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Objective: The present study aims to discuss the clinical features, treatment, and prognosis
of fetal sacrococcygeal teratomas (SCTs) to improve the standard of diagnosis and treatment.
Methods: The clinical data of 15 pregnant females with fetal SCT, admitted to Fujian
Maternity and Child Health Hospital from January 2013 to January 2020, were retrospec-
tively analyzed with respect to clinical characteristics, imaging features, complications,
treatment options, and pregnancy outcomes.

Results: The 15 cases of fetal SCT were all detected by color ultrasonography. There were
two cases of cystic tumors and 13 cases of solid cystic tumors. In terms of tumor blood
supply, there was one case without blood flow signal, eight cases with little blood flow
signal, and six cases with abundant blood flow. At the time of delivery, there were two cases
with a tumor diameter less than 5 cm, five cases with a diameter of 5—10 c¢m, and eight cases
with a diameter of more than 10 cm. In terms of tumor shape and location, there were two
cases of type I, ten cases of type II, and three cases of type III. There were six cases with an
increased fetal heart to chest ratio, four cases of fetal edema, three cases of placental edema,
four cases of excessive amniotic fluid, one case of insufficient amniotic fluid, three cases of
fetal distress, one case of stillbirth, two cases of gestational diabetes mellitus, two cases of
mirror syndrome, and two cases of postpartum hemorrhage. According to the pathological
diagnosis, there were seven cases of mature teratoma, seven cases of immature teratoma, and
one case of mixed germ cell tumor. There were six cases of induced delivery, nine cases of
cesarean section, one case of premature birth, and two cases of mild neonatal asphyxia.
Conclusion: Fetal SCT was generally diagnosed by prenatal ultrasonography. The tumor
blood supply, growth rate, size, nature of the tumor, clinical type, pathology, and maternal-
fetal complications are all closely correlated with the prognosis. The timing and manner of
the termination of pregnancy should be determined on the basis of the pregnant female, the
fetus, and the tumor.

Keywords: fetus, sacrococcygeal, teratoma, therapy, prognosis

Introduction

Fetal sacrococcygeal teratoma (SCT) originates from the progenitor node or
Hensen’s node of the embryonic progenitor strip. When the progenitor node persists
due to developmental disorders, an SCT is formed in the sacrococcygeal region.
SCT is one of the most common congenital tumors in the fetus, with an incidence of
approximately 1/40,000—1/23,000, and the incidence is four times more common in
females than in males.' Fetal SCT is usually detected by prenatal ultrasonography
and diagnosed with the assistance of magnetic resonance imaging (MRI). As the
pregnancy progresses, there may be fetal heart failure, fetal edema, intrauterine
death, excessive amniotic fluid, mirror syndrome, and other complications closely
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correlated with the prognosis. Therefore, early prenatal
diagnosis, close supervision during the pregnancy, and
close multidisciplinary cooperation are of vital impor-
tance. In the present study, the clinical data of 15 pregnant
females with fetal SCT, admitted to Fujian Maternity and
Child Health Hospital, Affiliated Hospital of Fujian
Medical University, were retrospectively analyzed. The
clinical characteristics, imaging features, complications,
treatment options, and pregnancy outcomes were collated.
The aim of the present study was to raise the awareness of
fetal SCT for early detection, early monitoring, early inter-
vention, and early treatment to improve the prognosis.

Materials and Methods

General Materials

From January 2013 to January 2020, a total of 114,376
pregnant females gave birth or had abortions in Fujian
Maternity and Child Health Hospital, Affiliated Hospital
of Fujian Medical University. During this period, there
were 15 cases of fetal SCT. The 15 pregnant women
were aged between 22 to 34 years, with an average of
26.8 years. There were nine primiparas and six multiparas,
none of whom were aware of having had medical diseases
such as hypertension, heart disease, hepatitis, nephritis,
hyperthyroidism, or a history of adverse birth and genetic
diseases.

The study was conducted in accordance with the
Declaration of Helsinki (as was revised in 2013). The
study was approved by Ethics Committee of Fujian
Maternity and Child Health Hospital, Affiliated Hospital
of Fujian Medical University and informed consent was
taken from all the patients.

