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Objective. To analyze literature data on clinical and radiation characteristics of the tethered spinal cord syndrome in spina bifida and to de-
fine criteria for indications for surgical treatment.

Material and Methods. A search for prospective cohort clinical studies evaluating the clinical and radiation picture and indications for sur-
gical correction of the tethered spinal cord syndrome associated with spina bifida, published in 2005—2023 was performed in the Pubmed,
EMBASE, eLibrary and the Cochrane Library databases. The literature search was carried out by one researcher. The study was carried
out in accordance with the international recommendations for writing systematic reviews and meta-analyses PRISMA. The levels of evi-
dence for reliability and grades of the strength of recommendations were evaluated according to the ASCO Guidelines.

Results. A total of 394 literature sources were found in the databases. Duplicate materials (n = 81) have been removed. When non-full-
text articles were excluded, only 28 out of 251 remained studies met the inclusion criteria and were analyzed. According to the level of evi-
dence, 18 of them were classified as B level, and 10 — as C level.

Conclusion. The components of the tethered spinal cord syndrome are a dystopic spinal cord cone, a shortened fixed filum terminale, and
the presence of a lumbosacral lipoma. At the same time, there are currently no clear criteria for the integral assessment of the clinical and
morphofunctional state of patients, and the available scales are not specific. The described MRI criteria are limited by the level of evidence,
but despite this, they reflect a high level of consensus among experts, including that on the defining indications for surgical spinal cord
untethering. The lack of clear indications for surgical intervention and the debatability of performing preventive untethering of the spinal
cord require further study of the problem with an emphasis on analyzing the criteria for tethered spinal cord syndrome.
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Spina bifida is a congenital abnormal-
ity based on the splitting of the spine
due to a defect in the neural tube clo-
sure at the 4th week of embryonic
development. The incidence averages
about one case per 1,000 newborns and,
according to most authors, is directly
correlated with genetic risk factors. The
level of spinal column lesion determines
the severity of clinical manifestations,
in particular the degree of neurological
disorders and pelvic organ dysfunction
[2]. Meningomyelocele is often associated
with severe neurological deficit or other

congenital defects such as hydrocephalus
and Chiari malformation [3].

One of the most frequent manifes-
tations of spina bifida is primary or se-
condary tethered spinal cord syndrome
(TSCS). The cause of the development
of primary TSCS is the low (caudal to
the L1-L2 level) position of the terminal
end of the spinal cord due to the attach-
ment of the placode to the surround-
ing tissues, which results in tension of
the spinal cord and is often associated
with the presence of a thick filum ter-
minale. The secondary syndrome devel-

27

ops as a result of surgical treatment for
meningomyelocele.

TSCS unites a number of abnormali-
ties that are heterogeneous in etiology,
but similar in pathogenesis. Their man-
ifestations are the consequence of the
loss of functions of the caudal spinal
cord and its roots, including progressive
neurological, orthopedic and urological
symptoms such as weakness and pain in
the lower extremities, reduced mobility,
clubfoot, impaired pelvic organ function,
recurrent urinary tract infections, and
impaired sensory functions [3].
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Despite the common views on the
development of TSCS (etiopathogenesis)
and the clinical and diagnostic picture, it
can be stated that there are no uniform
indications for the untethering of the
spinal cord and its elements. The lack of
clear indications for surgical treatment,
including the ambiguity of the concept of
preventive untethering, requires further
study of the problem and clarification of
indications for surgery, which defined
the article’s objective.

The objective is to analyze literature
data on clinical and radiation charac-
teristics of the tethered spinal cord syn-
drome in spina bifida and to define crite-
ria for indications for surgical treatment.

Material and Methods

A search for prospective cohort clinical
studies assessing MRI semiotics, clini-
cal symptoms, indications for surgical
correction of the tethered spinal cord
syndrome associated with spina bifida,
published in 2005-2023, was petformed
in the Pubmed, EMBASE, eLibrary and
the Cochrane Library databases. The
search was performed by one researcher,
the study was performed in accordance
with the international PRISMA protocol
(Table 1).

