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Background/aim: Sacrococcygeal teratomas (SCT) are known as rare tumors, but they are the most common tumor in fetuses and
newborns. This study aims to present fetal magnetic resonance imaging (MRI) findings of SCT diagnosed prenatally and compare them
with that of the prenatal Ultrasound (US) findings.

Materials and methods: Eleven patients diagnosed as SCT prenatally by US and further assessed by MRI are included. MRI was
performed via a 1.5-T magnet with a body coil. The presence, size, content extension, and compressive effects of each mass were
determined and correlated with US findings and with postnatal examinations, including surgery and pathology. As complications, the
presence of ascites and skin edema or pleural or pericardial effusion was diagnosed as hydrops. The amniotic fluid index was calculated
for the assessment of oligo- or polyhydramnios.

Results: US findings are found strongly correlated with MRI findings. An agreement on the extent of each mass was observed in eight
patients, disagreement in one fetus was an extension of the tumor within the spinal canal recognized only at MR and assessment of
intrapelvic-abdominal extension was superior in MRI. There were n = 6 type I, n = 2 type II, n = 1 type IIl and, n = 2 type IV tumors.
MRI was superior to US for detecting displacement of the colon (n = 3), intrapelvic-intraabdominal extension (n = 1), urinary tract
complication (n = 2), and intraspinal extension (n = 1).

Conclusion: MRI is found to be superior to US especially in the assessment of intrapelvic and intraspinal extension of the tumor, colonic

displacement, and complications.
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1. Introduction

Sacrococcygeal teratomas (SCT) are known as rare
tumors, but they are the most common tumor in fetuses
and newborns. The incidence reported in the literature
is 1/35,000 to 40,000 live births [1-3]. However, recent
studies reported in the literature suggest that the incidence
may be higher, and tumors diagnosed prenatally account
for 50 of the cases [4,5]. The female to male ratio for SCT
is reported to be 3:1 [6,7]. The vast majority of cases are
sporadic. It has been defined as a neoplasm consisting of
tissues from all three germ layers, or a neoplasm consisting
of multiple foreign tissues with no organ specificity.
Teratomas detected in the perinatal period mostly
originate from Hensen’s node in the sacrococcygeal region
or caudal pluripotent primitive stem cells [8]. Although
the majority of these tumors are benign, perinatal
mortality rates have been reported to be high, ranging
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from 13% to 16% for cases diagnosed prenatally [5]. The
course of SCT diagnosed prenatally is different from SCT
diagnosed postnatally. These perinatal high death rates of
SCT are caused mostly by preterm labor, placentomegaly,
the development of hydrops, and cardiac failure [9,10].
The evaluation of prenatal lesions, with the development
of intrauterine treatment modalities in these tumors, is
important for selecting suitable cases for fetal surgery.
Diagnosis is usually made during the Ultrasonography
(US) scan performed in the second or third trimester of
pregnancy [11,12]. On US examination, it is seen as a
mass lesion with a heterogeneous echo pattern containing
solid and cystic structures and may show varying degrees
of blood supply [13]. There is limited data on prenatal
multimodal and multiparametric imaging, of the fetus
tumors [14]. Most prenatal SCTs are diagnosed in utero
with US scanning. Prenatal US is the effective method
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for early detection and diagnosis of fetal SCT and is the
primary screening method [15,16]. If an SCT is suspected
on prenatal US screening, in utero fetal magnetic resonance
imaging (MRI) is recommended whenever possible. MRI
offers a superior anatomic resolution. Our aim in this
study is to present fetal MRI findings as a single-center
experience of SCT diagnosed prenatally.

2. Material and methods

2.1. Patients

The University Hospital research ethics committee
approved this study (ID 2021-340). Written informed
consent was waived for the retrospective analyses by the
Institutional Review Board. We conducted a retrospective
single-center study at our University Hospital to review
all fetal SCT cases suspected before birth and confirmed
postnatally between January 2011-2021. Data were
collected from the digital patient archiving system (Sectra,
PACS). Most cases were submitted with a presumed
diagnosis of tumor or fetal hydrops. All pregnant women
underwent a detailed fetal anomaly scan using high-
resolution US equipment.

2.2. USG and MR examinations

Fetal ultrasonographic evaluations were performed by
a perinatologist (at least 10 years of experience) and a
radiologist (at least 15 years of experience) experienced
in the obstetric US, separately. Fetal growth, exact tumor
dimensions, morphology, and location, the presence or
absence of additional malformations, and assessment
of amniotic fluid volume were evaluated. There was no
conflict between the experts in the interpretation of the
images. It was agreed that MRI should be performed as
advanced imaging to evaluate the extent of SCT and
additional anomalies. MRI was performed via a 1.5-
T magnet (Gyroscan Intera; Philips medical systems,
Eindhoven, The Netherlands) with a body coil. In our
center, fetal MRI (1.5 Tesla) is standard for additional
evaluation. The mother was positioned either supine or
in a partial left lateral decubitus position. The following
imaging sequences were performed: T2-weighted Turbo
Spin Echo sequences of fetus in sagittal, coronal, and axial
planes (TR/effective TE, 460/80; angle of rotation, 130°%
slice thickness, 4-5 mm); T1-weighted gradient-echo
relative to the fetus in the axial plane (TR/TE, 11.7/4.4;
angle of rotation, 65° section thickness, 3.3 mm); and
diffusion-weighted imaging in the axial plane (effective
TR/TE, 4000/67; slice thickness, 3 mm). The scanning
time for all was 16-18 min. All MR studies were reviewed
and interpreted by two radiologists, who also knew the
results of MRI results were compared with US reports
and images. The presence, size, content extension, and
compressive effects of each mass were determined and
correlated with US findings and with postnatal studies,

