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Abstract Introduction: 1Itis very rare
for split cord malformation to be
associated with intraspinal teratoma,
and it is even rarer for such tumors in
the dorsal spine to extend into the
mediastinum. Case report: The
authors describe a spinal teratoma
with mediastinal extension in an
8-year-old boy who presented with
1-year history of backache. Neuro-
imaging revealed a heterogeneously

Introduction

enhancing intradural lesion from D2
to D7 levels with an extension into the
mediastinum at the level of D4
vertebra. A split cord malformation
type 2 and a cervical syrinx were

also present. At surgery, a reddish-
brown vascular tumor was present
from D3 to D5 levels and was found
to be going anteriorly into a defect in
the body of D4 vertebra. Gross total
excision of the intraspinal tumor was
performed. Follow-up at 1 year
revealed no recurrence or metastases.
Discussion: To the authors’
knowledge, this is the first case of an
intradural teratoma extending into the
mediastinum, occurring concurrently
with split cord malformation and other
spinal anomalies.

Keywords Intraspinal teratoma -
Split cord malformation - Mediastinal
extension - Thoracic spine

Primary intraspinal teratomas are rare tumors, and their
association with split cord malformation (SCM) is even
rarer [5, 6, 9,10, 13, 16, 17-19, 21, 26, 27, 33]. Extensive
search of English literature revealed only one case of spinal
teratoma which was extending into the mediastinum
through the neural foramina [15]. We present a very rare
case of a primary intradural teratoma of the dorsal spine
extending into the mediastinum in a patient with SCM
(type 2) and multiple congenital anomalies.

Case report

History and physical findings This “normal born” 8-year-
old right-handed boy presented with 1-year history of upper

back pain and numbness below the clavicle. He had no
history of weakness in any of his limbs or changes in his
bowel or bladder habits. There was no history of trauma,
and his developmental milestones were normal. The family
history was unremarkable for any neurological disorders.
On physical examination, he was alert with normal
higher mental functions. Cranial nerve examination was
unremarkable. There was kyphoscoliosis of the upper tho-
racic spine with concavity to the right side. There was no
tenderness. There was minimal weakness of bilateral grips.
The upper limb deep tendon reflexes were normal. There
was no weakness or wasting of the lower limbs, but the
muscle tone was increased. The lower limb reflexes were
exaggerated, and bilateral balbinski’s sign was present. A
graded sensory loss to touch was present, with 10% loss at
D1 dermatome to 50% loss at D7 and below. There was no
evidence of ¢ or any other neurocutaneous markers.
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Fig. 1 Plain x-ray (AP view) of the cervico-dorsal spine showing a
kyphoscoliotic deformity and a defect in the D4 vertebral body

Neuroimaging Plain x-ray of the cervico-dorsal spine re-
vealed a kyphoscoliotic deformity with anomalous upper
dorsal vertebra. There were butterfly vertebrae and a hole
in the D4 vertebral body (Fig. 1). The magnetic resonance
imaging (MRI) revealed a heterogeneously enhancing in-
tradural lesion at D2—7 levels. The isointense brightly
enhancing component (D3-5) was extending into the
mediastinum through a defect in the D4 vertebral body
(Fig. 2a—d). The lesion was accompanied by SCM type 2
and syrinx in the cervical spinal cord.

Fig. 2 MRI cervico-dorsal
spine: saggital T, (a), saggital
gadolinum DTPA (b), axial T,
(¢), axial gadolinum DTPA (d):
heterogeneous intensity lesion
D2-7 with isointense brightly
enhancing (D3-5) component
extending into the mediastinum
through a defect in D4 vertebra,
accompanied with dorsal split
cord malformation type 2 and
cervical syrinx

Surgery Incision was given from C7 to D8 spinous pro-
cesses, and laminoplasty of D1 to D7 vertebrac was per-
formed using Midas Rex drill. On opening the dura, the
arachnoid was markedly tense and bulging. A cyst con-
taining thick mucinous fluid was decompressed. A red-
dish-brown, fleshy, vascular tumor was present from D3 to
D5 levels anteriorly. It was suckable by Cavitron Ultra-
sonic Aspirator (CUSA) and was found going anteriorly
into a defect in the body of D4 vertebra. A SCM type 2
was also present from D2 to D7 levels with the two
hemicords splayed around the tumor. The spinal cord
above the level of the SCM was dilated because of the
presence of a syrinx, which was extending into the cervical
region. Gross total excision of the intraspinal tumor was
performed with removal from the vertebral defect and
sealing of the defect with fascia and glue.

Postoperative course The patient was continent and with-
out any fresh neurological deficits at the time of discharge.
At 1 1/2 years after surgery, he has regained full power of
all four limbs. Muscle bulk and tone have returned to
normal, and he is continuing his regular studies in school.

Neuropathological finding Microscopic examination re-
vealed an admixture of various tissues. There was mature
adipose tissue, skeletal muscle, fibrocollagenous tissue,
and mucous glands (Fig. 3a). At places, the lesion was
composed of respiratory epithelium, which was pseudo-
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Fig. 3 a,b Photomicrographs showing admixture of adipose tissue
and mucous glands (H&E, %200) and ciliated stratified respiratory
mucosa (H&E, x100)

stratified and ciliated (Fig. 3b). Extensive search revealed
no immature component. A final diagnosis of mature ter-
atoma was entertained.

