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INTRODUCTION AND AIM OF THE WORK

Sacrococcygeal teratoma is a neoplasm composed of wide diversity
from all three layer foreign to the anatomical site which it arise .The
name is derived from Greek word ( teratos ) which literally means monster
,the ending oma means neoplasm. They are always found in children and
frequently in gonads.

The cuneiform table of the chaldeans of about 2000 BC described
what appeared to have been a Sacrococcygeal teratoma ,they refer to a
baby born with three legs ,two normal ones and one in between the two
normal extremities (Ein et., al 1980 ) .This may have been an example of
incomplete twins , of which there are numerous of the antique and
medieval literature .

The first exact description of the Sacrococcygeal teratoma in an
infant was given by Saxtoph and Duvigneau in 1970 (Flake et., al 1986)
Stanley reported first successful operation in 1841 .The first to postulate
the modern view on the etiology of this tumour was Steinmann in the
doctorate thesis of 1905 .

According to the distribution of neonatal teratoma in children’s
cancer group neonatal cancer survey , the number of sacrococcygeal
teratoma (126 ), cervical teratoma ( 14), cranio facial (6) , retroperitoneal

(3), mediastinal (1)

Germ cell tumors (GCTS) account for approximately 3 per cent of
childhood malignancies. The true incidence is difficult to ascertain, as
many of the benign GCTs will not be registered with central cancer
registries. However, the incidence of malignant GCTs in children is rising

(Mann 2002).




In 1981 -90 the age-standardized rates of germ cell and gonadal
neoplasm were 4.2 per million per year for England and Wales and 4.8 for
Scotland.(Parkin et al 1998). Two-thirds of GCTs in children occur in
extragonadal sites and the incidence of the commonest GCT,
sacrococcygeal teratoma, is I in 40000 live births (table 1). Epidemiological
studies have shown a bimodal age distribution with one peak in children

under 3 years of age and a second peak after 12 years of age.

The early peak reflects the incidence of sacrococcygeal tumors and
yolk sac tumour of the testis, the latter GCTs of the ovary, testis and
intracranial sites. It is of interest that the sacrococcygeal teratomas are
commonly found in females, whereas those in the gastric, mediastinal and

central nervous systems more often affect males.

Black children have low mortality rates from testicular tumors,
whereas pineal teratomas are more common in Japan than in western
countries. GCTs of the gonads, pineal and sacrococcygeal regions may be
familial and or associated with a variety of malformations.( Fraumeni et.,
al 1968). For example, sacrococcygeal teratoma may occur with sacral
agenesis, meningocele or anomalies of the genitourinary tract and hind gut.

Gonadoblastoma and malignant GCTs occur in the gonads of individuals
with intersex states , especially gonadal dysgenesis and a y chromosome or
46xy/45x0 mosaicism. (Krasna et., al 1992). Boys with undescended testes
have an increased risk of testicular cancer and mediastinal tumors occur in

Klinefelter's syndrome .




Aim of the work
To review sacrococcygeal teratomas with special emphasis on their
pathogenesis and , intra uterine diagnosis and Management, post natal

diagnostic work up and surgical treatment.




PATHOLOGY
Types

Sacrococcygeal teratomas may be classified as benign (mature ) and
malignant or immature (composed of embryonic elements).(keslar et al
1994 ) . Mature teratomas are most common in neonates (68%) and older
children (73%) . Immature teratomas are cystic, whereas malignant
tumours are solid. Over 50% of sacrococcygeal teratomas have
calcification and ossification .(keslar et al 1994 ) reported that 69(62%) of
the 96 sacrococcygeal teratomas in their series were composed of both
solid and cystic elements . The cysts may be filled with serous fluid,
mucoid, or sebaceous material and lined by true epithelium. Ein et al found
cystic tumour that were filled with cerebrospinal fluid from choroids plexus
present in the tumour mass. (Ein et., al 1985 ) . Virtually any tissue can be
present in a sacrococcygeal teratoma. (juric et., al 1993 ) . Neuroglial tissue
fig (1), skin, respiratory and enteric epithelium, cartilage, smooth muscle,
and striated muscle are the most common elements found , fig(2) . Bone,
pancreatic tissue, choroids plexus, and adrenal tissues are less commonly
identified.(Valdisserri et., al 1981 ) . An ocular lens present as lentinoids
(lens — like cells ), as well as a completely formed eye, have been found
within sacrococcygeal teratomas, (Consolato et., al 1999 ) . (Parizek et., al
1992) reported a mature teratoma containing the lower half of a human

body in one of fraternal twins.

The majority of teratomas in infancy and childhood are benign . in a
review of 68 cases at the children's hospital of pittsburgh between 1946 and
1979, 75% were benign, 11.8% immature, and 13.2% malignant. seventy-
three cases gathered by Schropp et al. reborted 22% malignant and 78%
benign histology (Schropp et., al 1992). among the pediatric population,

.



there is a tendency toward development of malignant teratoma with
increasing age.

However in case reports or small series involving adult patients . benign
tumors predominate . All 11 patients reported by miles and stewart had
benign tumors . as did 23 of 24 cases he gathered from the literature
published in English from 1952 through 1973 . other authors reported
similar observations of the predominance of benign Teratomas in adults

(Ahmed et., al 1985).
Size

Size of a sacrococcygeal teratoma (average 8 cm, range 1 to 30 cm )
does not predict its biological behavior. (keslar et., al 1994 ) . Altman et al
have defined the size of sacrococcygeal teratomas as follows ; small, 2 to 5
cm diameter; moderate, 5 to 10 cm diameter; large,> 10 cm

diameter(Altman et., al 1974 ).
Site

The sacrococcygeal region is the most common location. Less
common sites are the mediastinum, testes, retroperitoneum, brain, head and
neck, vagina, stomach, and pineal region. (Brinker et., al 1989 ) .
Sacrococcygeal teratomas may continue to grow posteriorly to form an
external protrusion, or dissect anteriorly, distorting regional organs

(rectum, vagina, and bladder) without invading them .
Extent

The American academy of pediatrics. Surgical section (APPSS)
classification helps in grading the extent of sacrococcygeal teratomas, as

follows (Murphy et., al 1992 ).

Type 1 — predominantly external with minimal presacral component .

.



Type II — present externally but with significant intrapelvic extension.

Type Il  — apparent externally but predominantly a pelvic mass

extending into the abdomen.
Type IV~ — presacral with no external presentation.
Histology

Sacrococcygeal teratomas are graded histologically as follows.(Graf et., al

1998 ).

Grade 0 - tumour contains only mature tissue

Grade 1 - tumour contains rare foci of immature tissues

Grade 2 - tumour contains moderate quantities of immature tissues
Grade 3 - tumour contains large quantities of immature tissue with or

without malignant yolk sac elements.

Grading of Sacrococcygeal teratomas, unlike that of ovarian teratomas,

does not seem to correlate directly with prognosis.




Fig( 1) Photomicrograph (original magnification, x200; H-E stain) of the resented specimen

shows a small amount of immature neural tissue.

Fig (2 ) Photomicrographs (haematoxylin-eosin stain, original magnification (a) x40; (b) x20)
show (a) the wall of the cyst composed of fibrous tissue with an inner lining of mature
squamous epithelium and respiratory epithelium, and (b) irregular nests of moderately

differentiated adenocarcinomatous glands infiltrating the surrounding stroma.

Associated malformations

The incidence of various congenital malformations associated with
Sacrococcygeal teratoma ranges from 5% to 26% (Gross et., al 1951 ) of
these, anorectal and genital malformations are of prime concern. The
association of Sacrococcygeal teratoma with anorectal malformations was
described as early as 1935 (Subbarao et., al 1994 ) . During the third week
of embryonic life , genital folds unite to form the genital tubercle by
migration of mesenchymal cells from the primitive streak region around the
cloacal membrane. During the fourth and seventh weeks, the cloaca is
subdivided by the urorectal septum to form the anorectal canal and the
primitive urogenital sinus. A growing Sacrococcygeal teratoma cloacal
membrane and prevent descent and fusion of the urorectal septum to the
cloacal membrane, resulting in a high anorectal malformantion with a
rectourethral fistula. An result in the absence of rectum and anus. The

physical presence of teratoma could also prebifid scrotum and hypospadias.

.




Other associated anomalies include spinal dysraphism, sacral
agenesis, dislocation of the hips caused by a large tumour, and
meningocele. Rarely cardiac anomalies such as a ventricular septal defect
or gastrointestinal anomalies other than imperforate anus have been
described. Vogl and Riel reported a case with anorectal malformation,
sacral dysplasia, and a presacral mass (currarino's triad) . (lahdenne et., al
1991 ) reported vertebral abnormalities in 80% of their 45 patients with

benign sacrococcygeal teratoma.




CLINICAL PICTURE

Sacrococcygeal teratomas have been diagnosed before birth by fetal
ultrasonographic examination ( sherowsky et,al 1985 ). Prenatal diagnosis
is important because these tumors may be large enough to cause dystocia.
Rupture of the tumor with massive hemorrhage may occur during birth.
Thus, it is important to have the mother delivered by cesarean section in
centre where the infant can receive immediate surgical treatment.

