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 Aneuploidy: presence of one or more extra chromosomes or the absence 

of one or more chromosomes

The increased risk of fetal aneuploidy: increasing maternal age

fetal aneuploidy can affect any pregnancy, all pregnant women should be 

offered screening.

 • Down Syndrome Trisomy 21

 • Trisomy 18 (Edwards synd.)

 • Trisomy 13 (Patau synd.)

 Turner syndrome

 Smith-Lemli-Opitz Syndrome(SLOS)





 First-trimester combined screening:

- between 10 and 13 weeks' gestation

- detects 82% to 87% of trisomy 21 (Down syndrome) 

 Second-trimester serum quadruple screening: 

between 15 and 22 weeks' gestation 

detects 81% of trisomy 21 cases. 

 Combinations of these tests :improve detection rates 

- integrated or serum integrated, 

- stepwise sequential, 

-contingent sequential screening 

 Fetal cell-free DNA testing (noninvasive prenatal testing):

performed at or after 10 weeks' gestation 

detects more than 99% of trisomy 21 cases

 Diagnostic tests following a positive screening:

-chorionic villus sampling: between 10 and 13 weeks' gestation or

- amniocentesis  : after 15 weeks' gestation





سه ماهه اول:

• Free β HCG

• PAPP-A

• Nuchal Translucency

سه ماهه دوم:

• Maternal Serum AFP

• β -hCG

• Inhibin-A

• Unconjugated Estriol (uE3)





- Nuchal translucency , NT

 characteristic of fetal chromosomal and structural abnormalities

 detection rate of 64% to 70% for Down syndrome, trisomy 18, trisomy13, 

and Turner’s syndrome.

 فضایی آزاد بین پوست و بافت نرم پوشاننده ستون ي گیري شدهاندازهمیزان ضخامت
. جنین اطلاق میگردد( پس سر)گردن فقرات

 می گرددگیرياندازههفته توسط سونوگرافر 14روز الی 5هفته و 10از.



Free β-subunit of hCG

 -predominant form throughout pregnancy: intact hCG α-β dimer 

- a small quantity of free β-subunit: in the first trimester.

-Free α subunit :appears in the second trimester and increases in the last trimester

Free β-hCG هورموندر واقع فرم آزادβ-hCG بوده که از تروفوبلاست جنینی ترشح شده
. از تحلیل جسم زرد در بارداري می گرددمانع که

 مهمی در داون دارد و نیزنقش براي شناسایی سندرم بیشتري صحت اول، سه ماهه در
.جنین داردنگهداري 

 درصد کاهش می یابد10در سیگاری ها.



PAPP-A

 - pregnancy-associated plasma protein A (PAPP-A) : a 

glycoprotein produced by the trophoblast

 نقش تهاجمی تحریکتروفوبلاست جنینی به ویژه خارج پرزي تولید میشود که سبب در
.گزینی می شودبراي لانه 

 درصد  کاهش می یابد15-20در سیگاری ها.

 سطح سرمیPAPP-A مییابد و کاهش بسیار 18در هر دو بیماري سندرم داون و تریزومی
.میرسد0.32به 18ودر تریزومی 0.44آن براي سندرم داون به MOMمیانگین 

 در مشکلات جفتی، پره اکلمپسی وIUGR کاهش می یابد  .



DOWN SYNDROME

 All women should be offered screening for fetal chromosomal 

abnormalities before age 20 weeks, regardless of maternal age

 First-trimester screening,between 12 and 13 weeks, 

With two maternal serum analytes: detection rate to 82% to 87%.