At the first stage, within the PRIS-
MA protocol, literature sources were
searched using the keywords “tethered
spinal cord syndrome”, “spina bifida”,
“tethered cord syndrome”, “meningomy-
elocele” and “post-MMC syndrome”. The

search depth was 18 years. At the sec-
ond stage, articles that did not meet the
research criteria were excluded; at the
third stage, the full texts of selected arti-
cles were reviewed for compliance with
the inclusion criteria and the list of refer-
ences for relevant studies (Table 1, Fig. 1).

In addition, the search for issue-relat-
ed sources was done by keywords using
search queries in the GPT-Chat (Table 2,
Fig. 2).

The articles were ranked according to
the confidence level of evidence (from [
to V) and the levels of gradation of the
strength of recommendations (from A
to D) using the protocol of the American
Society of Clinical Oncology (ASCO) [4,
5], also used in the preparation of clini-
cal guidelines in the Russian Federation,
with the choice of the most cited issue-
related papers.

Results

A total of 394 literature sources were
found in databases (Fig. 3). Duplicate
materials (n = 81) were excluded. 251
articles remained after excluding non-
full-text articles, but only 28 of them
were analysed because they met the
inclusion criteria (Table 3). The level of
evidence of 18 studied papers was B, of
10-C.

Two of the most cited studies were
identified. The first was a prospective
multicenter randomized clinical study by
Copp et al. [7], dedicated to the clinical
and radiation picture of TSCS (225 cita-

tions). The second was a prospective
multicenter randomized clinical study by
Yamada et al. [8] dedicated to the patho-
genesis and clinical picture of the TSCS
(148 citations).

To analyse the content of the articles
in the “Discussion” section, the latter
were ranked to answer the main ques-
tions of the study:

* What are the components of the
tethered spinal cord syndrome, depend-
ing on the level of spina bifida?

» What is the MRI semiotics of the
tethered spinal cord syndrome?

e What is the indication for surgical
untethering of the spinal cord?

Discussion

Components of spinal cord tethering
depending on the level of spina bifida

According to the principles of biome-
chanics, it can be stated that the caudal
part of the spinal cord is a damping sys-
tem represented in the upper parts by
denticulate ligaments located at the level
of T12-L1 segments, and in the lower
parts of the spinal cord by a filum ter-
minale. Yamada et al. [§] found out that
this system prevents spinal cord tension
above the level of T12-L1 vertebrae. If
the elastic properties of the filum termi-
nale are impaired, its damping properties
and the balance of the spinal cord as a
whole reduce.

The main causes of spinal cord teth-
ering are lipomeningomyelocele and dia-
stematomyelia. Complex caudal malfor-

Table 1

PRISMA elements

Participants

Interventions
Comparison
Outcome

Design

Publications

Children under 18 years of age who have undergone surgery

for tethered spinal cord syndrome

Surgical treatment of tethered spinal cord syndrome in

patients with spina bifida

Non-randomized, retrospective, prospective

In Russian, English, full text

Criteria for inclusion/exclusion and selection of publications in accordance with PRISMA principles

Inclusion

Study groups in selected articles

MRI semiotics, clinical picture, indications for surgery

Patients over 18 years of age and those who have not been

treated for tethered spinal cord syndrome

Surgical treatment of tethered spinal cord syndrome not

associated with spina bifida

Randomized, clinical cases, case series

In any other languages, without access to the full text

Exclusion

28
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mations, anterior meningocele, neuren-
teric cysts, sacral meningeal diverticula
with a fatty filum terminale, terminal
syringomyelia and caudal regression syn-
drome are less frequent. In conditions of
acquired pathology, the source of teth-
ering and possible traction of the spi-
nal cord is intradural postoperative scar
tissue.

The pathogenetic basis of TSCS is
the mechanical tension of the caudal
spinal cord, resulting in local ischemia,
impaired electrobiological activity of the
spinal cord, and, at the molecular level,
inhibition of oxidative phosphorylation
and axonal degeneration [10]. Revascu-
larization of the spinal cord after surgi-
cal untethering explains the reversible
origin of neurological disorders. These
abnormalities tend to progress during
the period of active growth of a child,
resulting in an aggravation of the clinical
picture and in the formation of a persis-
tent neurological deficit [11-13].

