Review Article

J Korean Neurosurg Soc 63 (3) : 314-320, 2020
https://doi.org/10.3340/jkns.2020.0052

Check for
updates

pISSN 2005-3711 eISSN 1598-7876

Secondary Neurulation Defects-1 : Retained Medullary Cord
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Retained medullary cord (RMC) is a relatively recent term. Pang et al. newly defined the RMC as a late arrest of secondary
neurulation leaving a non-functional vestigial portion at the tip of the conus medullaris. RMC, which belongs to the category of
closed spinal dysraphism, is a cord-like structure that is elongated from the conus toward the cul-de-sac. Because intraoperative
electrophysiological confirmation of a non-functional conus is essential for the diagnosis of RMC, only a tentative or an assumptive
diagnosis is possible before surgery or in cases of limited surgical exposure. We suggest the term ‘possible RMC’ for these
cases. An RMC may cause tethered cord syndrome and thus requires surgery. This article reviews the literature to elucidate the

pathoembryogenesis, clinical significance and treatment of RMCs.
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INTRODUCTION

The lower part of the spinal cord is known to be formed
through secondary neurulation from the caudal cell mass. In
humans, it is thought that primary neurulation generates the
spinal cord down to the S1-S2 vertebral body junction, below
which structures including the sacrococcygeal spine, conus
medullaris, and filum terminale are known to be made by
secondary neurulation™*"”. The conus medullaris and filum
terminale are formed by a degeneration process during the
development of the caudal part of the spinal cord. A retained
medullary cord (RMC) occurs as a result of the failure of this
regression process.

RMC is a relatively recent term. Previously, these lesions

were called ‘low-lying conus’ or ‘giant cyst of the filum termi-
nale’, although the meaning of these terms is not exactly the
same as RMC. Pang et al.”’ newly defined the RMC as a late
arrest of secondary neurulation.

Although RMCs are known to be rare, they are often en-
countered in the clinic. It is thought that the number of RMC
patients tends to be underreported because RMCs have been
newly defined. In 2019, among 74 patients who underwent
surgery for spinal dysraphism, six patients had RMCs and ad-
ditional four were diagnosed as ‘possible RMC” in the Seoul
National University Children’s Hospital (SNUCH). We think
that quite a few RMCs have been previously classified as ‘low-
lying conus with or without terminal syrinx or caudal lipoma’.

It is expected that RMCs are not very rare, as their classifica-
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tion has become more widely known.
This article reviews the literature on the pathoembryogene-

sis, clinical significance and treatment of RMCs.

PATHOEMBRYOGENESIS AND DEFINITION

An RMC is a robust, elongated spinal-cord-like structure
that continues to the cul-de-sac'®. Simply, an RMC looks like
a ‘low-lying conus), but it has a non-functioning component.
Because the non-functional conus is indistinguishable from a
functioning conus on neuroimaging, confirming the presence
or absence of a non-functional conus with intraoperative neu-
rophysiological monitoring (IONM) is essential for the diag-
nosis of RMC.

RMC is caused by the complete or partial arrest of second-
ary neurulation'”’. It is not yet clear why arrest occurs, but it is
thought that apoptosis plays a major role'”. Animal studies
have provided some evidence, and numerous apoptosis-relat-
ed substances have been found in late secondary neural tube
formation177,12,13,13,20,21).

The secondary neural tube transiently has a lumen. There-

fore, when the arrest of regression occurs rather early, this may
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result in the ‘low-lying conus with distal luminal dilatation’.
Although it was not included in the original description of an
RMC by Pang et al.” in 2011, we believe that it is reasonable to
include this cystic variant, with at least some lesions called
‘terminal syrinx with low-lying conus’ or ‘giant filar cysts, in
the category of RMC (Fig. 1).

In a broader sense, the common entity of a filar cyst and the
rarer entity of a terminal myelocystocele (TMCC) are also
remnants of the regressive phase of secondary neurulation at
different time points (filar cyst : later, TMCC : earlier) and
may be included in the category of RMC (retainment of the
medullary cord, which represents the secondary neural tube
before regression). However, because its clinical manifestation
and significance are different from those of ‘RMC in a strict
sense’, we do not recommend to include filar cyst and TMCC
in the category of RMC for practical reasons.

