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Abstract
Type IV sacrococcygeal teratoma with intraspinal involvement is rare and to our knowledge has not been reported previously in
the literature. The authors present the case of a 2-month-old infant with a type IV sacrococcygeal teratoma diagnosed on prenatal
ultrasound. Postnatal MRI revealed intraspinal extension through an enlarged sacral neuroforamina on the right side. On surgical
exploration, the authors discovered a dorsal cystic tumor involving the sacral spine that extended through an enlarged S4 foramen
to a large presacral component. The tumor was successfully removed to achieve a complete en bloc surgical resection. The
authors review the epidemiology, pathophysiology, and treatment of sacrococcygeal teratomas with intraspinal extension.
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Introduction

Teratomas are congenital, often benign masses comprised of
endoderm, ectoderm, and mesoderm derivatives. While tera-
tomas have been identified in a variety of extra-gonadal and
gonadal locations, sacrococcygeal teratomas arising from the
coccyx represent the most common subtype [10].
Sacrococcygeal teratomas have an incidence of 1 in 35,000
to 40,000 live births and are typically diagnosed either via
prenatal ultrasound, or during a postnatal physical examina-
tion [20]. Despite the close anatomic relationship of
sacrococcygeal teratomas with the spine, true spinal canal

involvement is rare [11, 15, 17, 26, 27, 29, 31]. Here, we
report the first case, to our knowledge, of a type IV
sacroccoygeal teratoma with intraspinal, extradural extension
that underwent an en bloc gross total resection via a posterior-
anterior-posterior approach.

Case report

Clinical presentation

A female fetus was diagnosed with a pelvic cyst on a prenatal
ultrasound that was performed at 37-week gestation. The pa-
tient was born at full term via cesarean section following an
otherwise uncomplicated pregnancy. During the neonatal pe-
riod, she tolerated formula despite mild reflux, had regular
bowel movements, and was wetting her diaper. Physical ex-
amination did not reveal any obvious cutaneous abnormali-
ties, including an exophytic mass or dermal tract.

Diagnosis

Postnatal ultrasound revealed an anechoic, round mass with a
thin, hyperechoic wall at the base of the bladder. An MRI of
the abdomen, pelvis, and lumbar spine demonstrated a large
cystic mass in the pelvis abutting the sacrum and coccyx
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(Fig. 1). The mass measured 13.2 × 9.7 × 9.6 cm, causing sig-
nificant mass effect on the adjacent abdominal organs with
displacement of the bladder anteriorly. An elongated fluid-
filled structure was identified posterior to the sacrum and abut-
ting the coccyx with widening of the right-sided S3 and S4
neuroforamina. Although the lesion appeared to represent a
posterior extension of the presacral mass, it was unclear
whether the mass was connected to the thecal sac and
intradural neural elements. After a multidisciplinary discus-
sion involving a general pediatric surgeon and a pediatric neu-
rosurgeon, the decision was made to proceed with surgical
resection and informed consent was obtained.

Management

The patient was taken to surgery at 2 months of age. She was
placed in the prone position and an incision was made from
the L5-S1 interspace to the gluteal fold. Partial L5
laminectomies were performed to expose the underlying nor-
mal dura. An area of dehiscence was observed caudally, with-
out any evidence of posterior sacral elements. A fibrous layer
was transected exposing the tumor, but the area between the
cystic tumor and the dura could not be clearly visualized. The
tumor was then dissected using bipolary cautery and micro-
scissors. A concerted effort was made to maintain the tumor
capsule, although the tumor dissection was complicated by the
fact that nerve roots were overlying and invested in the tumor
capsule bilaterally. The right S4 and S5 nerve roots were
sacrificed in an effort to maintain the tumor capsule as these
were intimately involved. The tumor was followed to the right
S4 foramen where a single pedicle traversed into the presacral
component. The pedicle of the tumor capsule was ligated with
a 2–0 silk tie, reinforced with small vascular clips, and cut.
The intrasacral component of the tumor was removed and a
coccygectomy was performed in an effort to preserve bilateral
sacral nerve roots as this was thought to be below the extent of
the anterior tumor. The thecal sac remained intact, although it
was displaced superiorly due to the cystic tumor capsule, and
there was no evidence of a cerebrospinal fluid leak.

The posterior wound was closed and the patient was turned
to the supine position. A low transverse incision was made

across the abdomen and the peritoneal cavity was entered. The
bladder had been severely stretched and displaced, and was
identified above the level of the umbilicus. The uterus,
fallopian tubes, and ovaries were mobilized and the posterior
peritoneum was entered in order to uncover the massive ret-
roperitoneal cystic component of the teratoma. The cyst was
then freed circumferentially from the overlying peritoneum
and approximately 400 ml of clear fluid were drained. Clear
tissue planes surrounding the tumor could then be identified,
and careful dissection was performed down to the sacral
promontory using minimal electrocautery.

