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Abstract

Purpose A personal series of 131 patients with split cord
malformation (SCM) operated on is presented.

Methods Age, gender, symptoms and signs, radiological
and operative findings, complications, associated anomalies,
outcome, and pathological specimens were analyzed.
Results There were 88 girls (73 %) and 43 boys (27 %). The
female predominance was slightly more remarkable in type |
SCMs than in type II SCMs. The presenting symptoms can
be summarized as skin lesions, spina bifida aperta, scoliosis
or kyphoscoliosis, sphincter disturbance, foot deformities
and weakness, and/or atrophy in the lower extremities. The
ages of patients with neurological deficits and orthopedic
deformities were significantly older than those without def-
icits (P=0.030). The duration of symptoms was longer in
the patients with neurological deficits and orthopedic defor-
mities than that in those without deficits (P=0.00095). In six
patients, composite SCMs were present. Only one patient
with a type II SCM did not have an associated spinal cord
lesion. A type I SCM was more frequently encountered in
patients with spina bifida (P<0.0005). Transient postopera-
tive complications were seen in 29 patients (22 %). There
was no permanent complication. Retethered cord syndrome
developed in five patients with a type I SCM.

Conclusions The risk of neurological and orthopedic defi-
cits increases with the age of the patient. The risk of perma-
nent deficit after surgery is very low. The whole spine must
be examined for additional lesions. All patients should be
surgically treated when diagnosed, especially before the
development of orthopedic and neurological manifestations,
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and all associated lesions should also be treated at the same
session.
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Spinal dysraphism - Split cord malformation - Tethered
spinal cord

Introduction

Pang and colleagues [72, 74] proposed an alternative classifi-
cation to deal with all double spinal cord malformations. They
also have proposed a unified theory that explains the embryo-
genetic mechanisms of all variants of split cord malformations
(SCMs). All SCMs originate from one basic error that occurs
at approximately the time at which the primitive neurenteric
canal closes. This basic error is the formation of an accessory
neurenteric canal between the yolk sac and amnion, which is
subsequently invested with mesenchyme to form an
endomesenchymal tract that splits the notochord and neural
plate. Pang et al. [72, 74] defined two types of SCMs. A type |
SCM consists of two hemicords; each contained within its
own dural tube and separated by a dura-sheathed rigid median
septum. A type II SCM consists of two hemicords housed in a
single dural tube separated by a nonrigid, fibrous median
septum. I have reviewed and analyzed 131 cases of SCMs,
operated on by myself.

Clinical material and methods
Patient population
The 131 patients with SCMs who were surgically treated

between January 1, 1993 and December 31, 2011 were
reviewed. The data regarding patient age and gender,
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symptoms and signs, radiological and operative findings,
complications, associated anomalies, outcome, and patho-
logical specimens were prospectively entered into a
database.

Surgical procedures

In patients who had type I SCMs, laminectomy was
performed around the attachment of the rigid median sep-
tum, and the septum was dissected subperiosteally from its
dural sleeve within the dural cleft. The septum was removed
by using a rongeur or a high-speed microdrill. After removal
of the septum, the dura was opened on both sides of the
dural cleft. Fibrous bands or paramedian dorsal roots from
the medial aspects of the hemicords, which were adherent to
the dural sleeve, were sectioned, and the dural sleeve was
resected. Only posterior dural closure was performed.

In patients with type II SCMs, laminotomy was
performed near or at the caudal end of the split seg-
ment. The dura was opened in the midline. The fibrous
septum and/or paramedian dorsal roots were excised.
Any associated spinal lesions that might lead to spinal
tethering, such as a thick filum terminale, dermal sinus
tract, or lipoma, were also surgically treated in both
types of SCMs. The filum terminale was explored even
if magnetic resonance imaging (MRI) did not show the
presence of a thick filum. Split cord malformations were
found and treated in some patients who underwent sur-
gical repair of a myelomeningocele shortly after birth.
These patients did have postoperative radiological work-
up. Follow-up evaluation of all patients ranged from
12 months to 18 years (mean 140.1 months). Fisher’s
exact test, chi-square test, ¢z test, and diagnostic test
were used in statistical analyses.

