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ANTENATAL DIAGNOSTICSANTENATAL DIAGNOSTICS

FETAL ANOMALIESFETAL ANOMALIES

MEDICINE, 2015.

BE CAREFUL!BE CAREFUL!
AntenatalAntenatal fetalfetal malformationmalformation diagnosticsdiagnostics makesmakes sencesence ifif ……..

�� maiormaior malformationsmalformations –– indicationindication forfor terminationtermination of of pregnancypregnancy

�� maiormaior malformationsmalformations –– thatthat are are operabileoperabile immediatelyimmediately afterafter birthbirth

�� minorminor malformationsmalformations –– notnot resonableresonable reasonreason forfor pregnancypregnancy terminatonterminaton, but , but couldcould bebe

connectedconnected in some in some syndromessyndromes

�� ChromosomopathiesChromosomopathies linkedlinked malformationsmalformations ((yetyet to to bebe provenproven) ) ifif thatthat chromosomalchromosomal

abnormalitieabnormalitie presentspresents indicationindication forfor terminationtermination of of pregnancypregnancy

�� PregnantPregnant womanwoman ““wantswants to to knowknow”” and and hashas rightright to to knowknow ifif her her babybaby hashas anyany malformationmalformation

thatthat couludcoulud bebe diagnoseddiagnosed throughoutthroughout pregnancypregnancy

PAZIPAZI

�� anomalies and anomalies and chromosomchromosomopatiesopaties areare not not 
the same, although overlapthe same, although overlap partialypartialy

�� genetic counseling "covers" all the genetic genetic counseling "covers" all the genetic 
and hereditary diseases, not only and hereditary diseases, not only 
chromosomal anomalies, and not onlychromosomal anomalies, and not only
((structuralstructural) ) anomaliesanomalies

CHROMOSOMOPATIES AND GENOPATHIES CHROMOSOMOPATIES AND GENOPATHIES 
ARE NOT THE SAME !!!ARE NOT THE SAME !!!

cellcell
chromosomchromosom

genegenebodybody

chromosomchromosom

gene 1gene 1

gene 2gene 2

BE CAREFUL!BE CAREFUL!
Genetic defects can be detected prenatally,Genetic defects can be detected prenatally,

but nobut not t byby screening of all pregnant womenscreening of all pregnant women

but within the highbut within the high--risk familiesrisk families

CHROMOSOMOPATIES ARE NOT THE CHROMOSOMOPATIES ARE NOT THE 
SYNONYM WITH ALL FETAL ANOMALIEISSYNONYM WITH ALL FETAL ANOMALIEIS

TeratologyTeratology
ssciencecience on the causes, mechanisms andon the causes, mechanisms and

manifestations of developmental abnormalitiesmanifestations of developmental abnormalities
of of structural or functional nature.structural or functional nature.

(different chromosomopaties can be connected with different anomalies in 
different and not always the same combinations)

HgHg

CHROMOSOMOPATIESCHROMOSOMOPATIES

�� anomalies of number and structure of anomalies of number and structure of 
chromosomeschromosomes

HUMAN KARYOGRAMHUMAN KARYOGRAM

♀♀ 46, 46, xxxx ♂♂ 46, xy46, xy
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�� ““cricri du chatdu chat”” syndromsyndrom (4. (4. chromosomechromosome deletiondeletion))

CHROMOSOMOPATHIESCHROMOSOMOPATHIES

�� anomalies of structure of anomalies of structure of thethe chromosomechromosome

CHROMOSOMOPATHIESCHROMOSOMOPATHIES

�� ANOMALIES OF CHROMOSOME NUMBER:ANOMALIES OF CHROMOSOME NUMBER:

��one one chromosomechromosome �� trisomytrisomy or or monosomymonosomy

�� CompleteComplete shromosomeshromosome set set �� polyploidypolyploidy

CHROMOSOMOPATHIESCHROMOSOMOPATHIES
SySy. . DownDown �� TrisomyTrisomy 21. (47, XY, +21)21. (47, XY, +21)

Langdon Down 1828Langdon Down 1828--18961896

�� ANOMALIES OF CHROMOSOME NUMBER:ANOMALIES OF CHROMOSOME NUMBER:

��one one chromosomechromosome �� trisomytrisomy or or monosomymonosomy

�� CompleteComplete shromosomeshromosome set set �� polyploidypolyploidy

CHROMOSOMOPATHIESCHROMOSOMOPATHIES
SySy. . EdwardsEdwards �� trisomytrisomy 18. 47, XY, +18)18. 47, XY, +18)

