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Abstract

Purpose Spinal teratomas are rare tumours noted in adults and are commonly located in the thoracolumbar region. Currently,
there appears to be a lack of clear consensus regarding the management and prognosis of these lesions. A comprehensive
review along with an illustrative case managed at the author’s institute has been presented.

Materials and methods Online database search was performed for literature review.

Results A 26-year-old male presented with acute onset neurological deficits and imaging revealed features of conus teratoma.
Subtotal resection was performed and patient achieved fair recovery. Including the present one, a total of 146 cases have
been reported and were analysed. Mean age was 39.6 years (range 18-85 years) and males predominated. Limb weakness
and backache were the commonest symptoms. Majority of the lesions were intramedullary and located in the thoracolumbar
region. Complete resection (CR) was achieved in 45% of cases. All, except one, were mature teratomas. Recurrences were
noted in nine (6.1%) cases. Outcome was good/excellent in 86 (60%) and fair/poor in 26 (18%) cases. The presence of pain,
absence of limb weakness and CR were significantly associated with good outcomes. Furthermore, subtotal resection (STR)
had significantly higher recurrence rates than CR. Four deaths (2.7%) were noted.

Conclusions Total surgical resection is the standard treatment and appears to be beneficial both in terms of outcomes and
recurrences. Overall, recurrences are rare and may be managed by re-surgery. In addition, the present report is the eighth
case of adult spinal teratoma with an acute onset presentation.

Graphic abstract
These slides can be retrieved under Electronic Supplementary Material.

Key points

. Spinal teratomas are very rare tumors in adults. Majority of them are
located in the thoraco-lumbar region.

©

. Online database search was performed for literature review of adult
spinal teratomas. Including ours, a total of 146 cases have been reported
and analyzed.

Table 1: Reported
cases of spinal
teratoma in adults

Take Home Messages

1. Total surgical resection is the standard treatment and is beneficial
in terms of outcome and recurrence.

2. Subtotal resection is associated with i higher recurren

rates than complete resection.

Presence of pain, absence of limb weakness and complete resection were
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Recurrences are rare and can be managed by re-surgery.

significantly associated with good outcomes.
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Introduction

Spinal teratomas (ST) are rare tumours, constituting less
than 1% of central nervous system tumours [1-3]. They are
mostly noted in the paediatric age group and most commonly
in sacrococcygeal spine [1, 2]. However, the thoracolumbar
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(TL) region is the most frequent location in adults and spinal
teratomas presenting in adults are a rare entity. Till date, less
than 150 cases of adult spinal teratomas have been reported
in the literature [1-100]. The most common symptoms
include pain, progressive limb weakness and bowel/bladder
disturbances. An acute onset presentation has been rarely
described in earlier reports [22, 28, 32, 33, 40, 82, 98]. In the
present report, a rare case of a mature cystic teratoma of the
conus—cauda region in a 26-year-old male is described. The
patient presented with an acute onset paraplegia and bowel/
bladder dysfunction and was managed by surgical resection.
In addition, a thorough literature review has been presented
on this topic of adult spinal teratomas reported in the world
literature till date.

Materials and methods

All previous published reports (case reports, letters to editor,
review articles and original articles) of adult onset spinal
teratomas (with no language restriction) were retrieved and
analysed in the current paper. Adult onset was defined as
age > 18 years. The first case that was reported in the year
1888 and all the cases that have reported till the present
date were included in the analysis. Cases in which no infor-
mation could be gathered (because of language barriers or
missing data) were excluded. Sacrococcygeal teratomas and
paediatric onset teratomas were excluded from the analyses.
The following keywords were searched using online data-
bases (Pubmed, Index Scopus, EMBASE, Google Scholar):
‘teratoma’, ‘spinal’, ‘adult’, ‘spinal teratoma’, ‘intramedul-
lary’, ‘intradural’, ‘extradural’, ‘mature teratoma’, ‘cystic
teratoma’ and ‘review’. Hospital records were retrieved for
our case report. The following characteristics were analysed:
demographics (age, gender), presenting features, duration
of symptoms, spinal level of the lesion (cervical/thoracic/
thoracolumbar/lumbar/lumbosacral/sacral), axial level of
the lesion [extradural (ED)/extramedullary (EM)/intramed-
ullary (IM)], the presence of associated spinal anomalies,
radiological and histopathological features, type of surgical
procedures, completeness of resection, recurrences, mean
time to recurrence (TTR) and outcomes at last follow-up
(FU). Acute/rapid progression of deficits was taken as those
occurring within 2 weeks of presentation. Outcome was
considered good/excellent if functional or complete motor
recovery was achieved, while outcome was considered fair/
poor when the motor recovery was non-functional or there
was non-improvement of symptoms or in cases of neurologi-
cal deterioration after surgery. Chi-square test was applied
to predict the correlation of the above-mentioned character-
istics with outcomes and recurrences. A p value of <0.05
was taken as significant.
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Results
Case illustration

