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Abstract Objectives. Evaluating the benefits of an early screening of combined maternal markers and 

ultrasound of the fetuses. 

Methods. Prospective study (1 January and 31 December 2018) enrolled 187 patients, evaluated 

at the end of the first trimester of pregnancy (nuchal scan). Biochemical markers: detection of free β 

human chorionic gonadotropin and serum pregnancy associated plasma protein A. The first trimester 

ultrasound examination included the assessment of the nuchal translucency, fetal crown rump length 

and fetal heart. 

Results. 9 cases with abnormal biomarkers, increased nuchal translucency and cardiac 

anomalies, including abnormal 4-chamber view (6 cases) and great vessel anomalies (3 cases). 1 case 

considered initially negative in the first trimester was diagnosed by morphological scan with 

tetralogy of Fallot in the second trimester. 

Conclusions. A first trimester combined ultrasound protocol and maternal serum biochemical 

markers is important in the early prenatal care screening. 
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Introduction 

A first trimester screening based on the analysis  

of biochemical markers in maternal serum has become 

partof the obstetric antenatal care. The correlated maternal 

biochemical markers are the free β human chorionic 

gonadotrophin (free β HCG) and pregnancy associated 

plasma protein-A (PAPP-A). 

An accurate prenatal ultrasound diagnosis is also 

important because congenital heart diseases (CHD) are 

the most common anomalies, with an estimated incidence 

of 4-13 per 1000 live births (ALLAN et al, 1994 [1]). 

Literature describes the importance of an early ultra-

sound detection of fetal heart abnormalities in high risk 

pregnancies associated with modified maternal serum 

biochemical markers and chromosomal abnormalities 

(BAHADO-SINGH et al, 2005 [2], TENEA-COJAN et al, 

2012 [3]). Studies also demonstrate that ultrasound can be 

a useful tool in the diagnosis of major heart abnormalities 

in low risk pregnancies (BECKER et al, 2012 [4], PATRU 

et al, 2017 [5], VASILE et al, 2009 [6]), which must  

be reevaluated and confirmed at the second trimester 

morphological scan. 

In most European countries a combined ultrasound 

and maternal serum biochemical markers screening has 

been established as part of the routine prenatal care. 

Evidence based medicine shows that the prenatal 

detection of fetal congenital and chromosomal anomalies 

as part of a screening program for the whole pregnant 

population is feasible and effective (BAHADO-SINGH  

et al, 2005 [2], PERSICO et al, 2011 [7], RADU et al, 

2018 [8]). 

The maternal biochemical markers screening has 

limitations regarding the fetal neural tube defect detection 

because this would require either a second trimester 

separate alfa fetoprotein test or a detailed morphological 

scan between 19 to 24 weeks of gestation. 

 

Materials and Methods 

This is a prospective observational study that 

included 187 patients – unselected pregnancies – that 

were evaluated at the end of the first trimester during  

the nuchal scan using a Voluson 730 PRO-GE Healthcare 

Systems (Figure 1A). The patients were admitted in the 

Obstetrics and Gynecology Department of the Emergency 

County Hospital from Craiova between 1 January and  

31 December 2018. 

Gestational age ranged between 12 weeks + 0 days 

and 13 weeks + 6 days based on the fetal crown–rump 

length (CRL) measurement (Figure 1B). The patients 

were examined by transabdominal and transvaginal ultra-

sound in Grey-scale and color Doppler mode. 

The first trimester ultrasound examination included 

the assessment of the nuchal translucency (Figure 1A),  

fetal crown rump length and evaluation of the fetal heart. 

 

 

 

Figure 1. A. Nuchal translucency measurement; B. Crown-rump length measurement. 

 

 

The fetal assessment included a demonstration of 

normal/abnormal fetal head, abdominal wall, diaphragm, 

stomach, limbs, umbilical cord insertion, kidneys, bladder 

and spine (Figure 2). 

The fetal heart protocol included the four-chamber 

view and the outflow tract views. The evaluation started 

with the four-chamber view; this included the evaluation of 

the heart area (no more than one third of chest area), right- 

and left-sided structures approximately equal, the normal 

offset of the two atrio-ventricular valves. The left and right 

ventricular outflow tracts were evaluated in regards with 

their size (equal in size). The visualization of the crossing 

over was attempted in each case (Figure 3). A major 

heart anomaly was defined as a fetal heart defect that has 

the potential to be life-threatening and usually requires 

medical or surgical intervention after birth. 
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Figure 2. First trimester fetal morphology assessment. A, B, C and D. fetal head; E. diaphragm;  

F. kidneys; G. stomach; H. spine; I. bladder and umbilical cord; J and K. fetal limbs. 
 
 

The maternal serum biochemical markers included  

the detection of the free β human chorionic gonadotropin 

and serum pregnancy associated plasma protein A.  