Methods

The Diagnostic Criteria

The SCTs were classified into four types according to the
tumor’s location and the extent of tumor extension into the
abdominal cavity:' Type I : The tumor mainly protruded
outside the body cavity, with only a small portion located
in front of the sacrum. Type II: The tumor protruded
significantly outside the body cavity but also grew and
extended into the pelvic cavity. Type III: A small portion
of the tumor body protruded outside the body cavity while
the main part was in the pelvic and abdominal cavity. Type
IV: The tumor was only located at the anterior part of the
sacrum and did not protrude outside the body cavity.
Mirror syndrome: the existence of maternal edema,

hemoconcentration, hypertension, proteinuria, and other
pre-eclampsia-like symptoms were all secondary to fetal
or placental edema of various etiologies.”

The Observation Indicators

The medical history, clinical presentation, laboratory tests,
imaging data, genetic diagnosis, complications during
pregnancy, timing and manner of termination of preg-
nancy, perinatal birth outcome, postnatal intervention,
and prognosis of the neonates were collected and docu-
mented in detail. The image data were re-read and graded
according to the above diagnostic classification criteria.

Results
The Clinical Characteristics of Fetal SCT

Nine cases were found by color ultrasonography screening
for deformity at 22—24 weeks of gestation, and one case
was found by color ultrasonography before delivery.
Another five cases were found at 2429 weeks of gestation.
MRI was performed in four cases and confirmed there were
no other combined abnormalities. The NT examination
showed no abnormality in all 15 cases. There was one
case of critical risk for trisomy 21 in early pregnancy,
three cases of high risk for neural tube defects (NTD),
and four cases of no abnormality detected by amniotic
fluid chromosomal examination. Amniocentesis was con-
ducted in one case with alpha-fetoprotein (AFP) greater
than 2000 u/mL with the tumor pathology of mature ter-
atoma. The examination of prenatal infection markers
revealed seven cases with previous cytomegalovirus infec-
tions and six cases with previous rubella virus infections.

The Ultrasonography Features of Fetal
SCT

The 15 cases were classified according to the nature and
blood supply of the tumor. There were two cystic tumors:
one case with no blood flow signal and one with little
blood flow signal. There were 13 cases with solid cystic
tumors, of which seven cases had a little blood flow signal
and six cases an abundant blood flow signal. The classifi-
cations according to the tumor size at delivery were as
follows: two cases with a tumor diameter of less than
5 cm, five cases with a diameter of 5—-10 cm, and eight
cases with a diameter of more than 10 cm. The classifica-
tion based on the location of the tumor and the protruding
extension of the tumor to the abdominal cavity were as
follows: two cases of type I, ten cases of type II, three
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Figure | The ultrasonographic pictures of solid and cystic tumors.

cases of type III, and there were no cases of type IV (as
shown in Table 1, Figure 1).

The Complications During Pregnancy
There were six cases with an increased fetal heart to chest
ratio, four cases with fetal edema, three cases with placen-
tal edema, four cases with excessive amniotic fluid, one
case with insufficient amniotic fluid, three cases with fetal
distress, one case of stillbirth, two cases with gestational
diabetes mellitus, two cases with mirror syndrome, and
two cases with postpartum hemorrhage (as shown in
Table 2).

The Timing and Manner of Terminating a
Pregnancy

Four cases were given amniotic injections of Levanon at
the mid-pregnancy point to induce the termination of the
pregnancy. Blood pressure control and supplementation of
albumin and diuretics were carried out in two cases with
the occurrence of mirror syndrome. Levanon-induced
labor was performed in one pregnant female at the preg-
nancy age of 28" weeks because of the aggravation of the
disease. Labor was induced in one case at 30 weeks due to
stillbirth and excessive amniotic fluid with a high rupture
of membranes and feticide resulting from a large sacro-
coccygeal mass. There were nine cases of cesarean section

and one case of premature birth (as shown in Table 2).

