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SUMMARY. Tuberous sclerosis (TS) is a genetically determined, multisystem disorder. There is no consistent correlation
between specific TSC gene mutation and clinical outcome. This fact diminishes the value of prenatal TS genetic testing to
future infant’s clinical outcome. Authors have shown how imaging techniques could increase accuracy of prenatal diag-
nosis. They have described a case of prenatally diagnosed TS by using high frequency real time ultrasound and fetal cra-
nial magnetic resonance imaging (MRI) in the second half of an uneventful pregnancy. A 25-year old patient has been
studied from 27 weeks of gestation and repeating echocardiographic examinations of the female fetus revealed two solid
cardiac tumors. One of them arose from the interventricular septum, while the other from the right atrium. Fetal cranial
MRI has been performed at 36 weeks of gestation. Identified signal abnormalities, which correspond to brain hamarto-
mas, highly suggested presence of TS in fetus. An infant was born at term by vaginal delivery. At the age of four months
West’s syndrome has been diagnosed. In addition, authors discuss an ethical problem that may arise when the fetal tests
reveal presence of TS.
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SAZETAK. Tuberozna skleroza (TS) je genetski poremedaj koji se nasljeduje autosomno dominantno, a hipotetski geni
koji svojom mutacijom mogu uzrokovati TS su na kromosomu 9 (TSC 1) i 16 (TSC 2). Pretpostavlja se prevalencija od
jednog slucaja TS na 6000 zivorodenih, podjednako zahvaca oba spola i sve rase i etni¢ke skupine. Najcesce se dijagno-
sticira u ranom djetinjstvu zbog neuroloskih simptoma — epileptic¢kih napadaja i razli¢ito izrazenog mentalnog hendikepa.
Bolest je karakterizirana rastom dobro¢udnih tumora (angiofibroma) u brojnim organima, primarno u mozgu, o¢ima,
srcu, kozi i pluéima, §to otvara realne mogucénosti da se spomenuti poremecaj otkrije i prije rodenja. U radu je opisana
25-godi$nja trudnica, prvorotkinja, u ¢ijeg su djeteta pomocu ultrazvuka odnosno magnetske rezonance prenatalno otkri-
veni tumori srca i mozga. Prigodom ultrazvuénog pregleda u 27. tjednu trudnoce, na popreénom presjeku kroz fetalni
grudni ko§, opazene su dvije solidne, homogene i hiperehogene strukture. Jedna, u podru¢ju interventrikularnog septuma,
izgledala je kao njegovo vretenasto odnosno trokutasto zadebljanje od 10 mm u najdebljem dijelu, dok je druga, u
podrudju lateralne stijenke desnog atrija uz inserciju trikuspidalnog zaliska, bila sliénih mjera, ali vise okruglasta. Obje
opisane tumorske tvorbe bile su avaskularne. Rad srca bio je ritmi€an i nije bilo poremecaja hemodinamike. Preostala
fetalna morfologija bila je uredna. U pupkovini su se nalazile samo dvije krvne Zile, pri ¢emu je promjer jedine umbilikal-
ne arterije iznosio 4 mm. Kontrolnim pregledima ustanovljava se uredan fetalni rast, povecanje spomenutih rabdomioma
srca uz oCuvanu kontraktilnost i ritmi¢ni rad. U 36. tjednu trudnoce uéinjen je pomocu magnetske rezonance fetalni
kraniogram. Otkriveni hiperintenzivni signal subependimalno, u blizini nukleus kaudatusa odnosno foramena Monroi s
desne strane, odgovarao je ekspanzivnoj formaciji (hamartomu) ¢ije je prisustvo sugeriralo postojanje TS u fetusa. To¢no
u terminu porodeno je vitalno Zensko novorodence urednog fizikalnog odnosno auskultatornog nalaza srca i pluca. U dobi
od Cetiri mjeseca zivota majka po prvi put primjeéuje u svog djeteta iznenadne trzajeve tijela, ruku i nogu, uz pla¢ i vrisak.
U neuroloskom statusu prevladava generalizirana miSi¢na hipotonija, dok su refleksi uredni. EEG-ski se otkrivaju zari$na
izbijanja lijevo temporoparijetalno s generalizacijom po tipu hipsaritmije. Postavljena je dijagnoza tuberozne skleroze i
West-ova sindroma. CT mozga pokazuje progresiju cerebralnih promjena, a ultrazvuéni nalazi blazu regresiju rabdo-
mioma srca. Opisani slucaj dokazuje da se uz kombiniranu uporabu navedenih slikovnih dijagnostickih metoda moze
racunati s prenatalnom dijagnozom i onih relativno rijetkih genetskih poremecaja koji se klinicki manifestiraju i uobicaje-
no dijagnosticiraju tek u djec¢joj dobi. Autori raspravljaju o etiCkom problemu priop¢avanja medicinskih informacija
nakon $to se postavi prenatalna dijagnoza TS.