Results
Patient age and gender

Patients ranged in age from less than 1 day to 19 years
(median 16.5 months). There were 88 girls (73 %) and 43
boys (27 %). The female predominance was slightly more
remarkable in type I SCMs than in type II SCMs. When
composite-type SCMs were excluded, girls comprised 72 %
of the patients with a type I SCM and 63 % of those with type
II; however, this difference was not statistically significant. In
composite SCMs, there were three girls and three boys. The
ages of patients with neurological deficits and orthopedic
deformities (average 60.4 months) were significantly older
than those without deficits (average 38.6 months) (P=
0.030), when the patients with neural tube defects were not
taken into consideration.
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Symptoms and signs

The presenting symptoms can be summarized as skin le-
sions, spina bifida aperta, scoliosis or kyphoscoliosis,
sphincter disturbance, foot deformities and weakness,
and/or atrophy in the lower extremities (Table 1). Forty-
five patients were asymptomatic, and they had MRI scans,
because of skin lesions. The duration of symptoms ranged
from birth to 12 years (mean 21.7 months). When the
patients with myelomeningocele, hemimyelomeningocele,
or lipomyelomeningocele were excluded, the duration of
symptoms was longer in the patients with neurological
deficits and orthopedic deformities (mean 39.9 months) than
that in those without deficits (mean 16.6 months). This
difference was found to be statistically significant (P=
0.00095). Of the 50 patients with spina bifida cystica, 24
had myelomeningocele, 6 had hemimyelomeningocele, 19
had meningocele, and 1 patient had both meningocele and
hemimyelomeningocele. In addition, four patients had
lipomyelomeningocele.

Skin stigmata and/or subcutaneous lipoma were present
in 76 patients (58 %). Some patients had more than one skin
lesion. Hypertrichosis was the most common skin finding
and was present in 59 patients. Capillary hemangioma (17
cases), dimple (12 cases), hyperpigmentation (7 cases), and
subcutaneous lipoma (6 cases) were other skin stigmata.
Fifty-six patients (42 %) had no skin lesions. Twenty of 50
patients with spina bifida cystica exhibited skin lesions,
although 52 of 77 patients without spina bifida cystica
exhibited these lesions (P=0.034).

Orthopedic deformities in lower extremities and spinal
deformities were seen in 55 and 36 patients, respectively.
Some patients had more than one deformity. Scoliosis was
the sole presenting symptom in ten children. Paraparesis was
present in 25 patients; however, 13 of these patients had a
myelomeningocele. Unilateral leg paresis and atrophy were
detected in 32 patients, and bladder and/or bowel incontinence
was present in 17 patients (Table 1). The proportion of patients
with neurological or orthopedic deficits did not significantly
vary with the type and level of SCMs.

Radiological findings

Plain X-ray films of the spine were obtained in 113
patients. Magnetic resonance images, computerized to-
mography (CT) scans, and CT myelograms were avail-
able in 131, 22, and 12 patients, respectively. Bifid
lamina, a widened interpediculate distance at the level
of SCM, scoliosis, a bony spur, hemivertebra, block
vertebra, and butterfly vertebra were detected on plain
X-rays. Of 60 patients with a type I SCM for whom a
plain X-ray film was available, 35 showed a bony spur.
CT myelography has not been obtained since 1998,
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Table 1 Symptoms and signs in

patients with SCMs Symptoms and signs No.

Neurologic

Spina bifida cystica (myelomeningocele, hemimyelomeningocele, and meningocele) 50
Paraparesis 26
Unilateral paresis of the lower limb 19
Bladder and bowel incontinence 17
Low back pain 6
Leg pain 3
Skin stigmata

Hypertrichosis 59
Capillary hemangioma 17
Skin dimple 12
Hyperpigmentation 7
Subcutaneous lipoma 6
Orthopedic

Spinal deformity (scoliosis and/or kyphosis) 35
Unilateral and/or bilateral leg atrophy 32
Club foot 22
Lump in the back (hypertrophic lamina) 15
Pes cavus 11
Pes valgus 3