Unfortunately, sacrococcygeal teratomas that appear before 30
weeks gestation are associated with polyhydraminos and placentomegally.
In well over half of the reported cases, skin-covered, firm or cystic mass.
The mass may weigh more than the infant or be no more than a barely
noticeable lump.

The larger masses often distort and push the anus anteriorly. A large
presacral extension may compress pelvic veins, causing leg edema. in
addition, presacral tumor any obstruct the bladder, causing renal failure and
vesical rupture. If there is intra abdominal extension, an abdominal mass
can be palpated fig (4) .

The skin over large tumors is thin and may be discolored with
haematoma and a network of blood vessels ,fig (3). Rarely, a teratoma is
off to one side in a buttock. In older children, presacral teratomas can occur
with constipation or non specific pelvic pain.

They may be no obvious external mass, but rectal examination will
reveal a firm tumor, often fixed to the sacrum. Draining sinus tracts or
repeated episodes of abscess formation posterior to the anus also
suggest an undiagnosed teratoma. Ashcraft and Holder have reported an

hereditary type of presacral teratoma associated with anal stenosis and

.



sacral defects, with an autosomal dominant pattern of inheritance. Bowel
and urinary obstruction are often mentioned as a first sign of intrapelvic

hidden malignant teratomas.

Fig (3) :Preoperative photographs show the massive sacrococcygeal tumor.
Urological mantifestation of sacrococygeal teratoma

Sacrococcygeal teratoma patients frequently exhibit urological signs
and symptoms. A retrospective study was done of 29 patients, 6(21%) of
whom presented with total urinary retention.

All cases of urinary retention appeared to be due to extrinsic

.




compression of the bladder outlet, which occurred in male as well as
female patients.

Anterior and superior bladder displacement was noted in each case.
Bladder wall trabeculation also often was presented which represent
elevated intravesical pressure from bladder outlet obstruction.

Renal ultrasonography demonstrated moderate or severe
hydronephrosis in 4 of the 6 patients with preoperative total urinary
retention. The kidneys in these patients become ultrasonography normal
within 3 months after tumor resection. Some believe that intravesical
pressures may be persistently elevated even without total retention, thus,
leading to hydronephrosis.

In light of the postoperative resolution of radiographic findings and
the lack of urinary infections, proximal diversion with nephrostorny,
vesicostomy or a suprapubic tube does not appear indicated.

Hydrocele occurred in 14% of the patients, which is greater than the
reported incidence for this condition in the general population. There was 1
case of unilateral canalicular cryptorchidism. The issue of urological
abnormalities in large series of sacrococcygeal teratoma patients was

adressed specifically.
Intradural extension of SCT

Intradural extension of a sacrococcygeal teratoma is extremely rare
and only well-documented in presacral tumors that have been associated

with a family history, anorectal stenosis, and sacral dysraphism.
Intrapelvic SCT

Intrapelvic  sacrococcygeal teratoma rarely may be associated with
anorectal malformation which lead to the initial misdiagnosis of

Hirschsprung's disease.




Anterior sacral meningomyelocele with sacrococcygeal teratoma.

Anterior sacral meningocoele with sacrococcygeal teratoma is a rare
entity. The cystic mass arising from anterior sacral and coccygeal defect,
lies in the retrorectal space between the rectum and sacrum. It produces a
variety of symptoms depending on its size and contents and constitutes a

diagnostic problem.
Sacrococcygeal teratoma with placental vascular dissemination

The placeental lesions could correspond either to metastases from
undiagnosed foci of malignancy or to embolization of the tumor. The latter
mechanism is suggested by chorionic localization of vascular thrombi and
by lack of evidence of malignant foci in the teratoma and placental lesions.
Metastases to the placenta from maternal or fetal neoplasms are usually
confined to the intervillous space, and primary placental teratomas are
localized between the chorion and the amnion (Yuen and Mincey 1987).

Maternal serum concentrations of AFP and hCG are usually normal
during the first trimester in pregnancies complicated by fetal
sacrococcygeal teratoma. High maternal serum levels of hCG have been
reported previously in sacrococcygeal teratomas, without malignant
transformation, presumably as a result of placental enlargement.
Unfortunately, maternal serum levels of hCG were not obtained . As
immunocytochemistry found no hCG-stained cells in the tumor or placental
thrombi, the high serum concentration of hCG may be of placental origin

(Kirkinen et.,al 1997) .




DIAGNOSIS
PRENATAL DIAGNOSIS SCT

There are substantial differences in the natural history of SCTs di-
agnosed postnatally versus those diagnosed prenatally. Those diagnosed
prenatally by ultrasound may lead to reduced morbidity and mortality by a
variety of mechanisms. Adverse clinical sequelae of a SCT can be
subverted by prenatal diagnosis and appropriate obstetrical and perinatal
management.

The most common index of suspicion leading to sonography for SCT
is a uterus that is palpably too large for the gestational age of the fetus
(Flake et.,al 1993). Enlargement is due to the large tumor mass or
polyhydramnios, although the increase in amniotic fluid (in the absence of
hydrops) is of unknown etiology.

The incidental detection of a SCT is increasing in asymptomatic
mothers as more and more routine screening ultrasounds are performed at
16 to 20 weeks' gestation. A caudal and/or intraabdominal mass can be
visualized as early as 13 weeks' gestation. Any such mass must be
distinguished from other pelvic or sacral masses such as a rectal duplication
cyst, myelomeningocele, meconium pseudocyst, mesenteric or ovarian
cyst, neurectodermal cyst, and obstructive uropathy (Holzgreve et.,al
1985).

An SCT may be cystic, solid, or mixed and can have areas of
calcification, hemorrhage, or necrosis. Its size and location may cause
secondary effects such as bladder outlet obstruction, hydronephrosis, rectal
atresia, sacral bony abnormality, placentomegaly, or fetal hydrops (Goto

et., al 2000).




Table (2) . Anatomical grading system for newborn sacrococcygeal teratoma

(SCT).

AAPSS

type SCT description

I Tumor primarily external with minimal, if any, presacral component
II Tumor primarily external, some presacral component

111 Tumor primarily presacral, small external component

v Tumor completely presacral, may extend into pelvis or abdomen

AAPSS: American Academy of Pediatrics Surgical Section (Altman et., al 1974).

Prenatally fatal pathophysiological consequences result from the
development of hydrops secondary to high-output cardiac failure. The heart
failure develops from a vascular "steal" or shunt phenomenon within the
tumor. Predominantly solid tumors may be very vascular, with blood flow
derived from the middle sacral artery and branches of the iliac arteries. The
resistance in these vessels, compared to systemic and placental vessels, can
be relatively low because the tumor may act as a large arteriovenous shunt
(Langer et., al 1989).

If hydrops occurs and is untreated or treated when advanced, fetal
mortality is virtually guaranteed (Flake et., al 1993).

The pathophysiological changes leading to fetal cardiac failure may
be demonstrated by fetal echocardiography and dopplerultrasonography
(Schmidt et.,al 1989). Cardiac failure is preceded by ventricular dilation,
increased descending aortic blood flow, decreased placental flow via the
umbilical artery, and dilation of the inferior vena cava. The shortening
fraction is preserved until cardiac failure and hydrops ensue.

Advanced hydrops 1is heralded by placentomegaly. Prenatal
hemorrhage into the tumor with resultant anemia may also cause high
output cardiac failure and hydrops. If the fetus becomes hydropic and/or
placentomegaly develops, the mother may develop an eclamptic-like illness

termed the maternal mirror syndrome (Bond et., al 1990), consisting of

.



maternal hypertension, respiratory compromise, and renal impairment.

Delivery of the fetus and, most importantly, the placenta leads to
resolution of the maternal illness. Interestingly, the development of fetal
hydrops and placentomegaly may occur within a matter of days, often
heralded by a sudden acceleration in growth of the tumor. Anecdotally, we
have seen tumor growth of up to I cm/day, and frequently these SCTs
become larger than the fetus.

Predominantly cystic tumors and/or those with little vascularity do
not lead to hydrops (Westerburg et.,al 2000). However, perinatal morbidity
may result from the mass effect of the SCT. Dystocia may occur and can
result in traumatic tumor rupture and hemorrhage during labor and/or
delivery (Garcia et.,al 1998). Prenatal diagnosis has its greatest role in the
prevention of dystocia via planned, usually cesarean delivery for large
tumors.

A large SCT, by virtue of its mass, can also cause preterm labor and
delivery resulting in perinatal morbidity and mortality from complications
of prematurity. These factors are responsible for a mortality rate of up to
52% for prenatally diagnosed SCTs . The clinical differences between
prenatally and postnatally diagnosed SCTs are highlighted in Table 3.

Table (3) . Clinical differences between prenatally and postnatally diagnosed
SCT.

Prenatally diagnosed Postnatally diagnosed

Prognosis depends on physiology and  Prognosis depends on location and
size histology

AAPSS classification not predictive of AAPSS classification predicts
survival survival

Tend to mature histologically Tend toward malignancy over time

High mortality Low mortality




Prenatal diagnosis of sacrococcygeal teratoma with constitutional partial

monosomy 7q/trisomy 2p.