Some RMC cases have varying amounts of fat in the low-ly-
ing conus, which needs to be differentiated from some types
of lumbosacral lipomatous malformation. Filar and caudal li-
pomas are believed to be an aberrant differentiation of the
caudal cell mass rather than a failure of regression. In cases of
filar lipoma, the end of the conus is well defined at the cranial

side of the lipoma. In caudal lipoma, it is common that the ta-

Fig. 1. Magnetic resonance imaging of a patient with ‘terminal syrinx with low-lying conus’. A : This demonstrates that the thick medullary cord extends
down to the lower lumbar area, where it ends with a cyst that attaches to the cul-de-sac. B-D : They show T2 axial images at L3 (yellow line in A), L5
(orange line), and S1-2 (blue line), respectively.
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pered conus is continuous with the distally enlarging lipoma.
The tip of the conus is functional, and the level of the upper
cut for untethering is at the upper part of the lipoma and not
at the conus. If fatty tissue and a non-functional cord are in-
cluded in the tapering conus, it is considered an RMC, as was
the case in patient 3 in the first description of an RMC by
Pang et al."” However, cases of gray zone between the caudal
lipoma and RMC are present on neuroimaging : there was no
tapering or enlargement of the conus with the gradual transi-
tion to a fat-containing mass at the end (Fig. 2B). We think
that even without distal tapering, a low-lying conus with vari-
ous amounts of fat can be included in the definition of RMC
if there is a non-functional part in the conus. In these cases,
operative exposure with IONM of the critical region is neces-
sary for the definitive diagnosis.

The original definition of an RMC can be applied to lesions
that continue to the cul-de-sac'® (Fig. 2A). However, we do not
know the threshold (criteria) of ‘low-lying conus’ on possible
presence of a non-functional conus. The conus with arrested
regression may be located at more cranial part than the end of
dural sac. The end of the RMC was located at L4, not at the
cul-de-sac, in patient 2 in the first description of RMC by
Pang et al."” If the modified definition of RMC includes any
lesion in which the tip of the conus is located above the cul-
de-sac with an identifiable filum (which may be thick) at the
distal part of the conus, one more issue is the surgical identifi-
cation of a non-functional distal cord as a diagnostic criterion.
This point differentiates an RMC from a ‘simply low-lying co-

nus’, which has a functioning end. Often, sectioning of the fi-

lum through the limited exposure of the dura is enough to re-
lease the tethered cord if the filum (which may be thick) is
formed at the caudal end. In these cases, as the conus is not
exposed, it is not possible to electrophysiologically or histo-
logically confirm whether the low-lying conus contains the
non-functional vestigial part. For these cases, only an assump-
tive diagnosis is possible, and we suggest the term ‘possible
RMC. The fact that the filum normally includes neural com-
ponents makes this issue more difficult when only a small
part of the presumed RMC-filum transition is resected.
Currently, the SNUCH team uses the term ‘possible RMC’
for lesions with a low-lying conus but with no electrophysio-
logical or histological confirmation of the presence of a non-
functional conus before surgery or in cases of limited surgical
exposure. We agree that there may be overuse or abuse of the

term ‘possible RMC’. We expect a clear definition of this issue.

CLINICAL MANIFESTATIONS

An RMC may show all the cutaneous markers (crater, hyper-
trichosis, hemangioma, skin tag, dimple, etc.) seen in spinal
dysraphism patients. The associated diseases include caudal
agenesis, presacral cysts, hindgut abnormalities, caudal lipo-
mas, and various anorectal and genitourinary anomalies, all of
which are related to secondary neurulation™"”. The clinical
symptoms may include those found in tethered cord syndrome,
such as progressive foot deformities, neurogenic bladder, incon-

tinence, frequent urinary tract infections, urodynamic abnor-

Fig. 2. Schematic illustrations of three types of non-cystic RMCs. Fine vestigial nerve twigs emanate from the medullary cord. A : It shows a typical RMC.
B: It reveals no terminal tapering but enlargement of the conus with gradual transition to a fat-containing mass at the end. The ‘cord portion” has a non-
functional part in the RMC, which is different from a simple caudal lipoma. C: It shows an hourglass-shaped RMC with an intervening filum-like structure
between the conus and RMC. If the part distal to the filum-like structure is functional but not electrophysiologically connected to the ‘upper cord’, it is

considered a junctional neural tube defect. RMC: retained medullary cord.
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malities (diminished bladder capacity or detrusor-sphincter
dyssynergia), dysesthesia, leg pain, and coccydynia"'”. Neuro-
logical deficits may or may not be present. In symptomatic cas-
es, surgery needs to be performed to relieve the tethering of the

15,16)

cord. Pang et al. ™™ recommended prophylactic surgery, even

in the absence of any symptoms.

Retained Medullary Cord | Kim KH, et al.

NEUROIMAGING

Upon magnetic resonance imaging (MRI) of an RMC, the
conus appears in the lower position due to the tapering from
the conus to the medullary cord without any interruption or

. 15 . - .
visual clues”. In some cases, a thick filum is located between

the conus and the medullary cord, resulting in an hourglass

shape that narrows at the filum and then widens again at the

medullary cord” (Fig. 2C). In certain cases, the medullary

e 2 a’, A
Fig. 3. MRI of a ‘possible retained medullary cord’ patient. A : The medullary cord partially contains fat tissue, resulting in high signal intensity in the T1-
weighted MR image (arrow in C). In this case, only a small segment of the distal part was resected through a limited exposure of the lipoma. Exploration

of the whole conus area, which may include the non-functional parts, was not performed. B and C : They show axial images at L4 (yellow line in A) and
S1 (blue line), respectively. MRI : magnetic resonance imaging.

