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Congenital disorders

Congenital disorders can be defined as structural or functional
anomalies that occur during intrauterine life.

Also called birth defects, congenital anomalies or congenital
malformations, these conditions develop prenatally and may be
1dentified before or at birth, or later in life.
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Fetal development
» Fetal development is an orderly and intricate process.

» It begins before you even know you're pregnant and ends with the birth of your baby.

» Between conception and delivery, there are many detailed steps that have to occur.

» There are three stages of fetal development:

» Germinal
» Embryonic
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CONGENITAL ANOMALIES

* as BABY DEVELOPS IN UTERQ
- IMPACT HEALTH, DEVELOPMENT, SURVIVAL

* CLEFT LIP

* ESOPHAGEAL ATRESIA

@ | * CONGENITAL DIAPHRAGMATIC HERNIA
* GASTROSCHISIS

* OMPHALOCELE

* BILIARY ATRESIA

* BLADDER EXSTROPHY

* OPEN NEURAL TUBE DEFECTS

Omphalocele: Failure of the intestines to return into th&
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Omphalocele: Failure of
the intestines to return into
the abdomen

Gastroschisis: It is a birth defect in
which the intestine protrudes through
a hole in the abdominal wall, next to
the navel.
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What causes birth anomalies?

» Smoking, drinking alcohol, or taking
certain drugs during pregnancy.

» Having certain medical conditions, such
as being obese or having uncontrolled
diabetes before and during pregnancy. 15%

» Taking certain medications Genetics

» Infections

» Chromosomal problems

» Genetic problems

» Having someone in your family with a : Unknown
birth defect.

- 20-25%
L% Multi

Environment factorial

50-60%
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BACKGROUND T oxopLasma Gonph

* INFECTION of DEVELOPING FETUS
or NEWBORN that CAN OCCUR in UTERO,

DURING DELIVERY, or AFTER BIRTH o THER AGENTS: Wi l"i

~ TREPONEMA PALLIDUM,

* COMPLICATIONS INCLUDE: VZV, PARVOVIRUS B19, & HIV
PRETERM BIRTH, DELAYED DEVELOPMENT
of FETUS, PHYSICAL MALFORMATIONS,
& LOSS of PREGNANCY R URELLA

SYMPTOMS C vromecaLovirus (cMy)

* VARY DEPENDING on SPECIFIC
UNDERLYING INFECTION but SHARE " 6
NON-SPECIFIC SIGNS & SYMPTOMS: ERPES SIMPLEX VIRUS (HSV)
~ FEVER ~ MICROCEPHALY
~ LETHARGY ~ | BIRTH WEIGHT
i B tewihigon TRANSMISSION
~ CATARACTS
~ "BLUEBERRY * TRANSMITTED 4o FETUS THROUGH PLACENTA
~ JAUNDICE MUFFIN' RASH
* INFANT MAY CATCH INFECTION WHILE
~ REDDISH-BROWN SPOTS on SKIN PASSING THROUGH BIRTH CANAL
~ HEPATOSPLENOMEGALY

* MOTHER can PASS INFECTION
~ CONGENITAL HEART DISEASE to INFANT THROUGH BREAST MILK
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Be careful in taking drugs during pregnancy
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r =4 characteristic facies
‘Chloroquineﬁf,.( Chofioretinitis
N

Alcohol ",‘*‘} Cardiac defects,
1 Garts, 0 microcephaly,

Diethylstilbestrol /Utggle malformations,
( ‘vagmalfadenocarcmoma

Lithium o

T ( - Cardiac defects

(Ebstein’s anomaly) *
Phenytoin' «~ Cardiac defects, cleft
B 152 palate, @hypoplasm
Retmmds__ ~ Earand .egéﬁefects,
&.»/5'.&_3'/ ~ (thydrocephalus™ 5 )
[Streptomycin’  (Deafbess (A

Dental enamel hypoplasia

Thalidomide - Phocomelia, cardiac and \
ear abnormahtles
Valprmc acid  Neural tube defects,

} ~_.a-//h - characteristic facies

Warfarya ~ Nasal hypoplasia, ¢
). b ,.UJ,..,,\ « stippled epiphyses

% ACB angiotension-converting enzyme.

