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Terminal Myelocystocele : Pathoembryogenesis and
Clinical Features
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There has been confusion in the classification of terminal myelocystocele (TMCC) due to its diverse morphology and vague
pathoembryogenesis. TMCC could be summarized as having the essential features of an elongated caudal spinal cord extruding out
of the dorsal extraspinal space that fuses with the subcutaneous fat, which is in the shape of a trumpet-shaped cerebrospinal fluid-
filled cyst. The extraspinal portion of the extruded spinal cord is nonfunctional. The morphological features suggest that TMCC is
formed during secondary neurulation, specifically the failure of the degeneration of the secondary neural tube near the time of the
terminal balloon. This review discusses the definition, as well as the clinical and surgical features, of TMCC with special emphasis on
its pathoembryogenesis.
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INTRODUCTION

Congenital anomalies are formed due to the occurrence of
an error during the dynamic process of development. There-
fore, these anomalies generally exhibit a wide variety in mor-
phology. It is not uncommon to find two separate entities
with similar morphology or the same entity with quite differ-
ent appearances. Therefore, the classification of congenital
anomalies according to gross morphology may cause confu-
sion. Terminal myelocystocele (TMCC) exhibits elaborately
different morphologies, and it is a representative entity for
which the controversy about its classification was solved using

the underlying pathoembryogenesis.
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Although TMCC is not a common type of spinal dysra-
phism encountered by clinicians, its unique clinical features,
operative details and its theory of pathoembryogenesis deserve

special attention.

DEFINITION

Pang et al.” summarized and ‘demystified’ the ponderous
characteristics of TMCC into essential and nonessential fea-
tures. Essential (obligatory) features must be found in the
anomaly to be called a TMCC, and nonessential (optional)

features account for the high variability in the morphology of
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the entity”.

The caudal spinal cord is elongated in all cases of TMCC,
and its terminal end exits the spinal canal for attachment to
the subcutaneous fat of intact skin. The end of the spinal cord
itself is protruded, and it flares out in the shape of a trumpet,
in which some cerebrospinal fluid (CSF)-filled cysts are
found. The CSF-filled space may or may not be directly con-
nected to the hydromyelic canal of the more proximal spinal
cord (Fig. 1).

The subarachnoid space surrounding the terminal end of
the spinal cord also protrudes out of the spinal canal. The
amount of the subarachnoid space varies from slightly wider
than normal to a huge cavern and may extend extraspinally to
surround the neck of the trumpet (Fig. 2). Hydromyelia in the
more proximal, intraspinal portion of the spinal cord may
vary greatly. The thickness of the subcutaneous fat layer that
the trumpet is attached to also varies between patients. The
amount of the subarachnoid space and the subcutaneous fat
cause the wide variety in the size of the sacral hump. The sa-
crum may also have an anomalous morphology that ranges
from hypoplastic to supernumerary with a straight to back-

ward-pointing curvature.

Fig. 1. A schematic drawing showing the essential features of terminal
myelocystocele. The caudal end of the spinal cord is extended out of the
spinal canal and attached to the subcutaneous fat in the shape of a
flared trumpet. Adapted from Pang et al.” with permission from Oxford
University Press. NR : functional sacral roots, NAD : neural arch defect,
NFMcW : nonfunctional myelocystocele wall, C: conus, IS : intact skin, D :
dura, SAS : subarachnoid space, SF : subcutaneous fat.
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EMBRYOLOGY

McLone and Naidich” postulated a short theory on the
pathoembryology of TMCC as the remnant of a dilated termi-
nal ventricle caused by the CSF that failed to exit from the
early neural tube before canalization. The attempt to explain
the important phenotype of the anomaly was noteworthy, but
the academic speculation was too brief for any detailed expla-
nation of the normal embryology and its erroneous result.

Based on an earlier study on the morphology of secondary
neurulation in chick embryos”, Pang et al.” noticed a striking
resemblance between TMCC and a point during secondary
neurulation in which the distal end of the secondary neural
tube dilated into a balloon-like structure (terminal balloon,
Fig. 3). The balloon initially starts as a mere widening of the
cavity that is continuous with the central canal. Because the
degeneration of the secondary neurulation progresses with the
continued thinning of the secondary neural tube, the terminal
balloon dilates somewhat, and the gap between the balloon
and cutaneous ectoderm decreases, almost to a point where
the wall of the balloon is fused to the skin. The dilated balloon
and proximal cord resemble the morphology of the ‘trumpet’

attached to the subcutaneous layer, which is an essential fea-

Fig. 2. Two cases of terminal myelocystocele showing a minimal amount
of subarachnoid space (left) and a very wide extraspinal extension of the
subarachnoid space (right). Asterisk (*) denotes the subarachnoid space

in both pictures. Adapted from Pang et al.”