Introduction as an autosomal dominant trait and there are two genetic
loci responsible for its appearance: TSC1 on chromo-

Tuberous sclerosis (TS) is a genetically determined, some 9 and TSC2 on chromosome 16."* TS frequently
variably expressed, multisystem disorder. It is inherited  appears as new mutation, ranging from 50 to 75%. Inci-
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Figure I. Fetal rhabdomyomas at the 32™ gestational week.
Ultrasound image

Slika 1. Fetalni rabdomiom u 32. tjednu trudnoce. Ultrazvuéna slika

dence is about 1:6000 births with an equal distribution
among genders and races. Diagnostic imaging techni-
ques represent a great contribution to a prenatal diagno-
sis since TS is characterized by widespread well-circum-
scribed, benign, non-invasive lesions in a great number
of organs, including the brain, heart, skin, eyes, kidney
and liver.' There is a wide variation in the extent and de-
gree of clinical manifestations within families, indicat-
ing that there is no strict correlation between specific
TSC gene mutation and clinical outcome.! This fact di-
minishes the value of prenatal TS genetic testing to fu-
ture infant’s clinical outcome.

The aim of the paper was to present a prenatal diag-
nostic procedure detecting TS in a fetus of generally
healthy mother by using sophisticated imaging tech-
niques (high frequency real-time ultrasound and fetal
cranial MRI). However, those antenatal diagnostic me-
thods create a new ethical problem of how and when to
counsel child’s parents.

Case report

A 25-year old patient has been studied from 27 weeks
of gestation due to the abnormal finding seen on a rou-
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tine fetal ultrasound examination. Repeating echocar-
diographic examinations of the fetus revealed two solid,
homogenous and hyperechogenic cardiac tumors (rhab-
domyomas). One of them appeared to be interventri-
cular septum’s spindle-shaped thickness, which mea-
sured 10 mm, while the other, roundish shaped structure
was situated on the lateral wall of the right atrium next to
the tricuspid valve insertion. No fetal arrhythmia or
haemodynamic abnormalities were identified and re-
maining fetal morphology showed no abnormalities.
The diameter of the only umbilical artery measured
4 mm.

The mother was generally healthy. She had a miscar-
riage in the second month of gestation some two years
prior. Besides not striking skin lesions, she had no other
clinical manifestations of TS. The diagnosis of the dis-
order in mother has been proved by additional medical
investigation. Namely, the ultrasound showed enlarged
kidneys with many hyperechogenic nodules. There was
not a family history of the condition. However, there
were early neonatal deaths where one child of each a
brother and sister were concerned.

Control sonographic examinations at 32 weeks of
gestation revealed a female fetus with normal growth
parameters and increased dimensions of the described
heart structures (Figure 1). It became clear that the
structure in the interventricular septum was a detached
growth that measured 13 mm. The tumor in the right
atrium seemed extremely hyperechogenic and measured
16x14 mm. Significantly, both of them were avascular.
The cardio-thoracic (C/T) ratio was 0.70.

At 36 weeks of gestation an ultrasound examination
of the fetus revealed normal fetal growth, cardiac en-
largement (C/T ratio 0.57), no signs of cardiac failure
and/or arrhythmia and no obstruction of blood flow. The
structure in the interventricular septum measured 15 mm,
while the one in the right atrium measured 18x16 mm.

It was decided to validate the US finding with mag-
netic resonance technique. We used T1WI and fast spin
echo T2WI sequences that are available at out equip-
ment. Fetal cranial MRI at 36™ gestational week identi-
fied a signal abnormality consistent with subependymal

Figure 2. Brain hamartomas identified

by fetal cranial MRI at the 36™ gestational week
Slika 2. Mozdani kamartomi otkriveni

pomoc¢u MRI lubanje u 36. tjednu trudnoce
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growth, near nucleus caudatus and foramen Monroe at
the right, which, according to its localization and the
quality of the signal, correspond to brain hamartoma
(Figure 2). This finding strongly suggested presence of
tuberous sclerosis in the fetus.

