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« Stocker and Evens (1977): sonografik fetal seks tayini, ilk

rapor

« 30 hf gebelik sonrasi, %95.2 dogrulukla seks tayini
(erkek %100, kiz %89.7) (229 tekil gebelik)

« Seks tayini: eksternal erkek genitalya goruntulenmesi

(varsa +, yoksa -)

 Fetal prezentasyon, pozisyon ve amniyotik sivi

Stocker J, Evens L. Fetal sex determination by ultrasound. Obstet Gynecol 1977;50:462—-466



* Cinsiyet tayini onemili:
« X-linked gecis
« Monokoryonik ikizler

« Ambiguous genitalya
» Cinsel gelisim bozukluklari (DSD:Disorders of sexual
development) (orn; konjenital adrenal hiperplazi)

» Mesane gelisimini etkileyen yapisal malformasyon sekanslari

(6rn; mesane ekstrofisi)
* Anoploidi (6rn; trizomi 13, trizomi 18, triploidi)

« Sendromlar (6rn; Smith- Lemli-Opitz, Prader-Willi)



Erken gebelikte erkek ve disi fetusta
genital tuberkul identik

12 hf dan sonra kritik gozlem:

« Genital tuberkul agisi degisir ya da
“Sagittal bulgu” gelisir

* Deneyimli el ile fetal seks 2D/3D
US ile (>95%) dogrulukla

Asaglya dogru ya da acinin daha

genis olmasi............... Disi fetus
Yukariya dogru ya da daha dar aci
olmasl....................... Erkek fetus

Pajkrt E, Chitty LS. BJU Int 2004;93:12€9.
Odeh M, Granin V, Kais M, Ophir E, Bornstein J. Obstet Gynecol Surv
2009;64:50e7. 4



Ik trimester erkek fetus. Ik trimester disi fetus:
Sagittal US: Phallus lumbosakral Sagittal US: Phallus lumbosakral cizgi

deriye paralel bir ¢izgi ile oblik ile paralel acilanmis
acllanmis




* Fetal cinsiyet: lumbosakral deri ylizeyinden gecen horizontal cizgi ile genital

tuberkul (midsaggital planda) arasindaki aci
e acl >30° ise: erkek
 acl genital tliberkil paralel ya da birlesen tarzda ise (aci <10°): disi

* Buyontemle; 11-13. gebelik haftalarinda olgularin %90’inda dogrulukla fetal

seks tayin edilebilir 6



» Geg gebelikte cinsiyet tayini: genital anatominin direkt goruntulenmesi
* (erkekte; scrotum ve penisin orta hat rafesi, digilerde; ve ug ¢izgi: labial
cizgiler ve uterus)

* Penis uzunlugu semalari ?7?

Renkli Doppler ultrasonografisi: iseme

gozlenebilirse hipospadiasta ¢ikis gosterilebilir

Doppler ultrasound showing urinary flow from a proximally
placed urinary orifice (D) at the base of the short phallus

(P) ’




Prenatal sonographic
evaluation of the
penile length
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Table 1—Penile length (mm, mean and two SD in relation to

gestational age)

Week N Mean Two SD
14 3 7.00 2.00
15 37 8.19 2.44
16 29 10.17 2.94
17 3 12.33 3.06
18 6 14.17 4.08
19 8 16.25 6.04
20 9 18.67 3.46
21 10 20.10 3.94
22 20 21.70 4.36
23 25 22.60 4.04
24 23 25.13 6.54
25 7 26.57 6.10
26 3 29.00 0.00
27 4 33.25 9.84
28 4 32.50 2.58
29 9 34.67 6.00
30 3 38.00 9.16
31 6 39.50 14.02
32 16 43.13 13.54
33 6 44.00 8.00
34 6 46.50 8.74
35 5 50.20 14.10
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Corpus spongiosum length (mm)  Penile length (mm)

S O n O g rap h | C GA 3 Median 97" 3 Median 97"

18 8.4 14.6 26 25 58 104

measu rement 19 10.8 17.0 250 34 67 114
20 13.1 19.4 274 42 717 123

Of COerS 21 15.4 21.8 297 50 86 133

22 17.8 24.1 321 58 96 143

- - 23 20.1 26.5 344 67 105 152
SpOng|OSU MIN 2= 25 28.9 368 75 115 162
25 24.8 31.3 392 83 124 171

male fetuses 26 27.2 33.7 415 9.1 133 18.1
27 295 36.1 439 100 143  19.1

28 319 38.5 463 108 152 200

29 342 40.8 486 116 162  21.0

30 36.6 43.2 51.0 124 17.1 220

31 38.9 45.6 533 133 181 229

32 413 48.0 557 141 190  23.9

33 43.6 50.4 580 149 200  24.8

34 459 52.8 604 157 209  25.8

35 483 55.1 628 166 218  26.8

36 50.6 57.5 65.1 174 228 277

37 530 59.9 67.5 182 237 287

38 55.3 62.3 69.8 19.0 247 297

39 577 65.0 722 199 257 306

40 600 67.1 746 207 266 316

GA, gestational age (weeks of amenorrhea).