- free β-subunit of hCG : elevated to 1.98 MoM

- pregnancy-associated plasma protein A (PAPP-A) :  reduced to 0.48 MoM

- Maternal age

29-20      1500در 1سال

30-39      900در 1سال

40-49         100در1سال

 increased risk of aneuploidy or advanced maternal age (age 35 or greater 

at the time of delivery) on first-trimester screening should be offered 

genetic counseling and the option of diagnostic testing, such as chorionic 

villous sampling or second-trimester amniocentesis





 داون به طور قابل باسندرم در مقایسه 18و 13با وجود اینکه شیوع تولد تریزومیهاي
،(داوندر سندرم 650به 1در مقایسه با 5000به 1) توجهی پایین است 

به طور قابل توجهی ( سه ماهه اول)13تا 11هفته هاي احتمال رخداد این تریزومیها در بین 
.است( در سندرم داون400به 1در مقایسه با 800به 1) بالاتر  

 مثبت کاذب با استفاده از سن % 1به ازاي % 80شناسایی با  نرخ 18ریسک تریزومی
.محاسبه می گردد،, Free β-hCG,  NTPAPP-Aبامادر همراه 

 تولد نوزاد به مراتب کمتر از شیوع یک ناهنجاري کروموزومی جدي است که 13تریزومی
(.10.000در 1حدودا )دارد18تریزومی 

.اعتماد نیستبه اندازه سندرم داون قابل 13محاسبه شده براي تریزومی ریسک 



cell-free fetal DNA

 In 2012, ACOG guidelines ,noninvasive fetal screening test on maternal 

plasma 

 Indications 

-maternal age 35 or greater at delivery

-increased risk for aneuploidy on another screening test, 

-history of previous pregnancy with aneuploidy

- Parental balanced robertsonian translocation with increased risk of fetal 

trisomy 13 or 21

 can identify approximately 98% of cases of Down syndrome with a false-

positive rate of less than 0.5%



cell-free Fetal DNA testing (noninvasive 
prenatal testing):

 performed at or after 10 weeks' gestation

 detects more than 99% of trisomy 21 cases ,

 with a lower false-positive rate than traditional first-or second-trimester 

screening methods. 

 similar detection rates in high- and low-risk populations

 lower positive predictive values in younger women. 

 primary screening or as a follow-up test to abnormal findings on first- or 

second-trimester screenings



second-trimester triple or quadruple screen

 MSAFP, hCG, unconjugated estriol and inhibin A

 between 15 and 20 weeks

 In pregnancies with Down syndrome:

- The level of MSAFP is reduced to 0.74 MoM

-The uE3 level to 0.75 MoM, 

- hCG is increased to 2.06 MoM

-The level of inhibin A: increased to 1.77 MoM

The detection rate of triple screen can be improved from 69% to 81% by 

adding the inhibin A (quadruple screen)



Inhibin A

dimeric protein produced  by placenta and fetus.

افزایش می یابدبا مصرف سیگار و در پره اکلمپسی.



Low UE3 level

کمبود آروماتاز•

هیپرپلازی مادرزادی •
آدرنال

نارسایی آدرنال حنین •
مصرف) اولیه یا ثانویه 

سط کورتیکواستروئید تو
(مادر

مرگ جنین•



AFP

 produced initially by the fetal yolk sac and later by the fetal liver 

 the most abundant protein in fetal serum.

 concentration increases in both fetal serum and amniotic fluid until about 

13 weeks’ gestation

 AFP concentration  in AF 100-fold less than in fetal serum.

 Amniotic fluid AFP peaks at 13 to 14 weeks and decreases in the second 

trimester by about 10% per week.

 concentrations of AFP in maternal serum (MS): 1000-fold less than in AF

 MSAFP levels increase by approximately 15% per gestational week ,while 

AF levels are decreasing 

 nonpregnancy level of 0.2 ng/mL to about 250 ng/mL at 32 weeks



 Maternal weight: 

MSAFP concentration decreases with increasing maternal weight

 Race: African American women have MSAFP values 10% to 15% higher than 
those of Caucasian women

 Insulin-dependent diabetes mellitus (IDDM):

MSAFP in IDDM  20% lower than in the general population; MoM values must be 
adjusted upward

 Multiple gestation (e.g., twins): higher MSAFP levels, proportional to the number 
of fetuses