The central university hospital ( Nates France 2003) report prenatal
diagnosis of a fetus with sacrococcygeal teratoma and facial dysmorphism
attributed to a constitutional terminal deletion of chromosome 7q and
partial trisomy of chromosome 2p likely resulting from a de novo balanced
translocation. The cytogenetic abnormality was diagnosed prenatally after
sonographic detection of teratoma and confirmed on peripheral blood cells
at birth. The newborn died of post-operative complications at seven days of
age.

FISH analysis demonstrated haploinsufficiency of HLXB9, a gene
identified in the triad of a presacral mass (teratoma or anterior
meningocele), sacral agenesis, and anorectal malformation, which
constitutes the Currarino syndrome. Despite the absence of other features
of the triad, the teratoma observed in the fetus they describe might

represent a partial form of Currarino syndrome.




Fig (4 ) Type II sacrococcygeal teratoma. Clinical photograph of an infant shows an obvious
external mass. Preoperative work-up showed that the tumor extended into the presacral space.




DIFFERENTIAL DIAGNOSIS

The great majority of sacrococcygeal tumors presenting at birth can
be diagnosed without any different. Problems of diagnosis are most likely

to arise with comparative small lesions and with all many types III and IV.
Sacral myelomeningocele

Typically a myelomeningocele is membrane covered, situated at a
higher level than a sacroccygeal teratoma and associated with neurological
deficit. The distinction can be more difficult if the lesion is skin covered.

A simple clinical test is to press on the tumor ; if the anterior
fontanelle  does not become distended the most likely diagnosis is
sacrococcygeal teratorna (Dillard et., al 1970). The most important clue
,however, is the fact that teratomas tend to displace the anus forwards: A
lipomeningocele can present more difficulty but tills also lies at a higher
level, and in addition is a less circumscribed mass.

Anterior myelomeningoceles are extremely rare; on clinical grounds
the distinction from an Altmann type IV teratoma would be difficult ; hence
the value of CT scaning in such situations, especially in the neonate in
whom radiological assessment of the sacrum may be difficult (Izant and

Filston 1975) .
Chordoma

Chordoma, arismg from remnants of the notochord, is very rare in
newborn infants. It can occur any where along the spinal axis but is most
common in the sacrococcygeal region (Richards et ., al 1973 ). These
tumors are typically situated in front of the sacrum, usually destroy bone
and infiltrate into the spinal canal.

In the only case which have seen in a newborn this was not the case




and, apart from the fact the anus was not displaced forwards, the clinical
characteristics appeared to be identical with those of a teratoma.

Other rare conditions which may present a similar clinical
appearance are sacral lipoma (associated with spina bifida ) and giant
neurofibroma. Presacral (type IV) sacrococcygeal teratoma presents a
greater diagnostic dilemma. Anterior meningoceles and rectal duplication
cysts will produce identical clinical features and must be considered in the
differential diagnosis of any presacral mass. Dermoid cysts and rare
tumours such as chordomas or haemangiomas may also arise in the

presacral hollow.




RADIOLOGY / IMAGING
Plain X ray

Anteroposterior and lateral radoigraphs of pelvis and spine are taken
routinely. Calcification 1is seen frequently and may be diffuse or in the
form of recognizable structures, such as incompletely formed bones, or
tooth buds ; it was recorded in 44% of the cases. Calcification is a feature
of both benign and malignant lesions but is less common in the malignant
lesions (Jones et., al 1993).

The sacral spine is usually normal but may show developmental
defects or destructive lesion(Ashcraft and Holder 1974). Concave defect of
the back of vertebral bodies and neural arch defects are highly suggestive
of intraspinal extension, but this is an unlikely finding in neonatal cases.

Intrapelvic and Abdominal extensions will be seen as soft tissue
masses,with or without calcification ,displaying the gas-containing bowel.
Rectal gas should be normally seen directly against the sacrum on the

lateral radiography (Dillard et., al 1970) .Fig (5-6-7) .

Fig (5): plain abdominal film, anteroposterior view,
shows a soft tissue mass in the lower abdomen and pelvic
cavity and displacement of the bowel loops cephalad. The
mass has multiple calcifications (red arrows) and a fat
component (black arrow). Note urethral catheter (blue

arrow).




Fig (6) :The lateral film of lower abdomen has multiple calcifications in the mass and a

radiolucent area (red arrow), which is the fat component.

Fig (7) :A babygram from the first day of life shows a huge exophytic soft tissue mass arising

from the gluteal region.




ULTRASONOGRAPHY

Ultrasonography is of great value in determining whether the tumor
is predominately solid or cystic, in identifying the extent of pelvic or
abdominal extensions and in identifying secondary obstructive uropathy.
Antenatal ultrasonography has allowed the early detection of a broad
spectrum structural anomalies contributing greatly to understand of their
prenatal natural history (Garmel et., al 1994).

Congenital anomalies remain one of the most common causes of
perinatal mortality and morbidity. Serious birth defects affect 3% of all
newborns and account for 20% of all deaths in the newborn period. Birth
defects account for an even greater percentage of serious morbidity later in
infancy and childhood (Ling 1992).

Prenatal diagnosis of structural anomalies provides the opportunity
to influence perinatal management favorably by changing the site of
delivery for immediate postnatal treatment; altering the mode of delivery
to prevent hemorrhage or dystocia; early delivery to prevent ongoing fetal
organ damage; or treatment in utero to prevent, reverse, or minimize fetal
organ injury as a result of a structural defect (Adzick et., al 1994).

Patients with congenital anomalies are no longer referred at the time
of birth, but are often referred at the time of prenatal diagnosis.
Increasingly, pediatric surgeons are called on by obstetric colleagues to
counsel parents about the implications of a prenatal surgical consultation
on perinatal management and mortality had not been investigated

previously.




Sonographic Features

Sonographically, a sacrococcygeal teratoma appears as a large mass

arising from the sacral end of the fetus (Brace et., al 2000) . These tumors

may appear cystic, solid, or complex, and calcifications may also be

identified. It can be difficult to classify the type sonographically due to

the presence of overlying fetal pelvic bone, which can shadow intrapelvic

contents, and magnetic resonance imaging may provide additional

information to assist in determining prognosis and operative procedures

(Avni et., al 2002) .

Sacrococcygeal teratomas may be
highly wvascular, which can lead to
hemorrhage or vascular steal syndrome,
which occurs when blood is shunted
away from the placenta to the tumor.
(Hall et., al 2002 ) . Vascular steal
syndrome can lead to fetal cardiac failure
and can also demonstrate the sonographic
findings of placentomegaly, fetal
hydrops, and polyhydramnios (Peak et.,
al 2001) Fig. (8).

Doppler evaluation of
sacrococcygeal teratomas, particularly
those associated with hydrops, often
demonstrates high-velocity flow similar
to arteriovenous malformations (Kamata
et., al 2001) Fetuses with hydrops are

more likely to have more solid, highly

Fig. 8. (a) Coronal, (b) longitudinal, and
(c) transverse images demonstrate a
complex mass arising from the caudal end
of the fetus measuring 3.1 cm in the
greatest dimension. The findings are
consistent with a sacrococcygeal teratoma.



vascular tumors. Fetuses with predominantly cystic tumors have scanty
intratumoral vasculalure and a better prognosis (Westerburg et., al 2000) .
The presence of a completely solid tumor is associated with a poor
prognosis (Avni et., al 2002 ) .

In addition to polyhydramnios, other sonographic findings associated
with sacrococcygeal teratoma include genitourinary anomalies, most
commonly hydronephrosis and bladder deformities. (Holterman et., al
1998) .Stress on the fetal heart, which leads to heart failure, may
demonstrate cardiomegaly, and if hydrops is evident, findings of anasarca
(skin edema), pleural effusions, pericardial effusions, and ascites may be

identified.
Amplitude-based color Doppler sonography

Amplitude-based color Doppler sonography (a-CDS), also
known as power Doppler sonography, is a new FDA-approved color
Doppler technique for the assessment of blood flow.

It is based on evaluation of the Doppler power spectral density,
which is the expression of the amount of energy of ultrasonic waves
reflected by scatterers, such as moving red blood cells. Display of
the power spectrum, therefore, corresponds to the degree of tissue
blood flow in a particular region of interest (Dymling et., al 1995) .

There is a case of a fetus with a sacrococcygeal teratoma whose
extensive vascularity was clearly demonstrated by a-CDS but not by
frequency-based color Doppler sonography (f-CDS). Clinical
management was substantially changed by the unexpected information
provided by a-CDS.

Anecdotal reports of a-CDS in visualizing blood flow in such

diverse conditions and structures as the renal cortex (Rubin et al 1994) .




Torsion of the testicles, inflammation of the extremities (Newman et., al
1994 ) and superior vena cava have appeared. This new imaging modality
also has been studied in simulated in vitro models of regurgitant jets and a
low-flow vascular system (Jain et., al 1991).

The role of a-CDS in clinical obstetrics, however, has yet to be
defined. Encoding flow in the power mode confers several advantages over
f-CDS.