Vuillard 2011



Cinsiyet belirlenmesi - pelvik degerlendirme

* Mesane ve rektum arasindaki mesafenin olcumu
(arada uterus varsa onemli)
» Erkeklerde;

mesafe (mm) < (0.26 x gebelik haftasi) - 2.17
* Disilerde (%99 unda)

mesafe (mm) > (0.26 x gebelik haftasi) - 2.17
Glanc P, Umranikar S, Koff D, et al. J Ultrasound Med. 2007:26:563-569

* Mesane uzerinde uterusun yarattigi konveks basi

« 3D Volume Contrast Imaging (VCI) kullanarak, fetal
uteruslarin %85’i 20. hafta sonrasi saptanabilir

« 32.hafta sonrasinda bu oran %100
Jouannic J-M, Rosenblatt J, Demaria F, et al. Ultrasound Obstet Gynecol. 2005;26:567-570



11-12. gebelik hf da
fetal seks tayini
zorluklari:

* %7.5-%40.6 da
saptanamayabilir

¢ 9%70.2-%100
dogru saptama

« 13. gebelik
haftasinda,
%100 sensitivite

Results of study of ultrasound during the first trimester.

Authors Year Mode ultrasound Criterion Number of Gestational age Sex not Ultrasound performance
operators (Weeks of gestation) determined
Boy Girl Total
identified %
Mielke [37] 1998 Transabdominal Sagittal and Single 11-16 19.6% ? ? 80.3
transverse signs operator
Benoit [36] 1999 Sagittal sign Single 12-12+6 46.2% 120/123 87/87 98.5
Transvaginal operator
13-13+6 20.2% 69/69 81/81 100
Whitlow [59] 1999 Transabdominal Sagittal and Multiple 11 41% 10/15 25/30 78
transvaginal transverse signs
operators
12 13% 66/74 57/69 86
13 8% 73/81 50/61 87
14 2% 25/28 21/22 92
Mazza [60] 1999 Transabdominal Sagittal sign Single 11-11+6 13.4% 18/24 8/10 76.5
operator
transvaginal
12-12+6 42/50 28/41 87.9
12+6-13 51/51 64/65 99.1
Efrat [32] 1999 Transabdominal Sagittal sign ? 11-11+6 7.5% 8/18 18/19 70.2
Angle >30° male
Angle <30° female
12-12+6 7.2% 34/35 42/42 98.7
13-13+6 12.2% 30/30 13/13 100
Pedreira [61] 2000 Transabdominal Transverse sign ? 11-11+6 ? ? ? 774
12-12+6 ? ? ? 79.5
13-13+6 ? ? ? 90.3
Pedreira [62] 2001 Transabdominal Transverse sign and ? 11-11+6 1.5 % ? ? 80
Angle >30° male
Angle <30° female
12-12+6 ? ? 97
13-13+6 ? ? 90.9
Mazza [35] 2001 Transabdominal transvaginal Sagittal sign Single 11+2-11+6 94 % 6/13 16/16 75.9
operator
12-12+4 0 14/14 18/18 100
Chi [52] 2006 Transabdominal Sagittal sign ? 11-11+6 1 0/0 1/1 100
Angle >30° male
Angle <30° female
12-12+6 1 3/3 2/2 100
13-14 0 2[2 0/0 100
Hyett [18] 2005 Transabdominal Sagittal sign ? 10+5-11+4 2 4/4 6/6 100
Angle >30° male
Angle <30° female
12-12+6 1 44 6/6 100
13+2 0 171 0/0 100
Efrat [34] 2006 Transabdominal Sagittal sign Single 12-12+3 15% 64/64 65/71 95.5
Angle >30° male operator
Angle <10° female
12+4-12+6 4% 105/106 87/88 99
13-13+6 2.7% 113/113 113/113 100
Mazza [63] 2004 Transabdominal Transvaginal Sagittal sign Single 11-11+6 26% 82/173 191/197 73.8
operator
12-12+6 4.5% 178/215 233235 91.3
12+6-13 2.5% 461/461 490/492 99.8
Hsiao [33] 2008 Transabdominal Sagittal and Multiple 11 40.6% 22/30 19/27 71.9
transverse signs operators
12 5.35% 100/108 95/104 92
13 2.27% 87/88 82/84 ] 982
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C. Penil urethranin glanduler kisminin gelismesi
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12.hafta in utero erkek fetus; urethral
foldlar birlesiyor