The Tumor Size/Fetal Weight Ratio (TFR)
TFR is a meaningful indicator for the early screening of
fetuses at high risk of SCT and should be evaluated in
conjunction with the proportion of solid cystic tumor.’
Among the 15 cases, the TFR in nine cases ranged from
0.00 to 0.42, and the TFR in one stillbirth reached as high
as 0.49.

The Results of Tumor Pathology
There were seven cases of mature cystic teratoma, seven
cases of immature cystic teratoma, and one case of mixed

germ cell tumor (as shown in Table 1).

The Outcome and Follow-Up of

Pregnancy

(1) The neonates: nine newborns were operated on in the
department of pediatric surgery to remove the sacrococcy-
geal tumor that had been monitored up to that point, with
one case having a second operation due to the reoccur-
rence of the tumor. There were normal urination and
defecation in all the pediatric patients and no abnormalities
in walking. (2) Maternity: 15 cases had a good maternal
outcome. In two cases with mirror syndrome, the edema
subsided, and blood pressure returned to normal after the
end of the pregnancy. Re-examination 42 days after the
termination revealed normal blood pressure and negative
urine protein, indicating that both the anemia and hypo-

proteinemia were corrected.
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Discussion
The Etiology of Fetal SCT

In the present study, all 15 patients were females of child-
bearing age. None of the fetuses had any other systemic
malformations, and no abnormalities were found on the
amniotic fluid chromosome and virological examination.
Literature has reported that the incidence of SCT com-
bined with chromosomal abnormalities is no higher than
in the healthy population, and the cases of combined
chromosomal abnormalities have other malformations,
such as genitourinary or cardiovascular malformations.”*
The literature also reports cases of coexistence of mater-
nal-fetal teratomas,” but the specific mechanism is unclear.
Therefore, genetic possibilities should be considered. A
detailed medical history should be taken during the pre-
natal examination to assess the risk factors, and chromo-
somal examination should be recommended if other
malformations are present.

The Examinations of Fetal SCT

In the present study, there was a lack of specific clinical
symptoms in the early and mid-pregnancy period. Nine
cases were diagnosed by color ultrasonography screening
for deformity, while one case was diagnosed by color
ultrasonography before delivery. An MRI was used in
four cases for further verification. Prenatal ultrasonogra-
phy is the best method for the early detection and diag-
nosis of fetal SCT and is the primary means of screening.’
It can show the location, shape, size, blood supply, internal
echo, and relationship with the surrounding tissues of the
fetus in SCT, as well as indicating the presence of fetal
edema, cardiac dysfunction, placental thickening, and
abnormal amniotic fluid volume. There are, nevertheless,
some shortcomings in ultrasonography, such as a weak
soft tissue echo contrast and poor visual field. These are
influenced by the operator’s technique, the thickness of
abdominal fatty tissue, the fetal position, and the volume
of amniotic fluid. MRI may compensate for some of the
deficiencies of ultrasonography by providing better visua-
lization of tissue density and a large window of view that
is unaffected by the fetal position or insufficient amniotic
fluid. It may also provide a superior resolution of the
tumor tissue and the relationship to surrounding tissues.’
Therefore, for cases with an unclear ultrasonography diag-
nosis or unclear relationship between the tumor and sur-
rounding tissues, the combination of ultrasonography and
MRI is recommended.
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The Clinical Manifestations of Fetal SCT

and the Correlation with Prognosis

The Correlation Between Gestational Age at
Diagnosis and Prognosis

Fourteen cases in the present study were found at 2028
weeks of gestational age by color ultrasonography, nine of
which were found by systemic color ultrasonography at 22
—24 weeks, and one case was found by color ultrasono-
graphy before delivery. Teratomas have been found as
early as 13" weeks of gestation but are usually found by
ultrasonography screening for deformity at 20-24 weeks
of gestation. Zhong et al found that fetal mortality corre-
lates with the gestational week of diagnosis, and the earlier
the week of the initial diagnosis, the higher the mortality.*
But some research indicated the size, solid component, and
degree of vascularity of fetal SCT are much more corre-
lated with prognosis than gestational age at diagnosis.
Therefore, standardized prenatal examination, prenatal
consultation, and prenatal diagnosis are important prere-
quisites for improving the prognosis of neonates with SCT.

