
First Trimester Screening:
Chromosomal Defects and Beyond

First Trimester Screening:
Chromosomal Defects and Beyond

Naomi Greene, MPH, RDMS, RDCSNaomi Greene, MPH, RDMS, RDCS

FR-49

Objectives
 List the first trimester sonographic markers and discuss List the first trimester sonographic markers and discuss 

the background research for each onethe background research for each one

 Identify the different chromosomal abnormalities Identify the different chromosomal abnormalities 
associated with each of the first trimester sonographic associated with each of the first trimester sonographic 
markersmarkers

 Outline the associations between the markers.Outline the associations between the markers.

 Discuss the different fetal outcomes, other than Discuss the different fetal outcomes, other than 
chromosomal abnormalities, associated with each first chromosomal abnormalities, associated with each first 
trimester sonographic marker.trimester sonographic marker.

 Describe possible future directions for riskDescribe possible future directions for risk--calculation calculation 
algorithms for outcomes other than Down syndrome algorithms for outcomes other than Down syndrome 
based on these first trimester sonographic markers.based on these first trimester sonographic markers.

Ultrasound Screening at 11-13+6 wks.

 Nuchal translucency (continuous variable)Nuchal translucency (continuous variable)

 Nasal bone evaluation (present/absent)Nasal bone evaluation (present/absent)

 Doppler of Ductus Venosus (normal/abnormal)Doppler of Ductus Venosus (normal/abnormal)

 Tricuspid valve regurgitation (present/absent)Tricuspid valve regurgitation (present/absent)

 FrontoFronto--maxillary facial angles (continuous maxillary facial angles (continuous 
variable)variable)

Calculation of Risk for Chromosome 
Abnormalities

Factor(s) derived from screening test(s)
Nuchal Translucency, other markers

=   Adjusted risk =   Adjusted risk 

X

Background (a priori) risk
Maternal age, gestational age, previous history of aneuploidy

Ultrasound Screening at 11-13+6 wks.:
Continuous Variables

Detection rate

False-positive rate

Test result
1001 100.5 5 500.1

Unaffected

Affected

Cut-off

Test result
1001 100.5 5 500.1
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Affected

Ultrasound Screening at 11-13+6 wks.:
Continuous Variables



Ultrasound Screening at 11-13+6 wks.:
Continuous Variables
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Calculation of Risk for Chromosome 
Abnormalities
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Ultrasound Screening at 11-13+6 wks.:
Dichotomous Variables
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Ultrasound Screening at 11-13+6 wks.:
Dichotomous Variables
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Nuchal Translucency

Ultrasound Screening at 11-13+6 wks.

 Nuchal translucency Nuchal translucency 
 ““UK multicentre project on assessment of risk of trisomy 21 UK multicentre project on assessment of risk of trisomy 21 

by maternal age and fetal nuchalby maternal age and fetal nuchal--translucency thickness at translucency thickness at 
1010––14 weeks of gestation14 weeks of gestation”” Snijders et al. THE LANCET Snijders et al. THE LANCET •• Vol 352 Vol 352 ••, 1998, 1998

 96,127 singleton pregnancies, median age 31 (1496,127 singleton pregnancies, median age 31 (14--49)49)

 306 FMF306 FMF--credentialed sonographers, 22 centers across UKcredentialed sonographers, 22 centers across UK

 CutCut--off of 1:300 or higher was used off of 1:300 or higher was used 

 Identified 80% of Down syndrome pregnancies (5%SPR)Identified 80% of Down syndrome pregnancies (5%SPR)

 Identified 59%Identified 59%--87% of other chromosome abnormalities87% of other chromosome abnormalities



Ultrasound Screening at 11-13+6 wks.