Skrotal sislikler orta hatta birlesmek
uzere genisliyor

i et . i

11.hafta in utero disi fetus; labia
minoralari olusturacak urethral foldlar
henuz birlesmemis

Labia majorayi olusturacak genital
siglikler genis tarzda ayriliyorlar

14
Langman’s medical embryology 12th ed.



MALES (XY) FEMALES (XX)

SRY /\ WNT4

SOXQ

N
Other genes DAX1 Other genes
\ / (TAFII 105)

Ovaries

Testis ve overlerin diferansiyasyonundan sorumlu genler

Hem erkek hem de disilerde, SOX9 ve WNT4 gonadal ridgelerde ekspresse edilir

Erkeklerde, SRY ekspresyonu SOX9 u upregiile eder, bu da SF1 ve testis diferansiasyonundan
sorumlu diger genlerin ekspresyonunu aktive eder, WNT4 ekspresyonunu inhibe eder
Disilerde, inhibe edilmemis WNT4 ekspresyonu DAX1 i upregule eder, boylece SOX9
ekspresyonununu inhibe eder

WNT4 ve diger hedef genler (TAFII105 ?) over diferansiyasyonunu uyarir 1



Cinsel gelisim bozukluklari (DSD)

 Kalitsal DSD aile oykusu bulunan gebelik

* Prenatal ultrasonografide anormal genitalya
saptanmasi

« US da saptanan fenotipik seks ile artmis
anoploidi riski nedeniyle yapilan
karyotiplemedeki genetik seks arasinda

uyumsuzluk

Journal of Pediatric Urology (2012) 8, 576e5¢



Cinsel gelisim bozukluklari (Disorders
of Sexual Development; DSD)

Old Nomenclature Description Common Examples
46,XY DSD Male pseudohermaphrodite Ambiguous or female genitalia, ~ Androgen insensitivity, 5a-reductase
male gonads deficiency, Smith-Lemli-Opitz
syndrome
46,XX DSD Female pseudohermaphrodite ~ Ambiguous or male genitalia, CAH, maternal ovarian or adrenal
female gonads tumor, placental P450 aromatase
deficiency
Ovotesticular DSD True hermaphrodite Ambiguous genitalia, male and  Chimeric, mixed gonadal dysgenesis
female gonads
46,XX testicular DSD XX male Ambiguous or male genitalia, Sex-determining-region (SRY)
male gonads translocation
46,XY complete XY sex reversal Female genitalia, undeveloped ~ Swyer syndrome
gonadal dysgenesis (“streak”) gonads

Lee PA, Houk CP, Ahmed SF, et al: Consensus statement on management of intersex disorders. Pediatrics.
2006;118:e488-e500.



Normal genitalya.

A normal erkek

B normal disi, 20 haftalik gebelikte 3
ekodens cizgi (labial buklumler)

Ambiguous genitalya.
US de scrotum benzeri yapi, phallus
net degil

18



Siddetli hipospadias: 2 bos skrotal kese
arasinda kiigtik bulbéz ” tulip sign” ; 3
yaprak: kiiglik penis ve skrotal keseler
Bu goriinti klitoromegalisi olan disi
genitalyayi andirabilir

Siddetli hipospadias olgusunda peniste
ventral chordee

Penisin ucu skrotuma dogru egimleniyor
Hipospadias, chordee, ve kriptorsidizm
birlikte

19



Penoskrotal hipospadias
“tulip isareti”
Kisalmis penis her iki skrota
arasinda yeraliyor ve aksiyel MRI
da adeta bir cigegi andiriyor

Goruntulerin hicbiri bir DSD kategorisi igin tanisal degildir
Her olgu uygun bir taniya varabilmek i¢gin tam bir degerlendirme
gerektirir

20



The confirmation of the diagnosis of ambiguous
genitalia with 4D ultrasonography

(5\ Ambigius Gen 4CNOB MY ZT 8. PERINATOLON
M\_é) 12428-14 05138 10.0cm I 85Hz Tis02 13.05.2074 150647

A 18 yr primigravid at 34 weeks with
IJUGR
Four weeks growth retardation with

normal amniotic volume and Doppler

findings.

