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Quick Response Code: INTRODUCTION

A heterotopic dorsal root ganglion (DRG) is sometimes observed in the vicinity of dysplastic 
neural structures during repair surgery for myelomeningocele, as has been reported in 
Lendon and Emery’s autopsy study in which 63 of 95 spinal cords from cases with open 
spinal dysraphism were associated with heterotopic ganglion tissues.[11] With regard to closed 
spinal dysraphism, two cases with split cord malformation have been reportedly associated 
with heterotopic paramedian DRGs; this was revealed by postoperative histopathological 
investigation in an infant case[4] and by autopsy in an adult case.[20] Ectopic or heterotopic 

ABSTRACT
Background: A  heterotopic dorsal root ganglion (DRG) is sometimes observed in the vicinity of dysplastic 
neural structures during surgery for open spinal dysraphism; however, it is rarely associated with closed 
spinal dysraphism. Distinguish from neoplasms by preoperative imaging study is difficult. Although the 
embryopathogenesis of a heterotopic DRG has been speculated to be migration disorder of neural crest cells from 
primary neural tube, its details remain unelucidated.

Case Description: We report a pediatric case with an ectopic DRG in cauda equina associated with a fatty 
terminal filum and bifid sacrum. e DRG mimicked a schwannoma in the cauda equina on preoperative 
magnetic resonance imaging. Laminotomy at L3 revealed that the tumor was entangled in the nerve roots, and 
small parts of the tumor were resected for biopsy. Histopathologically, the tumor consisted of ganglion cells and 
peripheral nerve fibers. Ki-67 immunopositive cells were observed at the periphery of the ganglion cells. ese 
findings indicate the tumor comprised DRG tissue.

Conclusion: We report detailed neuroradiological, intraoperative and histological findings and discuss the 
embryopathogenesis of the ectopic DRG. One should be aware of the possibility of ectopic or heterotopic DRGs 
when cauda equina tumors are observed in pediatric patients with neurulation disorders.
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ganglion cells, that are not fully formed DRG, are sometimes 
microscopically revealed by postoperative histopathological 
investigation in a normal terminal filum and in cases with 
neurulation disorders such as spinal lipoma, limited dorsal 
myeloschisis, and retained medullary cord.[5,10,13-15,17,18,21] 
Conner et al. recently described an ectopic DRG in cauda 
equina in an adult case without spinal cord malformation, 
which had been preoperatively recognized as a cauda equina 
tumor.[1]

We treated a pediatric case with an ectopic DRG in cauda 
equina who had a fatty terminal filum and bifid sacrum. 
On preoperative magnetic resonance imaging (MRI), the 
DRG mimicked a schwannoma in the cauda equina. We 
report detailed neuroradiological, intraoperative, and 
histological findings and discuss the embryopathogenesis 
of the lesion.

CASE REPORT

A 4-year-  and 6-month-old boy was referred to us due to 
intermittent dribbling of urine and involuntary loss of a 
small amount of stool, both of which had been present since 
birth. No family history was noted. Cognitive development 
was considered to be appropriate for his age. Neurologically, 
his anal reflex was weak, but he had no motor dysfunction or 
sensory disturbance in the lower extremities. He had a tiny 
dimple at the lumbosacral region. ere were no cutaneous 
stigmata indicative of Café-au-lait spot. His general condition 
was good, except for short stature which was being followed 
by a pediatrician.

MRI demonstrated a small tumor in the cauda equina 
that had isosignal intensity to the spinal cord on three-
dimensional T1-weighted imaging (3D-T1WI) and 3D 
heavily T2WI (3D-hT2WI) and was slightly enhanced 
with gadolinium [Figures  1a-e]. A  spinal lipoma of 
filar type with the conus medullaris at L2 level was also 
demonstrated. Detailed imaging study using 3D-hT2WI[12] 
revealed that the tumor was located in the left dorsal 
nerve roots of L3 and L4, presumed from the entry point 
of the root into the dural sac [Figure  1f]. Local bulging 
was observed at the root sleeves of L3 and L4, indicating 
the presence of normally-positioned DRG. A  3D 
reconstructions of computed tomography image revealed 
spina bifida below S2 and abnormal fusion of the lamina 
of L5-S2 [Figure 1g]. No intracranial tumor was observed 
on brain MRI. Urological examination revealed bladder 
dysfunction consisting of low compliance and decreased 
urine retention.