1 10 100 1000 10000

Risk Estimate
Snijders et al. Lancet   Vol 352 • August 1, 1998

Risk group Median risk Observed prevalence

> 1 in 20 1 in 7 (187 / 1305)1 in 7

1 in     20  – 100 1 in 58 (9 / 2011)1 in 41

1 in   100  – 300 1 in 197 (32 / 5096)1 in 159

1 in   300 – 1000 1 in 629 (31 / 18279)1 in 590

1 in 1000 – 2000 1 in 1504 (4 / 19445)1 in 1389

< 1 in 2000 1 in 3695 (13 / 49991)1 in 3846

Ultrasound Screening at 11-13+6 wks.
Pre-standardization

Author GA (wks) Screen cut off N Sensitivity FPR

Pajkrt ‘98 10-14 Risk > 1 in 300 1473 100 % 19.8 %

Theodoropoulos ‘98 10-14 Risk > 1 in 300 3550 91 % 4.9 %

Szabo ‘95 9-12 > 3mm 3380 90 % 2.0 %

Schwarzler 10-14 Risk > 1 in 270 4523 83 % 4.7 %

Snijders ‘98 10-14 Risk > 1 in 300 96127 82 % 8.3 %

D’Ottavio ‘97 13-15 > 4mm 3509 70 % 1.0 %

Zimmerman ‘96 10-13 > 3mm 1131 67 % 1.9 %

Haffner ‘98 10-13 > 2SD 4233 57 % 1.7%

Orlandi ‘97 9-14 > 95th centile 744 57 % 6.0 %

Whitlow ‘99 11-15 > 99th centile 6634 57 % 1.0 %

Taipale ‘97 10-14 > 3mm 9003 54 % 1.0 %

Bewley ‘95 8-13 > 3mm 1368 33 % 6.0 %

Kornman ‘96 8-13 > 3mm 537 29 % 6.0 %

Bewley 19951 1,704 3.0 mm 6.0% 1 of 3 (33%)8-13 wks 34%

Kornman 19962 923 3.0 mm 6.3% 2 of 4 (50%)8-13 wks 42%

Haddow 19983 3,991 95th centile 5.0% 18 of 58 (31%)9-15 wks 17%

Crossley 20024 17,229 - 5.0% 20 of 37 (54%)10-14 wks 27%

Wald 20035 47,053 - 5.0% ?29 of 1016-16 wks 18%

StudyStudy nn NT cutNT cut--offoff FPRFPR Detection Tr21Detection Tr21GestationGestation Not measuredNot measured

..
6 wks6 wks

1. No more time than CRL1. No more time than CRL

2. 3 mins per scan; 54% CRL<33mm2. 3 mins per scan; 54% CRL<33mm

3. Teaching by letter3. Teaching by letter

4. Attending a lecture4. Attending a lecture

5. ?training; 65. ?training; 6--16w16w
00 11 22 33 44 55 66 77 88 99 1010

FPR (%)FPR (%)

00

1010

2020

3030

4040

5050

6060

7070

9090

100100

DR DR 
(%)(%)

8080

Economides 1998Economides 1998 2,2562,256 9999thth centilecentile 0.4%0.4% 6 of 8 (75%)6 of 8 (75%)

Pandya 1995Pandya 1995 1,7631,763 2.5 mm2.5 mm 3.4%3.4% 3 of 4 (75%)3 of 4 (75%)

Szabo 1995Szabo 1995 3,3803,380 3.0 mm3.0 mm 1.6%1.6% 27 of 30 (90%)27 of 30 (90%)

Taipale 1997Taipale 1997 6,9396,939 3.0 mm3.0 mm 0.7%0.7% 4 of 6 (67%)4 of 6 (67%)

Schuchter 2001Schuchter 2001 9,3429,342 2.5 mm2.5 mm 2.1%2.1% 11 of 19 (58%)11 of 19 (58%)

Snijders 1998Snijders 1998 96,12796,127 9595thth centilecentile 4.4%4.4% 234 of 326 (72%)234 of 326 (72%)

Pajkrt 1998Pajkrt 1998 3,6143,614 3.0 mm3.0 mm 4.2%4.2% 32 of 46 (70%)32 of 46 (70%)

Brizot Brizot 20020011 2,4922,492 9595thth centilecentile 6.4%6.4% 7 of 10 (70%)7 of 10 (70%)

Zoppi 200Zoppi 20011 10,11110,111 9595thth centilecentile 5.1%5.1% 52 of 64 (81%)52 of 64 (81%)

Schwarzler 1999Schwarzler 1999 4,5234,523 2.5 mm2.5 mm 2.7%2.7% 8 of 12 (67%)8 of 12 (67%)

Wayda Wayda 20020011 6,8416,841 2.5 mm2.5 mm 4.1%4.1% 17 of 17 (100%)17 of 17 (100%)

GasiorekGasiorek--Wiens Wiens 20020011 21,95921,959 9595thth centilecentile 8.0%8.0% 174 of 210 (83%)174 of 210 (83%)

StudyStudy nn NT cutNT cut--offoff FPRFPR Detection Tr21Detection Tr21

TotalTotal 231,427231,427 4.3%4.3% 813 / 1062 (77%)813 / 1062 (77%)

Comas Comas 20022002 7,3457,345 9595thth centilecentile 4.9%4.9% 38 of 38 (100%)   38 of 38 (100%)   

Panburana Panburana 20020011 2,0672,067 9595thth centilecentile 8.0%8.0% 174 of 210 (83%)174 of 210 (83%)

Chasen 2003Chasen 2003 2,2482,248 9595thth centilecentile 3.4%3.4% 9 of 12 (75%)9 of 12 (75%)

Audibert 2001Audibert 2001 4,1304,130 3.0 mm3.0 mm 1.7%1.7% 7 of 12 (58%)7 of 12 (58%)

Whitlow 1999Whitlow 1999 5,9475,947 9999thth centilecentile 0.7%0.7% 15 of 23 (65%)   15 of 23 (65%)   

Theodoropoulos 1998Theodoropoulos 1998 3,5503,550 2.9%2.9% 2 of 2 (91%)2 of 2 (91%)2.5 mm2.5 mm

Rosenberg Rosenberg 20022002 6,2346,234 2.8%2.8% 13 of 21 (62%)13 of 21 (62%)3.0 mm3.0 mm

Avgidou 2004Avgidou 2004 30,55930,559 5.2%5.2% 144 of 191 (80%)144 of 191 (80%)9595thth centilecentile