The biggest advantage of a-CDS is its enhanced ability to convey
information- containing signals relative to noise, thereby enhancing
sensitivity. Because f-CDS displays the mean Doppler frequency shift,
which is a function of blood flow velocity, random noise may be depicted
as flow in any direction. This can make true flow and noise
indistinguishable. Because noise has low power, however, a-CDS
demonstrates noise by a uniformly colored background that is easily
distinguishable , from true flow. Thus, a-CDS has the ability to image
areas of low blood flow and tissue -capillary perfusion currently
undetectable by frequency-based techniques. Other advantages of a-CDS
over f-CDS include a relative lack of aliasing and angle independence.

Disadvantages of a-CDS are few. The image is highly sensitive to
tissue motion, making it susceptible to being overwhelmed in high motion
tissues such as the hearts . Additionally, the power mode does not provide

information regarding direction or velocity of flow.
CT and MRI

On occasion, particularly if malignancy is suspected or if the
diagnosis is in doubt, a CT scan will provide useful supplementary
information about the extent of the mass within the pelvis, the integrity of

the sacrum, the presence of intraspinal extension .etc. CT demonstrates




septae and solid components in otherwise difficult to diagnose lesions.
Either a lateral CT scan or magnetic resonance imaging (MRI) will

demonstrate intrapelvic or intraspinal extensions of sacral lesions with

great detail. The use of intravenous and rectal contrast with CT will more

dearly outline any distortion of urinary tract or large bowel.Fig (9-10-11-

12).

Fig (9) : Immature teratoma of the sacrococcygeal region in a female neonate. The tumor was
discovered at birth. (a, b) Sagittal T2-weighted (a) and T1-weighted (b) MR images show a
heterogeneous multiloculated mass with a clear margin. There are some cystic components,
which include serous fluid. In the anterior part of the tumor, small amounts of fatty tissue are

evident (arrow). No calcification or solid component is seen in this case.

Fig (10) : Sacrococcygeal teratoma in a 65-year-
old woman. , Frontal radiograph from a
myelographic study shows a large soft-tissue mass
within the pelvis (straight arrows). The mass

causes partial destruction of the sacrum and




attenuates the column of contrast material (curved arrow) within the lower lumbar spine.

Fig ( 11 ): Sacrococcygeal teratoma
in a 65-year-old woman. |,
Nonenhanced axial CT scan shows a
large, septated cystic mass with
small calcifications (solid arrows). A
fluid-fluid level (open arrow) is seen

within the dependent portion of one

of the cysts.

Fig ( 12 ): MRI of sacrococcygeal
taratoma: Prenatal MR! of a fetus with a
large sacrococcygeal teratoma (arrow)

(Mackenzie et al., 2001 ).




Serum alpha-fetoprotein

Serum alpha-fetoprotem (AFP) is a very useful serum marker in
sacrococcygeal teratoma, as an indicator of malignancy. The production of
AFP by malignant sacrococcygeal teratomas conforms with the concept of
these tumors being of yolk sac origin.

Tsuchida and Hasegawa (1983) collected 61 cases, from various
centers in Japan, in which serum AFP levels were had been studied in
infants and children with teratomas from various sites. AFP levels were
analysed in comparison with the distribution of normal serum AFP values
in early infancy. Because these levels remain high for some months
postnatally it was doubted whether it would be possible to use AFP as a
tumor marker in the first few months of life.

In fact, a clear correlation was made between the serum AFP level
and the histological classification of the tumor; levels were above the
normal range in 31 of 32 malignant teratomas, three of four ‘immature'
tumors and in only one of 24 mature tumors.

Billmire and Grosfeld (1986) reported similar findings in 29
patients; elevated levels in 100% of malignant lesions, 50% of immature
lesions and 6% of mature benign lesions. Eight patients, all with benign
lesions, had serum AFP within the normal range for age.

One great value of the AFP marker lies in its use (or serial
postoperative monitoring for malignant recurrence; the early warning
which it provides allows for commencement of treatment when the

tumor bulk is small, thus increasing the chances of a successful outcome.




SURGERY OF SCT
A-CLASSIC SURGERY

Indications for surgery

Of those children operated upon in the neonatal period,
approximately 90% of the lesions are benign. In lesions removed after 6
months of life. 50% or more of the tumors are malignant, with the most
common neoplasms being embryonal or yolk sac tumor. This natural
history suggests a malignant transformation in a previously benign
lesion. With this risk, these tumors should always be excised following
discovery. In addition to the apparent malignant degeneration,
spontaneous ulceration with exsanguinating hemorrhage may occur

because of the tumor's rich vascular supply.
Preoperative

Radiographs of the abdomen and pelvis may reveal calcifications,
which are seen in one third of the lesions. Although ultra sonography may
demonstrate a pelvic or intra-abdominal component to the tumor, computed
tomography scanning may be more helpful in defining the intra -
abdominal extent of the disease, which may dictate the surgical approach.
Serum o fetoprotein, a useful marker for malignant degeneration, is
significantly elevated at birth and remains markedly elevated for 90-120
days after birth, decreasing to adult levels only 2 months. None the less,
this tumor marker should be assayed and compared to age-appropriate
values (Tsuchida et., al 1978) .

Anesthesia
general endotracheal anesthesia is mandatory. High out put

cardiac failure secondary to arterio-venous channels in the tumor may




limit the use of inhalation agents, which have known cardiodepressant
effects .with the possibility of brisk blood loss during the procedure,
reliable venous access is necessary, and blood should be available in the
operating room at the time of surgery. An arterial line for pressure
monitoring is indicated; central venous monitoring is advantageous but not
absolutely necessary. The stomach is emptied with a nasogastric tube, and

an indwelling bladder catheter placed. Broad-spectrum antibiotics are given

and adjusted for age and weight of the child fig (13).

Fig (13) :pre operative huge S C T
Operation
Position of patient

3 in almost all cases the procedure is
performed with the infant in an

exaggerated prone jack-knife position.




Rolled towels are used to support the pelvis and shoulders, allowing free
movement of the chest and abdominal walls during assisted ventilation. A
1% solution of povidone-iodine (1:10 dilution in saline) is used as an
enema to prepare the rectum for digital manipulation during the course of

dissection. Other authors prefer to pack the rectum with a petrolatum-

e
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impregnated gauze and exclude the anus from
the field.

Dorsal exposure

4 A chevron incision is performed with its apex
over the sacrum continuing around the
dorsolateral surface of the tumor. The tumor
capsule is usually well defined and separate
from other tissues.

Coccygectomy and control of the middle
sacral vessels

5 The sacrum and coccyx are identified and
the coccyx 1s divided at the sacrococcygeal
joint. The middle sacral vessels, located
immediately beneath this landmark, are

controlled in continuity and divided. Any

collateral circulation from the lateral sacral
vessels must be identified and ligated. Once this early control is
established, the dissection becomes relatively bloodless. with an extensive
intra-abdominal component, an initial trans-abdominal approach will be
requied achieve vascular isolation.

Exposure of the proximal rectum

6 The coccyx is always excised with the




teratoma, but the muscles of the pelvic floor are preserved and carefully
separated from the tumor during dissection. The coccyx is retracted with
the neoplasm and with gentle tension, the teratoma is separated from
inferior and medial aspect gluteus maximus muscles. The proximal rectum
is identified at the base of the dissection during this portion of the

procedure .Fig (14 ) .
Ventral incision

7 ventral chevron incision is made to allow the

assistant to place upward traction on the tumor.

Ventral dissection and exposure of the

distal rectum

8 An intrarectal pack or a finger allows the
operator to identify the rectum and sphincter
complex. Electrocautery is used to separate the

fine attachments of the tumor from the anorectal

sphincter complex, the levator ani muscles, and
the gluteus maximus muscles. With gentle

upward tension on the teratoma, the tumor is dissected free and removed.
Reconstruction of pelvic floor

9 The posterior and superior portions of the
levator muscles are sewn to the presacral
fascia using interrupted 4/0 silk sutures. This
maneuver allows the anus to assume a near

normal configuration and gives the best

cosmetic outcome.




Approximation of gluteus maximus muscles

10 A Penrose drain, which is placed in the I

U perirectal space, is brought out through a =
separate stab incision. The gluteus maximus
muscles are then approximated in the mid-line

using 3/0 silk or 3/0 polyglactin sutures.
Skin closure

11 The anus returns to a near normal location.
Any redundancy to the dorsal skin flap may be
trimmed. The incision is closed with interrupted

or running 5/0 nylon sutures .Fig (15). 11
Abdominal operation

when the tumor extends into the abdomen it must be removed by a
combined abdomino-sacral operation (Hendren et., al 1970). The abdomen
is opened through a transverse sub-umbilical incision which, if necessary,
can be extended upwards and laterally.

The tumor is dissected free from the pelvic viscera and the middle
sacral vessels are ligated and divided. The mass must be freed as far down
into the pelvis as possible but its attachment to the coccyx must be left
intact. The dissection can be difficult if the tumor is impacted in the pelvis
and if the tumor can be reduced in volume by aspiration of cyst or
cysts this should be done, with precautions against spillage. The
abdomen is now closed and the infant positioned, as described previously,
for the sacrococcygeal operation. This proceeds as described, with
transection of the lower sacrum. The mobilized intrapelvic mass is then

delivered, whereupon the lower part of the tumor is dissected off rectum,




gluteus muscles and levator ani, with closure as described.