University Press.

with permission from Oxford



ture of TMCC. The terminal balloon eventually shrinks in
normal development as the degeneration of the secondary
neural tube progresses further. The gap between the caudal
end of the cord and the cutaneous ectoderm increases dra-
matically (Fig. 4). However, the arrest of degeneration at the
moment of terminal balloon may result in the formation of
TMCC. This hypothesis was further supported in a later study
in which a structure similar to the terminal balloon was found
in human fetal tissue”.

Details of normal development gave further clues about the

TMCC

Chick secondary neural tube

Fig. 3. The striking resemblance between chick secondary neurulation
(left) and the sagittal MRI images of a prototypical TMCC patient (right).
Note the apposition of the chick terminal balloon to the surface
ectoderm (arrowheads), which is comparable to the subcutaneous
position of the human TMCC (arrow). Adapted from Lee et al.” with
permission from Springer Nature. MRI : magnetic resonance imaging,
TMCC: terminal myelocystocele.
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nonessential features of TMCC. Because the gap between the
balloon and cutaneous ectoderm goes through the steps of
decrement and increment, the proximity of the flared end of
the trumpet to the skin (i.e., the depth of the subcutaneous fat
layer) depends on the time of the arrest. The degree of the hy-
dromyelia may also be different depending on the time se-
quence of the degeneration of the proximal cord and shrink-
age of the balloon. The study showed that the neuroectoderm
and cutaneous ectoderm were separate layers, even though
they may be just two single layers of cells, and this layering ex-
plained how the flared surface of the trumpet is always able to

peel off from the subcutaneous fat during surgery”.

IMAGING FEATURES

There is a low-lying cord, and the most terminal end of the
cord protrudes through a dorsal defect. The end of the cord is
attached to the subcutaneous fat layer with a flaring of the end
to form the shape of the horn of the trumpet. The trumpet is
thin-walled and fluid-filled, and it forms the “myelocysto-
cele”. A thin layer of tissue is generally visible that separates
the CSF-filled cyst and the overlying subcutaneous fat layer by
‘occluding’ the wide-mouthed base of the trumpet.

Significant extension of the subcutaneous fat into the spinal
canal is unusual in a typical TMCC. However, the trumpet-
like flaring of the distal spinal cord is unusual in typical cau-
dal lumbosacral lipomatous malformation (LLM) with extra-

spinal extension. Nonetheless, there are examples of a ‘gray

Fig. 4. A series of H&E images of the developing chick embryos showing the formation and degeneration of the terminal balloon. A : Formation of the
cavitary conjoining of primary and secondary neural tubes (x40). B : Appearance of the terminal balloon (x100). C : Shrinkage of the terminal balloon (x40).
D : Degeneration of the terminal balloon and detachment of the medullary cord from the surface ectoderm (x40).
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zone’ between a TMCC and caudal LLM with extraspinal ex-
tension, with some extension of fat into the spinal canal in
TMCC or some dilatation of central canal at the distal spinal
cord in LLM with extraspinal extension. TMCC and LLM
may be ‘sister lesions’ because the LLM is a connection be-
tween the neuroectoderm and surface ectoderm via the ex-
panded subcutaneous fat.

The amount of subarachnoid space, hydromyelia, and sub-
cutaneous adipose layer may vary greatly. Almost no sub-
arachnoid space may be visible or a big sac may be present that
widens the posterior bone defect. The width and length (ex-
tent of the longitudinal size) of hydromyelia may also vary
from normal to extremely high (Fig. 5). The lumbosacral

hump may be huge in cases where the subcutaneous fat layer
is thick.

SYMPTOMS

The symptoms of TMCC are similar to LLM. Because the

lump on the sacral area is not negligible, the diagnosis is made

Fig. 5. A series of MRI T2 sagittal images of a 1-week-old girl with
terminal myelocystocele. Note the extensively wide subarachnoid space
(right, asterisk) and syringomyelia up to the upper thoracic level (left,
arrow). MRI : magnetic resonance imaging.
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soon after birth. Many patients are symptomatic on physical
examination and detailed urological or electrophysiological
studies at diagnosis, but neurologically normal subjects are
encountered. However, Pang et al.” showed that patients diag-
nosed later in life were all symptomatic with lower extremity
motor impairment and neurogenic bladder, suggesting the
poor natural history of TMCC. Therefore, it is recommended
that surgical management be considered even for asymptom-
atic patients.

