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Abstract: The management of tethered cord syndrome complicating occult spinal dysraphismin children isawidely debated topic. The pathol-
ogy is occult and the pathogenesisis dynamic. The management is sometimes controversial, especially for entities like a fatty filumwhere the
natural history is unclear. However, precise imaging and timely surgical intervention in select cases can prevent the occurrence or arrest the
progression of neurologic deficits. This article reviews the current understanding of the syndrome and presents a cumulative experience of

managing 36 such cases at a multidisciplinary spina hifida clinic.

INTRODUCTION

The term “Tethered spinal cord” was first coined by Hoffman?
in 1976 to refer a low lying conus medullaris with a
thickened (> 2 mm diameter) filum; however the term “spina
bifida occulta” (Virchow, 1875) and the first successful surgical
intervention for a tethered spinal cord (Jones, 1891) have been
described almost a century prior to this. Tethered Cord Syndrome
(TCS) refersto progressive neurological deterioration in thefunctions
of the lower spinal cord resulting from traction on the conus
medullaris®. Though generally associated with alow lying conus (the
‘classic’ type), TCSis also seen inanormally positioned conus®.
Now, TCSisknown to be associated with diverse etiologiesincluding
spinal dysraphism (aperta or occulta), vertebral and orthopedic
abnormalities (scoliosis, limb deformities), caudal regression, tail
fold anomalies and anorectal malformations. Amongst occult spinal
dysraphism, TCS is common in lumbosacral lipoma, split cord
malformations, diastemetamyelia, dermal sinus tracts, congenital
inclusion tumors complex and fibrous adhesions. The neurological
sequelae involve a combination of upper- and lower- motor neuron
dysfunction that are clinically quiescent or manifest variably in the
lower limbs, the bowel and the bladder.

The optimal investigations and treatment of TCS in children is
controversial and protocols vary from conservative approach to the
overtly aggressive intervention. This article briefly outlines the
pathophysiology, clinical presentation, investigations and treatment
of tethered cord syndrome in pediatric occult spinal dysraphism
(OSD). The authors al so present acumul ative experience of managing
36 cases of OSD with TCS over twelve years at a multidisciplinary
spina bifida clinic in India.

PATHOPHYSIOLOGY

The caudal spinal cord develops from secondary neurulation;
subsequent embryologic events include merging with the cranially
developing cord (primary neurulation), canalization, regression and
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eventual ascent of the conus due to relatively faster growth of the
vertebral canal compared to the neural tube. The final position of the
normal conus is anywhere between the midlevel of T, to the lower
portion of L, but generally at the L ,-L, disc interspace. The ascent
of theconusfromL -L ; totheaverage adult level of L -L,*, previously
thought to occur by 3 months of age, probably happens as early as
the 40th postmenstrual week®.

The filum terminale gently anchors the conus to the sacral bony
vertebral canal and suspends the entire lower cord in the buoyant
cerebrospinal fluid. A taut (short fibrous) or athick (fat infiltrated)
filum is inelastic and the resultant tension on the conus with spinal
movements leads to neuronal dysfunction. Similarly when the cord
movement islimited by anomalousfixity to adorsal (e.g.lumbosacral
lipoma, dermal sinus tracts, congenital inclusion tumours like
dermoids and epidermoids) or ventral structure (e.g. bony diastem,
neurenteric cyst), repeated mechanical shocks have been
hypothesized to cause neurological deterioration. A diminution in
the microcirculation to the stretched cord has been observed. At the
cellular level, ischemia, hypoxiaand impaired oxidative metabolism
lead to abnormal neuronal transmission®. The process of tethering is
a dynamic culmination of several mechanical and biological factors
such as relative linear growth of the spinal cord and its bony canal,
non-neoplastic growth of fat in the fatty filum and lumbosacral cord
lipomata, progressive accumulation of putty material in congenital
inclusion tumours and the ensuing chemical meningitis and
exogenous infection tracking along a dermal sinus tract. The lower
motor neuron (LMN) symptoms are considered to be an effect of
mechanical compression while the upper motor neuron (UMN)
symptoms apparently result from ischemia and stretch. The large
fibers of the tracts cranial to the site of tethering are the most
susceptible to injury’. All these are reflected in the diverse
presentations of TCSin our series. (Table 1).

Tethering of cord is theoretically possible at two points — one at the
site where an extrinsic lesion such as a dermal sinus tract traverses
through the dura and another at the caudal attachment of the conus
to ataut or fatty filum. Either or both tethers may be present in any
given case and they need to be individually addressed. In the 36
cases reviewed here, 31 had an extrinsic tethering lesion and 5 had
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an isolated fatty filum. Only 2/31 had a taut filum in addition to
extrinsic mass lesion.