A 26-year-old male presented with acute onset weak-
ness (over 48 h) of both lower limbs 1%2-months back,
associated with bladder and bowel dysfunction. Neuro-
logical examination revealed flaccidity in both lower
limbs and complete paraplegia (MRC grade 0/5). Lower
limb deep reflexes were non-elicitable. There were absent
and reduced tactile sensations, respectively, on the left
and right lower limbs below the L1 dermatomes. No
cutaneous stigmata of spinal dysraphism were evident
on examination. Magnetic resonance imaging (MRI) of
the spine showed a heterogeneous lesion consisting of 2
components (cranial and caudal) extending from L1 to
L2 vertebrae at the level of conus—cauda region. There
was no evidence of associated spinal anomalies. The cra-
nial part was intramedullary and appeared hyperintense
on T1 and profoundly hypointense on T2 sequences. The
caudal part was extramedullary and was isointense and
hyperintense on T1 and T2 sequences, respectively. On
fat-saturated sequences, the cranial component showed
suppression, suggestive of a fat containing lesion, while
both the components showed mild enhancement on con-
trast administration (Fig. 1a—f). Radiological diagnosis
was a mature cystic teratoma. A L1-L2 laminectomy and
tumour resection were performed. Intraoperatively, the
spinous elements were normal. Caudally, an EM cystic
tumour was noted attached to the conus containing cal-
cium deposits and straw-coloured fluid. The cyst could
be easily separated from the cauda equina roots and was
totally removed. There was no breach in the pia over the
nerve roots. The cranial part was intramedullary and con-
tained predominantly fat and blood vessels. An ultrasonic
aspirator was used for debulking the lesion. Since it was
relatively difficult to differentiate from the conus, subto-
tal resection was performed. Intraoperative electrophysi-
ological studies were not available and hence were not
utilized in this case. Later, a watertight dural closure was
performed. Post-operatively, patient had improvement in
his lower limb tone and could appreciate tactile sensa-
tions from around the second week of surgery and also
had mild improvement in his weakness (wiggle his toes
and hold his limbs on the bed when kept in a flexed pos-
ture) when discharged from hospital. Histopathological
examination showed pseudostratified ciliated columnar
epithelium overlying fibrocollagenous stroma containing
sebaceous glands, smooth muscle, nerve fibres, lobules of
adipocytes and congested vessels—overall features sug-
gestive of a mature teratoma. At 15-month follow-up, he
had modest improvement in his power and was able to
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Fig. 1 Pre-operative MRI of lumbosarcal spine showing the heteroge-
neously appearing conus—cauda lesion with cranial and caudal com-
ponents. Sagittal and axial T1 WI (a, b), sagittal and axial T2 WI (c,
d) and STIR images (e) showing the cranial component as hyperin-
tense on T1, hypointense on T2 WI and suppressing on STIR images,
while the caudal cystic part is hypointense and hyperintense on T1

stand with support, but was mostly dependent on others
for his daily activities. However, his urinary problem did
not recover and was on a catheter for voiding that was
changed to clean intermittent catheterization (CIC) few
months later. A follow-up MRI could have been helpful in
determining the extent of resection, but could not be done
because of non-willingness of the patient.

