented with caudal and dorsal 
lipomas, exhibited severe congenital deformities and 
paraplegia of the bilateral lower limbs, necessitating bilateral 
femoral amputation by pediatric orthopedic surgeons. Due to 
the patient’s extremely severe bladder and rectal dysfunction 
at birth, it was decided that untethering surgery was not 
indicated, given the low risk of further worsening of tethering 
cord symptoms. e subcutaneous mass in the lumbosacral 
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region appeared slowly and demonstrated a gradual increase 
in size over 5  years; however, there was no worsening of 
symptoms or enlargement of the intraspinal lipoma or syrinx 
[Figure  4]. Patient 10, who presented with a single filar 
lipoma with the conus medullaris located around the L2–L3 
level and exhibited no neurological symptoms at birth, has 
demonstrated no worsening of symptoms over 20 years.

DISCUSSION

Anorectal/sacral or urogenital anomalies are sometimes 
associated with spinal lipomas due to the overlapping timelines 
of the embryonic development periods of the cloaca and 
secondary neural tube formation (postovulatory 4–6  weeks 
and 4–7  weeks, respectively).[14,19,20] Although the precise 
embryopathogenesis of CE has not been fully elucidated, one 
hypothesis suggests that CE may develop from an early rupture 

of the cloacal membrane before 8  weeks of gestation;[1,7,20] 
while another hypothesis proposes that the failure of 
mesodermal migration leads to unfused inferior abdominal 
muscles, resulting in the development of CE after 7 weeks of 
gestation.[20,27] e embryopathogenesis of TMCC is considered 
to be a retained “terminal balloon” attached to the skin, which 
normally regresses but can persist due to late arrest of the 
secondary neurulation before the degenerative phase.[20,31] Given 
the overlap in developmental periods, it is understandable that 
TMCC is commonly reported as a type of spinal dysraphism 
associated with CE. Cohen et al. proposed an explanation for 
the association of CE and TMCC by hypothesizing that an 
injury to the notochord, due to being pulled by CE during the 
2nd  month of development, could interrupt the retrogressive 
differentiation of the secondary neural tube.[7]

Considering that secondary neurulation failure is also related 
to the development of filar and caudal lipomas, as well as 
RMC,[24,26,32] the observation that half of the patients with spinal 
dysraphism in the present study are patients with OEIS complex 
comprising caudal and filar lipomas is substantiated. Notably, 
most patients with spinal lipomas in this study presented with 
double lipomas. In cases of spinal lipoma, double lipomas are 
not common.[36] e combinations of double lipomas were 
caudal and dorsal or filar and dorsal, indicating that they were 
derived from both primary and secondary neurulation failure. 
is finding is consistent with a recent report by Kumar et al., 
which revealed that among 34 patients with CE, 20 possessed 
spinal lipomas, half of which were double lipomas, derived 
from both primary and secondary neurulation failure in eight 
patients.[15] Several studies suggest that the developmental period 
of CE does not overlap with that of the secondary neurulation as 
previously believed but is rather a manifestation of disturbances 
in morphogenesis occurring as early as blastogenesis.[17,34] If the 
spinal lipomas associated with CE are characterized as double 
lipomas caused by both primary and secondary neurulation 
failure,[9,15,25,26] it may support this earlier disorder.

On the other hand, despite being the same primary 
neurulation failure, there have been no reports accurately 
describing spinal lesions associated with CE as open spinal 
dysraphism, including MMC that required emergency surgery 
[3,38], nor was this observed in our series. Although both are 
caused by primary neurulation failure, the reason why MMC 
does not occur and is associated with CE, unlike dorsal 
lipoma, remains unclear. One possible explanation could be 
that the timing of CE development may be related to a specific 
narrow period, such as near the end of primary neurulation, 
between the formation periods of MMC and dorsal lipoma.[29]

Optimal indication and timing for neurosurgical 
intervention in TMCC and spinal lipomas

We posit that the optimal indication and timing for 
neurosurgical intervention are dependent on whether the 

Figure 1: Patient 5. (a and b) Sagittal images of 
3D-hT2WI obtained at 7 days (a) and 1.5 months 
(b) after birth reveal a low-lying hydromyelic 
cord extruding into the extraspinal space with 
a trumpet-shaped cystic cavity (myelocystocele; 
asterisk). Note the enlargement of the cystic 
cavity containing CSF during the 1.5-month 
interval (asterisk). (c, d) Photographs of the 
lumbosacral mass at 7 days (c) and 1.5 months 
(d) show a slight enlargement of the mass. (6 
× 6 × 1.5  cm, and 7 × 6 × 2  cm, respectively). 
3D-hT2WI: ree-dimensional heavily T2-
weighted images, CSF: Cerebrospinal fluid.
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diagnosis is TMCC or spinal lipomas. is is because TMCC 
is likely to cause more severe motor dysfunction in the lower 

limbs in addition to abdominogenital disorders at birth, 
presenting as a subcutaneous cystic mass from birth, which 