Measuring NTMeasuring NT
•• GestationGestation 11+0 to 13+6 wks (CRL CRL 
4545--84 mm84 mm)

• MidMid--sagittal viewsagittal view (fetus can be 
either facing towards or away from 
the transducer) 

• Image sizeImage size: head and upper 
thorax - 75% of the image  75% of the image  
measurement accuracy  0.1 mm1 mm

• Fetus away from amnionaway from amnion

•• Fetus in neutral positionneutral position

• Use maximum lucencymaximum lucency

•• Adjust for nuchal cordnuchal cord

• Caliper placement "on"on--toto--onon““

• See the  whole lucencywhole lucency

USA Monitoring NT quality over timeMonitoring NT quality over timeUSA
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Nasal Bone

Ultrasound Screening at 11-13+6 wks.

 Nasal bone evaluation (present or absent)Nasal bone evaluation (present or absent)
 ““Absence of nasal bone in fetuses with trisomy 21 at Absence of nasal bone in fetuses with trisomy 21 at 

1111––14 weeks of gestation: an observational study14 weeks of gestation: an observational study””
Cicero et al. THE LANCET Cicero et al. THE LANCET •• Vol 358 Vol 358 •• November 17, 2001November 17, 2001

 Assessed 701 pregnancies before karyotyping Assessed 701 pregnancies before karyotyping 

 Obtained required views of nasal bone in 100%Obtained required views of nasal bone in 100%

 NB absent in 73% of T21 and 0.5% of normalsNB absent in 73% of T21 and 0.5% of normals

 Conclusion: adding NB could increase sensitivity to Conclusion: adding NB could increase sensitivity to 
85% and decrease invasive testing rate to 1%85% and decrease invasive testing rate to 1%

Ultrasound Screening at 11-13+6 wks.

 Nasal bone evaluation (present or absent)Nasal bone evaluation (present or absent)
 ““Nasal bone in firstNasal bone in first--trimester screening for trisomy 21trimester screening for trisomy 21””

Cicero et al. AJOG (2006) 195, 109Cicero et al. AJOG (2006) 195, 109––1414

 20,418 patients coming in for FTS20,418 patients coming in for FTS

 Association between absent NB and NT, CRL, Association between absent NB and NT, CRL, 
maternal age and ethnicity were revealed and maternal age and ethnicity were revealed and 
accounted for in a multivariable modelaccounted for in a multivariable model

 Conclusion: adding NB could reduce invasive testing Conclusion: adding NB could reduce invasive testing 
rate to 2.5% for a 90% detection rate (combined rate to 2.5% for a 90% detection rate (combined 
screen)screen)

Nasal BoneNasal Bone
•• GestationGestation 11+0 to 13+6 wks (CRL CRL 
4545--84 mm84 mm)

• MidMid--sagittal view (face up only)sagittal view (face up only)

• Image sizeImage size: head and upper 
thorax - 75% of the image75% of the image

• Angle of insonation 
perpendicular to the nasal boneperpendicular to the nasal bone

•• Nasal bone is present when the the 
bone is seen as brighter and bone is seen as brighter and 
thicker than the overlying skinthicker than the overlying skin

• Nasal bone is absent when the the 
bone is seen as equal to or less bone is seen as equal to or less 
echogenic and thinner the echogenic and thinner the 
overlying skinoverlying skin

•• No measurement of NBNo measurement of NB

USA

Monitoring Nasal Bone quality over timeMonitoring Nasal Bone quality over timeUSA

Tricuspid Flow



Ultrasound Screening at 11-13+6 wks.

 Tricuspid Regurgitation (present or absent)Tricuspid Regurgitation (present or absent)

0

10

20

30

40

50

60

70

Euploid

% At 11-13+6 weeks tricuspid regurgitation 
is found in about:

• Euploid fetuses 1%
• Fetuses with trisomy 21 55%
• Fetuses with trisomy 18 30%
• Fetuses with trisomy 13 30%

Trisomy 21 Trisomy 18 Trisomy 13

Ultrasound Screening at 11-13+6 wks.

 Tricuspid Regurgitation (present or absent) (cont.)Tricuspid Regurgitation (present or absent) (cont.)
 Heart Defects were found in 7% of euploid and 45% of Heart Defects were found in 7% of euploid and 45% of 

aneuploid fetuses referred mainly for increased NTaneuploid fetuses referred mainly for increased NT

 At 11At 11-- 1313+6+6 weeks, 81% of cardiac defects were dxweeks, 81% of cardiac defects were dx

 In euploid fetuses, TR is associated with an 8In euploid fetuses, TR is associated with an 8--fold fold 
increase in the risk of a cardiac defectincrease in the risk of a cardiac defect

 ColorColor--flow was not reliable for the diagnosis of TR at flow was not reliable for the diagnosis of TR at 
1111-- 1313+6+6 weeks, pulsed Doppler was usedweeks, pulsed Doppler was used

 TR is associated with GATR is associated with GA

Faiola et al. Ultrasound Obstet Gynecol 2005; 26: 22–27

Ultrasound Screening at 11-13+6 wks.

