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Objective – We report an unusual case of split cord malformation 
(SCM) associated with open spinal dysraphism and other anomalies 
of the central nervous system. Case report  – A male newborn was 
admitted to the Pediatric Intensive Care Unit immediately after birth 
by Caesarean delivery. Clinical examination and diagnostics (MRI) 
showed open spinal dysraphism in the distal part of the spine (level 
L5 and S1), split cord malformation type I which separated two hemi-
cords, tethered cord and syringomyelia. Two days after birth micro-
neurosurgery was performed.  Cranial and cervical MRI showed Chi-
ari I and corpus callosum hypoplasia. There was no hydrocephalus. 
Preoperatively the patient had paraparesis and discretely moved his 
left foot. MRI showed a dilated bladder so he may have had urinary 
retention. The postoperative recovery was satisfactory. The patient did 
not have any additional neurological deficit. The patient was followed 
up by a neurosurgeon, pediatric surgeon, pediatrician and physiatrist. 
Control MRI scans showed significant regression of the syrinx and 
some ascensus of the medulla. About 18 months after operation the 
patient had discrete paresis of the left foot. Conclusion – Complex 
spina bifida is an extremely rare condition. In this paper we describe 
this interesting case of complex spina bifida: a split cord malformation 
characterized by atypical bony morphology with a dural fold into the 
bone septum.  

Key words: Unusual spinal dysraphism ■ Surgical treatment ■ Out-
come.

Introduction

Split cord malformation (SCM) or diastema-
tomyelia is a rare spinal anomaly and refers 
to a sagittal division of the spinal cord into 
two symmetrical or asymmetrical hemicords 
(1). SCM are of two types. Type I consists 
of two hemicords, each contained within its 
own dural sheath and separated by a median 
bony spur. Type II consists of two hemicords 
housed in a single dural tube separated by a 
fibrous median septum (2). In the absence of 

Case report

associated cutaneous stigmata that prompts 
the clinicians to request screening imaging 
for the spinal cord, SCM anomalies are usu-
ally diagnosed in relatively older children. Al-
though their precise incidence is unknown, 
SCMs are rare abnormalities, representing 
3.8% to 5% of all spinal cord anomalies (2-
4). It is a form of occult spinal dysraphism, 
but it may coexist with open spinal dysra-
phism, such as meningomyelocele (complex 
spina bifida) (4). 
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Open spina bifida or myelomeningocele 
(MMC) is a devastating congenital defect of 
the central nervous system. It is character-
ized by protrusion of the meninges and spi-
nal cord through open vertebral arches (5). 
The incidence of myelomeningocele is about 
1 per 1000 births. SCM may present with 
MMC (complex spina bifida) or without 
MMC as an occult anomaly. These anoma-
lies are treated surgically. The goal of early 
surgical treatment is medula detethering, to 
prevent cerebrospinal fluid (CSF) leak and 
meningitis, as well as to prevent neurological 
deterioration in the future (3-6). 

We report an unusual case of SCM associ-
ated with open spinal dysraphism and other 
anomalies of the central nervous system. 

Case report

A male newborn was admitted to the Pedi-
atric Intensive Care Unit immediately after 
birth by Caesarean delivery. Gestational age 
was 39 weeks. His APGAR score was 8 and 9 
at 1 and 5 min, his weight was 3470 grams, 
length 50 cm, and head circumference 34.5 

cm. In the lumbosacral area an open spi-
nal dysraphism (MMC) was detected. The 
patient was examined by a neurosurgeon 
who indicated Magnetic Resonace Imaging 
(MRI). MRI showed open spinal dysraphism 
(MMC) in the distal part of the spine with an 
arch defect at L5 and S1. SCM type I which 
separated two asymmetrical hemicords, teth-
ered cord and syringomyelia (Fig. 1). 

The conus medullaris was located at the 
level of inferior part of the S2 vertebra. The 
syrinx was located throughout the spinal 
cord. In the left hemicord it was 4.2 x 3.7 
mm, in the thoracal part 5.6 x 8.1 mm and in 
the cervical part of the spinal cord there was 
discrete dilatation of the central canal. There 
were no other spinal anomalies. Two days af-
ter birth we performed microneurosurgery. 
General anesthesia was used. The patient was 
placed in the prone position with rolls under 
the chest and hips. In the lumbosacral area 
there was an MMC (40 x 35 mm) (Fig. 2). 