The Correlation Between the Blood Supply, Growth
Rate, Tumor Size, Complications, and Prognosis of
Fetal SCT

In the present study, nine cases of fetal SCT had little or no
blood supply, with the tumor’s slow growth. There was no
obvious maternal and fetal clinical manifestation. Six
cases had an abundant blood supply in the tumor, with
rapid growth and more complications. The incidence of
complications in patients with the maximum tumor dia-
meter higher than 10 cm was higher than in those with a
diameter of less than 10 cm. The most common complica-
tions in the present study were the increased fetal heart to
chest ratio, fetal edema, and excessive amniotic fluid. In
addition, the richer the blood supply and the faster the
growth rate of the SCT, the higher the risk of maternal and
fetal complications and a poor fetal outcome. This was
consistent with the findings of Chinese researchers.® Due
to the abundant blood supply and rapid growth of the fetal
SCT, the tumor can shift part of the blood volume from the
total fetal blood volume. This can result in complications
such as fetal heart failure with high cardiac output, fetal
anemia, fetal edema, placental edema, excessive amniotic
fluid, preterm delivery, fetal distress, stillbirth, and mater-
nal mirror syndrome.* In some pregnant females, exces-
sive weight gain, a rapid increase in uterine height and
abdominal circumference, edema, and elevated blood pres-
sure may be due to the hypoxia of the chorionic

trophoblast cells, resulting in the release of anti-angiogenic
factors into the maternal plasma. This may cause endothe-
lial cell dysfunction and maternal edema, resulting in the
symptoms of preeclampsia. The tumor blood supply,
growth rate, and size are risk factors for the fetal
prognosis.® Large, rapidly growing SCTs with abundant
blood vessels were found to have a higher incidence of
perinatal mortality and complications than small SCTs
with only a few blood vessels.®’ The rapid growth rates
of more than 150 cubic centimeters per week'® are asso-
ciated with perinatal mortality. In the present study, in the
case with rapid tumor growth, the risk of an increased fetal
heart to chest ratio was higher than in the other cases. In
the case with a growth rate as high as 581.79 cm®/W, the
color ultrasonography repeatedly indicated abnormal fetal
umbilical cord blood flow. This abnormality led to fetal
edema and other adverse complications and, eventually, to
induced labor. Two factors predicting stillbirth in SCT are
fetal edema and prematurity.'' Fetal edema can develop
from the tumor hemorrhage or arteriovenous tumor shunts
leading to anemia and heart failure with high cardiac out-
put. Therefore, fetal edema indicates a poor fetal prog-
nosis. The diameter of inferior vena cava vessels and
intravenous catheterization blood flow spectra, cardiac
output, and blood flow in the middle arteries of the fetal
brain are often important indicators for ultrasonography
measurements. Therefore, with a definite diagnosis, the
interval between the prenatal examinations should be shor-
tened, and an ultrasonography examination should be per-
formed regularly to monitor the blood supply, growth rate,
size of the tumor, the condition of the fetus, placenta and
amniotic fluid, and to evaluate the prognosis. The timing
of any termination of pregnancy should be decided with
full consultation with the pregnant female and her family.
In the present study, a 30-week stillbirth occurred due to
maternal mirror syndrome, fetal edema, increased fetal
heart to chest ratio, excessive amniotic fluid, and abnormal
blood flow spectrum on the pre-delivery ultrasonography.
These complications led to induced labor with a high
rupture of membranes. This study further suggests that
the detection of multiple complications of the fetal SCT
was often indicative of a poor fetal outcome. Therefore,
prompt termination of pregnancy should be recommended
for the prenatal ultrasonography diagnosis of an SCT with
abundant blood supply, a growth rate greater than
150 cm’/week, fetal edema, chromosomal abnormalities,

or other concomitant malformations.
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The Correlation Between the Nature, Pathological
Type, and Prognosis of Fetal SCT

