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Abstract :  
AimTo present a case series of pediatric 
patients with split cord malformations , 
and to discuss the clinical presentations, 
radiological findings and the manage-
ment.MethodsAll patients with age less 
than 18 years with clinical or radiological 
features of split cord malformations who 
had been admitted during march 2008 to 
march 2011 at madras institute of neurol-
ogy were included in this study. 27 pa-
tients among the age group ranging from 
1yr 3months to 16 yrs age were studied. 
12 males and 15 females, with 25 pa-
tients having type I(pang classification) 
and 2 having type 2 split cord malforma-
tions. 16 patients had cutaneous stig-
mata. 11patients had orthopaedic prob-
lems. 5 patients had both. Back pain and 
leg pains were seen in 12 pa-
tients.15patients had motor involvement,  

12 had sensory involvement and 10 had 
bladder involvement. 4 patients were with-
out any neurological deficit. 7 patient had 
split cord at the lumbar level and 7 patient 
had in the thoracic level, 13 had dorsolum-
bar region. MRI scan revealed associated 
dermal sinus tract, epidermoids , lipoma 
and thickenened filum terminale . Detether-
ing procedure had been done in all patients 
depending upon the type of tethering. Asso-
ciated anomalies were also ad-
dressed.Follow up neurological examination 
was done at 3 and 6 months inter-
val.Results18 patients experienced better 
or stable neurological status, 7 patient did 
not show any improvement in bladder func-
tion, 1 patient had worsening in neurologi-
cal status 1 patient developed hydrocepha-
lus for which ventriculoperitoneal shunt was 
done 
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Conclusion 
All cases with simple and recent deficits 
showed good recovery with early surgery. 
However complex cases had delayed or less 
recovery. We recommend early surgery in all 
patients with split cord malformation before the 
onset of neurological deficit. 
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Introduction : 
Overall there is a decreasing trend in neural 
tube defect (NTD) in the world literature. Since 
1950 the incidence has fallen down from 40-
50/10000 live births to 3-4/10000 live births. 
There is no report of exact incidence available 
from the Indian subcontinent. With the advent 
of MRI, and MRI being the investigation 
of choice for patients with scoliosis and dor-
solumbar lipoma and with cutaneous stigmata 
the number of patients referred to us with split 
cord malformation has increased. In this study 
we analysed 27 paediatric patients with split 
cord malformations, clinical presentations, im-
aging and the management. 
CINICAL MATERIAL AND METHODS 
Study Design 
This study is a retrospective analysis of pa-
tients who had been admitted with SCM be-
tween march 2008 to march 2011 in Institute of 
Neurology, Madras Medical College. Clinical 
profile, neurological findings, radiological find-
ing, surgery and the outcome were analysed. 
Patients with a demonstrated open neural tube 
defect were excluded. Only those with at least 
6 months of follow-up data were included. 
Patient population: 
Totally 27 patients were taken in to this study. 
There were 12 male and 15 female patients. 
Male female ratio was1:1.25.(literature 1:3) 
Age group was ranging from 1yr 3 months to 
16 years and the mean age being 7 years. 

Clinical Assessment 
All patients underwent routine physi-
cal examination for neurocutaneous 
stigmata and/or skeletal deformity; 
they also received a thorough neuro-
logical evaluation. Most deficits de-
tected were partial and usually sub-
tle, as well as frequently asymmet-
ric .Neuroimaging studies of the 
spine consisted of computerized to-
mography and MR imaging. Split 
cord malformation is best defined us-
ing multiple imaging modalities, be-
cause x-ray films, standard and three
-dimensional spiral computerized to-
mography scans, and MR images all 
play useful roles in defining and fol-
lowing the lesion 
Presenting Signs and Symptoms 
Presenting signs and symptoms are 
summarized in Table 1. Skin stig-
mata are well recognized and re-
ported in occult spinal dysraphism 
with SCM Izci et al 2007 5 highlighted 
the value of skin marker . In our se-
ries the presence of neurocutaneous 
stigmata was the presenting sign in 
16of the 27 patients, the commonest 
being the hypertrichosis and subcuta-
neous lipoma . Interestingly, two of 
these patients had undergone sur-
gery when younger for subcutane-
ous lipoma with split cord malforma-
tion in the lumbosacral region. Both 
patients presented for neurosurgical 
evaluation after the onset of back 
pain later in life and they were found 
to have fatty filum terminale. Back 
pain and leg pain were common, be-
ing seen in eight patients.Eighteen 
patients presented with neurological 
symptoms including leg weakness
(15) and/or numbness and dysesthe-
sias(12) and bladder incontinence
(10). A skeletal deformity was seen in  
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11) patients. Scoliosis , limb length discrep-
ancy, club foot and congenital 
dislocation of the hip are the presenting fea-
tures of our patients with neuro orthopaedic 
syndrome. Two patients had undergone pre-
vious detethering surgery at another institu-
tion prior to presentation. Both went on to 
experience progressive lower-extremity pain 
and weakness, as well as bladder symp-
toms. Of note, in these patients secondary 
pathological entities were detected that had 
not been explored at the previous surgery 
(thickened fatty filum in both the patients) 
table 1-presenting signs and symptoms: 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Hypertrichosis sacral dimpling 
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Type of SCM 
Twenty five of the patients were be-
l ieved to have Type I  SCM 
(diastematomyelia): a bone spicule and 
two dural sleeves separating the spinal 
cord segments were observed. The two 
remaining patients had Type II SCM 
(diplomyelia): the spinal cord was longi-
tudinally split by a fibrous band. The 
SCM in all patients were in the dorsal, 
dorsolumbar, lumbar or lumbosacral 
region.92.5% of our patients had ven-
tral bony spur based attached with pos-
terior surface of the vertebral 
body.7.5% of the patients had dorsal 
bony spur in which the base of  
the spur seem to be attached with the 
lamina. 3 of our patients had multiple 
vertebral segment splitting by the bony 
spur, 22 patient had single vertebral 
level of splitting 
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CT- axial Type I ventral spur CT axial 
Type I- dorsal spur 
Associated pathological lesions ca-
susing tethering: MRI of patients 
withSCM showed other associated 
anomalies like thickened filum terminale, 
myelomeningocle, dermal sinus tract and 
epidermoids. Thickened filum terminale 
with low lying conus being the common-
est anomaly associated with split cord 
malformation in our series. The following-
table shows the MRI of the patients 
showing associated lesions 
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coronal picture - bony spur thickened 
filum terminale 
 