A unique clinical feature to be considered in the manage-
ment of TMCC is that enlargement of the cyst is a warning
sign for the rapid progression of neurological deficits. The
progression may be very rapid, such as a foot deformity that
develop in less than 2 months. The enlargement of the cyst
may directly stretch the neural tissue (spinal cord) in the dor-
sal direction and cause rapid deterioration. Therefore, parents
should be warned about enlargement of the cyst size, and
medical advice should be sought immediately in this circum-

4
stance”.

OPERATIVE PROCEDURE

It is important that the normal dura and spinal cord are de-
fined via the bony exposure of at least one level cephalad to
the defect. Durotomy is performed to reveal the normal spinal
cord, the neck of the trumpet (where it protrudes out of the
bony defect), and the flare of the trumpet that is attached to
the subcutaneous fat. After a rough layout of the spinal cord
proximal and distal to the trumpet neck is visualized, the
functioning rootlets should be identified at the caudal end of
the normal spinal cord inside the spinal canal. Proper intraop-
erative electrophysiological monitoring is absolutely necessary
for the surgical management of TMCC. Stimulation (0.5-2
mA) of the rootlets allows identification of the last function-
ing rootlets, and the location of the functioning conus may be
speculated and further confirmed using direct stimulation
(5—-10 mA) of the cord.

The wall of the cyst may be opened at the midline after the
functional and spatial layout is understood. The smooth lin-
ing of the inner wall is exposed, and its direct connection with
the hydromyelic cavity may be seen. After opening of the cyst,
the surgeon may view the inner and outer aspect of the entire

trumpet. Direct stimulation of the cyst wall at a higher inten-



sity (5-10 mA) in a distal-to-proximal direction enables the
identification of the region where the neural tissue shows no
response to electric stimulation, i.e., ‘nonfunctioning. Togeth-
er with the previously identified last functioning sacral root-
lets and the functioning conus, the margin for maximal, safe
resection may be determined. After excision of the nonfunc-
tioning part of the spinal cord, pial reconstruction of the re-
duced bulk of the cord should be performed. A generous du-
roplasty should be done to maximize the cord-to-sac ratio.
We use bovine pericardium for duroplasty”. Operative photo-
graphs are shown in Fig. 6.

Although the syringomyelia may be quite huge in some cas-
es, syringotomy is not necessary. The syringomyelia in cases
of cord tethering is almost always resolved by untethering,

and direct syringotomy should be avoided.

PATHOLOGY

The pathological features of the excised ‘trumpet’ were re-
ported and support the fact that the excised portion is a ‘non-
functioning’, ‘normally should have been degenerated’ spinal
cord”. First, despite the implication of the name ‘myelocysto-
cele’, the smooth inner lining was mostly devoid of ependyma,

which were only observed in occasional spots within the core

of the tissues populating the deep folds as ciliated ependymal

/4
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epithelium. Second, the tissue contained neurons and glial
cells, but it was nothing like the normal neural tube. Third,
numerous neurons were found haphazardly throughout the

entire specimen, but without any functional patterns.

ASSOCIATED ANOMALIES

The association with midline abdominal and pelvic anoma-
lies was noted”. The pathoembryogenesis was explained by
the fact that the caudal cell mass, which is the main player of
secondary neurulation, is responsible for the neural tube of
the sacrococcygeal area and the genitourinary, intestinal
structures of the region. The most famous type of anomaly is
the omphalocele, exstrophy of the bladder, imperforate anus,
and spinal abnormalities (OEIS), in which TMCC is the spinal
abnormality. The actual frequency of the co-occurrence may
not be very high, as suggested in previous reports”.

Hydrocephalus is also frequently mentioned as an associat-
ed condition. However, the underlying pathoembryogenesis
that links the two conditions is not very obvious, unlike the
association of hydrocephalus with meningomyelocele. The ac-
tual rate of hydrocephalus in TMCC varies widely between
reports™>”. Nonetheless, it is harmless for clinicians to pay at-

tention to the possibility of hydrocephalus in TMCC patients.

Fig. 6. Surgical sequence in a case with terminal myelocytocele. A : The neck of the trumpet (arrow) is seen extending out of the fascia defect into the

huge sac. B : After dural opening, the margin at which the myelocystocele sac joins the subcutaneous fat is shown (arrowheads). C : The rostral spinal
cord flares out into the proximal part of the enormous cyst. D : The sac wall is opened to expose the inner lining (asterisk), and a trimming of the margin
of the neural placode is performed. Neural placode before (E) and after pial reconstruction (F). G : Nerve roots (arrow) arise from the basal side of the
proximal sac and stream back into the spinal canal.
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CONCLUSION

TMCC is a rare anomaly that needs special attention due to
its unique pathoembryogenesis. Clinically, cyst enlargement
should be cautiously monitored, and surgical untethering

should be performed with meticulous monitoring.
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