MRI semiotics of tethered

spinal cord syndrome

Diagnostic measures for second-
ary TSCS are reduced to a comparison
of the clinical and radiation picture
and electrophysiological criteria with
consideration to the changes in the
patient’s condition. The main neuro-
logical manifestations of spinal cord
tethering and tension are gait chang-
es, pelvic organ dysfunction, includ-
ing persistent urinary tract infections.
The semiotics of orthopedic disorders
involves deformity of the spinal axis
(more often scoliosis and lordoscolio-
sis), hip instability, knee contractures
and foot deformity. Meanwhile, there
are no clear criteria for the integral
assessment of the clinical as well as
morphological and functional state of
patients, and the available scales (Ash-
worth, Modified Tardieu Scale, mJOA,
SBNS) are not specific [29, 30].

All the patients who underwent sut-
gery for TSCS have MRI signs of spinal
cord tethering [11]. Meanwhile, symp-
tomatic options for TSCS are found only
in 30% of patients. The formation of teth-
ering, as a rule, occurs at the level of the
previous surgical treatment. In this case,
adhesions form between the spinal cord

on queries (n = 394)

Identification

Studies initially selected in Pubmed, EMBASE,
eLibrary and Cochrane Library systems based

!

Number of publications that passed the screening,
including after excluding duplicates (n = 318)

Excluded studies
(n=176)

!

Screening

in analysis (n = 251)

Number of articles assessed for inclusion

:

criteria

o
<o
g
& Full-text articles assessed
E‘ for compliance criteria (n = 35)
o
O
Excluded full text articles:
« irrelevant issue (n = 128);
- « inappropriate design (n = 48);
o Studies included in the review (n = 28), * no data to verify
= including Russian-language (n = 2) —| theresults (n = 43);
E and English-language (n = 26) « self-citation (n = 2)
Fig. 1

Schematic algorithm for selecting issue-related publications in accordance with PRISMA

and its membranes, and occasionally
with scar tissues. Frequently, spinal cord
tethering is formed at the level of L4-S3
vertebrae [14, 15]. According to Yamada
and Won [10], the risk of a symptomatic
form of secondary tethered spinal cord
syndrome increases with spinal cord
cone dystopia caudal to the S1 level of
the vertebra.

Consequently, MRI is the gold stan-
dard of diagnosis, and the main MRI cri-
teria for spinal cord tethering are sub-
stantiated by Horrion et al. in 2014 [19]:

1) dystopic spinal cord cone below
the level of the L1-L2 vertebrae;

2) syringomyelia is an intramedullary
cystic formation; small cysts have a tubu-
lar shape, while large cysts seem to be
beads or sacculated cavities separated
by barriers;

3) myelopathy with the development
of tethering in the cervical and thoracic
levels; visually: spindle-shaped thicken-
ing of the spinal cord; local amplification
(T2-W1) or decrease (T1-WI) of the sig-
nal intensity of the spinal cord,

4) the filum terminale lipoma is a
hyperintense (T1-WT) intradural space-
occupying lesion closely connected with
the filum terminale;

Table 2

Comparison of staged search for issue-related publications in accordance with PRISMA criteria and

using the GPT-Chat

Parameters Independent search in literature GPT-Chat
Identification 394 420

Screening 251 273
Compliance 36 51

Inclusion 28 38; 8 of them are relevant

29
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Schematic algorithm for selecting issue-related publications in the GPT-Chat
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Fig. 3

Graph of the number of published issue-related papers included in the review

5) thickening of the filum terminale
of 2 mm or more.

Indications for spinal cord untethering

One of the factors for the unreason-
able extension of indications for surgi-

cal treatment is the multifactorial ethi-
ology of the TSCS. Accordingly, it is pro-
posed to consider as an indication for
surgical treatment a combination of MRI
signs, the clinical picture of the second-

30

ary tethered spinal cord syndrome and
the progression of neurological symp-
toms [1, 5, 9] that, in fact, reflects the
clinical and neuroimaging picture of the
spinal cord tension. Concurrently, most
researchers [21-23] point out the pre-
dominantly transient nature of the ini-
tial neurological symptoms in the early
correction of TSCS. In rare cases, there
are pronounced positive changes after
untethering in patients with long-term
symptoms.

