INn the name of God




MATERNA SERUM MARKER
ANEUPLOIDY SCREENING

TEST

A.HOSSEINI MD.AP.CP PATHOLOGIST




®» 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.

®» e« Down Syndrome Trisomy 21

» o Trisomy 18 (Edwards synd.)

» o« Trisomy 13 (Patau synd.)

®» Turner syndrome
» Smith-Lemli-Opitz Syndrome(SLOS)
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» First-frimester combined screening:
- between 10 and 13 weeks' gestation
- detects 82% to 87% of trisomy 21 (Down syndrome)

®» Second-frimester 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
» [etal 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




Screening Timeline

NT Ultrasound

First Tnmester Serum Second Timester Serum
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Abnormal




- Nuchal tfranslucency , NT

» characteristic of fetal chromosomal and structural abnormalities

» detfection rate of 64% to 70% for Down syndrome, trisomy 18, frisomy13,
and Turner’s syndrome.

OUgiw 0 Livgy o0 <8l 9 Cowgs Hw Sl Lsulad S oui S8 0513l cold Uljuo =
33,50 BMbl (i Gow guw) US,S wl 89

33,5 sw S8 o3lul L8899 w Jwgi aes 14 (sJl 59, 5 9 s 10 51 =




Free B-subunit of hCG

» -predominant form throughout pregnancy: intact hCG a-f8 dimer
- a small quantity of free 3-subunit: in the first trimester.

-Free a subunit :appears in the second trimester and increases in the last trimester
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PAPP-A

®» - pregnancy-associated plasma protein A (PAPP-A) : @
glycoprotein produced by the trophoblast
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DOWN SYNDROME

» All women should be offered screening for fetal chromosomal
abnormalities before age 20 weeks, regardless of maternal age

» [irst-frimester screening,between 12 and 13 weeks,

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

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

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

- Maternal age
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» ncreased risk of aneuploidy or advanced maternal age (age 35 or greater
at the time of delivery) on first-trimester screening should be offered
genefic counseling and the option of diagnostic testing, such as chorionic
villous sampling or second-trimester amniocentesis
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cell-free fetal DNA

» |n 2012, ACOG guidelines ,noninvasive fetal screening test on maternal
plasma

» |ndicafions
-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 methodes.

» similar detection rates in high- and low-risk populations

» |ower positive predictive values in younger women.

= primary screening or as a follow-up test to abnormal findings on first- or
second-tfrimester screenings




second-trimester triple or guadruple screen

» MSAFP, hCG, unconjugated estriol and inhibin A

» petween 15 and 20 weeks

® |n 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.
b s u.u.;|).9| M| o)) )bg)li._g_w 9 a0 L =

180 1T Median DIA Concentration

140 =~

120 qx

Median DIA

100 {
14 1

L
T
1

e
=

Gestatiomal Age (weeks)

&olo,b axan ol L Inhibin-A polis 595 eas () +) IS




4 m —
Low UE3 level | UNCONJUGATED ESTRIOL [uE3]

3Ulog,l 39405+ Ectriol as it's name implies, is an estrogen with 3
Syl SHM s hydroxyl groups [at position 3,16, & 17 ].
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Only a minor amount [9%]of the hormone
circulates in plasma unconjugated.




AFP

produced inifially 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 unfil 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 af 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

» |nsulin-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.

» |n pregestational diabetes:, MSAFP, E3, and inhibin A levels are reduced.
®» As body weight increases, analyte levels decrease

» |n smokers, MSAFP and inhibin A levels are higher, while UE3 and hCG levels
are lower




Neural tube detects (NTDs)

» 1 per 1000 pregnancies

» ncreased 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

a-fetoprotein (MSAFP) screening at 15 to 20 weeks gestational age.
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» \\ultiples 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.

» cufoff at 2.0 o 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.

» ylfrasound :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
» Flevated MSAFP without genetic or congenital problem:

threatened abortion, low birth weight, preeclampsia, oligohydramnios



« Screenfor NTDs , | Maternal serum Screen for DS |
¥ specimen at L3
14-21 weeks
AFP All three
resuit || Measure AFP, hCG, uE3 || s
for weight, Adijust for weight,
race, diabetes, and race, diabetes, and
muitiple gestation muiltiple gestation
Determine gestational age Determine gestational age
accurately (e.g., accurately (e.g., uitrasound)
AFP l
— Determine risk for DS by
‘ combining adjusted test
resuits and maternal age
Amniocentesis for
amniotic fluid AFP l
v
Confirm amniotic fluid If risk 21:270, offer
AFP increase with amniotic amniocentesis for
fluid acetyicholinesterase chromosome analysis
increase plus genetic counseling