Table 1: Clinical profile of 36 children (neonate -13 yrs) with occult
spinal dysraphism and tethered cord syndrome.

Clinical feature n

Cutaneous stigmata (28/36)
Fatty mass - lumbosacral
Hypertrichosis

Dermal sinus

Deviated gluteal furrow

Multiple neurocutaneous markers

[2=]

e B -

Meurologic deficits (23/36)
Incontinence — urinary ffecal
Hydroureteronephrosis, UTI
Paraparesis

Limb deformity/ gait disturbance
Foot , trophic uleers

Recurrent fever, meningitis

[T U Y.

ANTENATAL DIAGNOSIS

Antenatal detection of spina bifida occulta without a surface
protuberance is rare. A low association of elevated biochemical
markers (alphafetoprotein, acetyl cholinesterase) and type-2 Arnold-
Chiari malformation also explains the low antenatal detection of
OSD. Nevertheless, antenatal diagnosis has been documented even
for dermal sinus tracts®. About one-fifth of our cases, mostly
lumbosacral lipoma, had been diagnosed in the late second trimester
on sonography. None had had hydrocephal us or type-2 Arnold-Chiari
malformation. In the event of an antenatal diagnosis, we adopted a
realistic counseling as to the probable nature of pathology and the
likely neurological deficits. Most of the prospective parents chose
to continue the pregnancy and we consistently emphasized on an
immediate postnatal assessment for further management.

CLINICAL FEATURES

OSD may be asymptomatic and go unnoticed. They may be
incidentally detected during evaluation for an unrelated disease; they
may also present as a cosmetic problem or manifest with subtle or
gross neurological signs and symptoms. It is fortuitous when the
associated cutaneous stigmatadraw attention to the underlying spinal
anomaly prior to the onset of neurological impairment. These
cutaneous marks are often multiple and they occur in 50-70% of all
OSD? as compared to 3% in healthy neonates'. In our series 80%
had cutaneous stigmata and 20% had more than one neurocutaneous
marker. Despite the theoretical possibility of early diagnosis based
on neurocutaneous markers, many of our patients presented quite
late with established neurological deficits of varying degree! (fig.1)
The manifestations of TCS in OSD include variable degree of pain,
sensorimotor deficits, orthopedic deformities and bladder and / or
bowel dysfunction. Often apatchy, asymmetric combination of UMN
(spasticity, hyper-reflexia) and LMN (atrophy, hypo-reflexia)
symptoms referable to the conus and the lumbosacral nerves occurs.
Painisrarely recognizableininfantsor young children. Motor deficits
are more evident than sensory aberrations. A few children typically
present with painless ulcerations of the foot or leg (trophic ulcers) **
Recurrent meningitis is common in children with an untreated

Fig. 1: Multiple neurocutaneous markers in OSD — hypertrichosis and
deviated gluteal fold.

discharging dorsal dermal sinus tracts. Progressive orthopedic
deformities (foot deformities, limb length discrepancies, scoliosis,
gluteal asymmetry, gait disturbances) are usually reported in 75- 90%
of patients. Urological abnormalitiesare generally subtle (frequency,
urgency) but may be overt (incontinence, urinary infections) in
established disease. Besides urinary infections, such symptoms
usually become obvious only beyond infancy*2.

Evidence of TCS may be clinically absent at presentation.
Recognition of TCS on specific investigations may predate clinical
manifestations by a variable period ranging from months to years.
Evolution of clinical features may be gradual or sudden. The type of
neurological deficit (LMN Versus UMN) and the sequence of their
appearance are unpredictable. The prevalence of the various
symptomsis similar in both the classic (low conus) type and normal
conus type of TCS; however neurogenic bladder is more likely with
the former.

Objective documentation of details of the first and subsequent
neurological examinations is important to identify worsening of
neurological deficit. At the spina bifida clinic, additional
corroboration by the physical medicine or rehabilitation personnel
isalso preferred. Video recordings of the voiding pattern, stance and
gait are useful. A departure from the normal motor milestones
provided clues to a developing TCS in some.

Asymptomatic neurocutaneous markers can be classified into high-
and low- risk categories. The former mandates further investigations
to identify an underlying OSD and TCS. High-risk neurocutaneous
markers include atypical midline lumbosacral dimples (larger than
5 mm, located more than 25 mm cranial to the anal verge, directed
cranialy), hemangiomas, protruding lesions (masses, hairy patch,
tails) and multiple cutaneous stigmata. Low risk stigmata include
coccygea pits, smple dimples, discolorations and deviated gluteal
fold®. Thereisno consensus on recommending further neuroimaging
inlow-risk group. Less than 10% of lumbosacral dimples referred to
us as neurocutaneous markers merited further investigation.

