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Chapter 2 

Early pregnancy screening for fetal aneuploidy with serum markers and nuchal 
translucency 

Irene M. De Graaf, Eva Pajkrt, Caterina M. Bilardo, Nico J. Leschot, Howard S.Cuckle 

and Jan M.M. Van Lith 

We determined the aneuploidy detection rate achievable by early pregnancy screening 

with Pregnancy Associated Plasma Protein (PAPP)-A, free-ß human chorionic 

gonadotrophin (hCG) and ultrasound nuchal translucency (NT) measurement. Women 

having prenatal diagnosis were scanned, and a blood sample was taken and stored. 

Stored samples were tested from a total of 37 found to have Down syndrome and 8 with 

Edwards syndrome together with 255 controls. Results were expressed in multiples of 

the gestation specific median (MOM) value in the controls after regression and, for the 

serum markers, maternal weight adjustment. In Down syndrome the medians were for 

PAPP-A 0.63 MOM (95% confidence interval [CI] 0.45-0.87); free ß-hCG 1.88 MOM 

(1.33-2.66); and NT 2.34 MOM (1.70-3.22). Using these parameters the expected 

detection rate for a 5% false-positive rate for different marker combinations were: 

55.3% for PAPP-A and free ß-hCG; 68.4% for NT alone; 84.6% for PAPP-A, free ß-

hCG and NT. The median values for Edwards syndrome were: 0.17 MOM for PAPP-A; 

0.18 MOM for free ß-hCG; 2.64 MOM for NT. Early pregnancy screening with the 

combined measurement of maternal serum PAPP-A and free-ß-hCG and foetal nuchal 

translucency could achieve a high Down syndrome detection rate. 

Prenatal Diagnosis (1999), 19: 458-462. 
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Introduction 

Down syndrome, i.e. trisomy 21, is the most common serious chromosomal anomaly in 

live-born infants. Most women having invasive prenatal diagnosis do so because of 

increased risk of this disorder. Both invasive procedures generally used to make a 

diagnosis, chorionic villus sampling and amniocentesis, carry a risk of fetal loss due to 

the procedure. Mid trimester maternal serum screening is a non-invasive way of 

identifying women at high risk for Down syndrome, with a detection rate of about 60%. 

With mid trimester serum screening the definitive diagnosis by amniocentesis is made 

late and when an affected fetus is found, termination of pregnancy cannot usually be 

offered until at least 18 weeks of gestation. Earlier screening for fetal aneuploidy would 

be desirable. 

Pregnancy Associated Plasma Protein A (PAPP-A) is the single best serum marker in 

early pregnancy reported to date; in Down syndrome levels are decreased by more than 

one-half on average (Van Lith, 1996). In addition, low PAPP-A may be associated with 

Edwards syndrome, i.e. trisomy 18 (Brambati et al, 1991). A second early pregnancy 

serum marker, free ß human Chorionic Gonadotrophin (free-ß-hCG), is almost as 

discriminatory as PAPP-A and in Down syndrome levels are on average about doubled 

(Van Lith, 1996). There are other serum markers such as ct-fetoprotein (AFP) but these 

are of lesser discriminatory value (Van Lith, 1997). 

In addition to the serum markers there are also early ultrasound markers. The most 

effective ultrasound marker for Down and Edwards syndrome, as well as other serious 

aneuploidies, is nuchal translucency (Nicolaides et al, 1998). 

The main aim of the present study was to determine the expected detection rate and 

false-positive rate for Down syndrome achievable by early pregnancy screening with 

the combined measurements of serum PAPP-A and free-ß-hCG and fetal nuchal 

translucency (NT) thickness. We also investigated the value of using AFP as a third 

serum marker for Down syndrome and also the extent to which all four markers are 

altered in Edwards syndrome. We did this by a retrospective case-control study. 

Methods 

All women undergoing invasive prenatal diagnosis at the Academic Medical Centre in 

Amsterdam between 1994 and 1997 were asked to participate. Blood samples were 

obtained at the first antenatal visit at 9 to 15 weeks of gestation. In a proportion of cases 

the blood was taken when the woman came for chorionic villus sampling (CVS) at 10-

14 weeks of gestation. Exceptionally, blood was taken prior to the amniocentesis at 15-
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19 weeks. An initial ultrasound scan for dating and measurement of the nuchal 

translucency thickness was performed at the time of booking or immediately prior to the 

CVS, apart from the women that came immediately for amniocentesis. 