Including ours, a total of 146 cases of adult spinal terato-
mas have been reported till the present date and have been
analysed in this present report. The mean age of the cohort
was 39.6 years (range 18-85 years), and the median age
was 36 years. The male/female ratio was 1.33:1. The mean
duration of symptoms was 46.7 months (3 days to 20 years).
Limb weakness and pain were seen in 76 subjects, bladder/
bowel disturbances in 61 subjects and meningitic symptoms
in three cases. Of those presenting with pain, axial pain
(neck pain/backache) was seen in 47 cases and radiculopathy

and T2 sequences and does not show fat suppression. The entire
lesion is showing heterogeneous enhancement (f). The cranial part is
intramedullary (arrow in b), and caudal one is extramedullary (long
arrow in d). The cord is seen to be compressed and displaced anteri-
orly (short arrow in d)

in 24 cases and site of pain was not mentioned for remain-
ing 18 cases. History of minor trauma was reported in two
cases. Acute/rapidly progressive symptoms were noted in
eight cases (including ours) [22, 28, 32, 33, 40, 82, 98].
Details of clinical features were not available (NA) for a
total of 28 cases.

With regard to the spinal level, the locations of the
tumour were as follows: cervical: n =15, thoracic: n=15,
thoracolumbar: n="72, lumbar: n=38, lumbosacral: n=6
and NA: n=6 cases. With regard to the axial location, the
teratoma was located as follows: IM: n=69, EM: n=060,
combined IM+EM: n=_8, ED: n=4 and NA: n=>5 cases.

Associated cutaneous abnormalities and spinal anomalies
such as spina bifida, split cord malformations and scoliosis
were present in 55 cases, absent in 84 cases and details NA
for 6 cases. Of those, SCM-1 and SCM-2 were seen in 7
cases each and were noted in all levels, except the cervical
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spine. Complete resection (CR) was achieved in 65 (45%)
cases, while 54 (37%) cases underwent subtotal resection
(STR). Details of resection were NA for 26 (18%) cases.
In intramedullary teratomas, CR was achieved in 37.6%
(n=26), STR in 46.3% (n=32) and details NA in 16%
(n=11) cases. All, except one, were mature teratomas on
histopathological examinations.

The mean FU duration was 37 months
(2 weeks—208 months). Nine recurrences were noted, and
the overall recurrence rate was 6.1%. One patient had six
recurrences in 6 years [39]. Overall, the mean time to recur-
rence (TTR) was 88.2 months (4—180 months). With the
exclusion of the single case of immature teratoma that
recurred at 4 months, the mean TTR for mature teratomas
was 98.8 months (12—180 months). With regard to the extent
of surgical resection, there were one and five recurrences,
noted for CR and STR, respectively. On statistical analysis,
this difference was significant (p =0.029). Details of surgi-
cal resection were not reported (NR) for the remaining three
recurred cases. No malignant changes were evident in the
recurred cases.

Outcomes at last FU were as follows: good/excellent in
86 (60%) cases, fair/poor outcome in 26 (18%) cases and
NA for 33 (22%) cases. Four deaths (2.7%) were reported,
and one case was diagnosed at autopsy. Of the four deaths,
two cases each were in the cervical and conus regions.
Three cases were IM in location, and the reported case of
teratoma with CSF leak/meningitis was EM. The causes of
death were intracranial fat dissemination in two cases, CSF
leak/meningitis and respiratory failure in one case each. On
applying Chi-square test, the presence of pain (p=0.019),
absence of limb weakness (p =0.001) and CR (p=0.015)
were significantly associated with good outcomes. Also, EM
tumours had higher rates of CR as compared to IM tumours
(p=0.025). The remaining variables such as age (<40 years
and > 40 years, mean age being 39.6 years), duration of
symptoms (<46 months, >46 months, mean duration being
46.7 months), gender, bowel/bladder involvement, location
of tumour and associated anomalies did not have a signifi-
cant correlation with outcomes or recurrence rates on sta-
tistical analyses. Table 1 summarizes all the reported cases
of adult onset spinal teratomas.