Due to the complicated composition of the teratoma, ultra-
sonography results are diverse and can manifest as cystic,
solid cystic, and solid mass images. The solid cystic
tumors dominated in the present study, with just two
cases of cystic tumors, similar to the findings of Feng
et al.% In the present study, the solid cystic tumors with
abundant blood supply and rapid growth were mostly
immature teratomas, while the cystic tumors were all
mature teratomas. Studies reveal a good prognosis for
cystic tumors and a poor prognosis for solid ones.’ In the
case of solid tumors, several studies have demonstrated the
prognostic value of the solid tumor volume index (tumor
volume/estimated fetal body mass). There is a 17-fold
higher risk of fetal edema when the value is >0.16."
When the gestational age is less than 24 weeks, a TFR >
0.095 is a predictor of the adverse fetal outcome, and a
TFR > 0.12 is a predictor of an increased risk of maternal
surgery. TFR > 0.11 before the gestational age of 32 weeks
predicts a poor fetal prognosis.'> Wohlmuth'® found that
tumor size to fetal weight ratio has been found to be
unreliable, but these studies have shown that the tumor’s
vascularization plays a critical role in terms of prognosis.
However, in the present study, the TFR ranged between
0.00 and 0.53 at the time of delivery, with the TFR in nine
neonates fluctuating between 0.00 and 0.42 and the TFR in
one case of stillbirth reaching as high as 0.49. All nine
pregnant females were delivered by cesarean section, and
the higher the TFR, the higher the risk of associated
complications for the mother and fetus. Some researchers
found that when the fetal tumor/biparietal diameter ratio

was greater than 60 cm>'*

the postnatal survival was low.
It was also reported that if the tumor was an immature
teratoma containing yolk sac or embryonic components, it
could secrete AFP into the blood, leading to an increase in
maternal serum AFP. Thus, the AFP in the maternal blood
could be used as an auxiliary index for the non-invasive
prenatal evaluation of fetal SCT.'> There was only one
case of a mature teratoma undergoing amniocentesis with
an AFP greater than 2000 u/mL, and AFP was not detected
in the remaining cases. In the present study, nine neonates
were operated on in the department of pediatric surgery to
remove the SCT, and one case was operated on twice for
tumor recurrence after surgery. A clear trend of a decrease
in AFP was observed during the regular postoperative
follow-up. Therefore, further studies are needed to

determine whether high maternal serum and amniotic
fluid AFP are associated with poor fetal outcomes.

The Correlation Between Clinical Type and
Prognosis

In the present study, fetal edema and cardiac dysfunction
were present in all cases of type III, while there were
fewer maternal and fetal complications in cases of type |
and type II. This suggests that the clinical typing of the
tumor correlates with the prognosis, and the prognosis was
poor in the fetus with type III. A study by Shue et al'?
found that the prognosis of pediatric patients with type III
and IV was poorer than that of patients with type I and II.
It was postulated that the mode in which the tumor grows
might correlate with the difficulty of the surgical approach.
The surgery for types I-IV ranges from easy to difficult,
and the possibility of malignancy ranges from low to high.

The Timing and Manner of Delivery of Fetal SCT

The timing and manner of delivery of fetuses with SCT are
determined by the maternal-fetal complications, tumor
size, growth pattern, fetal orientation, and maternal birth
canal conditions, and many other factors. In the present
study, an abortion was induced in two cases with mirror
syndrome, one of which had excessive amniotic fluid. The
stillbirth was induced by the high rupture of membranes
and feticide to avoid injury to the birth canal. Labor was
induced by Levanon in one case. Nine neonates survived
the prenatal period, with one case of premature birth due
to fetal distress and eight cases of a full-term birth. All the
neonates had to be delivered by cesarean section due to the
large size of the fetal sacral tumor to avoid difficult deliv-
ery or tumor rupture. Baumgarten’s study found that the
gestational week at delivery was also an important factor
for the prognosis.'® Therefore, we recommend early ter-
mination of pregnancy for SCTs that are considered to be
immature teratomas or tumors with rapid growth rates, or
SCT at specific locations that might affect fetal growth.
For those considered to be mature teratomas with slow
growth and little effect on fetal development, the condition
should be monitored closely. If there is no obvious mater-
nal and fetal abnormality, the fetus could be delivered at
full term. In the case of fetal edema, fetal cardiac dysfunc-
tion, or maternal mirror syndrome, the pregnancy should
be terminated as early as possible. Literature has recom-
mended that for tumors larger than 5 cm in diameter, a
cesarean section is recommended for a completion of
pregnancy.'” Vaginal labor is preferred for cases with
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tumors less than 5 cm in diameter provided the maternal
and fetal situations are good.’

