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INTRODUCTION 

 
 The prevalence of Chromosomal abnormalities is very low occurring in 

0.1% to 0.2% of live births.[1,2]. “Down’s syndrome” (Trisomy 21) is the most 

common karyotypic abnormality in live-born infants (1 per 800 live births)[3] 

.The leading cause of mental retardation is Down’s syndrome. [4–6]Structural 

defects and nonstructural abnormalities or “markers” are seen as sonographic 

findings in fetus with Trisomy 21  .  Trisomy 13, trisomy 18, monosomy X, and 

triploidy are other sonographically detectable aneuploidies. 

 

 Maternal age,[2]  biochemical markers,[7]  amniocentesis [8,9] and 

prenatal ultrasound are the methods that have been used to identify women at risk 

of carrying a fetus with trisomy21. Amniocentesis and other invasive tests 

determine karyotype of the fetus. Fetal mortality rate associated with these 

invasive procedures is is  0.5% -1.0%.[8,9] 

 

 At 18 to 22 weeks, a second-trimester sonogram is routinely done. 

Sonographic markers  of 2 types ,suggestive of aneuploidy are  observed in the 

second trimester . Major structural abnormalities  of the fetus comprise the first 

type of abnormality (Table 1) and  many other fetal defects with less  significance 

as possible markers of aneuploidy, which  are  called soft markers of aneuploidy 

(Table 1). They are not pathologic themselves and these markers have been used 

in screening for and  adjusting the risk for Trisomy 21 and other 

aneuploidies.[10,11] Although Soft markers may be seen in the normal fetuses , 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R6
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R2
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/table/T1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R10
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R11
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an increased incidence has been noted  in fetuses with aneuploidies. These 

markers of aneuploidy are nonspecific,are often transient, and are readily detected 

during the second-trimester ultrasound.[12] Thus, morphologic features of  Down 

syndrome in the fetus  can be identified by prenatally performed ultrasonography 

during the second trimester   .[13] 

 

Table 1 

Major fetal abnormalities and Soft Markers of Aneuploidy 

SYSTEM 

INVOLVED 

MAJOR STRUCTURAL 

ABNORMALITY 

SOFT MARKERS 

CENTRAL 

NERVOUS SYSTEM 

GROSSLY DILATED 

VENTRICLES 

CHOROID 

PLEXUS CYST 

 SMALL HEAD 

CICUMFERENCE (WHEN 

BIPARIETAL DIAMETER 

(BPD) < 1ST PERCENTILE 

AND HP/FL < 2.5TH 

PERCENTILE) 

NONUNION OF CEREBRAL  

HEMISPHERES 

 

 AGENESIS AND DYSGENESIS 

OF CORPUS CALLOSUM 

 

 

 POSTERIOR FOSSA CYST 

SUCH AS DANDY WALKER 

COMPLEX 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R12
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R13
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SYSTEM 

INVOLVED 

MAJOR STRUCTURAL 

ABNORMALITY 

SOFT MARKERS 

MUSCULOSKELETAL HAND AND FEET ANOMALIES 

LIKE BONY OR SOFT TISSUE 

UNION OF FINGERS, 

CLENCHED FIST, RADIAL RAY 

HYPOPLASIA,CTEV AND 

VERTICAL POSITION OF THE 

TALUS 

SHORTENING OF 

THE LONG BONES 

FACE CLEFT IN THE PALATE ,CLEFT 

IN THE LIP, SMALL MANDIBLE, 

LARGE TONGUE, 

HYPOTELORISM AND 

HYPERTELORISM, LOW SET 

EARS, SMALL EAR 

– 

NECK CYSTIC HYGROMA NUCHAL FOLD 

THICKENING 

HEART ENDOCARDIAL CUSHION 

DEFECTS, VSD, HLHS, 

FALLOT’S TETRALOGY 

ECHOGENIC 

INTRACARDIAC 

FOCUS 

GIT ATRETIC ESOPHAGUS, 

ATRETIC DUODENUM, SMALL 

BOWEL OBSTRUCTION, 

DIAPHRAGMATIC HERNIA AND 

OMPHALOCELE 

ECHOGENIC 

BOWEL 

GENITOURINARY 

TRACT 

MODERATE AND SEVERE HUN, 

RENAL DYSPLASIA, AND 

MILD DILATATION 

OF RENAL PELVIS 



4 
 

SYSTEM 

INVOLVED 

MAJOR STRUCTURAL 

ABNORMALITY 

SOFT MARKERS 

AGENESIS OF KIDNEYS 

OTHERS IUGR IN SECOND TRIMESTER, 

HYDROPS FETALIS 

TWO-VESSEL 

CORD WITH 

SINGLE 

UMBILICAL 

ARTERY 

 

 Major abnormalities are observed in < 25% of affected fetuses in most of 

the studies,[4,14–16] whereas > / = 1 soft markers can be observed in at least 50% 

of fetuses.[14,17,18] Prenatal ultrasound technique detect the soft markers; second 

trimester ultrasound  can diagnose 50% to 70% of cases of Trisomy 21, 70% to 

100% edward’s syndrome,[19,20] and 90% to 100% Patau syndrome.[1]. 