The blood samples were transported to the laboratory within 4 hours, centrifuged and 

stored at -20°C. 

Over the three-year period of the study 37 foetuses with Down syndrome were 

diagnosed. The indications for prenatal diagnosis were advanced maternal age (26), 

enlarged NT (9), parental anxiety and parental carrier status. There were also 8 cases of 

Edwards syndrome with indications: advanced maternal age (7) and anxiety. Over the 

time period of the study all women at the Academic Medical Centre were offered 

routine NT measurement at their first antenatal visit. The cut-off used at that time was 

fixed at 3 mm, regardless of gestational age (Pajkrt et al, 1995). 

The maternal serum samples from the 45 cases, in 5 Down syndrome cases and 1 

Edwards syndrome case repeat test were done, were retrieved from storage together 

with 255 samples from matched unaffected singleton control pregnancies. For each case 

5 controls were selected which were matched for maternal age (within 2 years), 

gestational age (within 2 weeks) and duration of storage of the serum sample (within 2 

months). The majority of blood samples were taken at booking (n=127) or prior to the 

CVS (n=99). Exceptionally blood samples were taken before the amniocentesis (n=10) 

at 15-19 weeks of gestation. In the first year of the study, a few blood samples were 

obtained 17 to 29 days after CVS (n=19). The samples were measured for free-ß-hCG 

and AFP using the DELFIA® dual labelled time-resolved fluorescent assay (EG&G 

Wallac Oy, Turku, Finland). The DELFIA® research assay (CR61-105) was used to 

measure PAPP-A. The analysis was carried out over a two-week period and the samples 

were processed without knowledge of the clinical findings. 

Sonographers performed all scans with at least 2 years experience in diagnostic obstetric 

ultrasound. Using an abdominal curvilinear 3.5 MHz or 5 MHz transducer a sagittal 

image of the fetus was obtained to measure the crown-rump length. At the same time 

the maximum thickness of the subcutaneous translucent area between the skin outline 

echo and the soft tissues overlying the cervical spine was recorded, care being taken to 

distinguish fetal skin from amnion. We measured the NT using an enlarged image with 

the fetus filling three-quarters of the field. The callipers were placed on the white lines 

representing the tissues overlying occiput/spine and the skin ('on to on'), as defined by 

the Fetal Medicine Foundation (Snijders et ai, 1996). Four different ultrasound 

machines were used. One machine, used in the first year of the study for a large 

proportion of women, did not allow measurements of NT to be made to 0.1 mm. If 

43 



Chapter 2 

imaging the nuchal translucency was impossible because of fetal position or maternal 

obesity, the measurement was recorded as failed. 

We excluded from the analysis the NT results from 9 cases of Down syndrome and 7 

unaffected pregnancies where the indication for prenatal diagnosis was enlarged NT 

found at routine scan. Also in 11 controls we failed to measure the NT. 

All results were expressed as multiples of the gestation-specific median (MOMs) in 

unaffected pregnancies. For this purpose the gestational age was estimated from the 

ultrasound scan rather than menstrual dates. The median level of all four markers 

(PAPP-A, free-ß-hCG, AFP and NT) was calculated for each completed week of 

gestation. The expected values were obtained by regression of median level on median 

days weighted for the number of women tested. Maternal weight was available in 

almost all pregnancies and to adjust the MOM values for weight each was divided by 

the expected weight-specific MOM. This was obtained by regression analysis using an 

inverse model (Neveaux et al, 1996). 

The Gaussian distribution parameters of logio MOM were estimated for affected and 

unaffected pregnancies from the first sample tested in each pregnancy. The mean was 

estimated from the log median value. To avoid the undue influence of occasional outliers 

the standard deviation was calculated from the 10-90* centile range divided by 2.563. 

Correlation coefficients were obtained directly after excluding outlying values exceeding 3 

standard deviations from the mean. The predicted detection rate for a 5% false-positive 

rate was calculated from these parameters by standard statistical modelling techniques 

(Royston and Thompson, 1992). The maternal age distribution used for this purpose 

was that of the Netherlands in 1997 (CBS). 

Results 

In table 1 the median levels of each marker among the controls for each completed 

week of gestation is shown. The best fitting regression curves, given as a footnote to the 

table are used to calculate MOMs. 