�� ANOMALIES OF CHROMOSOME NUMBER:ANOMALIES OF CHROMOSOME NUMBER:

��one one chromosomechromosome �� trisomytrisomy or or monosomymonosomy

�� CompleteComplete shromosomeshromosome set set �� polyploidypolyploidy

CHROMOSOMOPATHIESCHROMOSOMOPATHIES
SySy. . PatauPatau �� trisomytrisomy 13. (47, XY, +13)13. (47, XY, +13)

�� ANOMALIES OF CHROMOSOME NUMBER:ANOMALIES OF CHROMOSOME NUMBER:

��one one chromosomechromosome �� trisomytrisomy or or monosomymonosomy

�� CompleteComplete shromosomeshromosome set set �� polyploidypolyploidy

CHROMOSOMOPATHIES CHROMOSOMOPATHIES �� tryploidytryploidy (69, XXX)(69, XXX)

�� ANOMALIES OF CHROMOSOME NUMBER:ANOMALIES OF CHROMOSOME NUMBER:

��one one chromosomechromosome �� trisomytrisomy or or monosomymonosomy

�� CompleteComplete shromosomeshromosome set set �� polyploidypolyploidy
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CHROMOSOMOPATHIES CHROMOSOMOPATHIES –– sexsex chromosomeschromosomes
SySy. . TurnerTurner �� X X monosomymonosomy (45, X0)(45, X0)

�� ANOMALIES OF CHROMOSOME NUMBER:ANOMALIES OF CHROMOSOME NUMBER:

��one one chromosomechromosome �� trisomytrisomy oror monosomymonosomy

�� CompleteComplete shromosomeshromosome set set �� polyploidypolyploidy

�� chromosomalchromosomal abnormalitiesabnormalities thatthat presentpresent indicationindication forfor

terminationtermination of of pregnancypregnancy

�� PossiblePossible connectionconnection betweenbetween structuralstructural fetalfetal malformationsmalformations or or 

fetalfetal growthgrowth imaparementsimaparements withwith chromosomopathieschromosomopathies

�� SySy. . TurnerTurner (45, X0)(45, X0) 1:2500 1:2500 �� 90% 90% misscariagemisscariage

�� SySy. . KlinerfertnerKlinerfertner (47, XXY)(47, XXY) 1:5001:500--1000 1000 �� isnisn’’t t indicationindication forfor terminationtermination

�� (47, XYY)(47, XYY) 1:5001:500--1000 1000 �� isnisn’’t t indicationindication forfor terminationtermination

�� (47, XXX)(47, XXX) 1:1200 1:1200 �� isnisn’’t t indicationindication forfor terminationtermination

•• SySy. . DownDown ~ 1:650~ 1:650
•• SySy. . EdwardsEdwards ~ 1:5000~ 1:5000
•• SySy. . PatauPatau ~ 1:5000~ 1:5000
•• delecijedelecije, , translokacijetranslokacije, ..., ...

HOW TO BE SURE IN FETAL HOW TO BE SURE IN FETAL 
CHROMOSOMOPATHIES?CHROMOSOMOPATHIES?

�� CITOGENETICS !!!!CITOGENETICS !!!!

�� AmnioticAmniotic fluid or some fluid or some otherother fetalfetal byologicbyologic materijalmaterijal

�� InvasiveInvasive proceduresprocedures are are necessarynecessary!!!!!!

�� amnicentesisamnicentesis
�� chordocentesischordocentesis

�� chorionicchorionic villusvillus samplingsampling
�� placentalplacental biopsybiopsy
�� fetalfetal cellscells in in mothersmothers circulationcirculation

�� BeBe carefulcareful: : fetalfetal DNA inDNA in

mothersmothers circulationcirculation

HOW TO BE SURE IN FETAL HOW TO BE SURE IN FETAL 
CHROMOSOMOPATHIES?CHROMOSOMOPATHIES? AMNIOCENTESISAMNIOCENTESIS

ultrasoundultrasound

AmnioticAmniotic fluidfluid
fetusfetus

-- sample sample is is the amniotic fluidthe amniotic fluid

-- 16th to 19th week of pregnancy16th to 19th week of pregnancy

-- culture of fetal amniotic cellsculture of fetal amniotic cells –– hashas to to bebe done!done!

