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Short report

Ectopic midline spinal ganglion in diastematomyelia: a
study of its connections
GARY W ROSS, SVEN A SWANSON, ELIAS PERENTES, HENRY URICH

From the Division ofNeuropathology, Department of Pathology, University of Virginia School ofMedicine,
Charlottesville, VA, USA

suMMARY The connections of an ectopic midline spinal ganglion associated with an asymptomatic
sacral diastematomyelia were studied. The ganglion was intercalated in the ventral root of one
hemicord and sent its efferents to the dorsal root of the other hemicord. The afferents joined the
anterior root to form a midline intradural spinal nerve in the cauda equina. Islands of ectopic glia
were present in both roots and the spinal nerve. Both the midline position of the ganglion and the
glial heterotopias can be tentatively explained by the failure of incorporation of the dorsal cell
wedge ("Zwischenstrang") into the divided neural tube.

While isolated ectopic neurons are not uncommon in
the spinal roots of normal subjects,' intradural ecto-
pias of fully formed spinal ganglia are almost invari-
ably associated with dysraphic malformations.2 An
interesting variant, associated with diastematomyelia,
is that in which an ectopic spinal ganglion occupies a
midline position dorsal to the cleft separating the two
hemicords. A case of this type was described by
Gagel3 also illustrated by Ostertag4 and similar ones
are recorded in subsequent publications.2 5 Little is
known, however, of the connections of the ectopic
ganglia or of the structure of the adjacent spinal roots.
In reporting a further example of this malformation,
an incidental finding in an asymptomatic adult, we
describe the anatomical relationships of the ectopic
ganglion and to review the pathogenesis of this lesion
in light of current embryological concepts.

Case report

The patient was a 63 year old hypertensive diabetic who died
ofheart failure. The 1480 gram brain was unremarkable. The
spinal column showed no abnormality. The spinal cord was
exposed anteriorly. The dura was single and intact. The
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cervical, thoracic and lumbar segments were unremarkable.
Beginning at the first sacral segment and extending distally,
the cord gradually split into two hemicords for 4cm and then
rejoined. The right hemicord was about 70% and the left
about 40% of normal size. No bony or fibrous tissue sepa-
rated the two portions.

Multiple sections from multiple segments were submitted
for histologic review. Haematoxylin and Eosin (H&E),
Luxol Fast Blue-Cresyl Violet (LFB-CV) and immuno-
peroxidase examination for glial fibrillary acidic protein
(GFAP), Leu 7, neurofilament protein (NFP) and myelin
basic protein (MBP) were performed by standard tech-
niques.
The cervical and thoracic segments were unremarkable.

The central grey substance of the lumbar segments gradually
elongated laterally. The lumbar central canal progressively
enlarged to Ls (fig la) where it divided (fig lb). The cord was
completely separated over the S, to S4 segments and each
part was rotated medially 450 to 60° (fig lc). Each hemicord,
enveloped by its own pia arachnoid and accompanied by its
own anterior spinal artery and vein, contained a central
canal. The ventral, lateral and dorsal columns were well
formed. Nerve roots arose from the dorsal and ventral horns
of each segment. The cord began to rejoin by the inter-
mingling of the medially situated anterior white columns at
the distal S4 segment (fig ld).
At the S3 level a ventral root, consisting of predominantly

large motor axons, emerged from the medial anterior horn of
the left hemicord and extended dorsomedially (fig 2a). This
root was interspersed with islands of glial tissue (fig 2b) and
connected to an intercalated ganglion (fig 2c) located intra-
durally dorsomedially to the hemicords (fig 2d). A tongue of
glial tissue emerging from the medial posterior root of the
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Fig 1 Transverse sections through the lower spinal cord (a) Lumbar cord showing a normal
configuration but with dilated central canal. LFB-CV, x 5. (b) Proximal sacral cord showing a divided
central canal, laterally elongated grey substance and distorted posterior columns. LFB-CV x 5. (c)
Completely divided sacral cord showing bilateral medial rotation of hemicords. LFB-CV, x 5. (d) Caudal
sacral cord; the hemicords abut with fusion of the anterior columns. LFB-CV, x 5.

Fig 2 Immunohistochemical (PAP) staining of ectopic ganglion and roots (a) Motor axons of the
ventral root exitingfrom the anterior medial horn of the left hemicord and extending dorsomedially. NFP,
x 200. (b) Glial islands within the same root. GFAP, x 200. (c) Ectopic midline intradural ganglion
dorsal to both hemicords. NFP, x 80. (d) Glial islands within the same ganglion. GFAP, x 40.
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Ectopic midline spinal ganglion in diastematomyelia: a study of its connections
right hemicord connected to the other side of this ganglion.
In the dorsal midline of the cauda equina, caudal to this
spinal ganglion was a mixed spinal nerve composed ofmixed
motor and sensory components with interspersed glial tissue.
Other cauda equina roots were unremarkable.

Discussion

The present case shows some unusual features. Most
cases of diastematomyelia are discovered in infancy or

childhood, frequently in association with spina bifida
aperta.6 Cases presenting in adults are un-
common.7-9 Some of these give rise to neurological
signs caused by pressure or traction on bony spurs or

fibrous bands. The incidence of asymptomatic cases is
difficult to assess. These are usually cases in which the
splitting of the cord is limited to a few segments, the
hemicords rejoining below the lesion as in the present
case. Diastematomyelias of this type, devoid of bony
spurs or fibrous septa, and enclosed in a single dural
sac have been reported by Kersten'0 and James and
Lassman8 and classified as "forme fruste" by Hori et
al. l

Midline ectopias of spinal ganglia have been
reported in infantile cases, and no information is
available about their occurrence in "forme fruste".
Little is known about the connections of the ectopic
ganglia and the observations in the present case shed
some light on this problem. The ganglion was inter-
calated in an anterior root emerging from the medial
anterior horn of the left hemicord. The root, inter-
spersed with islands of glial tissue, was directed dor-
somedially, and consisted predominantly of typical
large motor axons. On the other side the ganglion
connected with a long tongue of glial tissue, emerging
from the posterior root entry zone of the right hemi-
cord, apparently representing an exceptionally
extended glial segment of a dorsal root. Caudal to the
spinal ganglion, a mixed spinal nerve consisting of
motor and sensory components, still interspersed with
glial elements, was present in the dorsal midline of the
cauda equina. These findings suggest that the ectopic
ganglion retains its normal central and peripheral
connections.
The pathogenesis of the ectopic ganglia is obviously

linked with that of diastematomyelia. Several theories
have been advanced to explain the splitting of the
spinal cord5 12-14 and possibly more than one mech-
anism may produce similar results. To explain the
coexistent ectopia of the spinal ganglia it is, however,
necessary to postulate a division of the neural plate
before the closure of the neural tube.2 In normal
development a wedge shaped group of cells appears
between the surface ectoderm and the closing lips of
the neural tube (the "Zwischenstrang" of His). The
ventral part of this wedge is incorporated into the

neural tube, while the remainder migrates ventro-
laterally to form the neural crest.15 16 The part
included in the neural tube possibly gives rise to the
mesencephalic nucleus of the trigeminal"7 but does
not appear to contribute neuronal elements to the
spinal cord. It may therefore be assumed that the
contribution of the wedge cells to the cord is exclu-
sively glial. When the two halves of the divided neural
plate close separately, the wedge remains in the mid-
line unattached between the two tubes, where it
develops into a spinal ganglion.2 5 It is also tempting
to suggest that the excessive glial elements in the adja-
cent nerve roots are derived from the part ofthe wedge
normally incorporated into the neural tube.
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