Trophic ulcer

because development in MRI technology made the require-
ment for obtaining CT myelography unnecessary. MRI has the
capability of showing the level and type of SCMs, bone
anomalies, associated spinal cord malformations, and the
conus level. In composite-type SCMs, MRI missed the second
SCM, located in the sacral region. In those cases, axial MRI
scan should have been performed not to fail to show the
second SCM. In addition, MRI displays the other associated
lesions such as hydromyelia, dermoid, epidermoid, lipoma,
and tight filum terminale. On MRI scans, hydromyelia was
detected in 55 patients. Filum was normal only in one of 65
patients whose MRI scans showed a tight filum. Al-
though the filum was normal on MRI in 63 patients,
it was found tight and transected at surgery in 37
patients. Therefore, the specificity of MRI in diagnosing
a tight filum is 96.3 %, and sensitivity is 63.4 %. It
was very difficult to identify the filum terminale and the
level of the conus medullaris, particularly on MR im-
ages obtained in children with severe scoliosis.

Length of the split segment

A correlation was not found with the length of the split
segment of the spinal cord and the age. The split
segment length was significantly longer in a type I
SCM (mean 3.1) than in type II (mean 2.3) (P=
0.0336) (Fig. 1).

Surgical findings

Sixty-eight patients had a single type I SCM (Fig. 2), and
57, a single type I SCM (Fig. 3); six patients had composite
SCMs. An osteocartilaginous septum was detected in type I
SCMs, and a fibrous septum, in type II SCMs. Fibrous
bands and/or paramedian dorsal roots from the medial as-
pects of the hemicords to the dural sleeve were present and
cut in all cases of type I SCMs (Fig. 4). All type II SCMs
had a fibrous median septum and/or paramedian dorsal roots
that tethered the spinal cord, particularly at the caudal end of
the split, except for one. Ventral paramedian roots were
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Fig. 1 The graphic showing the length of split segments in types I and

II SCMs. Note that the split segment in type I SCM (mean 3.1) is
greater than that in type II (mean 2.3) (P=0.0336)
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Fig. 2 a Coronal, b sagittal,
and ¢ axial MRI scans showing
a type I SCM

present in 12 cases (Fig. 5). The hemicords reunited
after splitting in 123 patients but did not reunite in
8 patients. Both hemicords were equal in size in 87
patients. In 44 patients, one hemicord was smaller than
the other. If a patient has unilateral atrophic or short leg
and the hemicords are not equal in size, the possibility
of being the atrophic limb and smaller hemicord on the
same side was significantly high (P<0.0001). However,
some atrophic legs were associated with symmetrical
hemicords.

In six patients, composite SCMs were present. In two
patients, the dermal sinus tract penetrated the dorsal dura and
was connected to a fibrous median septum, attaching the
median aspects of the both hemicords. A small bony septum,
which had a conical shape and was covered with a dural
sheath, was also noted ventrally. The location was at T11 in
the first patient and at L3 in the second one. The second patient
had also a dorsal lipoma and a dermoid cyst located on the
dorsal surfaces of the hemicords at the split level. Four patients
had two different SCMs located in tandem, separated by a

@ Springer

{

FH 24 head

normal spinal cord. Two patients had types I and II SCMs,
one had two type I SCMs, and the other one, two type II SCMs.

Level of SCMs and conus medullaris

The uppermost split segment was between T2 and T4. There
were eight SCMs at S1 and below. The majority of SCMs
were located in the lumbar region, and there was no SCM
located in the cervical region in this series. There were no
cervical SCMs in this series. The conus medullaris was locat-
ed at L1 or L2 in only eight patients (6 %). Both the levels of
coni and split segments did not vary significantly (Fig. 6).