-- ResultsResults in in threethree weekweekss

-- Preliminary findings Preliminary findings possibepossibe in in 22--3 days3 days

COMPLICATIONS: miscarriage COMPLICATIONS: miscarriage ~~ 0.50.5--1%1%
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CHORDOCENTESISCHORDOCENTESIS

ultrasoundultrasound

UmbilicalUmbilical cordcord

-- SempleSemple is is fetalfetal blood (2blood (2--3 ml 3 ml heparinizedheparinized blood)blood)

-- necessarynecessary to to determining fetal determining fetal HbgHbg (pollution (pollution -- the mother's blood)the mother's blood)

-- Analysis: Analysis: karyogramkaryogram, biochemistry, , biochemistry, coagulogramcoagulogram ……

-- DetectionDetection of of viral infections, ...viral infections, ...

-- ResultsResults inin two to three daystwo to three days

COMPLICATIONS: just over 1%COMPLICATIONS: just over 1%

CHORION VILLUS SAMPLINGCHORION VILLUS SAMPLING

ultrasoundultrasound

placentaplacenta
((trophoblasttrophoblast))

CVSCVS: biopsy of the placenta in the first : biopsy of the placenta in the first trimestertrimester
not before 8 weeksnot before 8 weeks
no cell cultures, no cell cultures, resultsresults inin 22--3 days3 days
complications similar to the early complications similar to the early amniocentesisamniocentesis

Placenta:Placenta: a biopsy of the placenta in the second or third quartera biopsy of the placenta in the second or third quarter
no cell cultures, finding no cell cultures, finding ~~ 22--3 days3 days
complications generally rarecomplications generally rare
LATE FOR LATE FOR CHROMOSOMOPATIES CHROMOSOMOPATIES DIAGNOSISDIAGNOSIS!!

FETAL CELLS IN MOTHERFETAL CELLS IN MOTHER’’S CIRCULATIONS CIRCULATION

every millionth erythrocyte in the mother's bloodevery millionth erythrocyte in the mother's blood is of is of fetalfetal originorigin

fetal red blood cells have a nucleus (prerequisite fetal red blood cells have a nucleus (prerequisite kkararyyogramogram))

CAREFUL CAREFUL withwith free fetal DNA in maternal bloodfree fetal DNA in maternal blood -- SEARCH FOR THE FUTURE!SEARCH FOR THE FUTURE!

BENEFITSBENEFITS
�� EasyEasy to to performperform

�� �� complicationscomplications

PROBLEMPROBLEM
�� Not Not beforebefore 16th 16th weekweek

�� ResultResult in 2in 2--3 3 weeksweeks

AMNIOCENTESIS IS GOLD STANDARDAMNIOCENTESIS IS GOLD STANDARD

ultrasoundultrasound

AmnioticAmniotic fluidfluid
fetusfetus

NormalNormal femalefemale karyogramkaryogram
46, XX46, XX
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CITOGENETICSCITOGENETICS

FISH

WHOM TO OFFER ACZ?WHOM TO OFFER ACZ?

�� TO TO EVERY pregnant women in which is the probability of fetal EVERY pregnant women in which is the probability of fetal 
chromosomopathieschromosomopathies greater than the risk of fatal complications of the greater than the risk of fatal complications of the 
procedure ....procedure ....

�� If she wants it after consultations with her PARTNERIf she wants it after consultations with her PARTNER and aand afterfter being informed being informed 
of the of the procedure procedure purposepurpose ((termination of pregnancy in case of pathological finding)termination of pregnancy in case of pathological finding)

�� After you explain her clearly:After you explain her clearly:

�� What can be obtained by searching?What can be obtained by searching?

�� What can not be obtained by searching (and she maybe thinks thatWhat can not be obtained by searching (and she maybe thinks that is is 
possible) ?possible) ?

�� What can search lose?What can search lose?

WHOM TO OFFER  ACZ?WHOM TO OFFER  ACZ?

�� What What she she can get?can get?
�� Safe and unambiguous answer Safe and unambiguous answer aboutabout fetalfetal kakaryogramryogram

�� What What sheshe cancan’’tt get?get?
�� answer to the question "is everything all right" and the answer to the question "is everything all right" and the 

security that a child has no abnormalitiessecurity that a child has no abnormalities

�� What What sheshe can lose ?can lose ?
�� 1: ~1: ~ 200 ACZ' performances200 ACZ' performances �� miscarriagemiscarriage

(probable / possible) as a complication of (probable / possible) as a complication of procedureprocedure

WHOM TO OFFER  ACZ?WHOM TO OFFER  ACZ?
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�� WHEREASWHEREAS, , THE ESTIMATETHE ESTIMATED D 
PROCEDURE PROCEDURE RISK RISK IS ~ IS ~ 1: 200 ...1: 200 ...

