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1.Definitions



Congenital Anomaly (CA) is an anomaly that affects a body
part or physiologic function and is present at birth.

It is caused by the abnormal ontogenetic development of the fet
The process is affected by genetic, environmental or both factor

The disturbance of the regulation and development cascades ta
place on the level of tissue, cell or molecule.



Congenital Malformation is a congenital anomaly of the
structure of some body part.

Birth Defect or Congenital Disorderare nearly synonynfer
the term Congenit&@nomaly.

ChromosomalAberrations are the numerical or structural
abnormalities of the karyotype.

GeneticDisorders are the conditions caused by the mutation of
the gene(s)



Malformation is causedby an abnormal development of the
organ / tissue, that is abnormal from the beginning

Disruption is caused by destructive process, that affects an orgze
/ tissue, that started to develop normally.

Deformation is caused by an abnormal physical force, that
damages healthy organ / tissue

Dysplasiais caused by an abnormal organization of the cells In
theorgan ftissue



Isolated anomaly an anomaly that is not associated with any
other conditionge.g.isolated polydactyly).

Sequencemultiple anomalies that result from the pathologic
cascade caused by a primary insult (B.@g.t t er 0S). s eq

Association selected congenital anomalies that tend to develop
all togethen in an association (e.yATER association).

Syndrome complex of phenotypic traits (anomalies) that are
typical for defined clircal diagnosis (e.doown syndrome.



Teratogeneis an agenthat is able to affect normal ontogenetic
development and lead to a congenital anomaly

Mutageneis an agent that is able to affect the genetic informatia
on the level of DNA or on the level of chromosomes.

Mutagens cause mutations.
Teratogens cause congenital anomalies.

Some mutagens are also teratogens. However, not all teratoger
are mutagens.



WHO - International Classification of Diseases (ICD)

International standard diagnostic classification for all general
epidemiological, health management purposes and clinical use.

ICD-X Chapter XVII

Congenital malformations, deformations and chromosomal
abnormalities

Q00T Q99



Congenital malformations of the nervoustsys
Congenital malformations of eye, ear, face and neck
Congenital malformations of the circulatory system
Congenital malformations of the respiratory system
Cleft lip and cleft palate

Other congenital malformations of the digestive system
Congenital malformations of genital organs

Congenital malformations of the urinary system
Congenital malfand deformof the musculoskeletal system
Other congenital malformations

Chromosomal abnormalities, not elsewhere classified

The whole classification can be found on the WHO website:
http://www.who.int/classifications/apps/icd/icd10online
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2.Etiology, teratogens




AGenetic factors
AEnvironmental factors

AUnknown factors



Etiology of the congenital anomalies in man
501 60%

m Etiology unknown

Multifactorial heredity

B Chromosomal

aberrations
7-10%

_9[E0 m Gene mutations
7.8% .70 20- 25%

B Environmental factors

From: Moore K. L., Persaud T. V. N.; The Developing Human: Clinically Oriented Embryology, 6th Edition; 1998



AMonogenic inheritance
APolygenic / Multifactorial inheritance
AChromosomal aberrations

AOther (epigenetics etc.)



Some congenital malformation are inherited as a monogranmic
There are several genes, whose mutations are associated with
selected congenital anomalidfiereferencecan be found in
Mendelian Inheritance in Man (MIM). Prenatal diagnosis and
managemenf the genetic counseling is less difficult.

AMarfan syndrome (Q87.4; MIM: 154700)
AEhlersi Dahnlos syndrome(Q79.6; MIM: 13000)
AOsteogenesis imperfectéQ78.0; MIM: 166200)
AAchondroplasia (Q77.4; MIM: 100800)
AHoloprosencephaly(Q04.2; MIM: 236100)
AXeroderma pigmentosum(Q82.1; MIM: 278830)



Polygenic inheritancemeans, that more than one gene affect the
selected phenotypic trait (di

Multifactorial inheritance means, that not only genetic factors
(genes), but also the environmental factors affect the selected tre

In praxisi it is not always easy to distinguish between polygenic
and multifactorial we usually use the termultifactorial .

Today, the etiology of the majority of congenital anomalies is
believed to be multifactorial



Numerical aberrationsi abnormalities in total number of the
chromosomes. (e.¢risomy, monosomy)

Structural aberrations i abnormalities in the structeiof the
chromosomes. (e.g. deletion, duplication, inversion, translocatior

Autosomal aberrations i abnormalities of the autosomes.