Associated lesions

Only one patient with a type II SCM did not have an
associated spinal cord lesion. The number of associated
spinal cord lesions was one, and more than one in 56
and 76 patients, respectively. The most common associ-
ated lesion was a tight filum terminale (113 patients).
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Fig. 3 a Sagittal MRI scan showing hydromyelia and tight filum
terminale (red arrow). b The patient’s photograph showing lumbar
hypertrichosis. ¢ A type II SCM on axial MRI scans

The lesions can be seen in Table 2. In addition,
hydromyelia was detected on MRI of 54 patients. A
type I SCM was more frequently encountered in the
patients with spina bifida cystica (myelomeningocele,
hemimyelomeningocele, and meningocele), and a type
II SCM was more common in the patients with spina
bifida cystica (P<0.0005). The bony septum was usual-
ly located proximal to myelomeningocele (22 patients).
It was at the same level in one patient and distal to
neuroplacode in three patients. In all hemimyelomeningoceles,
SCM was at the same level.

Postoperative complications

Transient postoperative complications were seen in 29 pa-
tients (22 %). All of these complications improved within
3 weeks. The transient complications consisted of cerebro-
spinal fluid (CSF) leak, transient unilateral leg paresis,
paraparesis, wound infection, urinary retention, subcutane-
ous CSF collection, and neuropathic pain in the legs
(Table 3). Dural repair was performed in two out of ten
patients with postoperative CSF leak. Complication rates
did not vary with the age, SCM type, and associated spinal
cord lesions. There was no permanent complication.

Pathological findings

Pathological examinations of the specimens from the medi-
an septa revealed fetal renal tissue, tubular epithelia,

lymphoid tissue, five dermoid cysts, muscle tissue, gangli-
on, and blood vessels in addition to bone and cartilage in
type I SCMs and fibrous tissue in type II SCMs. A teratoma
was resected in one of hemicord in a 9-year-old girl with a
type I SCM. She has been symptom free for more than
15 years (Fig. 7). Endodermal, ectodermal, and mesenchy-
mal structures detected within the median septa support the
theory of endomesenchymal tract and ectoendodermal
adhesion.

Patient outcome

There were two deaths in this series. These patients were
reported in our previous publication. Ninety-five patients
remained stable, and some improvements were detected in
34. Retethered cord syndrome developed in five patients
with a type I SCM. Regrowth of the bony spur was detected
in one of the patients who had undergone the second surgery
for untethering. Although there was no retethering among
the patients with a type I SCM, this difference did not reach
a statistical significance.

Discussion

The classification of SCMs proposed by Pang et al. [74] was a
big step to put an end the chaos in terminology. The terms
“type I’ and “type II” split spinal cord malformations (SSCMs)
have been generally used instead of diastematomyelia and
diplomyelia, respectively, since 1992. The female predomi-
nance has been reported in many series [1, 9, 28, 29, 40, 54,
72, 81, 82, 86, 91]. Ansari et al. [9] reported that the female
predominance was more remarkable in patients with type I
SCMs than that in those with type IT SCMs in this series, but
the difference was not statistically significant. Male to female
ratio was 1:09 in the series of Kumar et al. [55]. Presenting
symptoms and signs can be categorized into three parts such as
skin findings and neurologic and orthopedic manifestations in
infants and small children. At least half of our patients had skin
stigmata. The most common skin finding was hypertrichosis as
reported by many authors [3, 4, 6, 15, 18, 22, 23, 26, 28-30,
39, 40, 50, 54, 61, 62, 72, 74, 79, 80, 85, 87, 90, 91, 98, 100].
Capillary hemangioma [3, 4, 9, 28-30, 39, 54, 72, 74, 80, 91],
dimple [3, 4, 13, 15, 22, 26, 28, 34, 39, 47, 51, 54, 56, 67,
7274, 91], hyperpigmentation [28, 91], subcutaneous lipoma
[26, 28, 47, 54, 72, 74, 80, 84, 91, 93], aplasia cutis [45], and
neuroectodermal skin appendages [28, 54, 72, 74, 91, 93, 105]
are the other skin lesions seen in patients with SCMs. Skin
lesions were less common in the patients with meningocele or
myelomeningocele than those without. In 1992, Pang [72]
reported that the incidence of skin lesions in patients with
myelomeningocele was significantly less than that in those
without myelomeningocele. Pang [72] assumed that skin
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Fig. 4 a Sagittal MRI scan
showing a bony septum, low-
lying conus, tight filum
terminale, and intradural
lipoma. b Axial MRI scans
showing the bony septum (type
I SCM), tight filum terminale,
and intradural lipoma.
Operative photographs showing
the removal of bony septum
extradurally (c), dorsal
paramedian rootlets (d, e;
arrow), myelomeningocele
manqué (f; arrow), intradural
dorsal lipoma (g; arrow), tight
filum terminale (h; arrow) after
removal of lipoma and
sectioning the tight filum (i) and
untethered spinal cord (j)