Solid components of tumor were identified anterior to the
sacral promontory, which appeared to be adherent posteriorly.
This solid component of the tumor extended caudally to oc-
cupy the entire pelvis up to the sacral promontory. This por-
tion was dissected away from the surrounding tissue but was
found to be adherent in the lower right aspect of the sacrum, in
the region of the previous intraspinal extension. Bipolar and
electrocautery were used to carefully dissect free the surround-
ing adhesions and feeding vessels, revealing the vascular clips
that had been placed on the amputated pedicle of the tumor
capsule posteriorly. Adherent tumor remained superior to the
prior posterior sacral cut, and in an attempt to completely
remove the tumor mass the decision was made to reopen the
posterior incision. This was due to limited visualization and
concern for the traversing nerve roots. The tissue plane was
identified allowing for internal dissection and freeing of the
remaining tumor posteriorly. The mass was then successfully
removed through the posterior incision. The wound was
closed in a multi-layered fashion. The total estimated blood
loss during the surgery was approximately 75 ml.

Outcome

Postoperatively, the patient had one self-limited bradycardic
episode but had an otherwise uncomplicated course. She
underwent an MRI of the lumbar spine with contrast postop-
eratively, which demonstrated no evidence of residual tumor
(Fig. 2). The patient was subsequently discharged home. Final
pathology was consistent with a mature cystic sacral teratoma
(Fig. 3). At her 5-month follow-up, the patient was doing well.

Fig. 1 Preoperative, T2-weighted
sagittal (left), and axial (right)MR
images of the abdomen and
pelvis, demonstrating a large
cystic mass within the pelvis
abutting the sacrum and coccyx.
A small posterior extension of the
pelvic mass, extending through an
enlarged sacral foramen, is
observed posterior to the sacral
elements (arrow)
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She was feeding, voiding, and stooling normally. The patient
was able to stand with assistance and demonstrated good
strength in her bilateral lower extremities. A subsequent 10-
month follow-up revealed a lower AFP level of 31.4 ng/mL
without evidence of recurrent disease on a repeat MRI of the
abdomen and pelvis. At 14- and 17-month follow-up appoint-
ments, she demonstrated continued progression with the abil-
ity to ambulate and pass urine/stool without difficulty.

Discussion

Sacrococcygeal teratomas represent the most common form of
fetal teratoma [17, 29]. The majority of cases present as a
benign exophytic mass lesion, identified at birth or on prenatal
ultrasound, and can be associated with a variety of other find-
ings, including trisomy 21, club feet, congenital dysplasia/
luxation of the hip, hypospadias, congenital urethrovaginal
fistula, and obstructive uropathy [6]. Sacrococcygeal terato-
mas are classified by several criteria including their gross an-
atomical and histopathological features. The Altman classifi-
cation categorizes sacrococcygeal teratomas by their varying
degrees of internal (intrapelvic) and external components
(Table 1) [2]. The Gonzalez-Crussi classification system de-
fines a mature teratoma as grade 0, variations of immature
teratomas as grades 1 and 2, and a malignant teratoma as grade
3 [9]. Malignant teratomas can include embryonal

carcinomas, yolk sac tumors, germinomas, dysgerminomas,
or seminomas [35].

The embryologic origin of sacrococcygeal teratomas is not
fully understood, although a variety of theories have been
proposed. The classic theory attributes tumor formation to
aberrant migration of germ cells from the primitive yolk sac
[15, 16, 19]. Others suggest that the caudal cell mass, a rem-
nant of the primitive streak and Henson’s node, possesses
multipotent mesenchymal progenitor cells, which can give
rise to teratomas [13, 15, 16, 28]. Henson’s node resides with-
in the coccyx, which explains the high frequency of tumor
formation in this region. Conversely, some authors have pro-
posed the idea that neural crest cells, which are pluriopotent
and can differentiate into mesenchymal tissue, are the source
of sacroccygeal teratomas and can account for the frequent
association with spinal dysraphism [7, 21].

Sacrococcygeal teratomas are typically diagnosed via pre-
natal ultrasound or upon physical examination shortly after
birth. As ultrasound technology has improved, an increasing
number of reports have described the prenatal diagnosis of
sacrococcygeal teratomas with sonography [22, 34]. Some
diagnosed as early as 18-week gestation [4]. One report has
even described the diagnosis of a sacrococcygeal terataoma
with intraspinal involvement on a prenatal ultrasound [15].
Fetal or newborn MRI can serve as a complement to ultra-
sound by differentiating between various abdominal, pelvic,
and central nervous system lesions. In particular, MRI may
facilitate the early diagnosis of type IV sacrococcygeal

Fig. 2 Postoperative, T1-
weighted contrast-enhanced
sagittal (left), and axial (right)MR
images demonstrating a gross
total resection without any
evidence of residual tumor

Fig. 3 The resected specimen
demonstrates hyaline cartilage
and fat tissue of mesodermal
origin (left), as well as squamous
mucosa and respiratorymucosa of
endodermal origin (right). H&E,
original magnification × 10 (left)
and × 20 (right)
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teratomas [1]. The use of ultrafast fetal MRI has been shown
to more accurately characterize intrapelvic and abdominal
components of tumors and can readily identify anatomical
abnormalities or displacement of intraabdominal or intrapelvic
organs [5]. Accurate characterization of tumors enables early
treatment during the perinatal period and, in select cases, has
prompted prenatal treatment with open fetal resection as early
as 21 weeks [5, 25].