The Management of a Multidisciplinary Team in Fetal
SCT

Fetal SCT has a low incidence, and treatment is still
elusive, so there are no guidelines or expert consensus
to follow. Currently, treatment is mainly individualized,
based on the maternal and fetal condition and the
patient’s wishes. This includes symptomatic treatment,
fetal intrauterine treatment, termination of pregnancy,
and treatment for neonates. Fetal intrauterine therapy
might be considered when the fetus has cardiac abnorm-
alities and signs of fetal edema before reaching the viable
gestational age. The aim of intrauterine therapy, such as
vascular embolization, radio-frequency ablation, alcohol
sclerosis, and open fetal surgery,”'® is to prevent arterial-
venous shunting and reduce the tumor size or remove the
tumor completely. However, it can result in complications
such as preterm delivery, intrauterine stillbirth, and
maternal injury. The current medical standard of fetal
intrauterine treatment is limited, and successful cases
are still rare. Therefore, it is necessary to communicate
clearly with pregnant females with a diagnosis of fetal
SCT, as well as with their families, to inform them of all
the possible adverse effects. Moreover, joint multidisci-
plinary diagnosis and treatment can improve the prog-
Y In the study, a
multidisciplinary team was organized for consultation

nosis of the fetus. present
before a cesarean delivery in one case of fetal cardiac
insufficiency, fetal distress, breech position, and a large
sacrococcygeal tumor (18x16x12 cm®). The team con-
sisted of neonatology, pediatric surgery, anesthesiology,
ultrasonography, and medical imaging clinicians, thus
ensuring the effective treatment of the fetus. In order to
achieve the smooth delivery of the baby and avoid rup-
ture of the tumor, the incision was designed as a vertical
incision of the upper abdominal wall and an inverted
T-shaped incision for the uterus. The pregnant female
presented with excessive amniotic fluid and overexpan-
sion of the uterus. Therefore, intraoperative active use of
a variety of means of hemostasis, such as strong vaso-
constrictors, uterine binding sutures, and ligation of the
upper uterine artery, was done to prevent postpartum
hemorrhage. After delivery, a neonatologist resuscitated
the neonate. After the vital signs stabilized, a pediatric
surgeon operated on the

neonate, giving a good

prognosis.

The Intervention of Fetal SCT After Birth

The majority of SCTs are reportedly benign during the
fetal and neonatal period, with 20% malignancy within
two months after birth and up to 40% after four months.*
Therefore, complete removal should be performed as soon
as possible after birth. In the present study, all the cases
had been surgically treated for SCT within one week of
birth, and no intestinal or urinary tract dysfunction had
been observed during the follow-up. Among them, one
case of mature teratoma recurred after surgery, and the
patient underwent surgery again. No related intestinal and
urinary system dysfunction has been observed so far. Both
mature and immature teratomas have the same potential
for malignancy and recurrence® and require regular fol-
low-up.

Conclusion

In summary, fetal SCT is a rare disease, but it can cause
harm to both maternal and fetal health. The gestational age
at the time of initial diagnosis, tumor blood supply, growth
rate, tumor size, tumor nature, pathology, clinical type, and
maternal-fetal complications are all closely correlated with
the prognosis. With the prenatal diagnosis of fetal SCT,
adequate communication should be facilitated with the
pregnant female and her family to understand the devel-
opment, evolution, diagnosis, treatment, and prognosis of
the disease fully. Close monitoring of the tumor growth,
fetal growth, fetal heart function, edema, amniotic fluid
volume, and the maternal condition is required. The timing
and manner of termination of pregnancy should be deter-
mined according to the condition of the pregnant female,
the fetus, and the tumor. Perioperative multidisciplinary
management can be effective in improving neonatal
outcomes.
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