Screening for fetal defects is not as reliable as for single pregnancies

NTD detection rate is lower for multiple pregnancies than for single ones

 Gestational age determination: essential to establish a valid MoM value

The most common reason for abnormal MSAFP screening results is incorrect 
estimation of gestational age

initially dated using ultrasound, the sensitivity and specificity of the screening are 
accurate

 Fetal viability: Fetal demise raises the MSAFP levels,  no diagnostic value



Adjustments 

 the multiple of median for special populations

 Twin pregnancy :

serum concentrations of each biomarker are approximately double 

cannot be interpreted in higher-order multiples.

 In pregestational diabetes:, MSAFP, E3, and inhibin A levels are reduced. 

 As body weight increases, analyte levels decrease

 In smokers, MSAFP and inhibin A levels are higher, while UE3 and hCG levels 

are lower



Neural tube defects (NTDs)

 1 per 1000 pregnancies

 increased risk of recurrence: 1-3%

 spina bifida, lumbar (or cervical) meningomyelocele,

-open in 80% of cases: completely uncovered or covered only by a very thin

membrane, maternal serum screening will detect only open defects.

-closed (covered by skin or a thick membrane)

 All pregnant women should be offered second-trimester maternal serum

α-fetoprotein (MSAFP) screening at 15 to 20 weeks gestational age.





Multiples of the median (MoM) :comparison of serum AFP levels 

from pregnant women in the midtrimester of pregnancy versus median AFP 

values from women with normal fetuses at comparable gestational ages

 MSAFP levels greater than 2.5 times the normal median for singleton 

pregnancies. 

 cutoff at 2.0 to 2.5 MoM, detection rate is about 85% of all NTDs with a 

false-positive rate less than 5%

 Only 2% of all women with positive test; affected fetuses.

 ultrasound :Normal findings indicate further evaluation, and the patient 

should be offered diagnostic amniocentesis to determine the amniotic fluid 

AFP and the fetal karyotype

 Acetylcholinesterase (AChE)



 The presence of AChE and elevated AFP are diagnostic for fetal NTDs

 other fetal defects with increased AFP:

- open ventral wall defects (gastroschisis and omphalocele)

- congenital nephrosis, benign obstructive uropathy, 

- fetal skin anomalies. 

 Placental abnormalities can result in elevated MSAFP levels 

 Elevated MSAFP without genetic or congenital problem: 

threatened abortion, low birth weight, preeclampsia, oligohydramnios





ریسک سندرم داون

 در غربالگري مثبت به عنوان ریسکهاي 1:250خانمهاي باردار با ریسک بارداري بیشتر از
میشوندشناخته 

 3کاهش سطح سرمی    طور معمول، سندرم داون با بهUE   وAFP و افزایش سطح
همراه میشود hCGو  Inhibin-Aسرمی 

 سرمیسطحhCG  سرمی در حاملگیهاي معمول در سطح سندرم داون حدودا دو برابردر
.است22تا 15هاي هفتهبین 

AFP  : سالم بوده استحاملگیهاي 0.73داونسطح میانه در حاملگیهاي مبتلا به سندرم.

Inhibin A: بالاتر از حاملگیهاي سالم استبرابر 1.79در حاملگی های سندرم داون.

UE3  :MOM 0.75



















 Integrated first- and second trimester screening : The highest sensitivity rate 

with the lowest false-positive rates(5% ), detection rate of 94% to 96% 

Results reported to the patient after first- and second-trimester screening is 

completed

- increased risk of aneuploidy should be offered amniocentesis.

 Sequential screening, 

-the patient is informed about first-trimester results. 

-positive result :Early diagnostic testing (chorionic villous sampling) is offered ,

- negative results may undergo additional second trimester screening 

 The advantage of integrated and sequential screening is a lower false-

positive rate, fewer diagnostic procedures.

 only first-trimester screening for chromosomal abnormalities

- neural tube defect screening in the second trimester