The optimal treatment for sacrococcygeal teratomas is en
bloc surgical resection, including coccygectomy, within the
first 2 months of life [23]. After 2 months, the rate of malig-
nant transformation increases, dramatically complicating sub-
sequent treatment [2, 24]. Teratomas may vary in their consis-
tency and may have cystic and/or solid components, which
has technical implications for surgical planning. Lesions com-
prised of predominantly cystic components are often benign,
whereas solid or calcified tumors are more frequently associ-
ated with malignancy [2]. Additionally, sacrococcygal terato-
mas are typically highly vascularized tumors and may exhibit
significant arteriovenous shunting, potentially leading to fetal
cardiac failure and high mortality [12, 32]. Hemorrhagic com-
plications are the most frequent cause of death among neo-
nates undergoing surgical resection, with a mortality rate in
the neonatal period of 16%. The presence of fetal distress,
large lesions, and polyhydramnios are all associated with an
increased risk of hemorrhage. This can be further exacerbated
by a coagulopathy induced by the release of thromboplastins
during the trauma of delivery [13]. Poor prognostic features
include congestive heart failure, hydrops fetalis and
placentomegaly, with an associated mortality of 100% [23].

Nevertheless, patients with sacrococcygeal teratomas can
achieve excellent outcomes, particularly if diagnosed early.
The 5-year overall survival for sacroccygeal teratomas has
been reported at anywhere from 81 to 97%. However, those
patients with tumor recurrence have a statistically significant
decrease in overall survival compared to those who remain
recurrence-free. Several case series have described patients
with recurrent lesions [6, 33, 35]. The 5-year overall survival
for patients with tumor recurrence ranges from 45 to 58% [3,
8, 14, 30]. Factors found to be associated with recurrence
include incomplete resection or spillage of tumor during the
primary resection, and immature or malignant histology.
Altman grades have not been shown to correlate with tumor
recurrence [35].

Functional outcomes, on the other hand, are typically de-
termined by long-term bowel and bladder function. In a re-
view of 47 patients who were treated for sacrococcygeal tera-
tomas as children, 30% were noted to have urinary inconti-
nence as adults and 21% experienced constipation. Risk fac-
tors for constipation in adulthood were tumors greater than
10 cm in diameter and Altman type I or type II lesions [18].
While our patient is doing well 17months postoperatively, she
is too young to determine whether she has suffered any long-
term complications affecting her bowel or bladder function.
She will also require continued follow-up to monitor for any
recurrence of her disease.

To our knowledge, there are few documented cases of
sacrococcygeal teratomas with intraspinal involvement, and
true spinal cord involvement with intradural extension is even
less common [11, 15, 17, 26, 27, 29]. The majority of
sacrococcygeal teratomas with intraspinal extension are
Altman type I or II lesions. Because these lesions are primarily
external and located dorsal to the spine, they can often be
managed from a sacral, or posterior, surgical approach. We
found no prior reported cases of type IV sacrococcygeal tera-
toma with intraspinal extension. Our case was complicated by
a very large (type IV) primarily presacral lesion with dorsal
intraspinal extension, necessitating a combined surgical ap-
proach in order to provide optimal visualization of the tumor
while avoiding undue traction on the nerve roots and the risk
of neurologic injury while working ventrally.

In this case, specifically, the collaboration between neuro-
surgery and pediatric surgery colleagues was essential, as a
combined surgical approach provided optimal visualization of
the tumor, minimization of blood loss, and allowed for gross
total resection while avoiding neurologic or genitourinary in-
jury. A comprehensive preoperative evaluation, including
MRI, is required in order understand the extent of one’s lesion
and properly plan for what can potentially be a high-risk sur-
gical operation.

Conclusions

Sacrococcygeal teratomas with intraspinal extension are rare.
Complex lesions with a combination of intrapelvic and exter-
nal components may require the incorporation of hybrid sur-
gical approaches and interdisciplinary collaboration in order

Table 1 The Altman
classification for sacrococcygeal
teratomas

Altman type Characteristics

I Sacrococcygeal mass, primarily external

II Sacroccogyeal mass, primarily external but with significant
intrapelvic component

III Predominantly intrapelvic mass with small external component

IV Predominantly intrapelvic mass with no external component
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to achieve an adequate resection. We successfully managed a
type IV sacrococcygeal teratoma with intraspinal extension
using a combined posterior-anterior-posterior approach
resulting in complete oncologic resection and limited neuro-
logic morbidity.
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