The 2D US: no penis and the labia

appeared to be swollen

The 4D US: no penis and the labia

were swollen
Cesarean section two weeks later (abnormal Doppler findings and oligohydramnios)
An infant with 1180 g weight, was born. In compliance with the sonographic findings,

the external genitalia were ambiguous 21






« Konjenital adrenal hiperplazi (CAH)
1/15.000 canli dogum

* CAH olgularinin %901 CYP21A2 geni
mutasyonu

 Fetal hiperandrojenemi ve genital
ambiguizite riskli annelerde oral dusuk doz
dexamethasone (20 pg/kg/gun,
maksimum. 1.5 mg/gun) tedavisi ile
onlenebilir (Forest et al.)

« Dexamethasone plasentayi gecer ve
fetusta androjen uretimini baskilar, boylece
In utero virilizasyon ve genital
ambiguiziteyi onler



Konjenital adrenal hiperplazili KAH li bir kiz cocukta genital
disi bir fetusta perinenin 3D virilizasyon bulgulari

USG ile goruntusu Labia skrotum-benzeri cilt
(klitoromegali penisi, labialar buklumlerini, ve klitoris kucuk bir
skrotumu andiriyor) penisi andiriyor




Sexual differentiation  Prenatal

female
A Amniocentesis dexamethasone
‘ ( | tedavisi 9.hf dan once
[ | diff I | and labial h | baglanmall
External differentiation: clitoral and labial growt . .
Q itordmegay . KAH_ n tam genetlk
) analizi CVS ile ya da
I . I amniyosentezle
agina . .
I | « Erkek ve etkilenmemis
Lower GU tract . .
Urdgenta disi fetuslar
 inus (yararlanmayacak
olsalar da) riskli tum
; T ” ” ” ” a0 annelfere iInvazif testin
Gestational age (weeks) genetik sonuclari
cikincaya kadar
Adrenal hormone
synthesis prenatal
dexamethasone
baslanmali

Cappa M et al. (eds): Advanced Therapies in Pediatric
Endocrinology and Diabetology. Endocr Dev. Basel, Karger, 2016,
vol 30, pp 37-41

Erken prenatal tani dexamethasone tedavisinin sadece disi
fetuslara yonelmesini saglar 25



Adrenal glandlarin aksiyel ultrasonografisi: blyimdis globliler adrenal
glandlar, “KAH igin tipik”
Adrenal glandlar Y-seklinde ya da (¢ késeli gériintimlerini yitirmigler

26



Conditions Associated with Nonisolated Ambiguous Genitalia

Chromosomal abnormalities
Trisomies 13 and 18
Triploidy
Abnormal sex chromosome complements
del(4)(p16.3)
del(11)(923.3)
del(13)(933.2)
Single-gene disorder syndromes
Aarskog (X-linked)
ATRX (X-linked)
Carpenter (AR)
Cornelia de Lange (AD)
Fraser (AR)
Frasier (AD)
Fryns (AR)
McKusick-Kaufman (AR)
Noonan (AD)
Robinow (AR and AD)
Russell-Silver (AR and AD)
Smith-Lemli-Opitz (AR)
Imprinting disorders
Prader-Willi
Associations
CHARGE (AD)
EEC (epispadius, exstrophy, OEIS)

MURCS (Mullerian duct, renal and cervicothoracic somite

: Adapted from Chitayat D, Glanc P. Diagnostic approach in prgnZtally detected
a/d e lasia) genital abnormalities. Uftrasound Obstet Gynecol. 2010;35:637-646.



* 1997°de Lo ve ark. erkek fetus tasiyan gebe
kadinlarin plazmalarinin Y-Kromozomu kaynakli
cell free DNA (cf-DNA) icerdigini bildirdi

* Bu cf-DNA fetal seksin ve Rhesus kan grubu tipinin
dogru olarak belirlenmesinde kullanilabilir

« cf-DNA'nIn fetal kismi aslinda trofoblast kokenlidir
ve ¢ok kisa bir yarilanma omru vardir

* Analiz sonugclarinin onceki gebelikleri yansitmaz

Lo, Y.M.; Corbetta, N.; Chamberlain, P.F.; Rai, V.; Sargent, I.L.; Redman, C.W.; Wainscoat, J.S. Presence of fetal DNA in maternal
plasma and serum. Lancet 1997, 350, 485-487.

Lo, Y.M,; Tein, M.S; Lau, T.K.; Haines, C.J.; Leung, T.N.; Poon, P.M.; Wainscoat, J.S.; Johnson, P.J.; Chang, A.M.; Hjelm, N.M.
Quantitative analysis of fetal DNA in maternal plasma and serum: Implications for noninvasive prenatal diagnosis. Am. J. Hum. Genet.
1998, 62, 768-775.

Lo, Y.M.; Hjelm, N.M.; Fidler, C.; Sargent, I.L.; Murphy, M.F.; Chamberlain, P.F.; Poon, P.M.; Redman, C.W.; Wainscoat, J.S. Prenatal
diagnosis of fetal RhD status by molecular analysis of maternal plasma. N. Engl. J. Med. 1998, 339, 1734-1738.