TERATOGENIC DRUGS

INFIRST TRIMESTER
OF PREGNANCY

*Analgesic
sAnticonvulsant

*Antidepressant °Metal toxic
*Antithyroid
Vitamin A

*Sedative/ hypnotics

*Anticoagulant «Aminoglycosides




Primary (genetic)

Secondary (environmental)
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— polyploidy
— polysomy
— monosomy
e Structural
— deletions
duplications
insertions
translocations

Monogenic
» Point mutations

— nonsense

— mis-sense

— frameshift
» Dynamic mutations

— triplet amplification
» Epigenetic regulation

— imprinting defects
[a] Meningo-myelocele —a major — uniparental disomy
malformation [b] Hypertelorism and upslant Polygenic _

. . ; - . — oligohydramnios
of eyes in a child with characteristic facial . :
. . — uterine malformations

phenotype of a child with Down syndrome
due to trisomy 21[c] Ectodermal dysplasia
showing absence of teeth and sparse, light
coloured hair [d] Polydactyly —a minor
malformation [e] Talipoequinovarus — an

example of deformation.

Biologic agents

Viruses

— cytomegalovirus

— rubella

— herpes viruses
Bacteria

— Treponema pallidum
Parasites

— Toxoplasma gondii

Chemical agents

Drugs

— antiblastics

— anticonvulsants

— antibiotics

Abuse substances

alcohol

— smoke

— cocaine

— opiates

Metabolic conditions

— hyperglycemia, hyperinsulinemia

— hyperphenylalaninemia

— hyperandrogenism

Physical agents

— 1onizing radiation

— electromagnetic radiation

Vascular disruptions

— subclavian artery vascular
disruption

— twin-twin disruption sequence

Mechanical causes (deformations)

— amniotic bands

— twinning

— uterine tumors
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Single gene birth anomalies

T ( ,\}'\'ﬁ/‘ M " | U\r'u“,' ||IIllg |1{|n“:

[a] A fetus Wlth Apert syndrome showmg tower skull and syndactyly [b] CT scan of the head
showing closed coronal sutures and wide open sagittal suture [c] Sequencing results of a part
of FGFR2 gene showing the p.Ser252Trp mutation.
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Chromosomal microdeletions in birth anomalies

www.medinaz.com
Large head
Hypertelorism
; Downward slanting of Low set

! lower palpebral fissure |]

__—— abnormal ears
Deeply grooved philtrum .

Small chin = /)\

Congenital deletion on'g

High-pitched crying

ort Cry of the cat.

arm of chromosome 5
Swollen, edematous [ \ -
dorsum of hands ‘,%feet '

FE_5
A A s
Chromosome S5p microdeletion
syndrome —also known as Cri-
du-chat syndrome

Williams syndrome showing mild to
moderate intellectual disability with
characteristic face, missing a small piece
of chromosome 7q11

Williams syndrome

Epicanthal
= folds

RSmall teeth

"
&dJ

Cleveland
Clinic
©2022
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Major malformation
(single major anomaly
1n 3% of births,
multiple
malformations in 0.7%
neonates)

(14% and 3% of
neonates have a single
and multiple minor
malformations
respectively)

Normal variants

Morphological
defects

that occur due to
errors in the normal
development and
differentiation of an
embryo

Clinical features
which

are at the far end of
normal distribution

Meningocele, posterior
urethral valve,
ventricular septal
defect, cleft lip

Polydactyly, ear tag,
Single palmar crease

Low set ears,
hypertelorism

If untreated, will lead
to significant
impairment of the
function of the organ
leading to mortality or
morbidity

Only of cosmetic
importance, but of use
in diagnosis of
etiology

May be present in
normal individuals but
in association with
other birth defects can
be of help in the
diagnosis of a
syndrome
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Deformation Abnormal shape of a
normally formed
structure due to
distortion caused by

mechanical forces

Disruption Damage or dissolution
of a part following

normal development

Dysplasia Morphological defects
caused by abnormal
maturation and
organization of cells

into tissue

Talipes equinovarus in
a child with
amyoplasia or
congenital myopathy
due to
oligohydramnios or
intrauterine crowding

Amputation of digits
due to damage by
constricting amniotic
band or
phenomenon

Achondroplasia
(involvement of
bones), Ectodermal
dysplasia (hair, teeth,
sweat glands and nails
are involved)

May have good
prognosis with
postnatal intervention.
Risk of recurrence in
the family is usually
not increased if the
causative factor does
not recur