Fig. 4. MRl of an RMC patient. A : The signal intensity is indistinguishable between the spinal cord and the RMC. On operation, the non-functional part
of the RMC was identified by electrophysiological monitoring and was resected. B : Axial images at L4-5 (yellow line in A). MRI : magnetic resonance
imaging, RMC: retained medullary cord.
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cord may partially contain fat tissue, resulting in high signal
intensity on T1-weighted MR images' (Fig, 3). In most cases,
however, the signal intensity is indistinguishable between the
spinal cord and the RMC (Fig. 4).

An RMC can, by default, be accompanied by other second-
ary neurulation anomalies such as presacral cysts or sacral
agenesis. In the literature, caudal lipomas, limited dorsal my-
eloschisis, congenital dermal sinuses, subcutaneous meningo-
celes, and split cord malformations can be associated with
RMCSS,11,16,19).

SURGICAL TREATMENT

The spinal cord and RMC cannot be distinguished by MRI
as well as with the naked eye in the surgical field of view.
There is no difference in color or form between the two struc-
tures. The key step in RMC surgery is to find the normal co-
nus level based on electrophysiology. IONM enables identify-
ing the normal function of the cord and root and severing the
non-functioning RMC and vestigial root"”"”.

Pang et al.”"" initially recommended wide exposure, expos-
ing both the conus with normal function and the medullary
cord without function, which enables us to find the junction

level through IONM and to resect below this level. On the

Fig. 5. Magnetic resonance imaging and intraoperative photograph of a retained medullary cord patient. A : A cord-like structure extending to the
sacral area. B : Axial images at L5 (yellow line in A). C: The limited L5 unilateral partial hemilaminectomy shows a thick, pia-covered medullary cord
passing through. D : After resection of the non-functional medullary cord. Pial reconstruction was performed at the most caudal part of the cord.
Removal of the non-functional segment creates a gap and may reduce the chance of retethering compared with just cutting.

318 https:/doi.org/10.3340/jkns.2020.0052



other hand, from a practical point of view, if the goal is only
untethering, it may be sufficient to simply cut the tethered
structures through a limited exposure'” (Fig. 5). Sala et al.”
suggested rostrocaudal stimulation. This is a method to find
the exact point when a signal becomes null. When severing, it
may be convenient to cut the safe caudal end first and then
gently lift the cord to find the junction site between the func-
tional and non-functional parts by stimulating the electrical
signal while being careful not to spread the signal through the
cerebrospinal fluid (CSF). At this time, if a cottonoid is placed
under the cord, it can easily prevent electric signals from
spreading through the CSF.

When performing stimulation, it is important to ensure
that the stimulating probe is working properly and to exclude
false negatives. In addition, to prevent retethering, it is advis-
able to reconstruct the pia layer. The knot should be placed in-

ward toward the end of the conus.

HISTOLOGY

The characteristic histological findings of RMCs include a
dense glioneuronal core surrounded by variable amounts of
fibrous and adipose tissues, an ependymal-lined central cavity

15,1 . .
®. There are fine nerve twigs of

and vestigial nerve roots
nerve roots that emanate from the medullary cord. However,
these are vestigial nerve roots that are not functional'®. These
are mostly randomly positioned or exhibit unusual anatomi-
cal courses, unlike functional roots. While the caudal end of
the spinal cord shows meandering surface vascular structures,

RMCs may exhibit relatively straight blood vessels.

CLINICAL OUTCOME

The prognosis of RMCs seems to be good. No patients have
demonstrated new neurological deficits or progression after
surgery in the literature™"">"". Since there is not much in-
formation available on RMC, it will be meaningful to com-
pare the clinical outcomes of wide exposure with excision of
the whole non-functional cord and those of limited exposure

with only untethering.
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CONCLUSION

Almost a decade has passed since the new concept of RMC

was proposed by Pang et al."”

Although it is commonly ac-
cepted that RMCs are caused by the late arrest of secondary
neurulation, some issues remain to be solved, particularly in
terms of the definition and nomenclature. It is important to
consider other disease entities that may be associated with
secondary neural tube formation when treating RMCs. The
goal of RMC surgery should be untethering. However, an
RMC is indistinguishable from the normal spinal cord with
MR imaging as well as with the naked eye. Therefore, it is im-
portant to use IONM to identify the correct area to cut, where

no signal emerges.
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