Figure 2: Patient 7. (a) Sagittal 3D-hT2WI reveals a low-lying conus medullaris and the C-LS terminating 
at the dural cul-de-sac at the S2 level, in addition to a dorsal-type lipoma (white arrows) at the L4–5 
levels with a narrow connection (white arrowhead) between the intradural (white arrows) and extradural 
lipoma. (b) Axial images of T1WI (b-1) and 3D-hT2WI (b-2) of the C-LS show central lesions with high 
intensity (yellow arrows). (c) Postoperative sagittal 3D-hT2WI shows the untethered spinal cord and 
debulked dorsal lipoma. (d) Microscopic views of the operative findings. (d-1) Dura opening through 
laminoplastic laminotomy of L4–S3 (spina bifida below L5) reveals the dorsal lipoma and the C-LS 
extending to the dural cul-de-sac. e C-LS was cut at the electrophysiological border (yellow dotted 
line). (d-2) View after untethering. e dorsal lipoma was debulked and sutured from pia to pia. e 
cut-off surface of the C-LS was elevated. (e) Photomicrograph of the section of C-LS indicated by the 
white dotted square in (d-1) with H&E at 4 x magnification staining (e-1) and immunostaining for GFAP 
at 4 x magnification (e-2). (e-2) Higher magnification views of (e-1), which are the areas indicated by 
the black dotted square in (d-1) showing a central canal (CC)-like, the epen-lined canal (black arrows) 
with surrounding NGT with a small amount of FAT. 3D-hT2WI: ree-dimensional heavily T2-weighted 
images, C-LS: Cord-like structure, H&E: Hematoxylin and eosin, GFAP: Glial fibrillary acidic protein, 
Epen: Ependyma, NGT: Neuroglial tissue, FAT: Fibroadipose tissue, T1WI: T1-weighted imaging.



Kurogi, et al.: Neurosurgical strategy for spinal dysraphism in OEIS

Surgical Neurology International • 2024 • 15(472) | 6

Figure 3: Patient 8. (a-d) Repeated MRI performed at 8 days (a and b) and 6 months (c and d) after 
birth. Sagittal views of 3D-hT2WI (a and c) and axial T2WI (b-1 and d-1) reveal a thick structure 
(black arrow) extending from the dorsal surface of the spinal cord through a laminar defect 
at S3 to the subcutaneous fat. Caudal to conus, a C-LS (white arrow) extends to the cul-de-sac at 
S5 (c-1: another slice of the area indicated by the dotted square in [c]). Axial T1WI (b-2 and d-2) 
reveals a small quantity of fat associated with C-LS and the fat became more distinct at 6  months 
compared to at 8 days. A syrinx is also present (a, c: White arrowhead). While the subcutaneous mass 
had enlarged, there was no enlargement of the intraspinal lipoma or syrinx between the MRI scans 
taken at 8 days and 6 months (a and c). (e) Microscopic view of the operative findings. (e-1) Dura 
opening through L5-S5 reveals the thick dorsal structure with lipomatous tissue and the C-LS 
extending to the dural cul-de-sac. e C-LS was cut at the nonfunctional region after confirming the 
electrophysiological border (yellow dotted line) between the functional and nonfunctional portions 
using intraoperative neurophysiological monitoring. (e-2) Intraoperative photograph shows the 
dorsal lipoma after debulking and pia-to-pia suturing (white arrow). e cut-off surface of the C-LS 
was elevated. (f) Histopathology of the dorsal lipoma indicated by the white dotted square in (e-1) 
with H&E at 4 x magnification staining shows FCT with FAT. (g) Histopathology of the section of 
C-LS indicated by the white dotted square in (e-1) with H&E staining (g-1) and immunostaining for 
GFAP at 4 x magnification (g-2) shows FAT with NGT. MRI: Magnetic resonance images, 3D-hT2WI: 
ree-dimensional heavily T2-weighted images, CL-S: Cord-like structure, H&E: Hematoxylin and 
eosin, FCT: Fibrocollagenous tissue, FAT: Fibroadipose tissue, GFAP: Glial fibrillary acidic protein, 
NGT: Neuroglial tissues, T1WI: T1-weighted imaging. 
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often increases dramatically over time. Consequently, there is 
a risk of postoperative complications, including CSF leakage, 
as observed in Patient 5. Furthermore, there is concern that 
cyst enlargement may lead to the pulling of the tip of the 
cord attached to the dome of the cyst, potentially resulting 
in neurological deterioration, as previously reported.[13,21,31] 
It is of utmost importance to consider the potential for 
rapid cyst enlargement in infants[18,22] and carefully monitor 
the progression of both the size of the cystic lesion and 
any neurological deterioration. Following recovery from 
life-threatening conditions, untethering surgery should be 
considered as soon as feasible.