The biochemical markers were obtained either between  

9-10 weeks of gestation or at the time of the nuchal scan. 

After the late first trimester ultrasound, a follow-up 

scan was performed. This included the evaluation of  

the fetal morphology in the second trimester between  

19-24 weeks of gestation. 

In our case series, after the second trimester con-

firmation of the fetal abnormalities the couples were 

extensively counseled. When major structural abnor-

malities were confirmed, the couples required medical 

termination of pregnancy. 

In these cases, the antenatal diagnosis was com-

pared with the pathological examination. In the rest of  

the cases, the fetuses were followed up until delivery and 

the antenatal diagnosis was compared with the postnatal 

examination.  

The postnatal assessment was made by a multi-

disciplinary team including an obstetrician, neonatologist, 

cardiologist and pediatric surgeon. 

The cases that required surgical intervention were 

referenced to specialized neonatal cardiac centers. 
 

 

 

Figure 3. Four-chamber view: A. 2D Gray scale (on the right side) and Color Doppler mode (on the left side) demon-

strates the left and right atrio-ventricular flows. Outflow tract view: B. Color Doppler mode demonstrates the emergence 

of left outflow tract; C. Color Doppler mode demonstrates the emergence of right outflow tract; D. Three vessels and 

trachea view: color Doppler mode demonstrates the confluence of the two arterial arches on the left side of the spine. 
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Results 

The study enrolled 187 unselected patients. The 

gestational age ranged between 12 weeks + 0 days and  

13 weeks + 6 days based on the fetal crown–rump length 

measurement. The mean gestational age at diagnosis  

was 12 weeks and 2 days and the mean maternal age was 

28 years. 

During the study period, 9 cases with abnormal 

maternal serum biomarkers, increased nuchal translucency 

and cardiac anomalies were diagnosedin the first trimester. 

Decreased levels of PAPP-A before the 14th week  

of gestation were associated with an increased risk for 

Down syndrome and trisomy 18, and increased levels of 

hCG were associated with an increased risk of Down 

syndrome. 

Using the four-chamber view plane, we diagnosed  

3 cases of complete atrio-ventricular septal defect, 1 case 

of hypoplastic left heart syndrome and 2 cases of hypo-

plastic right heart syndrome. 

The outflow tract view diagnosed 3 cases with 

abnormal great vessels: 1 case of aortic coarctation and  

2 cases of Tetralogy of Fallot.1 case which was initially 

considered negative in the first trimester was diagnosed 

with Tetralogy of Fallot in the second trimester during  

the morphological scan. 

The four-chamber view plane was obtained in 91%  

of the fetuses when the gestational age ranged between  

12 weeks + 0 days and 12 weeks + 6 days, increasing  

to 98% when the gestational age ranged between  

13 weeks + 0 days to 13 + 6 weeks. The outflow tracts 

plane was obtained in 87.1% of the fetuses and 99% 

after using the transvaginal technique. 

From all the 9 pathologic cases, 2 cases were 

diagnosed with chromosomal abnormalitiesbecause of 

modified maternal serum biomarkers and associated 

major heart defects. One case was diagnosed with Trisomy 

18 and associated atrio-ventricular septal defect and the 

other case was diagnosed with Trisomy 13 and associated 

hypoplastic left heart. Both cases had normal nuchal 

translucency at the first trimester scan. 

In all cases diagnosed with major heart defects  

the couples decided to terminate the pregnancy. The 

pathological examination confirmed the antenatal 

diagnosis. 

 

Discussion 

Maternal Serum PAPP-A is a glycoprotein with 

molecular weight of 400 kDa, produced by the placental 

syncytiotrophoblast and deciduas. It increases the bio-

availability of insulin like growth factor, which in turn 

mediate trophoblast invasion and modulates glucose and 

amino acids transport in the placenta. In normal pregnancy, 

the maternal serum concentration of PAPP-A increases 

with gestational age. Its concentration increases expo-

nentially with a doubling time of 3-4 days during the first 

trimester, then the level continues to rise throughout 

pregnancy until delivery. 

Decreased levels of PAPP-A are associated with 

abnormal placental function. Low first trimester maternal 

biochemical levels are found in trisomy 21, trisomy 18 and 

trisomy 13 but also in others fetal aneuploidies. A strong 

relationship between PAPP-A and fetal birth weight was 

detected (PERSICO et al, 2011 [7]), as PAPP-A decreases, 

the risk of small-for-gestational-age fetuses increases. 