INVESTIGATIONS

A high index-of-suspicion and meticulous clinical evaluation leads
to variousimaging modalitiesthat are employed to confirm and grade
the degree of abnormality in OSD-TCS. Plain Radiography,
commonly used earlier, is seldom employed today as it identifies
only the gross vertebral defects and provides no information about
the spinal cord. A progressive scoliosisisreliably visualized on plain
radiography. We often incidentally detected L .- S, bifid spine during
evaluation for an unrelated pathology but any further investigation
was individualized. (fig 2)



-

Fig2: X-ray lumbosacral spineshowing incidentally detected S, spina bifida.

Ultrasonography is a useful tool in the neonate and young infants
for evaluation of OSD and TCS™. Although ultrasonography is
entirely operator dependent, the acoustic window in the lumbar spine
isadequate for adetailed evaluation of the meninges, the spinal cord
and its movements and the filum terminale. Identifying the level of
the conus medullaris is simpler than identifying fat or assessing the
thickness of the terminal filum. The acoustic window is usually lost
by 4to 5 months of age after which images can bedifficult to interpret.
The pulsations of the normal spinal cord with every heart beat are
dampened in a tethered cord. The obvious advantages of neonatal
spinal USG are the ability to obtain a dynamic view, without the
sedation and radiation exposure®'4, Ultrasound is a sensitive test for
OSD and in experienced hands shows good correlation with magnetic
resonance imaging (MRI). We are steadily gaining experience with
ultrasonographic assessment of infantile spinal cord and use it to
complement MRI. MRI is usually postponed in asymptomatic
neonates till 6-12 months of age because of logistic reasons. At all
ages, renal USG with standard measurements (e.g. antero-posterior
pelvic diameter; ureteric dimensions, bladder wall thickness) helps
in detecting a neurogenic bladder and voiding disturbances.

MRI is the modality of choice for an accurate anatomic delineation
of the spinal pathology and diagnosis of TCS. It has replaced
computed tomography, even in neonates®. In symptomatic children,
including neonates, we obtained MRI at presentation. Sagittal T1-
and T2- weighted imagesillustrate the level of the conus, while T1-
weighted axial images delineate the fat in the terminal filum and
facilitate measuring its diameter. In addition, the anatomy and
relations of the other forms of OSD areimaged in great detail. (Fig.3,
4). All radiological abnormalities detected on the MRI do not
necessarily need surgical intervention. For example, incidental
syringomyelianoted in the MRI (Fig 3) requires simple surveillance
if it is neurologically stable after cord de-tethering. As with
ultrasonography in the young infant, dynamic or phase contrast MRI
can evaluate cord motion?®; but isnot popular asit requires anesthesia
or sedation.

Simpleclinical observations such as observed voiding and reviewing
voiding diaries were useful in monitoring urological complications
of TCS. Ultrasonographic findings such as hydroureteronephrosis,
thickened bladder wall and significant post-void residue prompted
further investigations like voiding cystourethrogram (VCUG) and
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Fig. 3&4: Sagittal T2 - MRI of spinal bifida occulta. (3) showing alow lying
conus medullaris (L4-5), dorsally displaced cord and a thick taut filum
terminale. Also seenisasyrinxat L2. (4) showing alowlying (L4-5), dorsally
displaced conus medullaris tethered to a heterogeneous caudal fatty mass.
At exploration, the caudal mass was a conus dermoid and the filum was
enmeshed in a lipomatous mass that extended extradurally into the
subcutaneous plane

urodynamic studies (UDS). The earliest features of subclinical
neurovesical dysfunction are detrusor hyper-reflexia and detrusor-
sphincter dys-synergia resulting in vesicoureteral reflux and
hydronephrosis'’. Though it was technically demanding and required
strict standardization, especially in the neonate, UDS vyielded
objective data to support surgical intervention in asymptomatic
children with TCS. It provided an accurate assessment of
improvement in neurovesical dysfunction after detethering.

Other advanced preoperative and intraoperative studies that further
characterize the neurological and urological status are
electromyography (rectal versus urethral; continuous versus evoked)
and somatosensory evoked potential monitoring of the posterior tibial
nerve. These are currently experimental and are not routinely used
in clinical settings.

TREATMENT

It is evident that the diagnosis of TCS is both anatomical and
pathophysiological and hence a decision of surgical intervention is
based on cumulative information from both clinical evaluation and
investigative modalities. Decision making is relatively easier in the
symptomatic patients with neurologic deficits than in asymptomatic
patients. Some entities of the latter group, whose natural history is
now well documented, when managed with watchful expectancy
inevitably evolve into full blown TCS in due course of time. They
include lumbosacral lipomas, dermal sinustracts, congenital inclusion
tumors such as dermoids and epidermoids, diastemetamyelia and
neurenteric intraspinal cysts. Most of the contemporary expertswould
concur that these need early surgical correction®®.