In one of cases a very large solid tumor of hour-glasss shaped
could not be coaxed through the pelvic outlet and had to be removed from
above and below after transection. According to Ashraft and Holder, who
have a unique experience of presacral teratomas, these can almost always

be removed satisfactory by the sacral approach (Ashcraft and Holder 1974)

Post-operative care

The child is maintained in a prone position to prevent soiling the
surgical site with urine or feces for the first postoperative days. The
nasogastric tube is removcd as bowel activity returns. The perirectal drain
is generally removed 24-48 h after the procedure. A pelvic neuropraxia
may cause a poorly contracting, neurogenic bladder, which will require
intermittent catheterization in the early postoperative period but this
problem is usually temporary. Wound infections are infrequently seen
despite the considerable rectal manipulation.

If hydronephrosis has been found preoperatively this should be
followed up by several ultrasound examinations. The hydronephrosis can
be expected to resolve ; failure of this to happen could be an indication for

full urological assessment
Postoperative complications

The main postoperative complication is wound infection because of the
proximity to the anus of the surgical site and the skin flaps that may be
needed (Keslar et., al 1994). Bladder dysfunction may occur (Noseworthy
et., al 1981) .

long-term complications




Long-term complications occur frequently with approximately 40% of
children experiencing mild functional bowel problems with soiling or
constipation, I0 % of infants will have urinary incontinence or neurogenic
bladder, often assoctiated with functional bowel impairments (Malone et.,
al 1990). These problems do not appear to be related to the degree of pelvic
tumor involvement, tumor size or the histology of the neoplasm. The tumor
may recur if the coccyx 1s not removed, if malignancy is found at the initial
excision and in 5-10 % of children who have excision of apparently benign

lesions.

Fig (14 ) :Operative photograph shows the region after resection of the tumor with the elongated

rectum visible in the center.




Fig (15 ) :Postoperative photograph shows the reconstructed buttocks.




B-RESECTION OF A MASSIVE SACROCOCCYGEAL TERATOMA
USING HYPOTHERMIC HYPOPERFUSION

Resection of massive tumors in the neonate is a formidable
challenge. Sacrococcygeal teratomas (SCT) are highly vascular, and their
resection has been associated with death, owing to hemorrhage, high output
cardiac failure, and inability to ventilate secondary to intraoperative fluid
shifts. Mechanical circulatory bypass and deep hypothermic circulatory
arrest have been used to provide ideal surgical conditions for resection of
large tumors (Fraser et., al 1988).

Extracorporeal membrane oxygenation (ECMO) also has been a
useful for cardiopulmonary support in neonates and children (Levy et., al
1992).Use of cardiopulmonary bypass (CPB) has been reported for
intraoperative support in tumor resections. However, CPB would have
necessitated strenotomy or thoracotomy and would have percluded using
the prone position, which prefered for such a large tumor. Thus, ECMO
via the standard right-neck approach was chosen, incorporating a cardiac
anesthetic technique designated to lessen the likelihood of ventricular

fibrillation threshold.

C-LAPAROSCOPIC CLIPPING OF THE MEDIAN SACRAL ARTERY
IN HUGE SACROCOCCYGEAL TERATOMAS:

Huge sacrococcygeal teratomas in the newborn can cause significant
morbidity and even death due to cardiac failure, hemorrhage, or both.
Surgical removal is the treatment of choice, but can indicate these events.
Ligation of the median sacral artery, which always supplies the tumor,
prior to its removal has been advocated, but in the past this procedure
required a formal laparotomy. Nowadays, it can be easily accomplished

laparoscopically (Kay et., al 1998).

.



D-INTRA-UTRINE FETAL SURGERY OF SCT
Criteria for fetal intervention

Indications for cyst aspiration and amnioreduction are maternal
discomfort, preterm labor, and prevention of tumor rupture at
delivery.

Criteria for consideration of open fetal surgery for debulking of SCT
required the absence of maternal risk factors for anesthesia or surgery, a
singleton pregnancy with normal karyotype analysis, the absence of
significant associated anomalies, evidence of impending high-output
cardiac failure, GA less than 30 weeks, and favorable anatomy. The
development of the maternal mirror syndrome, a preeclamptic condition
in which the mother's condition begins to mirror that of the sick fetus,
was considered a contraindication to fetal intervention and was treated

by immediate delivery (Hedrick et al., 2004).

OPEN FETAL SURGERY

General Principles of Open Fetal Surgery techniques
Personnel and Equipment:

The comprehensive care of the fetal surgery patient requires
multidisciplinary cooperation. In the operating room, however, several
roles have been defined. Responsibility for the patient's anesthesia is
usually shared between an obstetric anesthesiologist and pediatric
anesthesiologist with a special interest in fetal anesthesia. A high-
resolution -ultrasound machine with color and power Doppler is

present in the operating room and utilized throughout the procedure.




Experienced sonography is essential for identification of fetal and
placental position and to rule out potential hazards such as a
velamentous insertion of the umbilical cord. Ultrasound is performed
both before the maternal incision and once the maternal abdomen is
opened allowing optimal selection of the hysterotomy site. Once the fetal
operation is underway ultrasound in combination with pulse oximetry is
utilized to monitor fetal heart rate, cardiac function and volume status. A
surgical nursing team trained in the specific aspects of fetal surgical
procedures and instrumentation is mandatory. The leader of the fetal
surgery team is by necessity a pediatric surgeon with specific training in

fetal surgical techniques (Shaaban et ai, 2003).Fig (20)
Positioning and Preparing:

The patient is positioned supine on the operating table with a
roll under her right side relieving caval compression by the uterus. The
patient is then prepped from the mid-thorax to the mid-thigh. The
operative field is squared with sterile towels and covered with a

fenestrated and pocketed drape (Shaaban et al., 2003).
Incision and Exposure:

The uterus is exposed through a low transverse abdominal
incision. If the placenta is situated posteriorly, subcutaneous flaps are
created and a midline incision is made in the fascia extending from
the umbilicus to the symphysis pubis. If the placenta is anterior then
the fascia and rectus musculature are divided transversely. This
incision permits anterior rotation of the uterus, which facilitates a
posterior hysterotomy. A large abdominal ring retractor is then
positioned for abdominal wall retraction (Shaaban et al., 2003)

Fig (16)

.




Fetal surgical techoedeues

Fig. (16 ) Incision and exposure: The uterus is exposed through a low transverse abdominal
incision. Ultrasoungraphay is used to localize the placenta, inject the fetus with narcotics&

muscle relaxant and aspirate amniotic fluid (Hedrick et al., 1999)

Opening the Gravid Uterus:

Following uterine exposure and before hysterotomy, adequate
uterine relaxation is assessed by palpation. The uterus must be
completely relaxed before any operative manipulation. The orientation of
the fetus and position of the placenta are then determined by transuterine
ultrasound. The margin of the placenta is carefully mapped with the
electrocautery on the surface of the uterus under ultrasound guidance.
The position of the hysterotomy is critical to provide adequate exposure
of the part of the fetus being operated on while at the same time avoiding
the placenta and uterine vasculature. The lower segment of the uterus (the
usual position for the hysterotomy with a standard cesarean section) is
not used to avoid an increased risk of amniotic fluid leak,
chorioamnionitis and preterm labor. Following determination of the
optimal position of the hysterotomy, two opposing traction sutures are
placed under ultrasound guidance to include the full thickness of the
uterine wall and fetal membranes. The myometrium is incised over
approximately 2 cm between the sutures using the electrocautery until
the membranes can be visualized. A modified uterine stapler that was
designed specifically for open fetal surgery is used for the hysterotomy.

A sharp trocar placed over the anvil of the stapler allows easy passage

.




through the membranes at the site of the myometrial incision. The stapler
is positioned and fired once in each direction. By design, the stapler
compresses the myometrium and controls the membranes allowing
nearly bloodless entry into the uterus while simultaneously maintaining
membranes integrity for closure. A rubber catheter connected to a rapid
infuser is then inserted into the amniotic space to replace egress of
amniotic fluid with warmed Ringer's lactate. This maneuver maintains
fetal temperature and prevents amniotic space volume loss during the
procedure, which reduces the frequency of uterine.

contraction. Additionally, by maintaining the buoyancy of the fetus in
the amniotic fluid, it avoids umbilical cord compression (Shaaban et al.,

2003).Fig (17-18).

Fig(17 ) Opening the gravid uterus: The uterus is opened with staples that provide
homeostasis and seal the membranes. Warm saline is contiously infused around the fetus

(Hedrick et al., 1999).




Fig (18) Opening the graid uterus: Back -Bitting clamps facilities hysterotomy. Miniaturized pulse

oximeter records pulse rate and oxygen saturation intraoperatively (Thomas, 1995).