 Tricuspid Regurgitation (present or absent) (cont.)Tricuspid Regurgitation (present or absent) (cont.)
 TR is associated with gestational  age and NT in TR is associated with gestational  age and NT in 

euploid and aneuploid pregnancieseuploid and aneuploid pregnancies

 Prevalence of cardiac defects increases with NTPrevalence of cardiac defects increases with NT

Faiola et al. Ultrasound Obstet Gynecol 2005; 26: 22–27

Tricuspid FlowTricuspid Flow
•• GestationGestation 11+0 to 13+6 wks (CRL CRL 
4545--84 mm84 mm)

• 44--chamber view chamber view (Spine up or 
down)

• Doppler GateDoppler Gate: open to 22--3mm3mm

• Angle of insonation: less than 30 less than 30 
degrees from the direction of the degrees from the direction of the 
interinter--ventricular septum.ventricular septum.

•• Tricuspid regurgitation is present
when the the velocity is >= 60cm/sec velocity is >= 60cm/sec 
and the jet covers at least half of and the jet covers at least half of 
systolesystole

•

USA

Monitoring Tricuspid Flow Assessment Monitoring Tricuspid Flow Assessment 
Quality over TimeQuality over Time

USA

Ductus Venosus Flow



Ultrasound Screening at 11-13+6 wks.

 Ductus Venosus (normal / abnormal)Ductus Venosus (normal / abnormal)
 ““Screening for chromosomal abnormalities at 10Screening for chromosomal abnormalities at 10––14 14 

weeks: the role of ductus venosus blood flowweeks: the role of ductus venosus blood flow””
Matias et al. Ultrasound Obstet Gynecol 1998;12:380Matias et al. Ultrasound Obstet Gynecol 1998;12:380––384384

 486 pregnancies before karyotyping486 pregnancies before karyotyping

 Obtained required views of heart in 100% (3Obtained required views of heart in 100% (3--10 mins)10 mins)

 Assessed peak velocities in S, D, and A wavesAssessed peak velocities in S, D, and A waves

Ultrasound Screening at 11-13+6 wks.

 Ductus Venosus (normal / abnormal) (cont.)Ductus Venosus (normal / abnormal) (cont.)
 Only height of the AOnly height of the A--wave helped discriminate euploid wave helped discriminate euploid 

from aneuploid pregnanciesfrom aneuploid pregnancies

 Absent/reversed AAbsent/reversed A--wave flow in 91% of aneuploid wave flow in 91% of aneuploid 
and 3% of euploid pregnanciesand 3% of euploid pregnancies

 7/13 euploid fetuses with absent or reversed flow 7/13 euploid fetuses with absent or reversed flow 
were dx at 14were dx at 14--16weeks with a major heart defect16weeks with a major heart defect

Matias et al. Ultrasound Obstet Gynecol 1998;12:380–384

Ultrasound Screening at 11-13+6 wks.

 Ductus Venosus (normal / abnormal) (cont.)Ductus Venosus (normal / abnormal) (cont.)
 Conclusions: Conclusions: 

 In aneuploid fetuses with increased NT, abnormal DV flow In aneuploid fetuses with increased NT, abnormal DV flow 
can be found in the absence of heart defectscan be found in the absence of heart defects

 It may be a transient finding (first trimester only)It may be a transient finding (first trimester only)

 if used to screen those at high risk after NT/ fif used to screen those at high risk after NT/ fββhCG/ PAPPhCG/ PAPP--
A screening, could reduce the invasive testing rate to 0.5% A screening, could reduce the invasive testing rate to 0.5% 
for an 80% detection rate for Down syndromefor an 80% detection rate for Down syndrome

Matias et al. Ultrasound Obstet Gynecol 1998;12:380–384

Ductus Venosus FlowDuctus Venosus Flow

•• GestationGestation 11+0 to 13+6 wks (CRL CRL 
4545--84 mm84 mm)

• MidMid--sagittal view: sagittal view: Fetal thorax 
and abdomen fill the image

• Doppler GateDoppler Gate: between 0.5 and 
1.0 mm

• Angle of insonation: less than 30 less than 30 
degrees from the direction of the degrees from the direction of the 
flowflow

•• FilterFilter: 50-70Hz

••Sweep speed: Sweep speed: 2-3 cm/sec

••Hint: Use 1Hint: Use 1stst trimester color, not trimester color, not 

USA

Monitoring Ductus Venosus Flow Monitoring Ductus Venosus Flow 
Assessment over TimeAssessment over Time

USA

Frontomaxillary Facial Angle



Ultrasound Screening at 11-13+6 wks.

 FMFA (continuous variable)FMFA (continuous variable)
 ““Frontomaxillary facial angle in chromosomally Frontomaxillary facial angle in chromosomally 

normal fetuses at 11normal fetuses at 11+0+0 to 13to 13+6+6 weeksweeks””
Borenstein et al. Ultrasound Obstet Gynecol 2007; 30: 737Borenstein et al. Ultrasound Obstet Gynecol 2007; 30: 737––741741

 611 euploid fetuses, 500 (82%) successfully acquired 611 euploid fetuses, 500 (82%) successfully acquired 
appropriate view for 3D volume collection (15 min.)appropriate view for 3D volume collection (15 min.)