subcutaneous lipoma 

Surgical Treatment: 
Prophylactic surgery was done in all pa-
tients .The goal of surgery was removal of 
the fibrous or bone septum, resection of 
any other local spinal cord attachments 
causing tethering, and exploration for as-
sociated tethering-related anomalies such 
as dorsal tethering bands or thick filum, 
lipoma, epidermoid, dermal sinus tract . 
For patients who had multiple levels of 
split, laminotomy was performed, and the 
rest of the patient laminectomy was done. 
For two patients only the release of the 
th ickened f i l um te rmina l  was  
done.Following the detethering prode-
dure,the two dural tubers were converted 
in to a single dural tube and the dura was 
closed posteriorly with or without place-
ment of a patch graft, whereas anterior 
dural defects were left open. The patients 
were kept flat postoperatively for an aver-
age period of 72 hours and were then al-
lowed to progressively advanced to full ac-
tivity. 
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Surgery-Related Complications 
Post operative CSF leak and pseudomenin-
gocele occurred in 3 patients who had been 
managed conservatively by nursing in prone 
position and with drugs. One patient devel-
oped hydrocephalus for which shunting pro-
c e d u r e  h a d  b e e n  d o n e . 
Results : 
All the patients were discharged from hospi-
tal by 10-15 post operative day. And the fol-
low up neurological examination was done 
at 3 months 6 months interval.18 patients 
had improvement in neurological recovery in 
t h e  f o r m  o f  i m p r o v e m e n t 
in bladder function, motor power and relief 
from dysesthetic or radicular type of pain. 7 
patients didnot show any improvement in 
neurological function. 
One patient had developed paraplegia after 
the surgery done for D7 level SCM. One pa-
tient with associated infected epider-
moid cyst developed chemical meningitis 
and hydrocephalus for which ventriculoperi-
toneal shunt was done. Patients who pre-
sented with pain symptoms were likely to 
experience significant relief after surgery. . 

Confounding factors were those cases 
of progressive scoliosis caused by asso-
ciated vertebral column abnormalities. 
Scoliosis at presentation is a clear prog-
nostic indicator for the need for spinal 
stabilization. Of the 11 patients with 
signs of spinal curvature at presentation, 
5 have required spinal fusion by ortho-
paedic surgeon 
Results: 

Limitation of the study: 6 months fol-
low up after surgery and regrowth of the 
bony spur in theis not enough to com-
ment about the rate of retethering se pa-
tient. Long term follow up is needed. 
Discussion: 
Split cord malformation is a form of 
closed neural tube defect in which the 
spinal cord is longitudinally split by a fi-
brous band or a bone spicule. This new 
nomenclature of SCM was introduced by 
Pang, et al.1in 1992.Diastematomyelia 
usually refers to a split cord in which the 
two halves are separated by a bone spi-
cule and contained within separate dural 
sleeves. In contrast, the term diplomye-
lia is generally used to describe a condi-
tionof two hemicords within one dural 
sac, often with two complete sets of 
nerve roots, separated by a fibrous 
band. B 
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Based on the detailed findings in 39 cases 
and review of embryological features, 
Pang, et al., proposed a common origin of 
both malformations: an adhesion between 
the ectoderm and endoderm leads to an 
endomesenchymal tract that bisects the 
spinal cord. If the tract also contains cells 
of the meninx primitiva, the resultant mal-
formation would be SCM Type I, or di-
astematomyelia. Otherwise, the formation 
of a separate dura sleeve and bone sep-
tum does not occur, and the malformation 
is a SCM Type II, or diplomyelia.2 Both 
types of SCMs represent lesions that 
tether the spinal cord during growth and 
movement.2 Mahapatra and Gupta and 
Gupta and Mahapatra3,8 classified type I 
spur into a-d types depending on the loca-
tion of spur in between the proximal part 
and distal part of the split, the space avail-
able above and below the spur based on 
MRI finding. This classification has a direct 
relation to the surgical approach and risk 
of postoperative deterioration.As with all 
TCSs, surgical intervention is usually indi-
cated based on an expected natural his-
tory of disease progression in the absence 
of treatment9. It was found that although a 
minority of the patients with SCM pre-
sented with urological signs or symptoms, 
formal testing demonstrated occult urologi-
cal abnormalities in 75% of the patients. 
These urinary abnormalities tended to sta-
bilize or improve after surgical intervention. 
Unlike other forms of spinal tethering, little 
is known about the long-term surgery-
related outcome of patients with SCMIt is 
generally established that signs and symp-
toms in a patients with TCS worsen as 
they get older.9 and most pediatric neuro-
surgeons believe that an infant or young 
child in whom TCS has been the diag-
nosed, regardless of origin, should un-
dergo a detethering procedure.1,4 