Although we considered the possibility of a neoplasm, as 
the patient’s bladder dysfunction had existed since birth 
and had not progressed, a follow-up MRI was performed 
7  months later; this revealed that the cauda equina 

tumor remained unchanged in size. e diagnosis was 
uncertain and we proposed diagnostic surgery for the 
cauda equina tumor, as well as prophylactic untethering 
of the spinal cord for the fatty terminal filum. Because his 
family was concerned about postoperative neurological 
deterioration due to possible damage to the cauda equina, 
only untethering of the cord was performed at 5 years and 
2 months of age.

e fatty filum was severed through L5-S1 interspace. e 
cauda equina observed in the operative field appeared 
normal. Histologically, the fatty filum consisted of 
fibroadipose tissue with a tiny glial fibrillary acidic protein 
immunopositive tissues. Postoperatively, no de novo 
neurological abnormalities were observed. His family 
subsequently provided consent for the patient to undergo 
surgery for the cauda equina tumor.

Partial removal of the cauda equina tumor was performed 
at 5 years and 6 months of age. Laminoplastic laminotomy 
at L3 revealed a spherical tumor with a long axis of 
10  mm at the left dorsolateral portion in the dural sac 
[Figure 2a-1]. e tumor was surrounded by nerve roots; 
a few normal-appearing nerve roots ran over the surface 
of the tumor and extended caudally, while some thinner 
nerve roots ended at the tumor surface [Figure  2a-2]. 
Direct stimulation of the tumor surface and the adhering 
nerve roots showed no evoked compound muscle 
action potentials on intraoperative neurophysiological 
monitoring (IONM) of the legs and anus. e roots were 
not determined to be non-functional because they could 
be dorsal roots on the basis of their anatomical location. 
Because the nerve roots intimately adhered to the tumor, 
we considered it impossible to dissect the tumor without 
damaging the nerve roots, and therefore, small parts of the 
tumor were resected for biopsy. Postoperatively, no de novo 
neurological abnormalities were observed. MRI performed 
after the second surgery revealed that the untethering 
of the cord was achieved and the cauda equina tumor 
remained unchanged [Figure 2b].

Histopathologically, the resected section consisted of ganglion 
cells and peripheral nerve fibers [Figures  2c-e]. At the 
periphery of the ganglion cells, a few Ki-67 immunopositive 
satellite glial cells or macrophages were observed. No 
neoplastic component was present. ese findings indicated 
that the tumor comprised DRG tissue.

DISCUSSION

A DRG is derived from neural crest cells located in the 
dorsal region of the primary neural tube. Some neural crest 
cells migrate through somite and stop midway lateral to the 
neural tube, giving rise to the DRG.[7,22] Dorsal nerve roots 
are formed by nerve processes from neuroblasts in the 
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ganglion. e differentiation of neural crest cells into DRG 
is modulated by signals from the neural tube, including Wnt 
and bone morphogenetic protein.[6,9] Delayed and incomplete 
closure of the neural tube is postulated to cause a delay in 
migration of the neural crest cells and subsequent ectopia 
to explain the association of heterotopic DRG with open 
spinal dysraphism[11] and diastematomyelia.[20] e present 

case is associated with a fatty terminal filum and sacral bony 
malformation, which are thought to be related to secondary 
neurulation failure but not primary neural tube closure.[16,23] 
To the best of our knowledge, the association of fully formed 
heterotopic or ectopic DRG with secondary neurulation 
disorders has not been reported; hence, its impact on the 
embryopathogenesis is uncertain. From the neuroimaging 