SCT debulkins procedure:

By the previous described techniques for opening the uterus, the
fetal SCT is exposed, and a Hegar dilator is placed in the rectum. The
fetal skin is incised circumferentially around the base of the tumor, and
a tourniquet is applied to constrict blood flow. The tumor is debulked
externally usually with a 90-mm thick tissue stapler. The objective of
fetal SCT resection is to occlude the tumor vascular supply and remove
the low-resistance tumor vascular bed from the fetal circulation. No
attempt is made to dissect the intrapelvic component of the tumor or to
remove the coccyx. Fetal resuscitation is performed if needed with
intravenous administration of crystalloid, blood, and medications. The
fetal sacral wound is closed, amniotic fluid is replaced with warm
lactated Ringer's solution, and the uterine and laparotomy wounds are

closed (Chisholm et al., 1999).
Closure of the Gravid Uterus:

One of the unique requirements of fetal surgery is that not only
must the surgeon operate on the fetus, but the surgeon must also return

the fetus to the amniotic space in such a way as to optimize the

.




remainder of gestation. Absolute requirements for the closure are that it
should have adequate strength to prevent rupture, that the
membranes are re-approximated and watertight, and that the closure
not contributes to preterm labor or to future infertility of the mother.
Complications such as an amniotic fluid leak or uterine rupture from a
weak closure may severely compromise the outcome of the pregnancy and
endanger maternal safety. Now, the routine technique is closing the uterus
in two layers, leaving the absorbable uterine staples in place. The
uterine staples control the membranes and maintain homeostasis
during closure. A layer of full thickness 0 monofilament absorbable
(PDS) retention is placed through themyometrium and membranes.
Before this layer has been completed, the rapid infuser is utilized to
restore the amniotic volume as determined by ultrasound visualization.
Antibiotics are administered through the catheter as it is withdrawn, and
the suture line is tied .The retention sutures are then tied over the
myometrial closure, reinforcing the closure and reliving the tension from
the wound. An omental pedicle is secured over the hysterotomy to
seal any small leaks from the full-thickness sutures. With this closure,
there is a very low rat of clinically significant amniotic fluid leaks, and
on delivery, the hysterotomy appears to have good integrity. The rate of
subsequent pregnancy following fetal surgery has been excellent in
couples desiring more children, confirmed by experimental work in the

monkey (Shaaban et al, 2003).Fig (19 ).




Fig. (19 ) Closure of the gravid uterus: After repair, the uterus incision is closed with absorble

sutures and fibrin glue. Amniotic fluid is restored with warm lactated Ringer's solution (Thomas,

1995).




Tocolvsis and Postoperative care:

Preterm labor is the single biggest concern during the operation
and in the postoperative period. Following an approach that has
evolved somewhat empirically, It is rare to have uncontrolled
intraoperative or early postoperative uterine contraction. Beginning the
tocolytic regimen with a 50-mg indomethacin suppository 4 hours
before surgery. The patient
remains on indomethacin 50 mg every 6 hours for 48 hours
postoperatively, and the fetal status is monitored closely by daily fetal
echocardiography. There are another two measures that have had a major
impact on early uterine irritability. First, the preoperation placement and
maintenance of an epidural catheter for 3 days after surgery appears to
prevent maternal pain and secondary stress response. Second, the use of
deep inhalation anesthesia for uterine relaxation during the operation has
prevented the initiation of uterine contraction. Assessing uterine
relaxation before making the uterine incision is critical and an increase in
the depth of anesthesia may be required to obtain complete relaxation.
Bolus doses of terbutaline and an infusion of nitroglycerin are available
in the operating room for irritability not controlled by the gaseous
anesthesia, but these are rarely required. During closure of the
hysterotomy, the patient is given a 6-g bolus of magnesium sulfate
followed by a continuous infusion at 2-4 g/h. The patient is allowed to
emerge from anesthesia while being observed closely for uterine
activity. She is transferred rapidly to a maternal intensive care unit for
homodynamic and tocodynamometry monitoring. Magnesium sulfate
infusion is maintained for 48-72 hours, with magnesium levels

monitored frequently and observation for clinical sings of magnesium




toxicity. If uterine irritability arises, terbutaline doses are administered
subcutaneously as the mother's heart rate permits. On the second to
third postoperative day, the indomethacin and magnesium can

usually be weaned and the patient is then converted to a subcutaneous
terbutaline pump. The patient is maintained on the subcutaneous pump at bed
rest until the time of delivery. Fluid management in the fetal surgery patient is
critical. The most serious postoperative complication seen in fetal surgery
mother thus far has been noncardiogenic pulmonary edema, which is
precipitated by the physiology of pregnancy and the use of magnesium sulfate
tocolysis. Minimizing intraoperative crystalloid administration and maintain
judicious administration of fluids in the postoperative period is recommended.
In addition, daily echocardiography assessment of the fetus allows direct
monitoring of fetal cardiac function and the status of the ductus venosus
during indomethacin therapy. Daily ultrasound examinations while the
patient is hospitalized allow assessment of the amniotic fluid index, which
reflects fetal urine output (or amniotic fluid leak). Another important
observation is fetal movement, which is an indirect assessment of fetal well-
being. After discharge from the hospital, the mother is required to stay at bed
rest in the immediate vicinity of the hospital. Ultrasound is performed at least
twice weekly and the uterus is monitored for irritability once daily (Shaaban

et al, 2003).




Fig. (20 ) Fetal surgical techniques: (A) Ultrasound is used to map the borders of the
placenta before hysterotomy. The fetus may be given intramuscular fentanyl and pavulon at
this time for additional fetal anesthesia. (B) Maternal monitoring during fetal surgery
consists ofECG, arterial line, blood pressure cuff, pulse oximeter, and in some cases, central
venous line. The table is tilted to avoid aortocaval compression by the gravid uterus. The
hysterotomy is performed by a haemostatic stapling device and warm Ringer's lactate is
infused via a level I warming device to maintain amniotic fluid volume and temperature. (C)
Fetal monitoring consists of pulse oximetry and continuous fetal echocardiography during
the procedure. Implantable radiotelemelry devices may also be used (Mackenzie et al,
2001).




complications and death. Neonatal death may result from the maternal
obstetric complications of tumor rupture, preterm labor, or dystocia.
Tumor rupture may be caused by uncontrolled labor or delivery
complications. Impending preterm labor from polyhydramnios or uterine
distension from tumor mass may require treatment by amnioreduction or
cyst aspiration. Dystocia can be-prevented by planned cesarean section
delivery. The fetus also is at risk for high-output cardiac failure,
placentomegaly, and hydrops with subsequent fetal demise secondary to
the metabolic demands and vascular steal of a rapidly growing solid
tumor. In a select subset of fetuses with SCT, this tumor physiology may

be reversed by surgical debulking of the tumor in utero (Flake, 1993).
Delivery and postnatal management:

Delivery by cesarean section was performed for indications of
impending preterm labor. Postnatal management in the neonatal
intensive care unit included the use of mechanical ventilation when
necessary. Definitive resection of the SCT and coccyx was performed

once medical stability was achieved (Hedrick et al., 2004).
Thermal ablation of SCT:

Radio frequency thermal ablation and laser therapy to occlude the
arteries feeding an SCT are alternatives of open fetal surgery. These
techniques can be performed percutaneously with ultrasonographic
guidance, significantly decreasing the incidence of preterm labor and
maternal morbidity as compared with open fetal surgery (Paek et al.,

2001).




E-INTRAUTERINE ENDOSCOPIC LASER SURGERY FOR FETAL
(SCT)

An attempt to interrupt the blood supply of the tumor. The
procedure, which has been performed before to coagulate the
communicating placental blood vessels in twin-twin transfusion syndrome
and acardiac twins (Ville et., al 1995) . With color-doppler imaging, the
main supplying blood vessel of the tumor could be seen 3mm under the
skin surface of the mediosacral region.

Under sonographic control, a 1.9mm diameter rigid fetoscope with
a field of vision of 60 degree is introduced precutaneously into the amniotic
cavity through a sheath with 9.8 charrier under local anaesthesia and
maternal analgesic . A 0.4 mm Nd-YAG laser fibre is passed down the
side-arm of the cannula. For fetal anlgesia,0.lmg morphine is given
intramusculary under ultrasonic guidance.

The prenatal diagnosis of sacrococcygeal teratoma is associated
with high fetal mortality caused by high-output fetal cardiac failure due to a
vascular steal by arteriovenous shunts in the tumor and hemorrhage
causing anemia. Open fetal surgery at 24 weeks for SCT in one case
resulted in reversion of fetal hydrops after excision of the tumor but
resulted in premature labour and delivery of a nonviable infant. Intrauterine
endoscopic laser surgery for fetal sacrococcygeal teratoma may have
prevented heart failure and hydrops in this case.

The introduction of a second trocar to insert an additional
instrument to grasp the external tumor may be helpful to interrupt blood
flow in the main arterial vessel. Drugs that reduce the incidence of
hypothermias, such as thiopental and fentanyl, were used. With ECMO

circuit flows, we were able to effectively control blood pressure, patient

.



volume, and temperature.

Surgical management of a huge SCT in a small infant requires a
creative approach. Close planning and teamwork between personnel from
surgery, cardiac surgery, anesthesia, nursing and the extracorporeal
perfusion team were essential to the successful outcome in this complex

case.