Table 2 shows that the MOM values for the three serum marker decreased with maternal 

weight but the NT did not. The inverse weight regression curves given in the footnote to 

the table are used to adjust values in the rest of the paper. 

In table 3 the Gaussian parameters for Down syndrome and unaffected pregnancies are 

given. The distribution of NT results in unaffected pregnancies had an extended lower 

tail. This is attributable to the imprecision of NT measurement in the first year described 

above. Consequently we used the median to 90th centile range divided by 1.28 to 

estimate standard deviation rather than the 10 - 90th centile range divided by 2.563. Also 
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Table 1. The median levels of each marker among the controls for each completed week 

of gestation. 

Gestation Serum Median levels NT (mm) 

(weeks) tests PAPP-A 

(mIU/L) 

Free-ß 

(ne/ml) 

AFP 

(U/ml) 

Number Median 

9 13 850 89.8 5.80 13 0.80 

10 25 1,600 54.3 6.80 23 1.20 

11 84 1,477 47.6 9.00 75 1.00 

12 55 2,026 49.4 12.7 56 1.65 

13 30 3,318 33.9 16.4 29 1.90 

14 15 6,387 33.9 20.3 18 1.85 

15 33 6,022 19.0 22.7 23 0.90 

The regression analysis yielded the following curves: 

logioPAPP-A=0.67695+0.044962day-0.00015998day2 

freeß-hCG=14.620+16.624exp(-0.037814(day-100)) 

logl0AFP=-1.35626+0.0430949day-0.00017022day2 

logioNT=-6.4496+0.14578day-0.00079708day2 

Table 2. The MOM values for the three serum markers and the NT. 

Maternal Women with serum tests With NT 

Weight 
(kg) Number PAPP-A Free-ß AFP Number Median 

<50 19 1.32 0.99 1.38 17 1.19 

55- 39 1.06 1.03 1.05 38 0.84 

60- 66 0.98 1.02 0.98 60 1.05 

65- 57 1.01 0.95 0.92 56 0.90 

70- 30 0.72 0.95 0.94 29 1.28 

75+ 34 0.79 0.90 0.91 31 1.12 

The regression analysis yielded the following curves for the serum markers: 

PAPP-A=-0.19119+74.646/weight 

free ß-hCG=0.67272+19.654/weight 

AFP=0.15247+53.743/weight 

in the statistical modelling we used a 1 MOM lower truncation limit for NT. For three 

of the markers the median level in Down syndrome pregnancies was significantly 

different from 1 MOM for PAPP-A (0.63 MOM; 95% confidence interval [CI] 0.45-

0.87), for free ß-hCG (1.88 MOM; 95% CI 1.33-2.66); and for NT (2.34 MOM; 95% CI 

1.70-3.22). For AFP the difference was not significant with a median of 0.93 MOM 
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(95% CI 0.77-1.13). Using these parameters the expected detection rate for a 5% false-

positive rate for different marker combinations were: 55% for PAPP-A and free ß-hCG; 

68% for NT alone; 85% for PAPP-A, free ß-hCG and NT; 85% for all four markers. 

Table 3. Parameters of Gaussian distributions. 

Down syndrome Unaffected pregnancies 

All <14 All <14 

Mean 

PAPP-A 0.63 0.56 1.00 0.98 

free ß-hCG 1.88 1.74 1.00 1.00 

AFP 0.93 0.97 1.00 0.98 

NT 2.34 2.07 1.03 1.02 

Standard deviation (login scale) 

PAPP-A 0.352 0.312 0.262 0.262 

free ß-hCG 0.375 0.333 0.269 0.256 

AFP 0.210 0.196 0.194 0.198 

NT 0.300 0.256 0.160 0.152 

Correlation coefficient (li }gin scale) 

PAPP-A & free ß-hCG 0.591 0.485 0.153 0.164 

PAPP-A & NT 0.359 0.099 0.096 0.125 

PAPP-A & AFP 0.097 -0.100 -0.083 -0.017 

free ß-hCG & NT 0.126 -0.116 0.002 0.041 

free ß-hCG & AFP 0.098 -0.021 -0.030 -0.070 

NT & AFP -0.391 -0.389 0.038 0.110 

We also calculated the medians for the subset Down syndrome cases with serum (30) or 

ultrasound (24) results before 14 weeks of gestation. The values were: 0.56 MOM for 

PAPP-A, 1.74 MOM for free ß-hCG, 2.07 MOM for NT and 0.97 MoM for AFP. Using 

these parameters the expected detection rates were: 55% for PAPP-A and free ß-hCG; 

64% for NT alone; 82% for PAPP-A, free ß-hCG and NT; 83% for all four markers. 