We made an elliptical incision oriented 
vertically (along the axis of the MMC) just 
outside the normal skin. The incision was 
carried through the subcutaneous tissue to 

Fig. 1 Preoperative MRI of lumbosacral spine. (a) Sagittal T2 weighted 
– (1) an open spinal dysraphism in the distal part of the lumbosacral 
spine; (2) bone septum at the level of the L4 vertebra; (3) syringomyelia 
(b) Axial T2 weighted - (1) split cord malformation type I with two 
hemicords (c) Axial T2 weighted – (1) an open spinal dysraphism.
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the layer of everted dura and fascial defect. 
We mobilized the base of the sac medially un-
til the fascial defect was visible. The skin and 
the epithelium zone were excised around the 
neural placode. We reconstructed the neural 
placode and another part of the neural tis-
sue and folded them into the tube. Then we 
closed the pia-arachnoidea junction and the 
dura was closed in a watertight manner us-
ing a 4/0 suture (Fig. 2). After this we made 
a vertical skin incision above the L3 and L4 
vertebra and retracted the paraspinal muscles 
laterally. Carefully we made L4 laminotomy 
around the bone septum and exposing the 
dural cleft. Each hemicord had its own dural 
sheath. Using the dissector we detached the 
septum from the surrounding dura. Then we 
removed the superficial part of the bone sep-
tum using a ranger and showed another dural 
fold in the bone septum. The dural fold was a 
part of the right hemicord and entered in the 
bone septum at its base (Fig. 3). 

We carefully removed the bony septum 
piece by piece from the vertebral body, Then 
fascia was closed as a separate layer using it 
laterally in a semicircle on both sides, elevat-
ing it from the underlying muscle and reflect-
ing it medially. The fascia was closed with 
4/0 suture. The skin was mobilized by blunt 
dissection and closed. After the operation, 
the patient was readmitted to the Pediatric 
Intensive Care Unit. In the postoperative pe-
riod we performed cervical and cranial MRI. 
There were no abnormalities in the cervical 
spine. Cranial MRI showed Chiari I and 
Corpus callosum hypoplasia (Fig. 4). There 
was no hydrocephalus. Additional diagnos-
tic and abdominal echosonography did not 
show other anomalies. 

The postoperative recovery was satisfac-
tory. The patient did not have any addi-
tional neurological deficit. After surgery, we 
started early physical treatment. The patient 
was followed up by a neurosurgeon, pediat-
ric surgeon, pediatrician and physiatrist. At 
the time of the latest check-up, the patient 
had discrete paresis of the left foot. Control 
MRI scans (one year after surgery) showed 
significant regression of the syrinx (in the left 

Fig. 2 Surgical repaire of myelomeningocele.

Fig. 3 An unusual split cord malformation. (a) Tu-
bular osseous septum which spread along whole sag-
ittal diameter of the spinal canal; (b) a dural fold 
into the osseous septum (which is part of the right 
hemicord); (c) the left hemicord; (d) the right hemi-
cord, which is asymmetric. 
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Fig. 4 MRI presentation of corpus callosum hy-
poplasia and Chiari I malformation (Sagital T1 
weighted): a- corpus callosum hypoplasia, b- tonsil 
descensus; c – C1 vertebra, d – posterior rim of the 
foramen magnum.

Fig. 5 Postoperative magnetic resonance imaging one year after surgery. (a) Sagittal T2 weighted 
– significant ascensus of the medulla without bone septum and myelomeningocele; (b) Axial T2 
weighted – without any bone septum at the level of the L4 vertebra; (c) Axial T2 weighted – 
significant regression of syringomyelia.

Fig. 6 The patient 18 months after surgery.
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hemicord 1.1 x 1.2 mm, in the thoracal part 
of medulla 3.2 x 4.1 mm, complete regres-
sion in the cervical part of the spinal cord) 
and some ascensus of the medulla (Fig. 5). 

Now the boy is about 18 months old, 
walking with discrete paresis of the left foot 
(Fig. 6). Periodical check ups by echosonogra-
phy have shown complete bladder emptying. 