 In 150, the angle was measured by both 2D and 3D In 150, the angle was measured by both 2D and 3D 
(with blinding)(with blinding)

 In 50, 3D volumes were used to measure the angle In 50, 3D volumes were used to measure the angle 
twice by the same examiner and once by another twice by the same examiner and once by another 
(with blinding)(with blinding)

Ultrasound Screening at 11-13+6 wks.

 FMFA (continuous variable) (cont).FMFA (continuous variable) (cont).
 FMFA decreases with GAFMFA decreases with GA

 Independent of NT, biochemIndependent of NT, biochem

 IntraIntra-- and interand inter--operatoroperator

Borenstein et al. Ultrasound Obstet Gynecol 2007; 30: 737–741

Ultrasound Screening at 11-13+6 wks.

 FMFA (continuous variable) (cont).FMFA (continuous variable) (cont).
 Independent of NT and  biochemistryIndependent of NT and  biochemistry

 IntraIntra-- and interand inter--operator variability <5% in 95% of operator variability <5% in 95% of 
casescases

 Difference in FMFA measurements acquired by 2D Difference in FMFA measurements acquired by 2D 
and 3D was < 8% in 95% of casesand 3D was < 8% in 95% of cases

 No difference in delta FMFA measurements by No difference in delta FMFA measurements by 
ethnicityethnicity

Borenstein et al. Ultrasound Obstet Gynecol 2007; 30: 737–741

Ultrasound Screening at 11-13+6 wks.

 FMFA (continuous variable)FMFA (continuous variable)
 ““Frontomaxillary facial angle in fetuses with trisomy Frontomaxillary facial angle in fetuses with trisomy 

21 at 11 to 1321 at 11 to 13+6+6 weeksweeks””
Sonek et al. Ultrasound Am J Obstet Gynecol  2007;196;271.e1Sonek et al. Ultrasound Am J Obstet Gynecol  2007;196;271.e1--271.e4271.e4

 300 euploid fetuses, 100 with Down syndrome300 euploid fetuses, 100 with Down syndrome

 FMFA was measured using 3D onlyFMFA was measured using 3D only

 No difference in median FMFA in those euploid and No difference in median FMFA in those euploid and 
aneuploid fetuses with or without nasal bonesaneuploid fetuses with or without nasal bones

Ultrasound Screening at 11-13+6 wks.

 FMFA (continuous variable) (cont.)FMFA (continuous variable) (cont.)
 FMFA was, on average, >10 degrees larger in Down FMFA was, on average, >10 degrees larger in Down 

syndrome cases than in the euploidsyndrome cases than in the euploid

 In 69% of Down syndrome cases, the FMFA was In 69% of Down syndrome cases, the FMFA was 
above the 95%tile of the euploidabove the 95%tile of the euploid

 In 40% it was greater than the upper limit for euploid In 40% it was greater than the upper limit for euploid 
(90 degrees)(90 degrees)

 No significant intraNo significant intra-- or interor inter--operator differencesoperator differences

Sonek et al. Ultrasound Am J Obstet Gynecol  2007;196;271.e1-271.e4

FFrontoronto--MMaxillary axillary FFacial acial AAngles (FMFA)ngles (FMFA)

•• GestationGestation 11+0 to 13+6 wks (CRL CRL 
4545--84 mm84 mm)

• MidMid--sagittal view: sagittal view: Echogenic 
nose tip & rectangular palate 
anteriorly, diencephalon centrally, 
NT posteriorly

• MagnificationMagnification: Fetal head and 
thorax fill the image

•• Angle measurement: Angle measurement: Along 
superior surface of palate, then 
from front of palate to frontal bone/ 
metopic suture line under skin

USA

NT

Nasal bone

Nasal tip

Diencephalon

Palate



Monitoring FMFA quality over timeMonitoring FMFA quality over timeUSA

Fetal Heart Rate

Ultrasound Screening at 11-13+6 wks.:
Fetal Heart Rate
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 In normal pregnancy, the FHR:In normal pregnancy, the FHR:
 Averages about 110 bpm at 5 weeksAverages about 110 bpm at 5 weeks

 Increases to 170 bpm at 10 weeksIncreases to 170 bpm at 10 weeks

 Gradually decreases to 150 bpm by Gradually decreases to 150 bpm by 
14 weeks14 weeks

Ultrasound Screening at 11-13+6 wks.:
Fetal Heart Rate
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• In trisomy 21 the FHR is mildly increased and is above the 95th centile in about 15% of cases
• In trisomy 18 the FHR is mildly decreased and is below the 5th centile in about 15% of cases
• In trisomy 13 the FHR is substantially increased , above the 95th centile in 85% of cases

Ultrasound Screening at 11-13+6 wks.:
Fetal Heart Rate

• Inclusion of FHR in first-trimester combined 
sonographic and biochemical screening for 
chromosomal abnormalities has a small impact on the 
detection of trisomies 21 and 18 but a major 
improvement in the detection of trisomy 13