�� .... .... itit makes sense to offer makes sense to offer ACZ to ACZ to every every 
pregnant women in which pregnant women in which is is the probabilitythe probability

of fetal chromosomal greater than ~ 1: 200of fetal chromosomal greater than ~ 1: 200, , 
and she wantsand she wants itit!!

WHOM TO OFFER  ACZ?WHOM TO OFFER  ACZ?

�� Every woman has a riskEvery woman has a risk!!

�� ""A priori riskA priori risk" is dependent on the age of the " is dependent on the age of the 
parents and the gestational ageparents and the gestational age

�� individual risk is calculated by increasing the individual risk is calculated by increasing the 
basicbasic risk risk withwith "additional factors""additional factors"

How to calculate the How to calculate the individualindividual riskrisk??
(... and find the one with the risk> 1: 200)(... and find the one with the risk> 1: 200)

BASICS:BASICS:

SCREENINGSCREENING

How to calculate the How to calculate the individualindividual riskrisk??
(... and find the one with the risk> 1: 200)(... and find the one with the risk> 1: 200)

�� simplesimple

�� checheapap

�� harmlessharmless

�� repeatablerepeatable

�� specificityspecificity

�� sensitivitysensitivity

�� without side effects and additional riskswithout side effects and additional risks

GoodGood screeningscreening methodmethod is:is:

How to calculate the How to calculate the individualindividual riskrisk??
(... and find the one with the risk> 1: 200)(... and find the one with the risk> 1: 200)

�� MaternalMaternal ageage

�� family historyfamily history

�� previous pregnanciesprevious pregnancies historyhistory

�� ultrasoundultrasound

�� biochemibiochemistrystry

SCREENING METHODS:SCREENING METHODS:

How to calculate the How to calculate the individualindividual riskrisk??
(... and find the one with the risk> 1: 200)(... and find the one with the risk> 1: 200) MATERNAL AGEMATERNAL AGE

20 god. 20 god. �� 1:15271:1527

30 god. 30 god. �� 1:8951:895

35 god. 35 god. �� 1:3561:356

37 god. 37 god. �� 1:2181:218

38 god. 38 god. �� 1:1671:167

40 god. 40 god. �� 1:971:97

42 god. 42 god. �� 1:551:55

ACZ RISK IS ~1:200 (0,5%)!ACZ RISK IS ~1:200 (0,5%)!



7

�� MaternalMaternal ageage –– 30%30%

�� family historyfamily history -- rarelyrarely

�� previous pregnanciesprevious pregnancies historyhistory -- rarelyrarely

�� ultrasoundultrasound

�� biochemibiochemistrystry

SCREENING METHODS:SCREENING METHODS:

How to calculate the How to calculate the individualindividual riskrisk??
(... and find the one with the risk> 1: 200)(... and find the one with the risk> 1: 200)

70%

phasephase No.1.No.1.
SecondSecond trimestertrimester

ULTRASOUND AND BIOCHEMISTRY IN  ULTRASOUND AND BIOCHEMISTRY IN  
SCREENING FOR CHROMOSOMOPATHIESSCREENING FOR CHROMOSOMOPATHIES

�� 1984. AFP (1984. AFP (alphaalpha feto protein)feto protein)

�� doubledouble testtest �� AFP, AFP, freefree ßßHCGHCG

�� tripletriple test test �� AFP, slobodni AFP, slobodni ßßHCG, HCG, E3 (E3 (estriolestriol))

�� quadriplequadriple testtest �� AFP, AFP, ßßHCG, E3, HCG, E3, inhibininhibin AA

ULTRASOUND AND BIOCHEMISTRY;ULTRASOUND AND BIOCHEMISTRY;
phasephase 1. 1. –– secondsecond trimestertrimester

BIOCHEMISTRY BIOCHEMISTRY secondsecond trimestertrimester::
�� AFPAFP

* * detectiondetection rate: rate: ~~ 20%20%
�� doubledouble testtest

* * detectiondetection rate : rate : ~~ 5050--60%60%
�� tripletriple testtest

* * detectiondetection rate: rate: ~~ 6060--70%70%
�� quadruipetquadruipet testtest

* * detectiondetection rate: ~ rate: ~ 7575--80%80%
* 5% false positive !!!