Gonosomal aberrationsi abnormalities of the gonosomes



ADown Syndrome(47, XX, +21)or (47, XY, +21)

AEdwards Syndrome(47, XX, +18)or (47, XY, +18)

APatau Syndrome(47, XX, +13)or (47, XY, +13)

AKlinefelter Syndrome (47, XXY)

ATurner Syndrome (45, X)

ATriple X Syndrome (47, XXX)

AXYY Syndrome (47, XYY)

ACri du Chat Syndrome (46, XX, del(5p)) or (46, XY, del(5p))
AWolf-Hirschhorn Syndrome (46, XX, del(4p)) or (46, XY, del(4p))
ADi-George Syndrome(46, XX, del(22q11.2)) or (46, XY, del(22q11.2))

€é.. And many ot hersé.

Note: other variants of the karyotype for those syndromes are possibl



Prader 1 Willi Syndrome X Angelman Syndrome

Caused by deletion or inactivation 1514913
of PATERNAL origin

Can be also caused by UNIPARENTAL
DISOMY (maternal chrom. 15 only)

ICD-10: Q87.1 MIM: 176270

Amild to moderate mental retardation
Ahyperphagia + obesity
Asmall hands and feet
Ahypogonadism
Adecreased mean height in adulthood

Caused by deletion or inactivation
15911-q13 of MATERNAL origin

Can be also caused by UNIPARENTAL
DISOMY (paternal chrom. 15 only)

ICD-10: Q93.5 MIM: 105830

Asevere mental retardation

Aparoxysm of inappropriate laughter
AEEG abnormalities

Aataxia + jerky arm movements
AMMHappy Puppet Syn



Thereare manyenvironmental factors that cause congenital
anomalies, or are able to cause them in spesitii@tions

Those factors are commonly knowntasatogens
However- the effect of teratogens is dependent on the genetic
The genotype can modify the teratogenic effect.

There are three main groups of teratogens:
1. Physical

2. Chemical
3. Biological



AX-rays (common diagnostic doses are not dangerous)
Alonizing radiation (e.g. gamma radiation
AHigh temperature (sauna, fever)

AMechanical factors(amniotic bands, oligohydramnipn



Achemical substances used in industry or agriculture
(organicsolvents, paints, polychlorinated biphenyls
heavy metals

Aalco

Aprod

neEl

nol (cause Fetal alcohol syndrojne
ucts of cigarettemoking (teratogenic effect of

nuanamoking was also provéed

Aother drugge.g. cocaing doping 6teroid3
Acytostaticsand somether group of medicaments
(antiepileptics, antibiotics, warfarine, Adghibitors)



The intensive study of teratogenic effect of the drugs started after the
Ahalidomide affairi i n t he sixties of 20th ¢
The current boom of pharmaceutical industry provides many new medicame
each yealThe safety of those substances must be tested.

Teratogenic effect ispeciesdependent It is possible, that humambryowill

not be affected by the same substance, that affe@mitat/os.

The same dose of substance could b
teratogenic at all in rats or other animals. The effedbsedependent

The same substance can be teratogenic only in a specific week of pregnanc
can only affect the development of a specific organ / tissue. The eftegeis
dependent

It is not easy to provethat the congenital malformation was caused by the
usage of a specific drug during pregnand¢sually, there is not enough data. It Is
necessary to collect all data possible about such mps&gnancies



During the time oblastogenesisthe damage caused by the
teratogens causao anomalies The embryo is either able to repair
all damage takeror it stops to develop and dies.

The time oforganogenesig3th-12thweek of pregnanqys the
critical period for most teratogend.he morphologic anomalies
are usually caused during this period.

Thesecond and third trimesteris not so critical, however the
toxic effect of some substarsis pathologiaswell.

The teratogenic effect of the drugs: 1) prov&doresumable
3) possi bl e 4) coul dnot be



Alcohol (facial dysmorphy, brain growth retardatj@ongenital anomalies of the
hear)

Warfarine (chondrodysplasia punctatask of abortion

Retinoids (anomalies like DiGeorgesyndromeanomalies of CNSanomalies
of the internal ear

Aminopterine + Methotrexate (anomalies of cranium and skeleton,
anencephaly

Thalidomide (abnormal development of long bongsocomelia, polydactyly,
syndactyly, oligodactyly and other malformatipns



Fenytoine (congenital anomalies of the heart, failure of th CNS
closure, cleft palaje

Trimetadione (anomalies of the heart, anomalies of the urogenita
system, mental retardatipn