lesions such as hypertrichosis, capillary hemangiomas, and
dermal sinus tracts represent minor aberrations in the develop-
ment of surface ectoderm that result from the adverse influence
of a dorsal endomesenchymal tract, but that these aberrations
might be largely overshadowed by chaotic changes in the
surface ectoderm occasioned by the unneurulated neural plate
in the case of an associated myelomeningocele. Patients with
myelomeningocele or lipomyelomeningocele do usually have
neurological deficits. When these patients, older patients, were
excluded, significantly more neurological deficits and ortho-
pedic findings were present. The duration of symptoms was
also longer in the patient with deficits than that in those without
deficits. Progressive deficits were present in both children and
adults in the series of Pang [72]. Progressive neurological or
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orthopedic deficits have been described in patients with SCMs
by many authors [15, 23, 42, 55, 71, 73, 80, 81]. Paraparesis,
asymmetric or unilateral paresis in lower extremities, sphincter
dysfunction, sensory loss, trophic ulcer, autoamputation, and
the short and thin left lower limb have been reported [4, 9, 11,
13, 14, 19,22-24,30, 37, 38,47, 50,51, 55,59, 64, 65,67, 71,
78, 80, 83, 85, 92, 97, 98, 100-102, 104, 105].

Spinal deformities such as scoliosis, kyphosis, or
kyphoscoliosis are frequently associated with SCMs [1, 6,
9,15, 19, 24, 28, 30, 34, 37, 42, 44, 50, 52, 54, 55, 58, 59,
68, 72,76, 78-82, 85, 86, 88-92, 96, 98, 99, 101, 103-106].
Spinal deformity was a presenting symptom in 36 patients in
the present series, and all congenital scoliosis associated
with SCMs needed corrective surgeries. Neural axis
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Fig. 5 Operative photographs of a patient with a type Il SCM showing
a dorsal paramedian rootlets (arrow), b aberrant ganglion at the lower
part of the cleft and dural attachment (arrow), ¢ ventral paramedian
rootlet, and d sectioning of the tight filum terminale

abnormalities occur in up to 40 % of patients with congen-
ital scoliosis [12, 16]. Bradford and colleagues [16] reported
a 38 % incidence of neural axis abnormalities in 42 patients:
16 harbored a tethered cord, 7 had SCM (16.6 %)
(diastematomyelia in four and diplomyelia in three patients),
4 had a syringomyelia, and 1 had a sacral teratoma.
McMaster [63] determined that diastematomyelia was the
most common anomaly (16.3 % of patients) in patients with
congenital scoliosis. Suh et al. [95] reported that the overall
rate of intraspinal anomalies in a nonrandomized group of
spinal deformity was 32 % (13/41): tethered cord in 12
patients, syringomyelia in 3 patients, and diastematomyelia
in 5 patients (12 %). Scoliosis is usually seen in up to 60 %
of patients with SCM [1, 4, 14, 15, 19, 24, 28, 30, 32, 34,
37, 42, 45, 50-52, 54, 55, 58, 59, 72, 78-82, 85, 86, 88,
90-92, 98, 99, 103—106]. Kyphosis or kyphoscoliosis may

accompany SCMs [6, 8, 15, 28, 42, 50, 58, 68, 76, 89, 91,
96, 101]. Hilal et al. [41] reported that the risk of scoliosis
increases significantly in older children with diastematomyelia.
James and Lassman [48] and Guthkelch [36] determined the
orthopedic and neurological syndromes in children with
diastematomyelia. The orthopedic syndromes consist of foot
deformities and dwarfing of one leg with muscle atrophy in
addition to spine deformity.