Filgure 25-9 A dlagnostic algorithm for the simultaneous screening of fetuses
for neural tube defects (NTDs) and Down syndrome (DS). AFP, a-Fetoprotein;
hCG, human chorionic gonadotropin; vE3, unconjugated estriol.
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Down's Svndrome Births by Age at Term,

with MSAFP/Age Screemng
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MS uE3: Down's Syndrome vs Unaffected

4 Down's
4 Svndrome

d | 1.6
MS uE3 (MoM)




Second trimester First
e trimester
markers
f‘l “"“. ~ | aFp | uE3 | heo ")‘" p‘:’ : :z'g

Down | | f 1 ! 1§
syndrome
TﬂSOﬂW 18 N *® vw - s *
Tnsomy 13 . — . .- 11 !
Tumer | | 1 | i1 i1
syndrome with
hydrops
Tumer | | | | 11 11
syndrome
without
hydrops
Triploidy . | 1 1 it tt
(paternal)
Triploidy .- | | | i1 i
(maternal)
Opiz
syndrome




Detection rate (%)

100

D
S

GOj

40+

nN2
O
2

o
i

77 78

Maternal
age alone

Triple quad
second trimester

Combined
first trimester

Serum full
integrated




Percentage of Women Requiring
Amniocentesis or Chorionic-Villus Sampling

for a Detection Rate of 80 Percent
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» |ntegrated 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 resulfs.
-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-tfrimester screening for chromosomal abnormalities

- neural fube defect screening in the second frimester
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SPECIMEN INFORMATION
g:m Referring Lab #

"=+ Second

Fist Assay ey
Trmester Faesuns

PAPP.A 5307 00miUL 268
feeBhCG GS50IUL 1563

Ubasound CRL NT MM N8
FetmA: 470 108 OB

CLINICAL INFORMATION
GESTATIONAL AGE: from CRL of 43.4 mm on 24/06/14
MATERNAL AGE AT TERM: 26.1 years
MATERNAL RACE: Persian

delB &4 R on )

Down Syndrome
Age alone

0s8:
Tasomy 1813

MATERNAL HISTORY:
GESTATION: Twins
SCREENING STATUS: Intial sample
PARA/ GRAVIDA: 0/ 1
Specmen Code Receired Date Specimen Date Gestational Age mnw
41847 2408/14 2006/14 11 whs 44
8351 27084 27084 20 whks 54 mq
fm sy Mo | DS 0s8 T18
Trimester RewRs
AP 0AUmML 138 S B e s e e
uE3 2820mmoll 1,44 110
NCG  911020WL 625
inhibin-A 491.0p0m 178
k 1900
~1:1540 1250 saons | -
1:1160 I I
\
140000 ||
19690 1:465.11MoMs)
... ... 1] sl ik
S11540 11180 19690 1435 ~ 199000 19313

Interpretation*  (based on partial information supplied)

DOWN SYNDROME

TRISOMY 18/13

Screen Negative

This patient's relative risk for Down syndrome has been determined by
dividing the assay results by the average analyte levelin twin pregnancies,
and then calculating the risk associated with a singleton pregnancy. This
relative risk calculation places the patient below the acreening cut-off for

Down syndrome.

Screen Negative

The maternal serum AFP result is NOT elevated for a TWIN pregnancy of this
gestational age. The risk of an open neural tube defect is less than the risk at
the TWIN screening cut-off. Twin pregnancies have serum AFP
concentratons that are twice those seen in singleton pregnancies.

Screen Negative
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DUACTINIVO SITATUS. W Sampe

< I/ s nl
PO GOUE 12 PARA/GRAVIDA 0 /1

COLLECTIONDATE D4/1214 REPORTED 40115
CLINICAL RESULTS
Asaay Reaulis Wold DOWN SYNDROME TRISOMY 18/13
PAPP'A 1200.00 MlUﬂ. 036 sreen only Hioher sraen sk
free LhCG 65.0 UL 208 Hiber 110 — 110
NT 1.20mm 0.85 '3
1100 1100 -390
Risk Assessment (atterm) - e
Down Syndrome 1-405 o i 0
Age alcre 1601 B
EQU“‘QIE(“ ,‘.‘“‘Je Risk 3% D s — —t - 110000 B sk — 190000
Trsomy 18/13 ) : - | —
199000 1:406 1931 1 99000 17086

Interpretation*  (based on partial information supplied)

DOWN S YNDROME Intermediate Risk
Based on the patient's first trimester risk, a specimen needs to be submitted
between 15to 18 weeks for final risk calculation.

TRISOMY 1813 Screen Negative
The nsk of trisomy 18 is less than the screening cut-off -

e ——
1o Aid gy Gl
This patient will reach 15 weeks gestation on 20/12/14 —_— Pl sy joxe jla)
T Aeleds gl
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