Faas, B.H.W.; Beuling, E.A.; Christiaens, G.C.; von dem Borne, A.E.; van der Schoot, C.E. Detection of fetal RHD-specific sequences in
maternal plasma. Lancet 1998, 352, 1196.



« Gecmiste, genetik seksin belirlenmesi invazif
testi gerektirird

« Maternal anne kaninda cffDNA analizi, cogu
olguda ilk test

« Kesin tani icin invazif test halen gerekli
(Chitty, 2014)

Key properties of cell-free fetal DNA.

Placental in origin (trophoblast)
Minority of cell-free DNA in maternal plasma

Detectable from 4 weeks gestation
Cell-free fetal DNA is shorter on average than maternal cell-free DNA
Cleared from the maternal circulation within 30 minutes of delivery

Proportion increases with gestation



» Fetal seksin belirlenmesinde NIPT maternal plazmadaki
Y-kromozomu sekanslarindan sinyal almaya dayanir
« Y-kromozomu sekanslari saptanirsa, fetus: erkek

« Y-kromozomu sekanslarl saptanmazsa fetus: disi

» Bu yaklasimda cesitli Y-kromozomu sekanslari kullanilir;

SRY, DYS14 ve amelogenin gibi

* DSD durumunda; SRY yerine DYS14 kullanmak daha iyi;
cunkd SRY geninin kendisindeki anormallikler DSD ye
yolacabilir

* Sinyalin olmamasi yetersiz DNA materyaline ya da testin

basarisizligina dayanabilir
Chitty LS, 2012



* Klitoromegalinin ve hipospadiasin

sonografik olarak ayirtedilmesi gugtur

« Cogu olguda; genetik seksin belirlenmesi

maternal kanda cffDNA analizi ile yapilabilir

» Bazi olgularda diger kromozomal

anomalileri ekarte etmek icin amniyosentez

sonrasi karyotip gerekir

Chitty LS, 2012



Cell-free fetal DNA ‘nin guncel klinik uygulamalari

« Annede olmayip maternal kanda bulunan allellerin (babadan
kalitilan) tespiti igin cffDNA
» Fetal sex tespiti

« Rhesus D-negatif annelerde fetal Rhesus D durumu

Devaney SA et al. JAMA 2011;306:627-36.
Daniels G et al. Prenat Diagn 2009;29:101-7.

* NIPD de gelismeler bazi tek gen bozukluklarinin tanisi

(konsepsiyonda de-novo olusan ya da babadan kalitilan)
Lench N, et al. Prenat Diagn 2013;33:555-62.

Best Practice & Research Clinical Obstetrics and Gynaecology 28 (2014) 453-466



Prenatal USG'de eklenmeyen genital anomalilerin yonetim algoritmasi

Abnormal Genitalia

v

Detailed Scan + cffDNA for genetic sex

el o~

Isolated Other Abnormalities
Male IUFGR Normal growth Renal Other
/ \ Nephrologist/urology referral l
CVS Female Male Maternal urinary metabolites
- Mosaicism Amniocentesis consider sequencing Amniocentesis
- Other Chromosome abnormality Karyotype Androgen Receptor gene Karyotype
Steroids profile Steroids profile

Genetic Referral

cffDNA = cell free fetal DNA
IUFGR = Intra-Uterine Fetal Growth Retardation
CVS = Chorionic Villus Sampling

Pajkrt E, Petersen OB, Chitty LS. Fetal genital anomalies: an aid to diagnosis. Prenat Diagn 2008;28:389e98.

33




Cell-free DNA kullanarak maternal plazmada fetal
seks belirlenmesi

» cffDNA kullanilarak fetal sex belirlenmesi Y-kromozom
sekanslarinin(SRY ya da DYS14) saptanmasina dayanir

e 7.hf dan 6nce cffDNA guvenilir degil
(Devaney SA et al., 2011)

* Fetal seks belirlenmesi icin non-invazif prenatal tani
* X-linked genetik hastalik
* Konjenital adrenal hiperplazi riskinde (Hill M, et al., 2012)

» X-e bagli gecisli durumlar ve KAH riskinin oldugu gebeliklerde
kullanildiginda
* invazif islem yok
* Gereksiz steroid tedavisi yok
* Maliyet — invazif?
(Hill M, 2011)
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(A) Ultrasound image of hypospadias;

(B) the reverse transcription-polymerase chain reaction showing amplification of the SRY
sequences in cffDNA in the maternal plasma;