• In addition, inclusion of FHR is important in 
distinguishing between trisomy 18 and 13, which are 
otherwise similar in presenting with increased fetal 
NT and decreased maternal serum free β-hCG and 
PAPP-A
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Beyond Down Syndrome: 
Other Chromosome Abnormalities
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Triploidy

NT is a marker for other NT is a marker for other 
aneuploidiesaneuploidies

Ultrasound Screening at 11-13+6 wks.:
Associations with other aneuploidies

 Screening with NT will allow for detection of 90% Screening with NT will allow for detection of 90% 
(3%FPR) of other chromosome abnormalities(3%FPR) of other chromosome abnormalities

 Detection for triploidy is around 85% (3%FPR) Detection for triploidy is around 85% (3%FPR) 
using a combination of algorithms for T21 and for using a combination of algorithms for T21 and for 
trisomies 18 and 13, mostly due to the trisomies 18 and 13, mostly due to the 
contribution of the biochemistrycontribution of the biochemistry

Ultrasound Screening at 11-13+6 wks.:
Associations with other aneuploidies

 11stst trimester biochemistry is associated with other trimester biochemistry is associated with other 
chromosome abnormalitieschromosome abnormalities

Ultrasound Screening at 11-13+6 wks.:
Associations with other aneuploidies

 Nasal bone absence is associated with other Nasal bone absence is associated with other 
chromosome abnormalitieschromosome abnormalities

 21,074 cases21,074 cases

 33 sonographers33 sonographers

 All w/ FMF nasal bone All w/ FMF nasal bone 

certificatescertificates

Cicero et al. American Journal of Obstetrics and Gynecology (2006) 195, 109–14

Ultrasound Screening at 11-13+6 wks.:
Associations with other aneuploidies

 Tricuspid regurgitation is associated with other Tricuspid regurgitation is associated with other 
chromosome abnormalitieschromosome abnormalities

Faiolo et al. Ultrasound Obstet Gynecol 2005; 26: 22–27

Ultrasound Screening at 11-13+6 wks.:
Associations with other aneuploidies

 FMFA is associated with trisomy 18FMFA is associated with trisomy 18

Borenstein et al. Ultrasound Obstet Gynecol 2007; 30: 928–933 (figure  3a,4a)



Ultrasound Screening at 11-13+6 wks.:
Associations with other aneuploidies

 FMFA is associated FMFA is associated 
with trisomy 13 in with trisomy 13 in 
those cases with those cases with 
holoprosencephalyholoprosencephaly

Borenstein et al. Ultrasound Obstet Gynecol 2007; 30: 819–823 (figure 4)

FMFA are associated with trisomy 13 in those FMFA are associated with trisomy 13 in those 
cases with holoprosencephalycases with holoprosencephaly

Borenstein et al. Ultrasound Obstet Gynecol 2007; 30: 819–823 (figure 2)

FMFA are associated with trisomy 13 in those FMFA are associated with trisomy 13 in those 
cases with holoprosencephalycases with holoprosencephaly

Borenstein et al. Ultrasound Obstet Gynecol 2007; 30: 819–823 (figure 2)

Associations Between    
First Trimester Markers

Associations between First Trimester Markers

 In addition to being related to aneuploidy, some In addition to being related to aneuploidy, some 
first trimester markers are associated with:first trimester markers are associated with:
 Other first trimester markersOther first trimester markers

 Characteristics of the mother and/or fetusCharacteristics of the mother and/or fetus

 These associations must be accounted for in the risk These associations must be accounted for in the risk 
calculation algorithm to avoid falsely undercalculation algorithm to avoid falsely under-- or overor over--
estimating the new risk given to the womanestimating the new risk given to the woman

Associations between First Trimester Markers

 A womanA woman’’s s a priori a priori risk is associated with:risk is associated with:
 Her ageHer age

 Her previous obstetric historyHer previous obstetric history

 Gestational age of the fetusGestational age of the fetus



Associations between First Trimester Markers: 
A priori risk is related to maternal age

Associations between First Trimester Markers: 
Previous Obstetric History
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Associations between First Trimester Markers: 
Previous Obstetric History

Risk: Background + 0.75%Risk: Background + 0.75%
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Associations between First Trimester Markers: 
Previous Obstetric History

Prior Risk: 1 in 1000 (20 year old)
1/1000 = 0.001 or 0.1%

Previous history of trisomy  adds 0.75%
0.1% + 0.75% = 0.85% or 0.0085

0.0085 = 85/10,000 = 1/118

EXAMPLE CALCULATION

Associations between First Trimester Markers: 
a priori risk is related to gestational age

Associations between First Trimester Markers: 
A priori risk is related to gestational age

00
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%%

1010 1515 2020 2525 3030 3535 4040

65%  Trisomy 2165%  Trisomy 21

<1%  Triploidy<1%  Triploidy

15%15% 45x, 45x, Tr13,Tr13, Tr18 Tr18 

95% 47,XXX / XXY / XYY95% 47,XXX / XXY / XYY

Gestation (wks)Gestation (wks)