Discussion

Epidemiology and clinical features

In general terms, teratomas are classically defined as neo-
plasms consisting of multipotential cells of all the three
germ cell layers (according to Russell and Rubinstein) or as

neoplasms with the power of autonomous growth (accord-
ing to Wills) [1, 38, 78, 82, 101-103]. Spinal teratoma is an
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entirely separate entity from that of the intracranial and sac-
rococcygeal teratomas [39]. Excluding sacrococcygeal tera-
tomas that are predominantly found in neonates and young
children, STs are very rare tumours [1, 2]. They account for
only 0.2-0.5% of all spinal cord tumours, and only 2% of
all teratomas are found to occur in the neuraxis as reported
in various studies [2, 3, 48, 72, 73, 104]. Sloof and Kerno-
han [15] noted only two cases of teratomas in their cohort
of 1322 intraspinal tumours. In one previous report of 256
spinal tumours by Tapper and Lack [105], only four cases
were teratomas. Sawamura [106] analysed 34 cases of CNS
teratomas, and none were intraspinal.

Gowers and Horsley [4] described the first case of a ST
in 1888. Majority of the STs are located in the TL region
involving the conus, while thoracic and cervical ones are
relatively uncommon [1, 48]. Adult onset presentation is
rare, and only 145 cases have been reported till date [1-100].
Among adults, STs are most frequently seen in the 4-5th
decades. They are more common in males; however, there
appears to be a female preponderance in children [1, 40].
Spinal teratomas may remain asymptomatic or may present
with non-specific features similar to that of any spinal mass
lesion [1, 40, 54]. The most common presenting features
include back pain, limb weakness and bowel/bladder distur-
bances. Except eight cases, all cases have reported a gradual
progression of symptoms with the mean symptom duration
being 46.7 months. There may be periods of remissions
and exacerbations in the symptomatology, as noted by few
authors [40]. However, in this present review, none of the
cases have reported this type of presentation. With regard
to the axial location in the spine, they can either be IM, EM
or ED [1, 3, 40, 82, 104]. Intramedullary location appears
to be the rarest, and conus medullaris appears to be the most
frequent site for IM teratomas [49, 58]. Park et al. [104]
compared ED versus ID teratomas and concluded that there
were no differences between them in terms of male prepon-
derance, lumbar location, young age, associated anomalies
and pathogenic mechanisms.

Imaging

Plain radiographs have no significant role in the diagnosis of
these lesions and are limited to detecting vertebral changes
such as erosion or widening of the interpedicular space
and other vertebral anomalies [49, 60, 107]. There are no
characteristic features that can differentiate ST from other
spinal neoplasms. Computed tomography (CT) is a sensi-
tive method for differentiation based on the heterogeneity
of the teratoma contents such as fat, calcification and cystic
areas [40, 60]. MRI is the most sensitive imaging modal-
ity; however, in many cases, the diagnosis can be made
only after histopathological examination. Heterogeneous
solid-cystic masses consisting of fat and calcium with or
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without haemorrhage are the major radiological clues for a
ST on MRI. Contrast enhancement is not a typical feature
of mature teratomas; however, they may show marginal rim
enhancement or a nodular enhancement [43, 46, 47, 54, 56,
66, 67, 69, 70, 72, 73, 78, 80, 82, 86—88, 90, 92, 100, 102].

In the present review, majority were heterogeneous
lesions, but a few homogeneous lesions have also been
reported [49, 66, 69, 78, 81-83, 86, 93, 99]. Characteristi-
cally, these lesions appear hyperintense on T1 sequences
indicating the presence of fat. However, lesions that are pre-
dominantly T1 hypointense and isointense (with peripheral
fat in a few cases) have also been reported [2, 28, 33, 45,
48, 54, 63, 65-67, 69, 70, 76, 78, 83, 86, 87, 89, 91, 93, 96,
100]. Associated congenital abnormalities may or may not
be evident [60, 72, 73, 102, 108]. In our case, the lesion
had similar characteristics that pointed towards a possible
diagnosis of a teratoma preoperatively. Intradural teratomas
are commonly oval or lobulated heterogeneous masses in
contrast to the ED teratomas that are more often dumb-bell
shaped [3, 104]. Although Sharma and coworkers and Moon
and associates pointed out that STs frequently co-exist with
dysraphic congenital spinal malformations, most authors
have noted that simultaneous presentation of occult spinal
dysraphic lesions and a ST appear to be a rare phenomenon
in adults [1, 3, 47, 49, 72, 109]. The associated congenital
anomalies may include spina bifida (SB), myelomeningocele
(MMC), dermal sinus (DS) and split cord malformations
(SCM) [102]. These anomalies are mostly associated with
IM tumours, and the presence of such congenital abnormali-
ties should raise the suspicion of a teratoma [73, 102]. In the
present analysis, these anomalies were present in 55 cases
(38%). The occurrence of ST with SCM is extremely rare,
especially in adult population, and the split cord might exist
at a remote location from the tumour. Hence, in such cases,
it has been suggested that the entire spine need to be imaged
because of the possibility of dysraphic lesions being present
at non-contiguous sites [3, 47, 58]. There were 14 (9.6%)
cases of associated SCM (7 cases each of types I and II)
noted in the present review.