(C) note the similarity of the image of cliteromegaly; and

(D) the lack of amplification of SRY sequences in this female fetus.
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Genital anomaly

Other sonographic findings

cffDNA
testing

Differential diagnosis Other aids to prenatal
diagnosis

Management

Ambiguous genitalia

None,

Male,

Isolated hypospadias. Steroid profile.
Inadequate production of testosterone  Consider sequencing of the
caused by Leydig cell hypoplasia or  androgen receptor gene.’
biosynthetic defects.congenital lipoid

adrenal hyperplasia

1Tn-hydroxylase deficiency

3-hydroxysteroid dehydrogenase

deficiency

17,20-lyase deficiency

17-hydroxysteroid dehydrogenase

deficiency

Partial androgen insensitivity
syndrome,

Su-reductase deficiency.
True hermaphrodite.

L.S. Chitty / Best Practice & Research Clinical Obstetrics and Gynaecology 28 (2014) 453466

Refer to DSD team for
[nvestigation and
counselling,

36



Genital anomaly Other sonographic findings cffDNA Differential diagnosis Other aids to prenatal Management
testing diagnosis
Ambiguous genitalia ~ None. Female. Isolated cliteromegaly. Amniotic steroid levels.” Refer to DSD team for

Congenital adrenal hyperplasia Maternal serum androgen investigation and

21-0H deficiency levels.’ counselling.

11-0H deficiency Maternal urinary oestrogen Refer to gynaecology

3-hydroxysteroid levels, or oncology if luteoma.

dehydrogenase deficiency Maternal ovarian scan for
multicystic change.

True hermaphrodite,

Maternally derived androgens

(e, luteoma of pregnancy).

Placental aromatase deficiency.

Ambiguous genitalia ~ Biometry <3rd percentile. Male. Isolated hypospadias with Fetal biometry, Serial monitoring by
or hypospadias Abnormal maternal and fetal intrauterine growth restriction. cfDNA or invasive testing high-risk pregnancy
Dopplers Aneuploidy. to exclude aneuploidy team,

Confined placental mosaicism. Urology team for
management of
hypospadias
counselling.

37
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Genital anomaly Other sonographic findings cffDNA Differential diagnosis Other aids to prenatal Management
testing diagnosis
No penis seen, splayed ~ No intra-abdomina; bladder, Male, Bladder exstrophy. Detailed anomaly scan. Refer to urologists
olans and micropenis Low cord insertion. Cloacal exstrophy. and paediatric
surgeons for
counselling.
Abnormal genitalia ~ Absent bladder, intra-abdominal ~ Female, Cloacal exstrophy. Detailed anomaly scan. Refer to combined
cystic mass, dilated bowel, and Other cloacal abnormality., cfDNA snf invasive testing fetal-urology team
abnormal spine. Aneuploidy. to exclude aneuploidy. for counselling,
Abnormal genitalia ~ Omphalocoele and gastroschisis, — Male or female. OEIS complex (omphalocoele, cfDNA and invasive testing o~ Refer to paediatric
abnormal spine, absent bladder, bladder exstrophy, imperforate exclude aneuploidy. surgeons and
and hydronephrosis anus, spinal defects) urologists.
Cloacal abnormality.
Aneuploidy.
Abnormal genitalia ~ Echogenic kidneys, with or Male, Bardet-Bied! syndrome, ofDNA and invasive testing to  Autosomal recessive;
O micropenis without polydactyly Trisomy 13, exclude aneuploidy. family history for
affected members and
consanguinity.
Refer to clinical
genetics,
Refer to urology and
nephrology teams for
counselling.
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Genital anomaly Other sonographic findings offDNA Differential diagnosis Other aids to prenatal Management
testing diagnosis
Ambiguous or female ~ Multiple anomalies, cardiac Male. Smith-Lemli-Opitz syndrome. ofDNA and invasive testing to ~ Refer to clinical
appearing genitalia  anomaly, polysyndactyly, Cranio-cerebellar-cardiac syndrome,  exclude aneuploidy. geneficist
Intrauterine fetal growth Short-ribbed polydactyly syndromes,  Detailed scan. Refer to all relevant
restriction, oedema, cleft lip Other genetic syndrome, Maternal urinary steroids levels, -paediatric teams for
central nervous system anomalies, Aneuploidy. Mostly autosomal recessive,  discussion of prognosis,
microcephaly, and short limbs, take family history for affected
members and consanguinity.
Ambiguous or female ~ Bowing of femora, with Male. Campomelic dysplasia. Detailed scan. Refer clinical geneticist
appearing genitalia  or without tibia and fibula and skeletal dysplasia
Micrognathia, cardiac clinic,
anomalies,
Genotype discordant ~ None, Male. Laboratory or clerical error, ofDNA and invasive testing to ~ Refer specialist DSD
with phenotype Androgen insensitivity syndrome. ~ confirm discordance between  team,

genotype and phenotype”

* Investigations such as steroid profiling, sequencing of androgen receptor gene, or both, are best managed by a DSD team,
" Insituations where there s an abnormality i the SRY gene i as androgen insensitvty syndrome), cFDNA using SRY may give misleading result. cDNA,cell-ree etal DNA; DSD,
disorders of sex development.