The bone deformities seen on plain X-ray films, CT, or
MRI of patients with SCMs are many; scoliosis, bifid lamina,
widened interpediculate distance, hemivertebra, bifid verte-
bra, fused vertebra, and narrowing of the intervertebral disc
space have all been observed [3-6, 8, 11, 13, 23, 24, 28, 30,
34,37, 38,52,54, 55,58, 68,69, 72-74,76, 82, 84, 85, 88,91,
92,99, 104, 106]. The spinous process is prominent in the area
of'the bone spur, especially if there is an intersegmental fusion
of adjacent laminae [41]. Unsegmented bar [37], sacral dys-
genesis [38, 76], and fused ribs [8, 28, 30, 55, 74, 91] have
also been reported.

All patients except for one had at least one associated spinal
cord lesion in this series. The most common associated lesion
was a tight filum terminale (86 %). Some patients had more
than one lesion. The rate of associated lesion in our previous
publication was 85 %. Pang [72] found at least one unrelated
tethering lesion in all lumbosacral and lower thoracic SCMs
and in a much smaller number of cervical SCMs. When you
look for an associated spinal cord lesion, the probability of
finding it will be high. The reported accompanying spinal cord
lesions are as follows: tight filum terminale [1, 4, 5, 7, 10, 15,
18, 21, 23, 24, 28-30, 33, 37, 38, 44, 51-54, 57-59, 62, 66,
70, 71, 73, 74, 78-81, 84, 89, 91, 92, 98, 100-102, 104],
myelomeningocele [5, 9, 10, 15,32, 39, 40, 44, 51, 54, 55, 69,
70, 72, 86, 91], lipomyelomeningocele [47, 53, 72, 84, 93,
105, 106], intradural lipoma [3, 4, 30, 34, 49, 54, 55, 57, 59,
70, 72,76, 80, 91, 92], hemimyelomeningocele [9, 44, 73, 82,
85, 89], meningocele [9, 22, 66, 67, 71, 72, 85, 91, 92],
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Table 2 Associated spinal cord lesions that may lead to spinal cord
tethering in the patients with SCM

Associated lesions No.
Tight filum terminale 113
Myelomeningocele 26
Myelomeningocele manqué 23
Meningocele 19
Intradural lipoma 12
Dermal sinus tract 8
Hemimyelomeningocele 7
Epidermoid 6
Dermoid 5
Lipomyelomeningocele 5
Intrasacral meningocele 5
Second SCM at a different level 4
Teratoma 1

dermoid [3, 15, 20, 42, 50, 54, 55, 59, 70, 72, 78, 91],
epidermoid cyst [15, 59, 72, 91], dermal sinus [1, 3, 13, 15,
22,26,51,53,54,59, 67,69, 72, 73, 84, 91], neurenteric cyst
[1, 3, 4, 11, 13, 14, 42, 44, 55, 59, 72, 92, 94],
myelomeningocele manqué [3, 29, 72—74, 91], teratoma [20,
24,37,44,50, 58, 61, 65, 66, 68, 69, 89, 96, 97, 100], anterior
sacral meningocele [21], intrasacral meningocele [52],
arachnoid cyst and neurofibroma [55], and Wilms' tu-
mor [31, 90]. The incidence of SCMs in patients with a
myelomeningocele has been reported to be 78 % by
Emery and Lendon [25]. The rate of SCMs in patients
with spinal dysraphism was 5 % in the series reported by
Pang [72]. It was 13 % in our previous experience. Campbell and
coworkers [17] reported that the occurrence of SCMs in infants
with open spinal dysraphism is 36 %. A type I SCM was more
commonly associated with a myelomeningocele than a type 11
SSCM. The myelomeningocele is usually located below the
bony septum [9, 10, 17, 40, 43, 44, 69, 72]. Asymmetric
symptoms in the lower limbs caused by asymmetric hemicords
are usually associated hemimyelomeningocele [72, 85]. In the
series of Iskandar et al. [44], six patients had SCM at the level
of myelomeningocele, and all six had hemimyelomeningocele,
and the others had SCM above the neuroplacode. We found
that SCM was at the same level in three and seven patients with
myelomeningocele and hemimyelomeningocele, respectively.
In only one patient, the bony septum was distal to
myelomeningocele and was above the level of myelomeningocele
in 22 patients.