At 40 weeks of gestation the tumorous growth in the
interventricular septum measured 18 mm, the oval tu-
mor in the right atrium 22x16 mm, whilst the heart rate
was rhythmic and the cardiac ostia passable. A live fe-
male infant was born by vaginal delivery: birth-weight
was 3980 g, length 51 c¢m, head circumference 35 cm
and Apgar score 8/9. A physical examination of the
heart and lung showed normal findings. No abnormali-
ties were found on an ultrasound of the infant’s head and
abdomen as well as EEG.

At the age of four months periodical twitches of the
body and extremities appeared, accompanied by loud
cries. Whilst hospitalized at six months, depigmented
skin lesions appeared on shins as well as a hamartoma
located in the back measuring some 4x5 cm. During the
physical examination the liver appeared to be palpable
by some 3 c¢cm, whilst the spleen by 1 cm. Generalized
muscular hypotonia dominated the neurological status
and reflexes were normal. EEG was characterized by
multifocal discharges in the temporo-parietal region with
the tendency to generalize resembling a hypsarrhyth-
mia. A computed tomography of the brain showed mul-
tiple hyperdensic nodules measuring up to 10 mm, situ-
ated mostly in the subependymal, periventricular, and
the right subcortical area. In correlation to MRI data ob-
tained at 36 weeks of gestation, it became evident that
the process was progressive while the cardiac ultra-
sound showed minor regression and the tumor in the
interventricular septum measured 14x9 mm while the
one in the right atrium 18x15 mm. Tuberous sclerosis
and West’s syndrome were diagnosed, adequate therapy
has been prescribed and the patient was discharged. Ge-
netic testing is yet to be done.

Discussion

The aim of our presentation was to describe a case of
prenatally diagnosed TS by using high frequency real
time ultrasound and fetal cranial MRI in the second half
of an uneventful pregnancy. Prenatal genetics of TS is
possible, but there is no consistent correlation between
specific TSC gene mutation and clinical outcome.' This
fact diminishes the value of prenatal TS genetic testing
to future infant’s clinical outcome.

Multiple cardiac rhabdomyomas in a fetus with a fam-
ily history of TS are pathognomonic features for TS.!?
However, in cases where there is no history of TS, as
well as in our case, the presence of cardiac rhabdo-
myoma would be reason enough only to suspect that the
child might be diagnosed with TS.** In both cases, addi-
tional diagnostic evaluation using fetal cranial MRI is
recommended'>* from 26" week of gestation when typi-
cal brain lesions can be detected. Since the quality and

definition of the MRI increases approaching full term as
fetal movements decrease, it is preferably used as an im-
aging technique in the third trimester of gestation. In our
case fetal cranial MRI performed at 36 weeks of ge-
station revealed typical brain hamartomaceous lesions.
Since cortical tubers are pathognomonic of cerebral TS!,
the diagnosis has been stated with considerable cer-
tainty. Fetal cranial MRI is also recommended in cases
of positive family history regardless of the presence of
cardiac rhabdomyoma.!

The disorder is inherited as an autosomal dominant
trait and frequently appears as new mutation. Prenatal
genetic testing for two genetic loci (TSC1 on chromo-
some 9 and TSC2 on chromosome 16) is possible.!
There is no consistent correlation between specific TSC
gene mutation and clinical outcome. This fact dimin-
ishes the value of prenatal TS genetic testing to future
infant’s clinical outcome. The extent and degree of clin-
ical manifestations in TS are very variable — from cata-
strophic epilepsy which starts at infancy followed by
mental retardation to only mild, almost cosmetic skin
changes. Since there are no biological markers for TS,
the final diagnosis is still established only by clinical cri-
teria.

Furthermore, ethical problems may arise when the fe-
tal tests reveal presence of TS. The presence of specific
substratum detected by cranial MRI enables one to pre-
sume that the infant will suffer from neurological mani-
festations, more or less disabling. At that moment, the
physician faces the difficult choice of weather to inform
future parents and prepare them to the possibility that
their child might have manifested TS or not. An early
prenatal diagnosis allowing pregnancy termination could
complicate additionally the whole issue.

Our case is a confirmation that presented complemen-
tary imaging techniques have significant position in pre-
natal diagnosis of TS. Ultrasound in the early second tri-
mester of gestation, especially echocardiography, and
cranial MRI in the late second or/and the early third tri-
mester of gestation would ensure that rare genetic disor-
ders like TS be prenatally diagnosed. Fetal cranial MRI
as prenatal diagnostic method enables early, rather accu-
rate infant’s clinical prognosis.
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