In contrast, patients with spinal lipomas do not necessarily 
require untethering surgery during early infancy, and in 
some cases, conservative therapy may be a viable option. e 
main reason for this is that unlike TMCC, spinal lipomas 

associated with the OEIS complex are less likely to increase 
in size over time rapidly. In addition, the natural history of 
tethering by spinal lipomas is not completely understood, and 
whether prophylactic surgical untethering actually improves 
outcomes remains controversial.[33] Nevertheless, considering 
the high risk of spontaneous deterioration and the rarity 
of postoperative improvement once symptoms worsen, we 
believe that prophylactic surgery may be beneficial.

Regarding the timing of surgery, it may be prudent to monitor 
the condition conservatively while closely observing for the 
appearance of lower limb symptoms and utilizing this as an 
indicator for surgical intervention, particularly given that 
patients with OEIS complex already exhibit severe bladder 
and rectal dysfunction at birth. Delaying neurosurgery could 
potentially result in clinical deterioration before surgery, as 
observed in Patient 6.

Figure 4: Patient 9. (a-c) Sagittal view of 3D-hT2WI taken at 20 days after birth (a), sagittal views 
of T1WI (b) and 3D-hT2WI (c), and axial view of T1WI (d), at the age of 5 years. (c: Another slice 
of the area indicated by the dotted square in [b]) Two isolated dorsal lipomas at the L3/4 level (c-1) 
and S1 level (c-2) (black arrows). (c-3) e C-LS extends down to the cul-de-sac at the S2 level. (d) A 
small amount of FAT is present at the termination of the C-LS, indicating a caudal lipoma. A syrinx 
is observed rostral to the spinal lipomas at the L3 level (b, white arrowhead). ere was no change in 
the intraspinal lipoma or syrinx between the MRI at birth and at 5 years of age. 3D-hT2WI: ree-
dimensional heavily T2-weighted images, CL-S: Cord-like structure, FAT: Fibroadipose tissue, MRI: 
Magnetic resonance imaging, T1WI: T1-weighted imaging.
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Given that healthy infants attain peak fat accumulation at 
approximately 9 months of age,[16] and there are documented 
cases of enlarging spinal lipomas within a few months,[23,37] 
we typically performed surgery at approximately 6  months 
of age. Temporary discharge is sometimes employed to 
support mother-infant attachment.[4] For patients with more 
complex lipomas, such as transitional lipomas or those with 
a syrinx or CSF space, we conducted more frequent follow-
ups with repeated MRI and earlier surgical intervention if 
warranted.[37]

In cases with severe deformities and paraplegia, such as 
Patient 9, aggressive surgical intervention may not be 
indicated. Although there is no absolute indication for 
surgery in the filar type, it is a curative and relatively simple 
procedure, and the child can be followed once adequate 
informed consent is granted by the parents to enable close 
attention to the emergence of symptoms, as in Patient 10.[8]

is study has several limitations, including its small sample 
size and retrospective nature. We can only speculate that the 
combination of events coincidentally occurs during different 
embryonic periods because when the patient cohort is 
small. However, as the number of patients increases, further 
considerations may become possible.

CONCLUSION

From the clinical course, neuroradiological, and 
histopathological findings of our patients, repeated MRI 
should be routinely performed for accurate diagnosis of spinal 
cord malformations associated with OEIS complex, even in 
the absence of lumbosacral masses, because the necessity and 
optimal timing of intervention may vary. As TMCC lesions 
tend to enlarge over time, surgery is recommended as soon as 
the patient’s abdominogenital condition stabilizes. In patients 
with spinal lipomas, surgical timing should be considered by 
weighing the benefits against the risks based on each patient’s 
neurological state. A  notable embryopathological finding 
was that half of the spinal cord malformations associated 
with the OEIS complex consisted of spinal lipomas, most of 
which were double lipomas derived from both primary and 
secondary neurulation failure.
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