Hydromyelia in varying degrees was present on MRI scans
of 55 patients. Hydromyelia was considered as a part of
radiological signs in tethered cord syndrome, and no surgical
intervention was done for hydromyelia. Syringohydromyelia
has also been described in patients with SCM [1, 10, 15, 22,
26, 28, 30, 40, 46, 47, 50, 53, 55, 70, 76, 80, 82, 84, 85, 89,
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91-93, 101, 104]. Gan et al. [33] reported that there was
no change in syringomyelia after untethering the spinal
cord in 8 out 15 patients with a type I SCM. They
concluded that syringomyelia in patients with a type I
SCM very rarely contributes to the neurological symp-
toms, and the management of the syringomyelia should
therefore be conservative at the first instance with regular
monitoring.

Composite SCMs are uncommon [1, 4, 28, 51, 72, 78, 84,
86, 101, 103]. Six patients had composite SCMs. In two
patients, the dermal sinus tract penetrated the dorsal dura
and was connected to a fibrous median septum, attaching the
median aspects of the both hemicords. A small bony septum,
which had a conical shape and was covered with a dural
sheath, was also noted ventrally. This results from two sepa-
rate loci of ectoendodermal adhesions and endomesenchymal
tracts, according to Pang [72]. A similar case has also been
reported by Vaishya and Kumarjain [101]. Four patients had
two different SCMs located in tandem, separated by a normal
spinal cord. Two patients had types I and I SCMs, one had
two type I SCMs, and the other one, two type I SCMs. Akay
et al. [4] had a patient who had three splitting lesions at three
different levels. Multiple accessory neurenteric canals may
form two or more noncontiguous SCMs [4, 72, 101].
Mahapatra and Gupta [60] and Gupta and Mahapatra [35]
propose a new subclassification of a type I SCM based on
the location of the bony spur. In type Ia, the bony spur is in the
center of dural cleft; in type Ib, located at the superior pole
with no space above; in type Ic, located at the lower pole with
a large duplicated spinal cord above; and in type Id, the bony
spur is straddling the bifurcation with no space above or below
the spur. They concluded that type Ia has the best prognosis,
and type Id, the worst prognosis of the four subtypes of SCMs
[35]. A smaller hemicord was almost always associated with
an atrophic leg on the same side in cases with asymmetrical
hemicords. However, all asymmetrical legs were not associ-
ated with a smaller hemicord. The hemicords are usually
reunited after splitting but rarely do not rejoin [41]. In 11 of
our patients, the hemicords did not rejoin after splitting. A
bony spur situated dorsally in patients with SCM has been
described by some authors [2, 18, 46, 102]. In my opinion,
such cases should be a type II SCM, unless they have two
different dural tubes [27].

Pang has indicated that the length of the split segment
was greater in patients diagnosed after reaching 1 year of
age than that in patients diagnosed before reaching 1 year of
age. This difference was not found to be significant in the
present series. The mean split length was greater in type I
than that in type Il SCMs. Pang [72, 74] has hypothesized
that the neural tube is firmly transfixed by a rigid derivative
of the type I endomesenchymal tract and that its subsequent
ascent results in a long cleavage in the spinal cord. The
upper level of septa was at T4, and the lowest was at S4. The
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Table 3 Postoperative transient complications in 29 patients

Complication No.

CSF leak® 10
Subcutaneous CSF collection
Neuropathic pain

Unilateral leg paresis

5
4
Urinary retention 3
3
Paraparesis 1

2

Wound infection

 Dural repair was needed in two patients

majority of septa were localized at the lumbar region, as in
other series [3, 4, 6, 7, 9, 15, 18, 22, 26, 28-30, 37, 38, 40,
45,47, 50, 52-54, 59, 61, 62, 64, 65, 71, 79-82, 84, 89-91,
93, 97-102, 104-106]. Cervical and sacral locations are
extremely rare [13-15, 21, 23, 28, 35, 46, 67, 72, 73,
101]. The conus medullaris was located below L2 in 122
patients (83 %) [3, 4, 18, 21, 23, 29, 30, 46, 53, 55, 64, 65,
76, 78, 81, 86, 98, 104].