• The risk of fetal death in chromosomally abnormal fetuses is higher than in normal fetuses
• The rate of fetal death is different for different chromosomal defects



Associations between First Trimester Markers: 
NT is related to gestational age

In the distribution of NT thickness in 
chromosomally normal fetuses:

• The median, 1st, 5th and 95th centiles  
increase with fetal crown rump legth (CRL)

• The 99th centile is about 3.5 mm and does 
not change with CRL

The best way to explain these findings 
comes from the suggestion that fetal NT 
follows a mixture of two distributions:

• One which is CRL-dependent

• Another which is CRL-independent       

Wright et al Ultrasound Obstet Gynecol 2008; 31: 376–383

Associations between First Trimester Markers: 
First Trimester BiochemistryFirst Trimester Biochemistry
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Associations between First Trimester Markers: 
First Trimester Biochemistry and GAFirst Trimester Biochemistry and GA

In trisomy 21 pregnancies:

• Free ß-hCG is higher than in normal pregnancies 
and the difference between the two is higher at 13 
than at 11 weeks

• Serum PAPP-A is lower than in normal pregnancies 
and the difference between the two is higher at 11 
than at 13 weeks

• The difference from normal pregnancies in PAPP-A 
at 11 weeks is greater than the difference in ß-hCG at 
13 weeks and therefore the overall performance of 
biochemical screening is better at 11 than at 13 
weeks 

Associations between First Trimester Markers: 
First Trimester Biochemistry and Maternal FactorsFirst Trimester Biochemistry and Maternal Factors

• In Black women the PAPP-A level is about 60% 
higher than in White women. Failure to take into 
account ethnic origin would result in substantial 
underestimate of the true risk of trisomy 21 in 
Black women

• In women who smoke and those conceiving by 
IVF serum PAPP-A is decreased and this could 
be misinterpreted for increased risk for trisomy 
21 and a substantial increase in false positive 
rates

•In the calculation of accurate patient-specific 
risks it is necessary to make adjustments in the 
measured free ß-hCG and PAPP-A. 0.8 1 1.6

IVF

Smoker

Black

0.8 1 1.4

Free ß-hCG PAPP-A

Associations between First Trimester Markers

 Absence of the nasal bone is related to:Absence of the nasal bone is related to:

 Delta NTDelta NT

 Gestational ageGestational age

 Slightly with maternal ageSlightly with maternal age

 Maternal ethnicity (African descent)Maternal ethnicity (African descent)

Cicero et al. AJOG (2006) 195, 109–14

Associations between First Trimester Markers:
Nasal bone and maternal ethnicity
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Associations between First Trimester Markers:
Nasal bone and maternal ethnicity
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Associations between First Trimester Markers

 Presence of tricuspid regurgitation* or abnormal Presence of tricuspid regurgitation* or abnormal 
ductus venosus flow** are related to:ductus venosus flow** are related to:

 Delta NT Delta NT 

 Gestational ageGestational age

 Presence of cardiac defectsPresence of cardiac defects

*Faiola et al. Ultrasound Obstet Gynecol 2005; 26: 22–27
** Maiz et al. Ultrasound Obstet Gynecol 2008; 31: 256–260

Associations between First Trimester Markers Associations between First Trimester Markers

Beyond Chromosome 
Abnormalities

Beyond Chromosome Abnormalities:    
Increased NT and Poor Pregnancy OutcomeIncreased NT and Poor Pregnancy Outcome

Increased NT is associated with:
• All major chromosomal abnormalities
• More than 50 defects & genetic syndromes
• The risk increases with NT thickness

Abnormal karyotype
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Beyond Chromosome Abnormalities:    
Abnormal DV and Fetal DeathAbnormal DV and Fetal Death

•The risk of miscarriage or fetal death 
between 11 weeks and delivery is about 2%
• The prevalence of reversed a-wave at 11-
13+6 weeks is >10% in pregnancies resulting 
in fetal death and <4% in those resulting in 
live birth
•The risk of fetal death is increased if:

•DV a-wave is reversed
•PAPP-A is low
•The mother is Black
•The mother is obese
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Beyond Chromosome Abnormalities:    
Increased NT and Heart DefectsIncreased NT and Heart Defects

Atzei et al 2005, n=6,921
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Beyond Chromosome Abnormalities:    
Increased NT and Heart DefectsIncreased NT and Heart Defects

Clur et al. Prenat Diagn 2008; 28: 347–354

Beyond Chromosome Abnormalities:         
Fetal Structural AbnormalitiesFetal Structural Abnormalities

Beyond Chromosome Abnormalities: TTTSTTTS

 TwinTwin--toto--Twin Transfusion SyndromeTwin Transfusion Syndrome
 Affects 10% of monochorionic preganciesAffects 10% of monochorionic pregancies

 2/3 of monozygotic twins are monochorionic2/3 of monozygotic twins are monochorionic