Indeed, many of these patients present 
with signs of spinal cord dysfunction, 
based either on symptoms, clinical ex-
amination,or more sophisticated objec-
tive data such as those obtained in uro-
dynamic studies.For certain types of spi-
nal dysraphism the risks of surgery and 
rates of subsequent retethering, or risk 
of other complications, are reasona-
bly well established. For instance, a pa-
tient with a simple tight terminal filum 
usually experiences an uneventful post-
operative course, and there is little 
chance of retethering. In contrast, pa-
tients with myelomeningoceles or lipo-
myelomeningoceles can have significant 
surgeryrelated complications, and the 
risk of retethering may be as high as 
20%, depending on length of the follow-
up period. The postoperative course of 
SCM is less well established. Currently 
in the literature few long-term outcome 
studies exist for patients who have un-
dergone treatment of a SCM.4 Neuro-
logical outcome in the patients in this se-
ries was quite good. 
 A large number of systemic anomalies 
are also reported with SCM. Renal and 
urogenital anomalies, CVS anomalies 
and anorectal anomalies are not uncom-
mon in patients with SCM.10,11 

Jindal et al., 11 had reported a patient of 
SCM who had eventration of the dia-
phragm. Cases of situs inversus have 
also been reported. 12 In our series we 
experienced one case with horse shoe 
kidney, without any evidence of renal 
function abnormalities. In most cases the 
SCM was associated with VB anomalies, 
and the progression of the spinal de-
formity was probably unavoidable 7. This 
theory is supported by other studies in 
which the authors found that the de-
tethering of a SCM did prevent 
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neurological complications but did not pre-
vent the neuroorthopedic syndrome.1 With 
regard to the issues of the spinal column, it 
is probably fair to compare patients with 
SCMs and those with other spinal segmen-
tation abnormalities, many of whom will re-
quire spinal stabilization early in life. In 
some cases an external orthosis may be 
advisable, but frequently it will not be ade-
quate to halt the progression of curvature 
before skeletal maturity is achieved. In our 
series 5 of our patients experienced pro-
gressive scoliosis and they were referred to 
ortho spine surgeon for correction of scolio-
sis. 
In contrast to some causes of spinal cord 
tethering, one important feature of SCM is 
its frequent association with secondary spi-
nal anomalies. The association of VB 
anomalies has been discussed, but it is 
critical to know the high association be-
tween SCMs and other spinal cord tethering 
lesionsbefore surgery. Pang 2believes that 
all patients with SCM will harbor a secon-
dary lesion, and other authors contend 50 
to 85% of patients will harbor a secondary 
lesion.4 In this review, 17 of 25 patients har-
bored a second lesion. A fatty or tight filum 
was the most common but lipoma followed 
by lipoma. The two patients who presented 
for surgery after undergoing surgery for 
subcutaneous lipoma split cord malforam-
tion at another institution were both found to 
have a second tethering lesion fatty filum 
terminale that was not initially observed. 
With the high quality of MR imaging in the 
current era, these lesions will almost always 
be visible on preoperative imaging, but the 
importance of evaluating the distal conus 
either radiographically or surgically cannot 
be overstated. In addition, because tether-
ing arachnoid bands extending dorsally and 
cephalad from the split in the spinal cord to 
the dura can occur, the existence of these 
lesions should also be assessed. 

CONCLUSIONS 
Split cord malformation is rare condition. 
We have seen about 27 patients in 3 
yeras period(2008-2011). MRI is the in-
vestigation of choice. A large number of 
patients had associated other patholo-
gies. In general, the long-term progno-
sis for patients with SCM is favorable.4 

Patients with SCM may have multiple 
causes of tethering associated with their 
congenital anomaly and that these 
causes need to be carefully examined 
by the initial evaluating neurosurgeon. 
Reoperation will almost certainly 
be required if these secondary lesions, 
such as fatty filum and dorsal tethering 
bands, are overlooked. In our series all 
cases with simple and recent deficits 
showed good recovery with early sur-
gery. However complex cases had de-
layed or less recovery. We recommend 
early surgery in all patients with split 
cord malformation before the onset of 
neurological deficit  
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