Human chorionic gonadotropin is a glycoprotein 

hormone with molecular weight of 39.5 kDa composed  

by two subunits alpha and beta joined noncovalently, 

normally found in maternal serum and urine only during 

pregnancy, mediating multiple placental, uterine and fetal 

functions including development of syncytiotrophoblast 

cells, mitotic growth and differentiation of the endo-

metrium (FONG et al, 2004 [9]). 

Maternal serum hCG peaks at 8-10 weeks of gesta-

tion and declines to reach a plateau between 18-20 weeks 

of gestation. 

The new technology for biochemical analysis com-

bines biochemical and ultrasound markers which provides 

accurate and reproductive measurements for an early 

assessment.  

In the maternal serum biochemical markers scre-

ening, the results are converted into MoM (multiple of 

median) of unaffected pregnancies at the same gestation 

age. MoM values are calculated by dividing an individual’s 

marker level by the median level of that marker for the 

entire population at that gestational age. Using MoM 

values, rather than absolute levels, allows results from 

different laboratories to be interpreted in a consistent way. 

The development of high-resolution ultrasound 

machines permits a better evaluation of the fetal heart in 

 the first trimester (PERSICO et al, 2011 [7], (FONG et al, 

2004 [9]). In our opinion, the fetal heart must be assessed 

as early as possible during pregnancy because the con-

genital heart diseases are the most common congenital 

abnormalities and most cases occur in the low-risk 

population (HAAK et al, 2002 [10], VÎLCEA et al, 2008 

[11], LI et al, 2013 [12]). Using an appropriate protocol, 

most fetal heart defects can be diagnosed at the end of  

the first trimester. To increase the detection rate, we sug-

gest that a combined examination protocol that includes  

the nuchal translucency measurement, the four-chamber 

and outflow tract views and maternal serum biomarkers 

should be used. 

The four-chamber view and the outflow tract view  

are two important planes for the fetal heart assessment. 

The four-chamber plane assesses the size and structure  

of the cardiac chambers and the outflow tract view gives 

information about the emergence, shape, diameter and 

relationship of the great vessels. The ultrasound assess-

ment of the two plane scan increase the diagnosis of the 

congenital heart disease (OGGE et al, 2006 [13]). 

A second trimester ultrasound follow-up is required 

as many defects can be missed at the FT scan (small 

atrial/ventricular septal defects) or may evolve (Tetralogy 

of Fallot, aortic coarctation) (SMRCEK et al, 2006 [14], 

TENEA COJAN et al, 2018 [15])  
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The association between congenital heart defects and 

chromosomal abnormalities was demonstrated (MULLER 

et al, 2007 [16],  TENEA COJAN et al, 2018 [17], CLUR 

et al, 2009 [18]). This is important because most patients 

are scanned at the end of the first trimester as part of the 

nuchal translucency screening process and this may help 

the congenital heart defects diagnosis (BELLOTTI et al, 

2010 [19], MAKRYDIMAS et al, 2005 [20]). 

On the other side, a correct antenatal diagnosis of  

the fetal heart defects may lead to the diagnosis of 

chromosomal anomalies even in cases with normal nuchal 

translucency (BECKER et al, 2006 [21], ENE et al, 2016 

[22], SALTVEDT et al, 2006 [23]). We detected one 

case of Trisomy 18 and one case of Trisomy 13 with 

normal NT because of the associated major heart defects 

(NEDELCUTA et al, 2017 [24], NEDELCUTA et al, 

2019 [25], STANESCU et al, 2015 [26]). 

A first trimester detection of major fetal structural 

abnormalities, especially heart defects is important for 

the couples counseling, pregnancy follow-up and post-

partum management (CLENCIU et al, 2019 [27], 

NEDELCUTA et al, 2019 [28], GHEORMAN et al, 

2019 [29]). This offers the couples a correct decision for 

the ongoing pregnancy (CARVALHO et al, 2004 [30]) 

and the decision of an early termination (RASIAH et al, 

2006 [31]). 

 

Conclusions 

At the end of the first trimester, a fetal structural 

assessment is feasible. In our opinion, a first trimester 

detailed fetal heart protocol that includes the four-chamber 

view and the out-flow tract view assessment should be 

included in the prenatal ultrasound screening to improve 

the early fetal heart defects detection rate, pregnancy 

management and postpartum follow-up. Because cardiac 

defects may be part of an evolving disease and occur 

later during pregnancy, a second trimester cardiac exami-

nation should be considered.  
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