The evolution of anesthetic support
techniques, microsurgical dissection
methods, and intraoperative control of the
surgeon’s actions (primarily intraopera-
tive neurophysiologic monitoring) defined
the overall success of surgical treatment in
all age groups immediately after clinical
and instrumental verification of pathology,
even in cases where the disease progressed
asymptomatically [24—26). This has result-
ed in the conception of preventive elimina-
tion of tethering before the manifestation
of clinical symptoms, aimed at prevent-
ing possible irreversible injury to the spinal
cord [27, 28].

Another urgent matter is the elimina-
tion of tethering in adolescents before
the onset of a period of accelerated
growth [26]. Nowadays, however, this
strategy is severely criticized due to the
increase in postoperative neurological
and urodynamic deficits, as well as the
incidence and progression of orthopedic
complications |7, 10].

Conclusion

The components of the TSCS are a dys-
topic spinal cord cone, a shortened
filum terminale and a lumbosacral lipo-
ma. Meanwhile, there are currently no
clear criteria for the integral assessment
of the clinical and morphofunctional
condition of patients, and the available
scales are not specific. The described MRI
signs are limited by the evidence level,
but they reflect a high level of consensus
among experts, including that on the
defining indications for surgical spinal
cord untethering,

The absence of clear indications for
surgical treatment and the controvertible
nature of performing preventive unteth-
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Table 3

General characteristics of studies included in the systematic review

Study Year Country Study type Patients, n LE GR
Kurtser M.A. et al. [2] 2018 Russia RCS 7 v C
Khachatryan V.A. et al. [17] 2009 Russia RCS 34 v C
Copp etal. [7] 2015 Great Britain RCS/RCT 22 I B
Hudgins, Gilreath [6] 2004 USA RCS 12 11 B
Horrion et al. [19] 2014 Belgium RCS 20 11 B
Furtado et al. [31] 2020 USA/Germany RCS/RCT 26 I B
Hertzler et al. [18] 2010 USA RCS 47 111 C
Caldarelli et al. [9] 2013 Italy/USA RCS 22 111 C
Mazzola et al.[10] 2019 ITtaly RCS 18 I B
Blount et al. [27] 2007 USA RCS 30 111 C
Henderson et al. [29] 2005 USA RCS 38 I B
Danzer et al.[20] 2016 USA RCS/RCT 27 I B
Hsieh et al. [21] 2010 USA RCS 26 I B
Hoving et al. [22] 2011 Great Britain RCS 65 I B
Hsieh et al. [23] 2006 USA RCS 24 I C
McCarthy et al. [24] 2019 USA RCS 27 111 C
Barley et al. [25] 2010 USA RCS 19 I B
Ogiwara et al. [13] 2011 Japan/USA RCS 16 I B
Filippi et al. [14] 2010 Australia RCS 13 I B
Massimi et al. [15] 2011 ITtaly RCS/RCT 18 I B
Yamada, Won [16] 2007 Japan RCT 37 I B
Yamada et al. [8] 2007 Japan RCT 34 111 C
Lew, Kothbauer [1] 2007 USA RCS 41 111 C
Adzick et al. [11] 2011 Great Britain RCT 14 I B
Verbeek et al. [12] 2012 USA/Netherlands/Germany RCT 21 111 C
Sharma et al. [30] 2006 India RCT 22 111 C
Bloria et al. [3] 2020 India RCS 19 11 B
Shobeiri et al. [26] 2021 Iran RCS 21 111 C
PCS — prospective cohort study; RCT — randomized clinical trial; LE — level of evidence according to the American Society of Clinical Oncology

(ASCO) [32]; GR — gradation of recommendations according to the ASCO.

ering of the spinal cord require further
study of the problem, with an emphasis
on definition of the term “tethered spinal
cord syndrome” and analysing its clinical
and neuroimaging criteria.

Limitations of the study. Firstly, the
authors sought to limit the study to se-
condary tethered spinal cord syndrome
with an analysis of the criteria for teth-

ered spinal cord syndrome and indica-
tions for surgical untethering. Secondly,
the study intentionally does not include
papers analysing the efficacy of prena-
tal procedures. Thirdly, there is a clear
deficit of studies with a high level of evi-
dence, as well as intra- and inter-expert
consensus, which affects the results of
the review.

31
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