Discussion

Virchow was probably the first to describe an intraspinal
teratoma containing connective tissue, fat, and cartilage
[34]. A review of literature for such tumors is made dif-
ficult by the various terms used for cystic intraspinal le-
sions containing derivatives of more than one germ cell
layers, such as teratomas, teratomatous cysts, cystic tera-
tomas, teratoids, and cystic teratoid tumors [12, 16, 28, 29].
Several definitions of teratoma have been given. Bucy and
Haymond suggested in 1932 that they represent an under-
developed twin [4]. Sachs and Horrax in 1949 suggested
that in many of these tumors, one or two germ layers tend
to overgrow the others, and the total number of germ layers
may be difficult to ascertain [30]. Smokers et al. agree that
tumors with recognizable tissues from only two germ
layers should be termed teratoids, and that only those
tumors with identifiable tissues from all three germ layers
should be termed teratomas [32]. The use of the term
teratomatous cyst is unclear [16]. However, Furtado and
Marques in 1951 claimed that the classification of tumors
as mono-, bi- or tri-germinal merely represents “a con-

fession of inadequate examination”, and multiple serial
sections of the entire tumor would reveal derivatives from
all three germ layers [8]. Poeze et al. agree that ectodermal
and mesodermal elements may overgrow the endodermal
elements, and it may be difficult to judge whether a par-
ticular tumor is a teratoid (multipotential origin) or ter-
atoma (totipotential origin), and this division is somewhat
arbitrary [24]. The definition of teratoma by Willis as “a
true tumor or neoplasm composed of multiple tissues of
kind foreign to the part in which it arises” has been used by
authors in the past [35]. This definition does not require the
presence of all germ layers to make the diagnosis of ter-
atoma. However, the definition by Russell and Rubenstein
in 1989 that a teratoma is a mass composed of derivatives
of all three primitive germ layers, and mature and immature
forms are distinguished on the basis of differentiation re-
mains an accepted one [16].

Intraspinal teratomas are rarely occurring tumors. In a
review of cases from Mayo clinic, Sloof et al. found only
two cases in a series of 1,322 spinal tumors [31]. Black and
German found only one case in a study of 142 intraspinal
tumors [3]. Oi and Raimondi reported two cases of in-
tradural extramedullary teratomas among 64 intraspinal
neoplasms in children [20]. In their extensive review of
literature in 1986, Smoker et al. found only 20 reported
cases of intradural teratomas and observed that most of
them are located in dorsal aspect of cervical or lower tho-
racic—upper lumbar regions [32]. Neurogenic tumors of the
mediastinum are known to assume dumbbell shape and
extend into the spinal canal [37]. There is only one case of
an intraspinal teratoma with mediastinal extension [8]. This
extensive tumor in a young infant was treated by lamino-
tomies in a multistaged procedure. In our case, the thoracic
intradural teratoma extended into the mediastinum through
a congenital defect in the D4 vertebra.

Association of spinal teratomas with SCM is uncom-
mon. Hader et al. found 15 cases of primary intraspinal
teratomas associated with SCM [10].

Pang et al. have described a unified theory of embryo-
genePang et al. have described a unified theory of embryo-
genesis for all SCMs. At approximately the time sis for all
SCMs. At approximately the time when primitive neuro-
enteric canal closes, formation of adhesions between ecto-
derm and endoderm leads an accessory neuroenteric canal
formation. Endomesenchymal tract condenses around it
and bisects the developing notochord and neural plate. The
emerging split neural tube and the components of the en-
domesenchymal tract determine the configuration of the
hemicords, the nature of median septum, the coexistence of
various anomalies within the median cleft, and the high
incidence of various myelodysplastic and cutaneous le-
sions [21, 22]. The pathogenesis of spinal teratomas is
controversial and interesting. Sarraj et al. are of the view
that they result from misplacement of multipotential pri-
mordial germ cells into the midline structures, after which
they give rise to various germ cell tumors including
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teratomas [2]. This is suggested by the midline position of
the lesions, intramedullary location of these lesions and sex
chromatin studies which show that the nuclei of some of
the epithilial cysts from male patients contain female chro-
matin [11, 13]. However, as this chromatin can represent
XO in mosaic forms of nuclear chromatin, this evidence is
called into question. Moreover, a germ cell origin only does
not fully explain the usual midline location of the teratoma
such as in mediastinum and diencephalon. It has also been
suggested that spinal teratomas are hamartomatous lesions
resulting from faulty excalation of notochordal plate from
primitive foregut [7]. This could explain the common
dorsal location of such tumors and frequent association of
congenital anomalies of the spinal axis [5]. However, it
does not explain the origin of tissues from more than one
germ layer in teratoma. Koen et al. favor a dysembryogenic
view [16]. The caudal cell mass of the developing embryo
is an aggregate of undifferentiated mesenchymal cells that
is pleuripotent in nature. They propose that the dysfunction

of several regulatory genes of early neural development,
along with aberrant inductive influences, induces these
mesenchymal cells to give rise to teratomas [16]. However,
in spite of these theories about etiopathogenesis of SCM
and teratomas, it is not exactly known what common
process gives rise to diastematomyelia and teratoma in a
single patient.