Valproate (facial dysmorphy, defects of CNS

Lithium (anomal i es of the heart, E



Amfetamine (congenital anomalies of the heakencephaly, atrestd bile
ducty

Diazepame(cleft lip and cleft palafe

ACE-Inhibitors (hypoplasia of the skull, renal dysgengsis
Corticosteroids (cleft palate, renal atrophy
Androgens(masculinization of the external genitalia)

Progesteron(virilization, anomalies of the hearth, anomalies of the CNS,
defects of the extremities, esophageal atresia)



Alnfectious agents
TORCH (acronym for most important teratologigent$
AT oxoplasma
AOther viruses
AR ubivirus
ACytomegalovirus
Al-lerpesvirus

ADiseases of the mother
ADiabetes mellitus (DM)
APhenylketonuria (PKU)




Rubivirus (cataract, deafness, anomalies of the headrocephalymental
retardation

Cytomegalovirugmicrocephaly, chorioretinitis, deafness,
hepatosplenomegaly)

Varicella-Zoster virus(microcephaly, chorioretinitis, defects of the
extremities, mental retardation, catayact

Parvovirus B19 (hydrops fetalis, anemy, malformation of the heart)
Influenzavirus (failure of the CNS closure)

Coxsackie virugfetal pancreatitis and fetal meningoepicaitis)

HIV (immunodeficiency, dysmorphy)

Treponema palliduntfailure of teeth development, IUGR, hydrops fetali
Toxoplasma gondi(hydrocephaly, microcephaly, chorioretinitis, blindne:



State Institute of Drug Control of Czech Republic
http://www.sukl.cz/

European Medicines Agency
http://www.emea.europa.eu/

U S Food and Drug Administration
http://www.fda.gov/




Czech Teratology Information Servi@€ZTIS)
http://old.If3.cuni.cz/histologie/english/33.htm

European Network Teratology Information Services
http://www.entis-org.com/

Organization of Teratology Information Specialists
http://www.otispregnancy.org/




3.Selected congenital anomalies



ANeural tube defec@\TD)
AAbdominal wall defect§AWD)
ACongenital anomalies of the kidneys

AChromosomal aberrations

In descriptions we use the official definitions provided by ICBDSR
organization - http://www.icbdsr.org/




Defect In closure of the neural
groove. Normal neural tube is
not formed.

Anencephaly represents a defect
In closure at the anterior part of
the neural groove.

Defects at the midor caudal
neural groove cause
meningo(myelo)cele or spina
bifida.




Anencephalyis a congenital anomaly characterized by
the total or partial absence of the cranial vault , the
covering skin, and the brain missing or reduced to
small mass(e)

Include craniorachischisis. Include infants with
Iniencephaly and other neural tube defects as
encephalocele or open spina bifida, when associated w
anencephaly.

Exclude acephaly, that is, absence of head observed Iin
amorphous acardiac twins.



Partial absence of the
cranial vault

Brain reduced to small
mass



Spina bifida is a family of congenitaanomalieslefects

In the closure of the spinal column characterized by
herniation or exposure of the spinal cord and/or
meninges through an incompletely closed spine.
Include meningocele, meningomyelocele, myelocele,
myelomeningocele, rachischisis. Spina bifida is not
counted when present with anencephaly.

Exclude: spina bifida occulta, sacrococcygeal teratoma
without dysraphism.



Defects in the
closure of the
spinal column

Exposure of the
spinal cord



Encephaloceles a congenitabnomalycharacterized by
herniation of the brain and/or meninges through a

defect in the skull Encephalocele is not counted when

present with spina bifida.



Herniation of the
brain and/or
meninges through a

defect in the skull.



Omphaloceleis a congenital anomaly characterized by
herniation of abdominal contents through the
umbilical insertion and covered by a membrane which
may or may not be intact.

Exclude gastroschisigparaumbilical hernid, golasiaor
hypoplasia of abdominal muscles, skiovered umbilical

hernia.



Herniation of abdominal
contents through the
umbilical insertion




Gastroschisiss a congenitahnomalycharacterized by
visceral herniation through an abdominal wall defect
lateral to an intact umbilical cord and not covered by a
membrane.

Exclude a or hypoplasia of abdominal muscles, skin

covered umbilical hernimmphalocele



Herniation of abdominal contents
throughan abdominal wall defect
lateral to an intact umbilical cord




Diaphragmatic hernia is a congenitahnomaly
characterized bfierniation into thorax of abdominal
contents through a defect of the diaphragmlinclude
total absence of the diaphragm.