F-PRENATAL PERCUTANEOUS NEEDLE DRAINAGE OF CYSTIC
SACROCOCCYGEAL TERATOMAS:

Prenatal ultrasound (us) permits in utero diagnosis of sacrococcygeal
teratoma (SCT), follow-up of tumor size, and the early identification of
complication, allowing for a more timely and appropriate delivery. The
recomended management of large SCTs is delivery by cesarean section
(CS) to prevent dystocia, tumor rupture, hemorrhage, and death. However,
even delivery by CS can be difficult, necessitating a large hysterotomy that
adds to maternal morbidity.

The cystic SCT is percutaneously drained just before induction
of labor at full term, again allowing for an uncomplicated vaginal delivery.
Prenatal percutaneous needle drainage of cystic SCTs offers an alternative
to CS that results in decreased risks for both mother and fetus (Goel et., al

1999) .




G-Management at delivery

The management of sacrococcygeal teratomas depends on fetal
gestational age and wellbeing, the presence of associated anomalies, and
tumor vascularity assessed by colour flow Doppler (Kum et., al 1993 )
.Highly vascular tumors should be delivered by caesarean section to avoid
risk of haemorrhage during the second stage of labour. Robertson et al
reported devascularisation of a sacrococcygeal teratoma to decrease the
chance of spontaneous haemorrhage in a preterm neonate (Robertson et., al
1995).

Antenatal ultrasound had confirmed the highly vascular nature of
tumor with several large feeding vessels arising from the internal iliac
arteries. Both internal iliac arteries and the small middle sacral artery were
ligated, after stabilisation of respiratory status (Robertson et ., al 1995).

Delivery should be conducted in a tertiary hospital. The size of a
sacrococcygeal teratoma determines the mode of delivery. Non-vascular
tumors and those less than 10 cm in diameter may be delivered vaginally
(Kum et., al 1993). However Gross et., al recommended caesarean
delivery in all fetuses with sacrococcygeal teratomas of more than 5 cm
diameter to minimise the risk of rupture and haemorrhage (Gross et.,al
1987) .

Tumor size has been more than 10 cm in almost all reported cases
with difficult deliveries. Teratomas should be well protected after delivery
because erosion of the surface may precipitate bleeding before surgical
excision is undertaken (Teilelbaum et., al 1994). Blood loss in large and
even benign tumors has been reported to be substantial sometimes
equalling the patient's blood volume. Most reviews report mortality ranging

from around 5% to 9% following exsanguinating haemorrhage (Dewan et.,




al 1987).

Grosfeld et al reported disseminated intravascular coagulation in a
neonate who suffered tumor rupture and haemorrhage during delivery
(Grosfeld et., al 1976). The aetiology of such clotting abnormalities is
probably complex and multi-factorial (Murphy et., al 1992). Extensive
disruption of large defective tumor endothelium during labour and delivery
could precipitate fulminant disseminated intravascular coagulation. Trauma
to the sacrococcygeal teratoma during delivery may cause entry of tissue
thromboplastin into the blood stream resulting in activation of the
coagulation cascade. Good vascular access and adequate supply of blood
products is thus necessary before surgery.

During surgery precautions must be taken to prevent hypothermia,
which is easily precipitated because of the large surface area and the
vascularity of the tumor (Teitelbaum et., al 1994). The treatment of choice
for sacrococcygeal teratoma is early surgical resection with complete
excision of the coccyx because microscopic nests of neoplastic cells are
commonly found in or immediately adjacent to the coccyx (Brinker et., al
1989) .

A recurrence rate of 37% was reported when the coccyx was not
removed completely (Crussi et., al 1978) . Patients with malignant
sacrococcygeal teratomas are managed after surgery with irradiation if
residual disease is present and always with combination chemotherapy

(Arceci et., al 1994) .




Follow up and recurrence

The recurrence rate of sacrococcygeal teratomas varies between
7.5% and 22%. In contrast to previous reports, (Dewan et., al 1987). Bilik
et al found a higher recurrence rate for primary sacrococcygeal teratomas
with larger mean diameters (11.1 (3.2) cm with recurrence v 7.9 (4.4) cm
with no recurrence (mean (SD)); p = 0.07) (Bilik et., al 1993). They
concluded that despite multiple histological sections in large primary
tumors reported as benign, these large tumors may well harbour
undetectable small foci of malignant endodermal sinus cells.

Serum alpha fetoprotein in the first month of life and
immunohistochemical markers are not reported to be of prognostic
significance (Lahdenne et., al 1990 ) . However, after total resection of
primary sacrococcygeal teratoma together with the coccyx, a raised serum a
fetoprotein has been found to be a reliable marker of recurrence of poorly
differentiated yolk sac tumors. Bilik et at reported markedly raised serum
alpha fetoprotein in malignant recurrent compared with benign
sacrococcygeal teratomas (Bilik et., al 1993) .

As none of the variables except tumor size was found to be a reliable
predictor of recurrence, these investigators concluded that meticulous
routine physical examination is essential every three to six months for at
least the first three postoperative years to detect recurrence.

They also emphasized the importance of regular serum alpha
fetoprotein measurements, prompt radiographic investigations to detect
possible recurrences (for example where there is raised alpha fetoprotein
but clinically undetectable tumor), and the need to regard every
recurrence as potentially malignant. The potential for late occurrence of

malignancy in mature sacrococcygeal teratoma is well documented (Lack




et., al 1993) .

Lack et al reported infiltration of virtually the entire coccyx with an
adenocarcinoma 40 years after the resection at two months of age of a
congenital mature teratoma . Lahdenne et al followed up 45 patients (aged
4-43 years) (mean 21.5 years) for detection of late recurrences (Lahdenne
et., al 1993). All had been operated on in infancy for benign sacrococcygeal
teratomas. Three recurrences (two benign and one malignant) were
diagnosed 21 to 43 years after the initial diagnosis and operative treatment;
coccygectomy had not been performed as a primary procedure in patients
with malignant recurrence. Rescorla et al reported recurrent disease in nine
of 80 patients (11%) with mature teratomas, at between 6 and 34 months
after resection (Rescorla et., al 1998).

Three had metastatic disease. Two were long term survivors after
surgery alone. Six were alive at a mean follow up time of 114 months after
chemotherapy (5) and pelvic irradiation (1). One patient with metastatic
disease was lost to follow up. This series also included cases of immature
teratoma and endodermal sinus tumor (EST).

Of 24 children with immature teratoma followed up for an average
of 39 months, one (4.2%) had a rising alpha fetoprotein level 6 months
after the initial procedure and required resection. The child was free of
disease 33 months after the second procedure. Of the 13 neonates and
infants with EST, nine underwent early surgery with complete resection.
Seven were long term survivors. Two died from non-disease-related causes.
One child whose lesion was observed after birth presented with metastatic
disease at 10 months of age and underwent incomplete resection at that
time. She died despite adjuvant treatment. Three other patients presenting
between seven and 30 months of age without evidence of metastatic disease

underwent complete resection and were long term survivors (Rescola et.,

.



al 1998 ).

Schropp et al reported their experience with sacrococcygeal
teratomas in children over four decades (1950 to 1990) (Schropp et., al
1992) . Of 73 teratomas, 57 (78%) were benign and 16 (22%) malignant.
There were five recurrences in children with benign disease, only one of
which did not have an initial coccygectomy.

The average age at presentation of benign sacrococcygeal teratomas
was 20 days v 468 days in those with malignant disease. Seven of the 16
children with malignant sacrococcygeal teratomas were long term
survivors. The average survival was 9.3 months in the nine children who
died (range 1 to 28 months). Only two of 10 cases (diagnosed between
1976 and 1991) undergoing chemotherapy and radiotherapy for malignant
disease died with disease (80% survival).

Three deaths occurred in those with benign sacrococcygeal
teratornsa (95% survival). One neonate died in the immediate postoperative
period because of complications (rupture of hepatic subcapsular
haematoma and disseminated intravascular coagulation with sepsis)
(Schropp et,, al 1992). Maturation from malignant to benign
sacrococcygeal teratoma after chemotherapy (pseudoretroconversion) has

been reported (Cranston et., al 1994) .




Sequelae of sacrococcygeal teratoma

The type of the teratoma and the surgical approach both contribute to
functional sequelae. Tumors with a large presacral component may present
with lower extremity weakness or paralysis, constipation, abdominal
distension, and urinary tract symptoms secondary to bladder outlet
obstruction (Leung et ., al 1985). Isolated cases of lower extremity
weakness or paralysis and bladder dysfunction have been described
postoperatively, particularly in association with malignant lesions. Many
of the previously reported large series did not report long term faecal and
urinary incontinence (Tapper et., al 1983).

Engelskirchen et al reported electromanometrically detected rectal
and bladder dysfunction in 40% of children following excision of
sacrococcygeal teratoma, although none had overt incontinence

(Engelshirchen et., al 1987).