Embryology and pathogenesis

Several theories have been proposed to account for the
embryogenesis of these tumours. Kubie and Fulton [6]
believed this tumour to be an ependymal diverticulum.
Ugarte and associates proposed that persistence of neuren-
teric canal resulted in a teratoma [107]. Bucy and Buchanan
supported the theory of germinal cell aberration [32, 110].
However, none of the above theories are accepted now.
According to the dysembryogenic theory, a teratoma is
formed by chaotic differentiation of pluripotent cells in
locally disturbed developmental environment in primitive
streak or caudal cell mass [1, 3, 73, 82, 104]. The misplaced

germ cell theory suggests that certain pluripotent primordial
germ cells of the neural tube are misplaced during migration
from the yolk sac to the gonad, thus resulting in a teratoma
formation [1, 16, 73, 82, 104]. The presence of Barr bodies
in teratomas in male patients has been suggested as an evi-
dence of germ cell origin of such tumours [38]. This theory
is more likely to be feasible in adult intraspinal teratomas
due to the absence of significant dysraphism [3, 104]. How-
ever, despite all these theories, the exact pathogenesis of STs
remains unclear.

Histopathology

Teratomas are histologically characterized by the pres-
ence of tissues derived from all the three germ layers [1,
48, 82]. Although, the presence of derivatives of two germ
layers does not exclude the lesion as a teratoma, they are
more aptly termed as teratoid tumours [38, 49, 102]. Wal-
ter and Kleinert classified teratomas into mature, immature
and malignant based on the degrees of differentiation [1,
2, 39, 111]. Mature teratomas are composed exclusively of
the fully differentiated ‘adult type’ tissue elements such as
mature cartilage, squamous epithelium, skin appendages,
columnar mucosa and nervous tissue and are considered as
benign forms. Immature teratomas are aggressive tumours
having primitive, undifferentiated components resembling
““foetal”’ tissues and tend to recur frequently. Malignant
teratomas are derived from the yolk sac or endodermal
sinus and are associated with high levels of serum alpha-
fetoprotein (AFP) and are associated with very poor prog-
nosis [1, 40, 66, 73, 105, 112]. Histology of a ST shows
mature type in most cases, while immature type STs are
rarely reported in adults. Nephrogenic and pulmonary dif-
ferentiations and carcinoid tumour arising in teratomas are
very rare [1, 46]. In our present review, all except one were
mature teratomas on histopathology. These teratomas may
be hormonally responsive as noted in one report, where a
sudden worsening of symptoms was noted during preg-
nancy [54]. Furthermore, because of the heterogeneity of
the tissues, few authors have opined that the entire specimen
should be thoroughly sampled to look for the components of
a teratoma and other immature elements. This is because of
the reason that these components may not be evident in the
initial sections and are likely to go undetected which might
have important prognostic values [1].