including surgery and pathology. MRI findings were
confirmed at surgery or autopsy in all patients. Depending
on the radiological findings, the extent of the SCT
was classified according to the American Academy of
Pediatrics, Surgical Section classification which includes
four categories [17]: Type I: developing only outside the
fetus (can have a small presacral component); the majority
of cases, Type II: extra-fetal with intra-pelvic presacral
extension, Type III: extra-fetal with abdominopelvic
extension, Type I'V: tumor developing entirely in the fetal
pelvis. As complications, the presence of ascites and skin
edema or pleural or pericardial effusion was diagnosed
as hydrops. The presence of oligo- or polyhydramnios
was determined by calculating the amniotic fluid index.
Descriptive statistics were used due to the small number
of cases. Categorical data are given as numbers (n) and
percentages (%).

3. Results
Eleven patients diagnosed as SCT prenatally by US and
further defined by MRI are included. Diagnostic quality
MR images were obtained in all patients. All images
taken in MR examination were evaluated. US findings are
strongly correlated with MRI findings. An agreement on
the extent of each mass was observed in eight patients,
disagreement in one fetus was an extension of the
tumor within the spinal canal recognized only at MR,
and assessment of intrapelvic-abdominal extension was
superior in MRI. On MRI, sacrococcygeal teratomas (n =
11) were completely cystic in four fetuses, mixed and solid
in seven (Table). According to Altmand classification,
there were n = 6 type I (Figures la, 1b, 2a, 2b, and 3), n
= 2 type II (Figures 4a, 4b), n = 1 type III (Figures 5a, 5b,
5c) and, n = 2 type IV tumors (Figures 6a, 6b). MRI was
superior to US for detecting displacement of the colon (n =
3), intrapelvic-intraabdominal extension (n = 1), urinary
tract complication (n = 2), and intraspinal extension (n =
1). Three patients (bilateral n = 2, unilateral n = 1) had
pelvicaliectasis in the kidneys on MRI. However, one
of these three patients had unilateral renal ectasia, the
other kidney was agenetic (Figures 7a, 7b) and there was
severe oligohydramnios. In MRI, tumor compression of
adjacent pelvic structures could be evaluated. However,
pelvic bones and vertebral column were a limitation in
evaluating the extent of SCT on sonography. Chiari type
2 malformation was present in one case (9%) of 11 fetuses
and type 3 congenital pulmonary airway malformation in
other cases (Figures 8a, 8b). These findings observed in
MRI were also detected in the sonographic examination.
SCT causes displacement of the bladder by the effect
of pelvic mass, hydronephrosis, and large convoluted
ureters. The bladder displacement was observed in 3 of
11 fetuses (27.2%), and bilateral hydronephrosis in 2 fetus
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and unilateral hydronephrosis in 1 fetus on MRI, but only
hydronephrosis was detected by sonography. In the patient
with unilateral hydronephrosis, no other kidney was
observed (unilateral renal agenesis), and oligohydramnios
was present. In the pathological examination, the cases
were documented as mature (n = 8), immature (n = 2) and
mixed teratomas (n = 1).

4. Discussion

In this study, we aimed to evaluate imaging findings and
analyze which imaging approaches are most valuable in
fetuses diagnosed with prenatal SCT. SCTs are the most
common tumors of the fetus and the neonate, carrying a
variable prognosis. The majority tend to be benign (~80%).

Table. Clinical characteristics and outcomes in 11 fetuses with SCT.

Alpha-fetoprotein (AFP) and beta HCG may be elevated.
A pathology-based classification is as: benign (mature)
70%-80% or malignant (immature). Those presenting in
older infants tend to have a higher malignant potential
and those presenting in utero have a poor prognosis due
to complications. It has been reported that fetal mortality
is higher if the gestational week at the time of diagnosis
is early in SCT [18]. Mass size, the solid component,
and the vascularity of the mass are reported to be more
important on prognosis than the gestational age at the
time of diagnosis [18]. The prognosis of SCTs detected
in the prenatal period is to be worse than those detected
in the neonatal period which may be due to the fact that
larger tumors are more likely to be detected in fetal life,

Patient | Gestational week (GW) |Tumor type |Tumor size (cm® | US evidence for decompensation | Additional findings
I 21+2 1 159 No