Discussion

Diastematomyelia was first described in 
1837 by Olivier. The term is used to describe 
a developmental malformation of the spinal 
cord that is characterized by a splitting of the 
cord into at least two independent segments 
(6, 7). The term “Split cord malformation” 
(SCM) has been used since 1992 (7). SCM 
usually occurs in the lower thoracic or up-
per lumbar area (6, 7). Many hypotheses 
have been postulated for the genesis of these 
malformations. The most widely accepted 
theory about the embryogenesis of SCM was 
proposed by Pang et al. (7, 8). This theory 
is founded on the presence of an anomalous 
neuroenteric canal and maintains that the en-
domesenchymal tract causes all double cord 
malformations (7). SCM are of two types: 
type 1 consists of two hemicords, each con-
tained within its own dural sheathed tube 
and separated by a median bony spur, and 
type 2 consists of two hemicords housed in 
a single dural tube separated by a fibrous 
median septum (4). SCM comprises 3.8% 
of all spinal dysraphisms. SCM is known to 
be common among women. In two separate 
studies, the female: male ratio was reported 
as 1.3:1 (10). SCM may be accompanied by 
many congenital spinal disorders, such as 
low-lying cord, hydromyelia, lipoma, menin-
gomyelocele, thick filum terminale and der-
moid cysts (6, 9). The clinical presentations 
of split cord malformations can be classified 
as asymptomatic or symptomatic. Asymp-
tomatic presentations are similar to those 

of other forms of occult spinal dysraphism. 
Symptomatic cases often present with pro-
gressive signs and symptoms. The most com-
mon presenting symptoms are scoliosis and 
tethered spinal cord syndrome (4, 5, 9).

Myelomeningocele is a form of open 
neural tube defect and it is the most severe 
congenital malformation of the CNS com-
patible with survival (10). A myelomeningo-
cele results from an abnormality in fusion of 
the embryologic neural tube during the first 
month of gestation. Failure of neural tube 
closure results in a sac-like herniation of the 
meninges (meningocele) or a herniation of 
neural elements (myelomeningocele). Ad-
equate folic acid intake in the periconceptual 
and early pregnancy periods significantly re-
duces the risk of MMC (10-12). MMC most 
commonly occurs in the lumbosacral area. 
The average worldwide incidence of open 
spina bifida is 1 case per 1000 births (10). 
Neurological impairments caused by MMC 
include muscle weakness of the legs (paraly-
sis), bowel and bladder dysfunction, seizures 
(cranial abnormalities, hydrocephalus), or-
thopedic abnormalities (feet and hip abnor-
malities, scoliosis) etc. (11, 12).

SCM is not merely an entity of occult 
dysraphism and it may coexist with open 
spinal dysraphism, such as MMC (complex 
spina bifida). About 40.8% cases of all SCM 
present with MMC, suggesting that the open 
and closed forms of spinal dysraphism may 
coexist (4). 

The prognosis of SCM with MMC is 
not as good as in pure SCM cases. Progres-
sive sensomotor deficit also has a higher in-
cidence in cases of SCM with MMC (3, 4).

Chiari I and II malformations are asso-
ciated with myelomeningocele (about 30% 
cases), but not with SCM. Hydrocephalus 
has been more frequently observed in pa-
tients with SCM associated with MMC 
(26%), than in those with pure SCM (11%) 
(4, 13). Syrinx is seen in 25% to 40% of pa-
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tients with spinal dysraphism, and is more 
common in cases with both SCM and MMC 
(13, 15). Type I SCM consists of two hemi-
cords separated by bone septum without the 
presence of other tissues (4).

In this paper we present a rare case of 
atypical SCM type I, associated with myelo-
meningocele and other CNS malformations 
(Chiari I, syringomyelia and tethered cord). 
In our case, the third dural fold passed into 
the bone septum. This dural fold belongs to 
the right hemicord. During microneurosur-
gery the bone septum was totally resected 
without any ventral dural deficit. The septum 
occurred at the caudal end of the split cord, 
leaving the more rostral aspect of the split free 
of attachments. Then myelomeningocela was 
repaired in the classical manner. In the post-
operative period the patient did not have any 
additional neurological deficits. After surgery, 
we started early physical treatment. The pa-
tient was controlled by a neurosurgeon, pe-
diatric surgeon, pediatrician and physiatrist. 
Control MRI scans showed significant re-
gression of the syrinx and some ascensus of 
the medulla. Now the boy is aged about 18 
months old, he is walking without paresis and 
without bowel and bladder control. 

In the literature different variations of 
bone septum has been described: a double 
septum , a septum with dorsal or ventral in-
sertion , a septum that separates the dural sac 
into three segments, a septum with bone and 
fibrous parts (1, 13-15). In the available lit-
erature we did not find a case with a dural 
fold passing into the bone septum.

Conclusion

Complex spina bifida is an extremely rare 
condition. MRI is a highly useful tool for de-
termination of SCM and its accompanying 
spinal anomalies. In this paper we describe an 
interesting case of complex spina bifida: SCM 
characterized by atypical bone morphology 

with a dural fold into the bone septum. Early 
surgical management of the combined split 
cord malformation with myelomeningocele 
provides good results if managed adequately 
with removal of all tethering factors.
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