Usually do not recur
in the family

Involvement of
multiple organs in the
body where the
particular tissue is
present. Mostly are
single gene disorders.
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Single palmar crease

Normal palm
creases [~
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Congenital Malformations

» Cleft lip/palate » Neural tube defects

» Congenital dislocation of the hip ~ * Y101€ stenosis

» Congenital heart defects » Talipes

Acquired Diseases of Childhood and Adult Life

» Asthma » Manic depression
> Autism . » Multiple sclerosis
» Diabetes mellitus . .
; » Parkinson disease
» Epilepsy e 2
s Clonstis » Psoriasis
> Hypenension » Rheumatoid arthritis
» Ischemic heart disease » Schizophrenia
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What is a multifactorial birth defect?

Multifactorial birth defects are caused by a
combination of genes and environmental
exposures.

In other words, a person can inherit a gene that
increases sensitivity to an environmental trigger.

Examples include:
» Cleft Lip or Palate

» Certain Heart Defects
» Neural Tube Defects

Cleft Lip and Palate

'4
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NTDs

NTDs occur when the neural
tube does not close properly.
The neural tube forms the
early brain and spine.

These types of birth defects
develop very early during
pregnancy, often before a
woman knows she is
pregnant.

The two most common
NTDs:

spina bifida (a spinal cord
defect) and anencephaly (a
brain defect).

Anencephaly Craniorachischisis Open spina bifida

v &
< ﬁ
@ 7 /
\\ J ;!
\ ;
Cranial neuropore

. Caudal neuropore

Iniencephaly

Encephalocele

Closed spina bifida

Y.
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Congenital heart defects (CHDs) are the most common type of birth defect.

Ventricular Septal Defect

Coarctation of the Aorta

Tetralogy of Fallot

Hypoplastic Left

Lv-Le®t Vergricle Ac-Aorta AcN-Acric \alve

© CDC, Images courtesy of the Centers for Disease Control and Prevention,
National Center on Birth Defects and Developmental Disabilities

Y
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What factors cause multifactorial inherited diseases?

Penetrance

e

Mendelian
disease

Highly unusual for
common diseases

Intermediate

— R

‘ igfntermediate )
: Penetrance " :
Modest ard to identify Most variants
eall identified by
garetical GWA studies

Low —— p— Allele
- frequency

Very rare 0.001 Rarei 0.01 Uncommon O Common

Genome-wide association studies (GWAS) are effective in detecting common alleles that contribute to the
inherited component of common multifactorial diseases. Typically, the alleles identified by this approach have
modest effect sizes that cannot fully account for disease susceptibility. This discrepancy may exist because it is
hard to identify rare alleles with a low to modest penetrance using GWAS. Penetrance is a measure of the
proportion of individuals in a population carrying a particular allele that expresses the related phenotype. In
contrast to multifactorial diseases, Mendelian diseases have a high penetrance and very rare allele frequency.

Yy

H YF.Y/A/) a
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Polygenic Inheritance and the Normal Distribution

A Inheritance and expression of a phenotype being determined by
many genes at different loci, with each gene exerting a small
additive effect.

A Show a continuous distribution in the general population,
which closely resembles a normal distribution.

A It can be seen that as the number of loci increases, the
distribution increasingly comes to resemble a normal curve,

Yy

V¥ Y/A/N =
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| N
(A) one locus (C) three loci
Aa AABbcc
AAbbCc
o > AAbbec AaBBcc aaBBCC
c c AaBbcc aaBBCc AAbLCC
g g AabbCc AabbCC AABBcc
= = aaBBcc aaBbCC AaBbCC
g aa A ] aaBbCc AaBbCc AaBBCc
Y= - Aabbcc aabbCC AABbCc AABBCc
aaBbcc AABbCC
aabbcC AaBBCC
aabbcc "" C
70 80 90 100 110 120 130
70 80 90 100 110 120 130
(B) two loci (D) many loci
AAbb >
'y AaBb E
§ aaBB g
= Aabb AABb o
g aaBb AaB8 &
e
Iﬂ —“il 70 80 90 100 110 120 130

70 80 90 100 110 120 130

6 Figure 3.24 Human Molecular Genetics, 4ed. (© Garland Science)

Y¥

V¥ Y/A/N
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The Liability/ Threshold Model

A Extend the polygenic theory for the inheritance of
discontinuous multifactorial disorders.