Exclude hiatus hernia, eventration and phrenic palsy.



Hydrocephaly is a congenitaanomalycharacterized by
dilatation of the cerebral ventricles, not associated

with a primary brain atrophy, with or without
enlargement of the heagand diagnosed at birth.

Not counted when present with encephalocele or spina
bifida.

Exclude: macrocephaly without dilatation of ventricular
system, skull of macerated fetus, hydranencephaly,
holoprosencephaly, and postnatally acquired
hydrocephalus.



Renal agenesiss a congenital anomaly characterized by
complete absence of kidneys bilaterally or severely
dysplastic kidneys

Cystic kidney Iis a congenitabnomalycharacterized by
multiple cysts in the kidney.

Include infantile polycystic kidney, multicystic kidney,
other forms of cystic kidney and unspecified cystic kidne
Exclude single kidney cyst.



Autosomal dominant form (MIM: 173900)

APKD1 genemutation(16p13.3p13.12, MIM: 601313)
APKD2 genemutation(40921-q23, MIM: 173910)
APKD3 genemutation?? fiot yet localizedMIM: 600666)

Autosomal recessivegorm (MIM: 263200)
APKHD1 genemutation(6p21.1p12, MIM: 606702)



Down syndromeis a congenitathromosomalanomaly
syndrome characterized by a well known pattern of min
and major anomalies and associated with excess
chromosomal 21 material.
Include trisomy mosaicism and translocations of
chromosome 21.

Common karyotype' trisomy 21
47, XX, +21 (female) or 47, XY, +21 (male)



Typical face

Upslanting palpebral fissure
Mental retardation
Hypotonia

Macroglossia

Simian crease on hand

Eye / Sight anomalies
Anomalies of the heart



XX,+21)

)

Karyotype from a female with Down syndrome (47

TS T B Terit,,  Omw
w 2 A 2l y 311
Sex TR 3 gt 1R Rl
s N
TR potaEs T AN
L N
.n...w« Lo s
P IC y et
Fa Y
o e @
T T 1N %
g TPt Geifs

18

17

16

From: http://imagesl.clinicaltools.com/



Edwards syndromeis a congenitathromosomalanomaly
syndrome characterized by a well known pattern of min
and major anomalies and associated with extra chromo
18 material.

Include translocation and mosaisomy 18.

Common karyotypeT trisomy18
47, XX, ¥18 (female) or 47, XY, +& (male)



Hypertonicity
Prominenicciput
Mental retardation
Low-set auricles
Clenched hands with
overlapping fingers
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Karyotype from a female with Edwards syndrome (47,XX,+18)
From: http://imagesl.clinicaltools.com/



Patau syndromeis a congenitathromosomalanomaly
syndrome characterized by a well known pattern of min
and major anomalies and associated with extra chromo
13 material.

Include translocation and mosaic trisong; 1

Common karyotypel trisomy13
47, XX, 13 (female) or 47, XY, +3 (male)



Variable defects in facial developmen
Cleft lip, cleft palate or both
Microcephaly with sloping forehead
Variable abnormalities of the eye
Severe anomalies of the CNS
Capillary hemangiomata

Polydactyly

Malformations of the heart

Skin abnormalities

Abnormalities of the genitalia
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Turner syndromeis a congenitathromosomalanomaly
syndrome characterized by a well known pattern of min
and major anomalies and associated with missing mate
of the second gonosome.

Include translocatios) structural abnormalities of the X
chromosome and mosaionosomy X

Common karyotypel monosomyX

45, X (femalg
According to ISCN 2005 norm the eniryl5,X0is no longer valid!
Note: monosomy Y is lethal



Ovarian hypoplasia / dysgenesis; infertility
Small statuémean final height 143cm
Loose nuchal skin

Congenital lympedema

Cardiac anomalies (coarctation of aprta



Karyotype from a female with Turner syndrome (45,X)
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OMIM 1 Online Mendelian Inheritance in Man
http://www.ncbi.nlm.nih.gov/sites/entrez?db=omim

eMedicine- The original open access comprehensive medical textbook
http://www.emedicine.com/

Orphanet The portal for rare diseases and orphan drugs
http.//www.orpha.net/
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4.Prenatal diagnosis




Themaingoal is to prevent anomaly or malformatioefore they
develop (that means before conception or during pregnancy)
The women should avoid the pregnancy in very low or very high
age. The pregnancy should be planned.