The residual group includes asymptomatic patients with low conus,
a fatty filum, a thick filum or a combination of these. Their
management is mired in controversies that have been discussed
extensively in a recent review!. Both conservative and surgical
options are propounded in their management. Many believe that
sectioning of the filum reverses clinical and urodynamic deficits in
a subset of the symptomatic tight or fatty filum terminale; since the
procedure has an acceptable minimal morbidity in trained hands,
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similar treatment would be preemptive in the asymptomatic cases.
However, thediminution in the detrusor hyperreflexiaafter sectioning
of the filum is confounded by a known spontaneous rate of cure with
this entity. Like many others, we adopted a middle path approach
and maintain close clinical and investigative follow up at our Spina
Bifida Clinic. The parents are counseled in detail about this strategy
and an informed consent is obtained. At the earliest evidence of
clinical or subclinical deficit, we advise de-tethering. There were 5/
36 children (Age range 2 months-13 years) who were neurologically
normal over an average follow-up of 3.5 years (Range 2-11 years).
Two children who were originally assigned to conservative
management were subsequently withdrawn from the protocol and
were operated within a month of onset of neurological deficit; both
of them showed complete recovery in the subsequent 6 months.

The fundamental goals of surgical intervention in OSD with TCS
(Table 2) are to stabilize or improve neurological deficits in
symptomatic patients and to prevent future deficits in asymptomatic
patients. It aims at restoring the normal mobility of spinal cord by
eliminating the tethering structures and resuspending the freed conus
and spinal nerves in the cerebrospinal fluid. We operated the
symptomatic and the high-risk categoriesimmediately after aprecise
diagnosis. The surgical procedure was individualized according to
the etiology and specific pathology. For example, in anintramedullary
dermoid with atethering lipoma, it included evacuation of the contents
of the dermoid (Fig 5), gentle curettage of the epithelial lining from
within, division and debulking of a tethering lipoma and duraplasty
in a complex tethered cord. Asin any surgery for spina bifida, the
accent was on neural preservation and a lax duraplasty around the
reposited cord and nerves. After the detethering of the low conus
from an extrinsic tethering element, we reassessed the laxity of the
conus or filum, the return of cord pulsations and pulsations of the
arterioles on the surface of the cord. If these showed a gross
improvement over the pre-detethering state, we did not proceed to
divide the filum terminale. In the rest, we proceeded to do so through
the same durotomy or through an additional dural exposure at lower
level. (Fig 6) Some authors would add this step in all detethering
procedures for TCS in OSD. Where the anatomy of the otherwise
easily identifiable filum (Fig.6) is unclear, intraoperative
electrophysiological studies and nerve stimulation can be used to
identify the filum for precise detethering. This time consuming
exercise was rarely necessary.

OUTCOME

The results of carefully selected surgical detethering in both
symptomatic and asymptomatic TCS in OSD were gratifying.
Neurologic deficits were arrested but any recovery of preoperative
deficits was unpredictable. Reported rates of recovery of sensory,
motor and neurovesical dysfunction vary widely and reflect non
uniform assessment and report®2, A short-duration radicular pain
or spasticity is often completely relieved while an established
neurovesical dysfunction or orthopedic deformity at presentation is
usualy irreversible; indeed there is a spectrum in between. In our
cohort, only 4/23 with deficits showed a tangible recovery after
surgery, two with recent sensorimotor deficits and two others with
early neurovesical dysfunction.

In conclusion, the management of the tethered cord syndrome in
neonates and children with occult spinal dysraphism involves a
multidisciplinary comprehensive approach with antenatal counseling,
postnatal evaluation and vigilant follow-up at a spina bifida clinic.
Judicious investigations and their interpretation followed by timely,

Table 2: Management of tethered cord syndrome in 36 children with occult

spinal dysraphism.

Treatment modality N
Operative procedures 31
Laminectomy , detethering of cord 31
Excision/ debulking of of cord lipoma / 11
dermoid /epidermoid

Excision of bony/ fibrous diastem 5
Division of filum terminale 2
Conservative follow up 5

Fig. 5: Operative photograph of the conus dermoid cyst (Fig.4) with putty
material extruding dorsally. Note the closely related spinal nerves.

Fig 6: Operative photograph of the sacral spinal canal after detethering of
thefilumimaged in Fig.3. Note the retracted filar ends (with sutures) and the
ventrally exiting lowest sacral nerves.

selective surgical management in trained hands facilitate neural
preservation in a majority and facilitate recovery in a few children.
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