A All of the factors which influence the development of a
multifactorial disorder-genetic or environmental-can be
considered as a single entity known as liability

A To account for a discontinuous phenotype with a
continuous distribution, a threshold exists above which the
abnormal phenotype is expressed

Yo

V¥ Y/A/N =
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] = i
———— distribution of liabilityin = ——— distribution of liability of sibs
the general population of affected people
threshold

unaffected - | — affected —>

N

frequency

average liability average liability
in general among sibs of
population affected people

Figure 3.27 Human Molecular Genetics, 4ed. (© Garland Sclence)
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Consequences of the Liability /Threshold Model

A Provides a simple explanation for the observed patterns of
familial risks in conditions

A The incidence of the condition is greatest among relatives of
the most severely affected patients, presumably because they
are the most extreme deviants along the liability curve

A For example, in cleft lip/palate the proportion of affected first-
degree relatives 1s
A 0% if the index patient has bilateral cleft lip and palate,

A 2% if the index patient has a unilateral cleft lip

YV
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What is the most common fetal anomaly?

» Heart defects
» Cleft lip/palate

»Down syndrome
»NTDs: Spina bifida

> ClU.b fO Ot . Nina bifida occulta Meningocele Myelomeningocele
»Hypospadias
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Rare birth defects

Phocomelia syndrome 1is a rare birth defect characterized, in most instances, by
severe malformation of the extremities. Infants born with this condition will have
arms and/or legs that are severely shortened or sometimes completely absent.

DUNANME A AME! 1] ASDN "
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Roberts syndrome is caused by mutations in the establishment of the
cohesion 1 homologue 2 (ESCO2) gene located on chromosome 8.
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Genetic Abnormalities in the Conceptus: Aneuploidy and Copy Number
Changes

» Aneuploidy is a common finding in both sporadic
and recurrent losses.

» The overall incidence of cytogenetic abnormalities is
somewhat lower in recurrent than in sporadic losses
(30-50% vs 70%, respectively).

» This is because recurrent pregnancy loss (RPL) is
often attributable to a non-genetic cause.

» Although chromosomal abnormalities are generally
similar in recurrent and sporadic losses, trisomies are
less common in RPL.

\F-Y/A/Y
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Genetic Abnormalities in the Conceptus: Aneuploidy

» Nonetheless, aneuploidy accounts for a
meaningful proportion of recurrent losses.

» Among those with RPL and prior }f Sa 8o
chromosomally normal losses, subsequent losses &4 E is
are also likely to be chromosomally normal.

> When prior losses are attributable to aneuploidy, 'é( Wox oo oy u
subsequent losses are also likely to be aneuploid. [~ ¢ 7 ¢ e e Tw Ta

» Cases of chromosomally abnormal RPL may be A BA 8A T T
related to a yet undiscovered meiotic regulation I BT Sl B
defect.

» While therapeutic options are limited, in vitro
fertilization (IVF) with preimplantation genetic
testing may be useful in cases of recurrent
aneuploidy loss.

V¥ Y/A/YY o
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Cytogenetics Repo

om two separate cultures with GTG banding were €3
Diagnosis: Compatible Wi ( (|N.3:(|32.J) karyotype.

(3¢ i
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R f 2}
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Sampling Date:21/08/1402

Procedure: 23 fields

B 83

£

2

enctic analysis only genetic diseases

C ts and R dati

Note:. Cytogenetic does not detect gene mutation. In the present CylOg

associated with major cl 1 at lities were 1. In cases with apparently normal karyotype,
low level of mosaicism) beyond the technical limits of the preparation are

subtle genetic alterations (e.g.
potentially p%
o9 Pl 55 e (0 U Sl 9 RS Sy it L agiyansS DL & ax

Sampling Date:21/08/1402 .
thoenetlcs Report A =
Methods: 20 fields from two sepapet® cultures wit &-handing were examined.
Results: Compatible with normal'male 46, XY karyotype:
1 2 3 4 3
6 2 s ) 10 1 12
38 &5 @ R
16 1 18

it af A8
g% S& A& b8 § o
XSRS

19 2 21 2
C ts and R Jati
mutation. In the present cytogenetic analysis only genetic diseases associated with
d. In cases with apparently normal karyotype, subtle genetic alterations
entially possible.

Cytogenetic does not detect gene
| ab lities were

major
(e.g. low level iciym) beyond the technical limits o
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More power to you
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