 All monochorionic twins are monozygoticAll monochorionic twins are monozygotic

Beyond Chromosome Abnormalities: TTTSTTTS
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Beyond Chromosome Abnormalities:      
Extreme Values of First Trimester BiochemistryExtreme Values of First Trimester Biochemistry

 Extremely Low fExtremely Low fββhCG and IUGRhCG and IUGR

 Extremely low fExtremely low fββhCG and Preterm BirthhCG and Preterm Birth

Krantz et al. American Journal of Obstetrics and Gynecology (2004) 191, 1452-8 Tables IV and V

Beyond Chromosome Abnormalities:      
Extreme Values of First Trimester BiochemistryExtreme Values of First Trimester Biochemistry

 Extremely Low PAPPExtremely Low PAPP--A and IUGRA and IUGR

 Extremely low PAPPExtremely low PAPP--A and Preterm BirthA and Preterm Birth

Krantz et al. American Journal of Obstetrics and Gynecology (2004) 191, 1452-8 Tables IV and V

Beyond Chromosome Abnormalities:      
Extreme Values of NTExtreme Values of NT

 Increased NT and Preterm BirthIncreased NT and Preterm Birth

Krantz et al. American Journal of Obstetrics and Gynecology (2004) 191, 1452-8 Tables IV and V

Risk Calculaton Algorithms:  
Future Directions

Risk Calculation Algorithms: Future Directions

 Two strategies for including new markers Two strategies for including new markers 
into first trimester screeninginto first trimester screening
 Do everything on everyone alwaysDo everything on everyone always

 Do twoDo two--stage screeningstage screening
 Identify an intermediate risk group after initial NT Identify an intermediate risk group after initial NT 

and biochemistryand biochemistry

 Look at additional ultrasound markers to push Look at additional ultrasound markers to push 
these women into highthese women into high--risk or lowrisk or low--risk grouprisk group

Risk Calculation Algorithms: 2-Stage

Sonography at 20 wksChorionic villous sampling

High-risk (> 1 in 50)
1.5% of the population

85% of Trisomy 21

Low-risk (<1 in 1000)
83.5% of the population

1% of Trisomy 21

Intermediate-risk (1/51 – 1/1000)
15% of the population

14% of Trisomy 21

Risk
>1 in 100

Risk
<1 in 100

Assessment of
NEW MARKERS 



Risk Calculation Algorithms: 2-Stage       
Adding Ductus Venosus

Sonography at 20 wksChorionic villous sampling

High-risk
(> 1 in 50)

1.5% of the population

Low-risk
(<1 in 1000)

83.5% of the population

Intermediate-risk
(1/51 – 1/1000)

15% of the population

Risk
>1 in 100

Risk
<1 in 100

Assessment of
DUCTUS VENOSUS FLOW

Assessment of ductus venosus flow improves the performance of combined screening:
• Detection rate increases from 90% to 95%
• False positive rate decreases from 3.0% to 2.5% 

Risk Calculation Algorithms: 2-Stage       
Adding Nasal Bone

Sonography at 20 wksChorionic villous sampling

High-risk
(> 1 in 50)

1.5% of the population

Low-risk
(<1 in 1000)

83.5% of the population

Intermediate-risk
(1/51 – 1/1000)

15% of the population

Risk
>1 in 100

Risk
<1 in 100

Assessment of
NASAL BONE

Assessment of the nasal bone improves the performance of combined screening:
• Detection rate increases from 90% to 93%
• False positive rate decreases from 3.0% to 2.5%

Risk Calculation Algorithms: 2-Stage       
Adding Tricuspid Flow

Sonography at 20 wksChorionic villous sampling

High-risk
(> 1 in 50)

1.5% of the population

Low-risk
(<1 in 1000)

83.5% of the population

Intermediate-risk
(1/51 – 1/1000)

15% of the population

Risk
>1 in 100

Risk
<1 in 100

Assessment of
TRICUSPID FLOW

Assessment of the tricuspid flow improves the performance of combined screening:
• Detection rate increases from 90% to 95%
• False positive rate decreases from 3.0% to 2.5% 

Risk Calculation Algorithms: 2-Stage       
Adding Facial Angles

Sonography at 20 wksChorionic villous sampling

High-risk
(> 1 in 50)

1.5% of the population

Low-risk
(<1 in 1000)

83.5% of the population

Intermediate-risk
(1/51 – 1/1000)

15% of the population

Risk
>1 in 100

Risk
<1 in 100

Assessment of
FACIAL ANGLE

Assessment of the facial angle improves the performance of combined screening:
• Detection rate increases from 90% to 94%
• False positive rate decreases from 3.0% to 2.5%

Risk Calculation Algorithms: 2-Stage

High-risk (> 1 in 50) Low-risk (<1 in 1000)

Ultrasound scan at 22 wksChorionic villus sampling

Intermediate-risk (1/51 – 1/1000)
12% of the population
14% of Trisomy 21

Trisomy 21 risk: fetal NT & serum ß-hCG and PAPP-A 

Ultrasound markers: Normal / Abnormal / Uncertain

Markers:        Abnormal              Normal

NT & ß-hCG & 
PAPP-A

& New markers
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Thank you for the opportunity to 
address you today!