I 23+1 2 333 Increased AF

111 22+1 2 27.7 No CPAM

v 21+4 4 25 Increased AF

\% 26+8 1 14.5 Decreased AF Renal Agenesis
VI 19 1 52.8 No

VII 22+5 1 150 No

VIII 22+3 1 8 No

IX 21+5 1 9.5 Increased AF

X 32 3 66.5 No

XI 18+5 4 23.5 No Chiari Type 2

US: Ultrasonography, AF: Amniotic fluid, CPAM: Congenital pulmonary airway malformation

Figure 1. Type I sacrococcygeal teratoma. a. Sagittal T2-weighted, and b. Ultrasound images show
mixed cystic and solid lesions originating from the coccyx. An intrapelvic extension is not seen.
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Figure 2. Type I sacrococcygeal teratoma. a. Sagittal T2 weighted, and b.
Ultrasound images demonstrate a large, mostly cystic, mass lesion arising
from the coccyx.

Figure 3. Type I sacrococcygeal teratoma. Sagittal
T2 weighted image shows dichorionic-diamniotic-
twins. There is a mixed solid and cystic lesion
originating from the coccyx. The other fetus that
had been imaged partially does not have any tumor
or any anomaly.

Figure 4. Type II sacrococcygeal teratoma. a. Ultrasound, and b. Coronal
T2 weighted images show large septate cystic mass arising from coccyx
with a small intrapelvic component.
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Figure 5. Type III sacrococcygeal teratoma. a. Sagittal, and b. Axial T2-weighted, c.
Ultrasound images show large mixed signal intensity tumor extending into abdomen.

Figure 6. Type IV sacrococcygeal teratoma. a. Sagittal, and b. Axial T2-weighted images
show tumor developed entirely in the fetal pelvis. The urinary bladder is displaced and
vertical dimension is increased and contours are lobulated with increased thickness. There is
also polyhydramnios.

Figure 7. Fetus with type 1 SCT. a. Coronal and, b. axial T2 weighted images show right renal
agenesis (blue arrow), left renal hydronephrosis (yellow arrow).
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Figure 8. Fetus with type 2 SCT. a. Sagittal and, b. Coronal T2 weighted images show congenital airway
malformation at the base of the right lung (yellow arrow).

and tumors detected in early pregnancy have greater
growth potential [19]. Besides the prognosis of prenatally
detected SCT is also related to its content. Predominantly
solid and highly vascularized masses demonstrate a worse
prognosis than tumors that are mainly avascular and
cystic in appearance [20].

Complications include urologic complications (the
most common cause of morbidity), high output cardiac
failure from AV shunting: which in turn can cause hydrops
fetalis, gastrointestinal tract obstruction, compression of
underlying nerves leading to urinary/fecal incontinence,
anemia, dystocia, tumor rupture. Tumor compression of
the bladder outlet caused retention in the urinary system,
followed by renal impairment, oligohydramnios, and
pulmonary hypoplasia [12], also tumor compression or
infiltration of the sacral nerves and intraspinal extension
of the tumor.

Differential diagnoses include sacral chordoma, sacral
meningocele, terminal myelocystocoele, and enteric
(tailgut) cyst for cystic types and for type IV lesions also
low-lying neuroblastoma, rhabdomyosarcoma, small
round blue cell tumor in the sacral region. Treatment is
with surgical excision inclusive of coccygectomy with
additional chemotherapy for malignant ones.

MRI is widely used in these fetuses, although there are
few studies in the literature that it is effective [14,21-23].
Majorly, the US operator-dependent technique is affected
by the thickness of the abdominal fat tissue, fetal position,
and amniotic fluid volume. In addition, it has limited soft-
tissue contrast and decreased visual field compared with
that of MRIL. On the other hand, MRI has a wide window
of vision unaffected by fetal position or insufficient

amniotic. It can also provide a better resolution of the
tumor tissue and the relationship with the surrounding
tissues. After a prenatal lesion was suspected by US, fetal
magnetic imaging was used to confirm the diagnosis and
evaluate additional anomalies. In terms of fetal imaging,
we found that MRI was superior to US in predicting
tumor morphology in teratomas. More data are needed
to support this finding, but preliminary results from
our series show a high correlation between fetal MRI
findings, outcome, and histopathology in SCTs. Two
parents decided to terminate their pregnancies. Like US,
MRI examination is a safe method and does not expose
the patient to unnecessary risks [16,24]. The possibility
of multiplanar examination and soft-tissue resolution
for multisystemic evaluation in the diagnosis of fetal
malformations are very helpful.

The limitation of our study is that it was designed
retrospectively, US were performed by a perinatologist and
a radiologist, separately. Although there was no conflict
among our researchers, perhaps consensus would be a
better alternative.

5. Conclusion

MRI is found to be superior to US, especially in the
assessment of intrapelvic and intraspinal extension of
the tumor, colonic displacement, and complications.
While MRI contributes to the diagnosis, it also serves as
a guide for treatment, birth planning, and counseling. In
order to optimize pre and postnatal management for the
evaluation of fetal sacrococcygeal teratoma, fetuses with
SCT detected by US should be referred to MRI to evaluate
tumor size, content, and extent.
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