Treatment and outcome

Surgical resection is the treatment of choice for STs, and
early surgery is recommended before irreversible neu-
rological damage ensues. Complete resection should be
aimed on all occasions and whenever possible, they should
be excised with the capsule intact in order to reduce the
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risk of postoperative complications such as meningitis or
myelitis [1, 40, 48, 60, 72]. This is generally possible in
EM tumours; however, it might not be feasible in an IM
tumours. In such cases, STR with preservation of func-
tioning neural tissue seems to be a feasible option [1, 2,
48, 49, 58, 72]. Intraoperative use of electrophysiological
monitoring may help to achieve greater tumour resection
with preservation of neural function. In one of the previ-
ous reviews, IM tumours could be completely removed in
61.8% of the reported cases and improvement of symp-
toms occurred in 45.5% of them [40]. However, in this
present review, CR was noted in only 37.6% cases of IM
teratomas while STR was reported in 46.3% cases. It was
noted that 66% of EM tumours underwent CR while 55%
of IM tumours had STR, and this difference was statis-
tically significant. Recurrences are uncommon and are
mainly seen in the immature forms [40]. Because of the
slow growth of these tumours, symptomatic recurrences
usually occur after very long periods despite STR [49, 54].
However, few authors have noted STR not to be associated
with poor outcomes [1, 49]. Hejazi et al. reported no dif-
ference in recurrence rates with CR versus STR (9% and
11%, respectively) at a mean follow-up of 25 months (43,
49). However, as noted in our results section, the overall
recurrence rate was 6.1% (n=9) at a mean follow-up of
37 months. Subtotal resection and CR were performed for
54 (37%) and 65 (45%) cases. There were one and five
recurrences in CR and STR, respectively, and this dif-
ference was statistically significant (p =0.029). Also, no
malignant changes were evident in the recurred cases.
Several serum markers such as f-human chorionic gon-
adotropin (f-hCG) and AFP may be monitored for detec-
tion of recurrences of sacrococcygeal teratomas; however,
this is limited in STs, as recurrences may originate from
the non-secreting parts of the tumours [1, 3, 43]. Recur-
rences may be seen after a prolonged latency with one
report documenting recurrence as late as 96 months after
surgery, thus highlighting the extremely slow growth of
these tumours [43]. In this present review, the mean TTR
was 98.8 months (12—-180 months) for mature teratomas.
Hence, long-term clinical and imaging follow-up is recom-
mended, especially after STR. Re-exploration and excision
is advisable for symptomatic recurrent cases [1, 43, 49, 72].
Outcome is good to excellent in majority of cases [1, 39].
Immature and malignant forms are uniformly associated
with poor outcomes and high recurrence rates. Poeze and
associates pointed out that in benign teratomas, 26.3% died
during a mean FU period of 38 months, while patients with
malignant or immature IM teratomas died within 1 year after
surgery [40]. As noted in the results section, there were four
deaths reported and one case was diagnosed at autopsy [15,
56, 71, 78, 90]. Adjuvant radiotherapy (RT) is of no utility
even in recurrent tumours, and it should be reserved only
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for teratomas with an immature or malignant component
[1, 43, 49].

Limitations

Although this paper is the most extensive review till date
on adult onset STs and including even those cases reported
in non-English literature, cases reported in other languages
are surely to be missed due to indexing problems and tech-
nical difficulties in accessing those articles.

Conclusions

This present paper provides a very comprehensive and
in-depth analysis of all the adult onset spinal teratomas
reported till date and analyses all the parameters possibly
related to outcomes and recurrences. Spinal teratomas are
uncommon neoplasms and are rarely encountered in the
adult population. Majority of them are located in the thora-
columbar region as opposed to sacrococcygeal location in
neonates and young children. Total surgical resection is
the treatment of choice; however, this might not be pos-
sible in intramedullary cases for which subtotal resection
might be a good option. Recurrences are uncommon and
are mainly seen in immature teratomas and subtotal resec-
tions. Outcomes are good/excellent in over two-thirds of
cases. Results of this paper show that the presence of pain,
absence of limb weakness and complete tumour resection
were significantly associated with good outcomes. Fur-
thermore, subtotal resections had significantly higher
recurrence rates than complete resections. Adjuvant radi-
otherapy is of no utility even in recurrent tumours, and
hence, it should be reserved only for teratomas with imma-
ture or malignant components. This paper also highlights
the importance of performing surgery even in those with
late clinical presentations and complete neurological defi-
cits, especially if an extramedullary component is present.
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