Figure 1: Sagittal (a-1 and 2) and axial (b) views of three-dimensional heavily T2-weighted imaging 
(3D-hT2WI) demonstrating a tumor (yellow arrow) in the cauda equina. (c) 3D T1-weighted 
images (3D-T1WI) showing the isointense lesion (yellow arrow) of the cauda equina and a high 
intensity lesion (dotted arrow) of the terminal filum. Sagittal (d) and axial (e) views of 3D-T1WI 
demonstrating the tumor enhanced with gadolinium (yellow arrow). (f-1-5) Serial coronal views 
of 3D-hT2WI delineating that the tumor (yellow arrow) is located in the dorsal nerve roots (yellow 
arrowheads) that enter the dural sac at the left L3-L4 and L4-L5 intervertebral space. Normally-
positioned dorsal root ganglions (white arrowheads) are observed at the root sleeves as local 
bulging. e level of each vertebral body is indicated by a dashed line. (g) 3D reconstructions of 
computed tomography image revealing spina bifida below S2 and abnormal fusion of the sacral 
lamina of L5-S2.
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finding of the present case that the dorsal nerve roots 
entangled with the ectopic DRG possibly connected to the 
normally positioned DRGs in the root sleeves, we speculated 
that some of the ganglion cells might have successfully 
migrated to the future formation site of the root sleeves and 
developed to the DRGs, while some cells might have been left 
behind at the intradural region and develop into the ectopic 
DRG.

A human DRG normally consists of cell bodies of 
primary sensory neurons surrounded by satellite glial 
cells, macrophages, and bundles of peripheral nerve 
fibers.[3] Histologically, the ectopic DRG in the present case 
contains all these features. Ki-67 immunopositive cells 

at the periphery of ganglion cells, which were probably 
satellite glial cells or macrophages surrounding the glial 
cells, might have been a population of self-renewing 
cells.[8] Although these histopathological features indicate 
that the ectopic DRG in the present case might be active, 
whether it is functional remains uncertain, as it could not 
be confirmed using IONM. From a clinical perspective, the 
contribution of the ectopic DRG to the patient’s symptom 
was likely small, because its location at the L3-4dorsal 
roots failed to explain his neurological bladder, and it had 
no mass effect.

Tumors of the cauda equina in pediatric cases include 
schwannoma, neurofiboma, myxopapillary ependymoma, 

Figure 2: (a-1 and 2) Microscopic view of the surgery for the cauda equina tumor. Laminotomy 
at L3 revealed a tumor (a-1; blanket length of 10 mm). (a-2) A few nerve roots running over the 
lesion surface and extending caudally (arrows); some thinner nerve roots ending at the tumor 
surface (arrow heads). (b) Coronal view of 3D-hT2WI after the second surgery demonstrated 
that the cauda equina tumor (arrow) remained unchanged and the untethering of the cord was 
achieved (dotted arrow). (c-e) Histopathological findings of the resected parts of the tumor stained 
with hematoxylin and eosin (H & E; c), and immunostained with S-100 (d) and Ki-67 (e). (c) e 
resected section consisted of ganglion cells (GC) and peripheral nerve fibers. e periphery of 
the ganglion cells is immunopositive for S-100 (d), a few of which are immunopositive for Ki-67 
(arrows; e).
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dermoid/epidermoid cyst, and paraganglioma.[2] Ectopic 
DRGs in both the present and previously reported cases[1] 
were enhanced with gadolinium on MRI, probably 
because of rich vascular supply[3] and weak blood-nerve 
barrier,[19] which may make it difficult to rule out neoplasms 
preoperatively.

CONCLUSION

e present case demonstrate that heterotopic or ectopic 
DRGs could occur in cauda equina in pediatric patients with 
neurulation disorders and mimic neoplasms on imaging 
study. Careful observation of neurological symptoms 
combined with repeated MRI examination, and diagnostic 
surgery, when required, is necessary.
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