Malone et al reported on 27  patients followed up for a mean period
of five years (range 2-12). Eleven (41%) had some form of functional
impairment. Faecal and urinary incontinence were present in nine. Two had
lower extremity weakness because of sciatic nerve palsy (Malone et., al
1990). Tumors with large intrapelvic extensions requiring an abdomino-
peritoneal approach for resection were associated with a higher incidence
(67%) of funciotional sequelae. It was concluded that it was  impossible
to determine retrospectively whether dysfunction was caused by the
tumor itself or by the surgery.

Rintala et al evaluated quality of life and faecal continence in 26
adult patients (mean age 30 years) who had undergone surgery for

benign sacrococcygeal teratoma in infancy (Rintala et., al 1990) .  Good




faecal continence was reported by 88% of these patients. However, only
27% had completely normal bowel habits. Some faecal soiling was present
in 27%. No correlation between the severity of anorectal malfunction and
the degree of intrapelvic extension of the tumor was found. Other health
problems, including urinary incontinence, were reported by 13 patients
(50%). All control subjects (26 healthy patients of similar age and sex
distribution) had good faecal continence). 77% had completely normal
bowel habits.

Hypergonadotropic hypogonadism and sperm abnormalities have
been reported in men born with benign sacrococcygeal teratomas. Such
patients may have Leydig cell dysfunction, abnormal spermatogenesis, or
both. The association of these with sacrococcygeal teratomas may reflect a

con- genital germ cell defect (Lahdenne et., al 1991) .




Chemotherapy
Cisplatin, bleomycin, vinblastin and/or VP-16 (etopo side) has had
reported success as first-line therapy in the treatment of extragonadal
germ cell tumors. This regimen may shrink the tumor, which may then be
amenable to secondary resection. However, 4-year survival with
extragonadal malignant teratoma 1is only 38% and the ideal

chemotherapeutic regimens are:

Table ( 4 ) :Various Chemotherapy Regimens for Germ Cell Tumors

<12 months of age (every 3 >12 months of age (every 3
weeks) weeks)

Regimen 1 (PEB)

Cisplatin(P) 1.1 mg/kg/IV on days 1,2, and 33.3 mg/m*/IV on days 1,2,

3 and 3
Etoposide (E) 55 mg/kg/IV on days 1,2, and 167 mg/m*/IV over days 1,2,
3 and 3
Bleomycin (B) 0.5 units/kg/IV on day 1 15 units/mVIV on day 1
OR
Regimen 2 (HDP/EB)
Cisplatin 1.3 mg/kg/TV on days 1-5 40 mg/mVIV on days 1-5
Etoposide 3 mg/kg/IV on days 1-5 100 mg/m*/IV on days 1-5 15
Bleomycin 0.5 units/kg on day 1 15 units/m” on day 1

Disease is evaluated in week 12. If complete remission then discontinue
chemotherapy; If partial remission then surgery (week 12) followed by two more
cycles of chemotherapy as above (weeks 13 and 16).




Table ( 5 ) :Chemotherapy Regimens for Malignant Germ Cell Tumors

Site Histology Therapy

Malignant Stages I-IV  PEB or HDP/EB every 3 weeks, x3 cycles
Extragonadal followed by surgery

germ cell and If CR, discontinue therapy; if PR, 3 more cycles
tumor repeat surgery

Immature Surgery alone

teratoma"

Abbreviations: CR, complete remission; PR, partial remission. 'If AFP is
increased, chemotherapy as per Table ().




Radiotherapy
Radiotherapy can produce responses in immature teratoma, but the
dose required is in the range of 4500-5000 cGy, because most patients are
under 1 year old, such high dose radiation therapy can have sever long term
sequelae .Radiotherapy is therefore only recommended for diseases that

resist after chemotherapy and and attempted re-excision.




Conclusion

n the last two decades, there are a number of teclinolgical advances in the

diagnosis of sacrococcygeal teratoma and because of overall
improvement in treatment of pediatric patients, including better
ventilators, parenteral nutrition, indwelling catheters, advanced antibiotics
and adjuvant chemotherapy, the mortality and morbidity rates have
decreased significantly. The mortality rate is minimal for cases diagnosed in
the neoborn nursery. But, the mortality rate exceeds 50% for cases diagnosed
in the second trimester, owing to prematurity and tumour induced

hyperdynamic state.

The course of sacrococcygeal teratoma diagnosed on routine
sonograms is associated with a higher-than-expected incidence of prenatal
and perinatal complications. Close antenatal follow up for new onset
polyhydramnios and the presence of a completely solid tumour will help
to optimize patient counselling and treatment. The recommonded
management of large SCT is delivery by cesaren section to prevent dystocia,

tumor rupture, hemorrhage and death.

Prenatal percutaneous needle drainage of large cystic SCT allowed for

uncomplicated vaginal delivery.

CT scan and MRI are both reliable and helpful diagnostic modalities.
Its real value lies in assessing of the recurrent and the presence or absence
of distant metastasis.
The primary surgical treatment may play a role in the pathogenesis of

impaired anorectal and urinary functions. Therefore, during dissection of




the tumour, meticulous surgical technique should be used in order to

preserve the anorectal sphincter complex and pelvic nerves.

Scrum ct-fetoprotein (AFP) level is very valuable for monitoring of

tumour recurrence and the effect of chemotherapy as well .

Regular follow up by rectal examination, serial monitoring of serum
AFP levels, with subsequent radiological confirmation allows early detection

of recurrence.

Promising results obtained after prompt treatment of malignant

recurrence by surgery and adjuvant chemotherapy.




Summary

Teratomas are composed of tissues that are strange to the anatomic site
of appearance and disposed in a disorganized fashion. They derive from
embryonic pluripotent cells and may have various degrees of maturation,
according to which they are classified as mature, immature, and malignant
(malignant tissue of germ cell origin) .

Teratomas with malignant transformation contain malignant cells
derived from mature tissues. Pluripotent cells are normally present in the
gonads, and may also be found in abnormal sequestered midline embryonic
rests. Accordingly, teratomas are found with decreasing frequency in the
ovaries and testis, mediastinum, retroperitoneal space, sacrococcygeal zone,
pineal and other intracranial locations .

Sacrococcygeal teratomas are thought to originate from multipotential
cells in Henson's node, which migrates caudally to rest in the coccyx . They
may grow postero-inferiorly into the gluteal area and/or antero-superiorly
into the abdominopelvic cavity. There is a tendency among the paediatric
population toward malignant transformation of sacrococcygeal teratomas

with increasing age. However-, in adult patients, benign tumours predominate

Exclusively presacral tumours present later than those with an external
component, and have a higher prevalence of malignant transformation.
They can present with chronic fistula, low back pain or obstructive
symptoms of the gastrointestinal or genitourinary tracts. In the reported case
the sacrococcygeal teratoma might have been the cause of the dystocic
forceps deliveries. Conventional studies performed with contrast material
may demonstrate extrinsic narrowing with anterior displacement of the

rectum, lateral displacement of the rectosigmoid

.




colon and compression of the urinary bladder against the anterior
abdominal wall, caused by a space occupying presacral lesion. CT and
MRI are the most important investigations for characterization of the mass,
evaluation of its intrapelvic extension and relationship to other structures.
Most commonly, teratomas appear as a complex mass with roughly equal

amounts of solid heterogeneous and cystic areas with or without septations.

They also frequently present as thick walled cystic masses,
sometimes multiloculated, that may contain fat, calcified elements and/or
small solid nodules predominantly solid masses are uncommon
Complex, predominantly solid tumours are more likely to be malignant and
significant areas of necrosis within the tumour, or poor definition of

adjacent soft-tissue planes, are signs suggestive of malignancy.

Invasion of adjacent structures, rather than simple displacement, sacral
destruction and secondary findings such as locoregional lymph node and
distant metastases are clearly indicative of malignancy . Nevertheless,
imaging features alone do not allow definite differentiation between
benign teratomas and those with malignant transformation. In the absence

of aspects suggestive of malignancy, benignity must not be assumed.




CT is the most sensitive method of demonstrating
calcification/ossification, which may be visible in over 50% of malignant
tumours , and the integrity of adjacent cortical bone. Fat-fluid or fluid-
debris levels may appear with complex cyst contents. MRI better
depicts cystic elements, the contents of which might be inferred from
signal intensity patterns on different sequences. Fat components can be
identified by either CT or MRI, CT and MRI are complementary in the
evaluation of sacrococcygeal column anomalies such as spinal
dysraphism, sacral agenesis, pressure erosion and remodelling that can

be associated with sacrococcygeal teratomas.

The treatment for all sacrococcygeal teratomas consists of early and
complete surgical excision with coccygectomy. This bone may contain
a nidus of pluripotent cells that increase recurrence rates to 37% when not
excised . Surgical approach depends on size and topographic
location of the tumour . Solid teratomas may be very vascular, causing
important intraoperative haemorrhage . Pre-operative angiography may
be considered for previous blood supply evaluation and embolisation in
larger tumours . If complete resection is accomplished, benign teratomas
have a good prognosis and long-term survival is possible with malignant
tumours. Because malignant transformation is rare there has been no
standard recommendation for the use of chemotherapy or radiation and
the best treatment plan seems to be referral to an oncology centre,

where individualized multimodality therapy can be achieved .
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