In table IV the individual MOMs for the 8 cases of Edwards syndrome are shown. The 

median values were: 0.17 MOM for PAPP-A (95% CI: 0.00-0.34); 0.18 MOM for free 

ß-hCG (95% CI: 0.13-0.23); 2.64 MOM for NT (95% CI: 1.08-4.20) and 1.13 MOM for 

AFP (95% CI: 0.70-1.56). 

46 



Serum markers and NT 

Table 4. Marker levels (MOM) in 8 cases of Edwards syndrome 

Case Gestation PAPP-A Free-ß-hCG NT AFP 

1 8 0.76 027 0.00* 1.29 
2 9 0.45 0.21 7.42 0.57 

3 10 0.17 0.18 0.99 1.88 

4 11 0.04 0.22 2.13 1.80 

5 11 0.08 0.18 3.36 2.38 

6 11 0.17 0.08 3.79 0.99 

7 11 0.26 0.15 1.11 0.99 

8 15 0.11 0.05 4.56 0.83 

17 0.12 0.03 - 0.93 

* actual NT measurement was 0 mm. 

Discussion 

We have confirmed by statistical modelling that a high Down syndrome detection rate 

can be achieved in early pregnancy by using the combined measurement of maternal 

serum PAPP-A and free-ß-hCG and fetal nuchal translucency. 

Our predicted detection rate for PAPP-A and free-ß-hCG is similar to that of other 

studies using the same modelling technique but deriving parameters from their own 

data. We found a 55% detection rate for a 5% false-positive rate and they found 49% 

(Berry et ai, 1997) 51% (Spencer et al, 1994) 56% (Forest et al, 1997), 62% (Wald et 

ai, 1996), and 63% (Krantz et ai, 1996). The higher detection rates in the latter two 

studies, which were performed in the first trimester, can be explained by the known 

tendency for PAPP-A values to rise with gestation. We also calculated the medians for 

the subset of 30 Down syndrome cases with serum values in the first trimester. The 

values were 0.53 MOM for PAPP-A, compared to 0.66 MOM for the whole study 

population. 

Measurement of the nuchal translucency thickness between 10-14 weeks of gestation 

can identify about three-quarters of the fetuses with Down syndrome (Pandya et al, 

1995; Nicolaides et al, 1998). Higher detection rates can be obtained by the combined 

measurement of the first-trimester serum markers and nuchal translucency. In one study 

the combination of free ß-hCG and nuchal translucency thickness is reported to detect 

up to 85% of Down syndrome cases (Noble et al, 1995), at a false positive rate of 5%. 

Our predicted detection rate for NT was 68%. The detection rate for a combination of 

PAPP-A, free-ß-hCG and NT was 85%. One other study has reported the values of all 
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three markers in the same pregnancy but it only included 4 cases of Down syndrome 

and 5 of Edwards syndrome (Zimmerman et al, 1996). We found that the addition of 

the serum markers PAPP-A and free-ß-hCG to an early pregnancy screening program 

for Down syndrome based on the measurement of the nuchal translucency thickness and 

maternal age adds 17% to the detection rate. In this study the addition of AFP as a 

fourth marker only increased detection by about 1%. 

There is little published information on early pregnancy markers of Edwards syndrome. 

Whilst we only included 8 cases, the actual values are given (table 4), so that others can 

include them in meta-analysis as more data become published. 

A Study Group of the Royal College of Obstetricians and Gynaecologists (1997) has 

recommended that there is now sufficient evidence to support routine first trimester 

serum screening either alone or in combination with NT. A recent survey of women's 

opinions in the Netherlands showed a clear preference for earlier screening (Kornman et 

al, 1997). They cited an easier termination, if required, and earlier reassurance as the 

main advantages. 
In our opinion when first trimester screening is carried out it should be based on a 

combination of maternal age, serum markers and nuchal translucency. Prospective 

studies are needed to confirm our results before they can be used in routine clinical 

practice. 
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