L.S. Chitty / Best Practice & Research Clinical Obstetrics and Gynaecology 28 (2014) 453466
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Genital anomaliler ve intrauterin
fetal buyume kisithhg

« Sonografik olarak saptanan genital anomaliler ve
ambuguizite olan fetusta intrauterin fetal buyume kisithhgi
(IUFGR) (biyometride 3.persentil ya da altinda) nadir degil

 Fetal seksin cffDNA ile belirlenmesi taniya yardimci ve
IUFGR tanisinin guglendirici

« Uniparental disomy/ confined placental mosaicism olasi
nedenler ??

 Anoploidi iligkili ya da idiopatik IUFGR daha sik

» Invazif test ve microarray analiz uygun




Urogenital anomalilerin eslik ettig
genital anomaliler

* En sik birliktelik urogenital yol anomalileri ile, mesane ve

kloaka ekstrofisi

» Eksternal genitalyanin etkilenmesi nedeniyle bu olgularda

kesin sonografik cinsiyet belirlenmesi nadir
» Ekstra-renal anomaliler yoksa anoploidi birlikteligi sik deqil

« cffDNA ile fetal seks belirlenmesi bu olgularda uygun




A case of prenatal diagnosis of fetal bladder
exstrophy and ambigous genitalia

A 26-yr G1PO0 referred at 37 weeks
The personal and family history of the patient unremarkable

No medication, no history of fever and exposure to radiation

A mass protruding from the lower abdominal wall was detected at US
Amniocentesis: normal karyotype

US: consistent with 36-37 weeks.

The amniotic fluid normal ranges

A normal and pelvis localised bladder not visualised.

An irregular mass protruded anteriorly in the lower part of the fetal
abdominal wall

Color Doppler: umbilical arteries on either sides of the mass

Both of the kidneys were sonographically normal.

Scrotum and micropenis denoting the presence of ambiguous genitalia
Diagnosis: co-existence of bladder exstrophy and ambiguous genitalia




Diger fetal anomaliler ile genital
anomaliler

« 350 den fazla sendrom-hipospadias ya da micro-penis ile ,

kliteromegali ile 40 civarinda sendrom

« Coklu anomalisi olan fetuslarda anoploidinin ekarte edilmesi

en uygun ilk yaklasim

« cffDNA ile fetal genetik seksin dogru olarak belirlenmesi
ayrintili taniya yardimci (Smith—Lemli—Opitz (SLO)
syndrome, Bardet—Biedl syndrome, and campomelic

dysplasia)




Smith Lemli Opitz sendromu

Smith Lemli Opitz sendromu OR genetik bir sendrom

7- dehydrocholesterol reductase (7DHC) geninde mutasyona bagli

anormal kolesterol biyosentezi

« Gelisimsel gecikme ve ilimli dismorfik ozelliklerden major yapisal
defektlere uzanan ozellikler

« Cesitli fetal anomaliler; postaxial polidaktili, facial kleftler, beyin
anomalileri, kalp ve renal anomaliler, hydrops, ve genital anomaliler

« Genital ambiguiziteye eslik eden bu spektrumda anomalilerin varligi
SLO suphesini artirmali

« Maternal idrarda dehydro-oestriol and dehydropregnanetriol

olcumu




Bardet—Biedl syndrome

« arare condition, usually inherited in an autosomal recessive fashion

« characterised by obesity, developmental delay, polydactyly, genital anomalies, and renal
failure in some cases

Campomelic dysplasia

B e

» Bilateral shortening and bowing of the long bones is confined to the legs

» All other long bones being normally formed and grown

« Talipes, micrognathia, and cardiac abnormalities

« A high incidence of genital ambiguity or sex reversal occurs in affected males

» Analysis of cffDNA in maternal plasma 45



Fetal seks belirlenmesi ve anoploidi icin non-invazif prenatal test

ve tani sonografik anomalileri olan fetusun tanisina yardimci

Genetik seksin belirlenmesinde maternal plazmada cffDNA analizi

guvenilir ve kesin bir yontem

Fetusta sonografik olarak genital anomali ve ambiguozite

saptanmasi durumunda dusun

Ambiguouz genitalya , SLO ya da campomelic dysplasia ile
uyumlu anomalilerin varliginda ya da genetik olarak erkek olan

seks reversal olgularinda cffDNA analizi yapiimali



Studies reporting the prediction of fetal sex in maternal
blood by real-time PCR techniques during the first
trimester