The parents should avoid any contact with mutageteratogens.
No stress, smoking, drugs and alcohol during pregnancy.
Clinical geneticist should be consulted in advandenecessary
(repeated abortions, congenital anomalies in family, genetic
diseases)

Good compensati on(DM,PKUett) her 0s
Supplementation with folic acid



Themaingoal is toprevent the birth of a child with a congenital
anomalyHowever, the termination itself is not a prevention

We canterminate the pregnancyin order to prevent such a birth.
However, the terminatiomay not be legaln each country

In the Czech Repubilic it is legal to terminate the pregnancy
because of severe genetic reason24ith weekof pregnancy
Prenatal diagnosis therefore very important, because we niwd
best information available about the condition of the fetus. If a
severe condition is diagnosed, we may offer termination of
pregnancy, prenatal therapy or special treatment in perinatologic
period.



There are two main groups of methodgranatal diagnosis:

Invasive methods

Amniocentesis (AMC), Chorionic villus sampling (CVS),
Cordocentesis (CCletoscopyFetalbiopsy

Noninvasive methods

Biochemical screeninf equi res mot h)er 0s
Ultrasound, Magneticesonance

b



Amniocentesisis commonly used invasive method, that is able to
obtain a sample of the amniotic fluid, including amniocytes. Thos
cells can be cultivated for cytogenetic analysSisingQFPCRwe
can have preliminary results (for most common trisomies) in 2 da
(rather than in 2 weekswe need for cultivation and karyotype)

Early amniocentesiscan be made earlier then the standard

amniocentesis (14 weeki rather than 16th week). Howeyeare
cannot obtain so much amniotic fluid.




CVS can be made very soon, after the 11th week of gestation. Tl
allows early diagnosis. However, there is a risk of confipledenta
mosaicism({CPM), what can make the decision more difficult.

Cordocentesigs usually made after the 20th week. The sample o
blood allowsusto make hematologic tests, as well as the cultivati

Fetoscopyandfetal biopsy are very rare today. Fetoscopy can be
used in order to confirm some dermatologic anomalagsyosis
vulgaris).Biopsy can obtain a sample of fetal skin (or other tissue
histopathological analysis.




Combined screening of the first trimester

This test combines the ultrasound diagnosfits { Nuchal
Translucency measuremeNB | nasalbone presence / absence,
tricuspidal regurgitationyith biochemical test of maternal serum
(usingPAPP-A andfree beta-HCG subuni.

Some other biochemical markers can be examined in 1st trimest:

Biochemical screening of the second trimester

The blood sample from the mother is obtained usually h&gr
week UE3 (unconjugated estriolHCG (human choriaic
gonadotropine) andFP (alfa-fetoprotein) are analyzed.




Ultrasound diagnostics

Ultrasound diagnosis is commonly ussat provide detailed
morphological information. ferefore- the majority of structural
anomalies is diagnosed thankdJSGdiagnostics. Special methods
like fetal echocardiographyi may provide additional information

Magnetic resonance imaging

MRI is relatively new method in prenatal diagnaams is still quite
rare. The image processing must be very quick, because the fetL
moving. However- this method is excellent in detection of braim
other sofitissue anomalies.




Sacral Dermoid Facial Tumor

Provided by Mirosl avPBB8eigB88H, b¥DMir os|
PRONATAL sanatorium PRONATAL sanatorium




NasalBone absence PolycysticKidney

Provided by Mirosl avPBB8eigB88H, b¥DMir os|
PRONATAL sanatorium PRONATAL sanatorium
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Exomphalos Rachischisis

Provided by Mirosl avPBB8eigB88H, b¥DMir os|
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PGD is a special method that is used during In Vitro Fertilization
processThe material for diagnosis (either cytogenetic or moleeul:
genetic)is obtained before the embryo is implanted (one blastome
or a polar body may be used for this diagnosis

This method may be extremely useful for parents with balanced
chromosomal translocations or for parents who are carriers of se
genetic diseasdge.g. muscular dystrophies

Only the embryos with normal karyotypaithout genetic mutation
shall be implanted.

However, there can be problem with blastomeric mosaicism, that
cause falsgositive or falsenegative results



Prenatal diagnosis in the Czech Republic
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20001

cultivation of the amniocytes

first prenatally diagnoseldown Syndrome
placentocentesis

fetoscopy

ultrasound diagnostics

CVS

prenatal moleculagenetic analysis hema@bhilia
cordocentesis

early amniocentesis

prenatal biochemical screening
preimplantation genetic diagnosti¢3GD)