BIOCHEMISTRY BIOCHEMISTRY secondsecond trimestertrimester ::

��

ULTRASOUND AND BIOCHEMISTRY;ULTRASOUND AND BIOCHEMISTRY;
phasephase 1. 1. –– secondsecond trimestertrimester

ULTRASOUND IN FETALULTRASOUND IN FETAL
CHROMOSOMOPATHY SCREENINGCHROMOSOMOPATHY SCREENING

-- kratak kratak femurfemur i/ili druge duge kosti; anomalije prstijui/ili druge duge kosti; anomalije prstiju

-- hiperehogenohiperehogeno crijevocrijevo

-- strukturne anomalije licastrukturne anomalije lica

-- cista cista korioidnogkorioidnog pleksusapleksusa

-- choloprosencefalijacholoprosencefalija

-- nuhalninuhalni nabornabor

-- hipoplazijahipoplazija nosa, nosa, micrognatiamicrognatia

-- arteriaarteria umbilicalisumbilicalis unauna

-- pijelektazijepijelektazije

-- hiperehogenahiperehogena žžariariššta u srcuta u srcu

-- omphaloceleomphalocele

-- IUGRIUGR

-- multiplemultiple anomalijeanomalije

-- ..............

ULTRASOUND ULTRASOUND -- secnodsecnod trimestertrimester –– ““soft soft markersmarkers”” ((lowlow likelihoodlikelihood ratioratio))

��* * DetectionDetection rate: rate: 5050--70%70%

* 5% false positive

FirstFirst trimestertrimester
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BIOCHEMISTRY BIOCHEMISTRY firstfirst trimestertrimester::

�� PAPPPAPP--AA

* * detectiondetection rate: rate: 52%  52%  ((BennBenn PA. PA. ClinClin ChimChim Acta 2002.)Acta 2002.)

�� freefree ßßHCGHCG

* * detectiondetection rate : rate : 42%  42%  ((CuckleCuckle HS, van HS, van LithLith JM. JM. PrenatPrenat DiagnDiagn 1999.)1999.)

�� PAPPPAPP--A+ A+ freefree ßßHCGHCG

* * detectiondetection rate : rate : 65%65% ((BennBenn PA. PA. ClinClin ChimChim Acta 2002.)Acta 2002.)

* 5% false positiveII. II. TrimesterTrimester tripletriple test: * test: * detectiondetection raterate: 60: 60--70%70%

��

ULTRASOUND IN FIRST TRIMESTERULTRASOUND IN FIRST TRIMESTER

11
22 33

amnion

NuchalNuchal translucencytranslucency -- NTNT NASAL BONE NASAL BONE –– USUS
ChromosomopathyChromosomopathy screeningscreening

�� 1% of all 1% of all CaucasiansCaucasians and 10% of all and 10% of all AfroamericansAfroamericans

�� SySy. . DownDown: : nasalnasal bone bone �� in in 6060--70%70%

�� SySy. . EdwardsEdwards: : nasalnasal bone in bone in �� 50%50%

�� SySy. . PatauPatau: : nasalnasal bone bone �� in 30%in 30%

Nicolaides KH.  Am J Obstet Gynecol 2004.

��

US & BIOCHEMISTRY AS THE FIRST US & BIOCHEMISTRY AS THE FIRST 
TRIMESTER COMBINATIONTRIMESTER COMBINATION

COMBINED FIRST TRIMESTER SCREENINGCOMBINED FIRST TRIMESTER SCREENING

(11 (11 –– 1313+6/7+6/7 tjtj.).)

MothernalMothernal age (age (yearsyears))

US: NT + (NT + (sometimessometimes) ) nasalnasal bonebone

BiochemistryBiochemistry:: freefree ßßHCG + PAPPHCG + PAPP--AA++
*DETECTION RATE: 85*DETECTION RATE: 85--90%90%

NicolaidesNicolaides KH. Am J KH. Am J ObstetObstet GynecolGynecol 2004. (meta2004. (meta--analysisanalysis N=40 000)N=40 000)

* 5% false positive

11. weeks � *detection rate: 82%
12. weeks � *detection rate: 85%
13. weeks � *detection rate: 87%

Malone FD, et al. N Engl J Med 2005
☺☺
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FetalFetal DNA DNA -- peripheralperipheral maternalmaternal bloodblood

ThankThank youyou ……