Authors No. No. male No. female Gestational age PCR Gene Sensitivity  Specificity FN FP
patients fetuses fetuses (Weeks of gestation) technique tested % % n n
Costa 2001 [11] 121 61 60 8-13.5 Real-time SRY 100 100 0 o
Rijnders 2001 [21] 25 14 11 8.5-14 Real-time SRY 93 100 1 0
Farina 2002 [17] 84 84 0 10-12 Real-time SRY 96 NS 3 NS
Costa 2002 [12] 129 70 59 10-13 Real-time SRY 100 100 0 o
Hyett 2005 [18] 30 13 17 7+6-14+1 Real-time SRY 100 100 0 o
Martinhago 2006 [20] 29 17 12 7 Real-time DYS14/B.globin 100 100 0 O
Stanghellini 2006 [22] 16 9 7 8 Real-time DAZ 100 100 0 o
Boon 2007 [15] 44 18 26 11.2+33 Real-time SRY 100 96 0 1
Boon 2007 [15] 54 26 28 11.2+33 Real-time PAP 100 96 0 1
Boon 2007 [15] 54 26 28 11.2+33 Real-time SRY +PAP 100 100 0 o
Ren 2007 [14] 150 82 68 5-9 Real-time SRY 85.4 100 12 0
Liu 2007 [19] 40 23 17 8-12 Real-time SRY/XSTR 100 100 0 o
multiplex
Bustamante-Aragones 196 96 100 7-12 Real-time SRY 100 100 0 O
2008 [16]
Picchiassi 2008 [10] 145 82 63 11-12 Real-time SRY 65.9 98.41 28 1
Picchiassi 2008 [10] 145 82 63 11-12 Real-time DYS14 98.8 96.8 1 2
Vainer 2008 [23] 25 17 8 6-12 Conventional DAZ 100 100 0 O
Mortarino 2011 [57] 75 42 33 7-12 Real-time DYS14/SRY 94 100 2 0
Aghanoori 2012 [58] 106 47 49 5-13 Real-time DYS14 91.8 100 4 0
Kiolalexi 2012 [13] 100 68 32 6-11 Real-time multiplex =~ SRU-DYS14 100 100 0 o

PAP: pyrophosphorolysis-activated-polymerization; FN: false negative; FP: false positive; NS not significant.
" Of 58 women sampled, no result obtained for 14.

C. Colmant et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 171 (2013)
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cffDNA testine alternatif yaklasimlar

Chorionic villous sampling / Amniyosentez

« Amniyosentezin dezavantaji sonuglarin goreceli olarak ge¢ alinmasi
* CVS ile guvenilir ve erken sonug

« CVS 11. hf once yapma (limb reduction defect)

llk trimester USG

* 14. haftaya kadar, penis ve Kklitoris buyuklugu ayni

« Fetal seks indirekt saptanabilir (sagittal planda genital tiberkulun yonu:
kranyal ise erkek, kaudal ise kiz)

* 11. haftadan once fetal seks USG ile saptanmamall
« 11-12 haftada degerlendirme yeterince guvenilir degil
« Kizlarda sonug erkeklere gore daha iyi

« 13. haftada sonuc uyumu ¢ogu calismada %100




PROGNOZ VE YONETIM

« Sistemik ekspresyonu olan kromozomal anomali

« Anomaliler genitouriner sisteme izole mi?

» |zole anomalilerin dogum yontemi lizerine etkisi yok ve KAH
disindakilerin yasami tehdit ediciligi yok

« KAH en sik DSD nedeni; yaklasik 1/16,000 canli dogumda

« Dogum sonrasi tibbi yaklasim

» Prenatal tani yeterince erken yapilmigsa antenatal steroid virilizasyonu
onler (challenge on ethical basis)

» Psikososyal konular

« Gonadal disgenezi gibi durumlar gonadal malignancy igin yuksek risk




TEKRARLAMA RISKI

Izole DSD’de 6nemli yineleme riski yok

Izleyen gebelikler icin genetik gegise bagl risk
olusturan multipl kromozomal bozukluklar

saptanmis



Anormal genitalya

Genetik seks icin cffDNA taramasi

Diger anomaliler

l

Uriner metabolitler
Amniyosentez

Amniyosentez Karyotip

Karyotip Steroid profili
Steroid profili Genetik danisma

Chitty et al. 2012
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