We found 14 cases of spinal teratomas associated with
SCMs (Table 1). The majority of these lesions were found
in close proximity to diastematomyelia [10]. The presence
of D2 to D7 SCM with D3 to D5 intradural teratoma in our
patient is consistent with this finding. In 1984, McMaster
reported that diastematomyelia was the most common
anomaly (16.3%) in patients with congenital scoliosis. How-
ever, only one of his patients had an intradural teratoma [19].

Many osseous anomalies on plain x-rays have been re-
ported in patients with SCMs, including scoliosis, bifid
lamina, widened interpediculate distance, hemivertebra,
bifid vertebra, fused vertebra, and narrowing of interver-

Table 1 Spinal teratoma associated with split cord malformation: clinicopathological and radiological correlation

Case Authors Year Age Gender Location of Other anomalies Treatment Outcome
teratoma of teratoma
1 Lemmen and 1951 11y F Intramedullary, Diplomyelia Subtotal Improved
Wilson [19] thoracic resection for 2.5 m
2 Cameron [5] 1957 NB M Extramedullary, Meningomyelocele, Arnold Chiari None Died
lumbar malformation, kyphoscoliosis
3 Reddy et al. [28] 1968 5 m M Intradural, Meningocele, right talipes None Died next
cauda equina equino-varus day
4 Ugarte et al. [35] 1980 NB F Extraspinal, Dextrocardia, situs inversus, congenital Surgery Died at 13 d
cervico-dorsal heart defects, imperforate anus (Extent NS)
5 Ugarte et al. [35] 1980 NB F Extraspinal, Lumbear spina bifida Surgery Died same
thoraco-lumbar (Extent NS)  day
6 Garza-Mercado 1983 26 y M Intramedullary, Intramedullary, thoracic epidermoid Gross total Improved
[10] lumbar after 1 w
7 McMaster [20] 1984 4y F Intradural, Scoliosis, left lower limb hypoplasia,  Surgery Improved at
thoraco-lumbar thoraco-lumbar cutaneous lipoma (Extent NS) 8y
8 Razack and 1995 NB F Extradural, Split notochord syndrome, Gross total Same at 8 w
Page [27] lumbar meningocele, large bowel fistula resection
9 Koen et al. [17] 1998 NB M Intradural, Lumbosacral meningomyelocele, Gross total NS
lumbar colpocephaly
11 Erhasin et al. [7] 1998 3y NS Intradural, NS NS
cervico-thoracic
12 Koen et al. [17] 1998 14m M Intradural, T5-6 hemivertebra, absent 6th rib Gross total NS
thoracic resection
13  Haderetal [11] 1999 16y F Intramedullary, T7-9 hemivertebra, scoliosis Subtotal Symptom-
thoracic resection free at 2 m
14 Ogzer and 1999 30m F Extradural, Meningomyelocele, dermal sinus tract Total NS
Yuceer [22] lumbar resection
15  Present case 2003 8y M Intradural, thoracic+ Hole in T4 vertebral body, butterfly Gross total Symptom-
mediastinum vertebra, cervical syrinx resection free at 1 y

NB newborn, NS not specified, d days, w weeks, m months, y years

Three cases reported by Rajkumar et al. [18] and Iskander et al. [14] did not specify any clinicopathological and radiological findings
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tebral disc space [2, 23, 36]. In our patient, there was a
congenital defect in D4 vertebral body and butterfly
vertebrae. MR is the investigation of choice for screening
of SCMs. However, CT myelography is superior to MRI in
defining the type of SCM that has been located [6].
Because the majority of patients have a tethering lesion
unrelated to SCM, the whole spinal neuroaxis should be
included in the screening MR image.

Surgery is the treatment of choice in intraspinal terato-
ma, as the diagnosis of benign or malignant cannot be made
preoperatively [24]. Radical removal remains the ideal
objective of surgery, but if they are located in highly
functional areas of the cord and the tumor is tenaciously
adherent to the spinal cord, a subtotal resection must be
considered.

Recurrences after surgery were most often encountered
in immature and malignant forms [14, 19]. Allsopp et al.

observed that the local recurrences in 20 patients of
intraspinal teratoma with a mean follow-up of 25 months
were 10% in both subtotal and total resection groups [1]. It
is unlikely that radiotherapy would benefit such slow
growing tumors. They recommend that radiotherapy
should be given only if histology shows any malignant
germ cell elements, even after apparent total excision. The
benefit of adjuvant radiotherapy has not been proven for
benign teratomas, following either total or subtotal excision
[25]. If recurrence occurs in such tumors, we should
explore the possibility of further surgery first, before
considering radiotherapy, which even then may have a
doubtful efficacy. The role of monitoring of blood markers
is limited as recurrences can take place from nonsecreting
elements of the tumor [1]. The value of chemotherapy has
not been fully explored.
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