Pang [73] found a ventral fibrous septum tethering the
hemicords to the ventral dura in 11 (21 %) of 52 patients with
atype II SCM, and four categories of ventral septa were noted:
(1) pure ventral intradural septa (three patients), (2) complete
dorsoventral intradural septa (three patients), (3) dorsoventral
septa continuous with a dermal sinus tract (two patients), and
(4) ventral or complete septa continuous with ventral intestinal
bands causing intestinal malrotation or diverticulum (three
patients). There was a ventral fibrous septum in only one of
our patients. Pang [73] reported that the only another positive
predictor of ventral tethering is the association of dermal sinus
tract and intestinal malformations. He recommended a thor-
ough exploration of the ventral aspects of the hemicords
during surgery for a type Il SCM.

Pathological examinations of specimens of median septa
disclosed interesting results. Fetal renal tissue, lymphoid
tissue, and tubular epithelia have been found within the
septa in two cases of SSCM that were previously reported

Fig. 7 a Axial MRI scans
showing a type I SCM and a
cystic lesion within the right
hemicord. b CT scans
displaying a bony septum and a
widened right-sided spinal
canal. ¢ The intramedullary
cystic lesion (gray and black
arrows) and lipoma (white
arrows). d Postoperative
sagittal MRI scan showing a
total removal of teratoma;
intramedullary lipoma was not
removed

[11]. A teratoma within one of the hemicords was also
detected in one of the patients. Blood vessels, muscle tissue,
and dermoid cysts were microscopically present in the septa
in other cases, as in the series reported by Pang et al. [74].
Pluripotential cells of the endomesenchymal tract could
develop into a variety of tissues. Cases of SCM associated
with Wilms' tumor [31, 90] and ectopic renal tissues [47,
110] have been reported. Poeze et al. [77] reviewed the
literature up to 1999 and found that SCM was observed in
11.7 % of teratomas. Sharma et al. [89] found SCM in ten
patients (37.3 %), and the majority of them were children
(89 %). Teratomas should be taken into consideration in
differential diagnosis of intramedullary lesions associated
with SCM [65]. The whole spine must be examined for
additional dysraphic lesions.

Immediate postoperative neurological deterioration, tran-
sient worsening of sensory function, cerebrospinal fluid
leak, subcutaneous CSF collection, wound dehiscence, men-
ingitis, urinary retention, and neuropathic pain in lower
extremities have been encountered in patients following
surgery, and they are usually transient [4, 28, 33, 51,
53-55, 59, 65, 72, 80, 91, 103]. Similar transient postoper-
ative permanent deficits and deaths are very rare [11, 59].
Retethering of the spinal cord is uncommon [59, 80].
Regrowth of the bony spur has also been reported [34,
75]. In five patients with a type I SCM, retethering was
developed, and a second surgery was needed. Regrowth of
the bony spur was detected in one of the five patients.
Retethering was never been seen in the patients with a type
II SCM.

Conclusions

The female predominance was slightly more remarkable in
type I SCMs than that in type II SCMs. The ages of patients
with neurological deficits and orthopedic deformities were
significantly older than those without deficits. The duration
of symptoms was longer in the patients with neurological
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deficits and orthopedic deformities than that in those with-
out deficits. These findings support the prophylactic surgery
in patients with SCMs. Skin lesions are less common in
patients with spina bifida cystica than in those without. The
length of split segment was longer in type I SCM than type
I SCM. The incidence of associated spinal cord lesions is
very high in SCMs. Therefore, the whole spine should be
screened by MRI, and the filum terminale should be ex-
plored at surgery, if a low-lying conus is present on MRI.
Postoperative complications are not major and are usually
manageable. All SCMs should be operated on by experi-
enced surgeons. Patients with spinal deformity should also
be closely followed-up after surgery.
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