 

 The most common soft markers of aneuploidy are nuchal fold thickening, 

rhizomelic shortening of limb, mild pyelectasis, echogenic bowel, and echogenic 

focus in heart and choroid plexus cyst (CPC). There is a great deal of interest in 

the ultrasound detection of aneuploidy , as evidenced by the large number of 

publications on this topic. There is wide variation in the studies evaluating the 

significance of the soft markers of aneuploidy and  they show contradictory 

results. The most common soft markers that are used to screen aneuploidy,  

ultrasonographic technique for the correct detection and measurement criteria for 

the detection of soft markers are discussed below. 

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R17
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R18
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R19
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R20
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R1
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Thickening of Nuchal fold                                                      

 Nuchal edema in the second trimester in between 15 and 23 weeks is called 

as the nuchal fold. It is the first  nonstructural marker identified and also it 

remains the single most predictive sonographic marker.[12] The measurement of 

nuchal fold is done in the axial plane of the fetal head ,and it should include the 

cerebellum, occipital bone, and cavum septum pellucidum (Figure 1).  

 

  

Figure 1  Transverse image of the fetal head showing nuchal fold thickening. 

Nuchal fold is measured on a transverse image slightly off the biparietal diameter 

plane during the period of second trimester. The cerebellum, cisterna magna, and 

occipital bone are the structures to be seen. Soft tissue  measurement is taken from 

the outer echogenic line of occipital bone to the outer echogenic line of skin. 

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R12
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/figure/F1/
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 The nuchal fold is  to be measured  from the outer edge of occipital bone to 

the outer edge of the skin.[21,22] Nuchal fold thickening of 5 mm is  single most 

cutoff before 20 weeks.[26,27]The gestational age-specific criteria can be used,as 

the nuchal thickness  increases with gestational age normally.[28–30].  

 

Echogenic bowel 

 Fetal echogenic bowel refers to the presence of hyperechogenecity of the 

bowel,when compared with the echogenicity of the adjacent iliac bone. [31] The  

echogenic bowel can be diagnosed when the bowel appears to be at least as 

echogenic as adjacent iliac bone during the period of second-trimester 

ultrasound.(Figure 2) 

 

 

Figure 2 Sagittal image of fetal abdomen showing echogenic bowel.The image 

should include the fetal bowel, liver and iliac bone for comparison.  Echogenic 

bowel can be diagnosed when the echogenicity of the bowel is equal or more than  

that of adjacent iliac bone. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R21
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R22
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R26
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R27
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R28
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R30
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R31
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 In the third trimester ,Echogenic bowel is a relatively commonly 

encountered finding.[31]The transducer’s frequency  should be 5 MHz or lower. 

When the appearance is suspicious of echogenic bowel, the gain of the ultrasound 

unit need to be gradually lowered to the point when only bone and bowel are 

visible. Echogenic bowel is classified as focal, multifocal, or diffuse.  

 

 There are three grades of the echogenic bowel[32,33], and the echogenicity 

of the bowel is to be compared with the echogenicity of the iliac crest bone.When 

the echogenicity of the bowel that is less than the echogenicity of the iliac crest, it 

is called Grade 1 echogenic bowel ; When the echogenicity of the bowel is equal 

to the echogenicity of the iliac crest it is called grade 2 echogenic bowel; and 

When the echogenicity of the bowel is more echogenic than the iliac crest it is 

called grade 3 echogenic bowel.As the grades go higher (grades 2 and 3),the 

association of echogenic bowel with aneuploidy and adverse pregnancy outcome 

becomes strongest .[33] 

 

 Echogenic bowel can be diagnosed in 0.2% to 1.4% of all second-trimester 

ultrasounds.[34] It is associated with normal fetuses, fetuses with trisomy, 

intrauterine growth retardation (IUGR), bleeding, cystic fibrosis (CF), congenital 

viral infections, and thalassemia.[31,34–38] The association between echogenic 

bowel and aneuploidy, particularly trisomy 21,and several studies have 

demonstated this.[34–37] Theobservation of  presence of echogenic bowel in 

second-trimester ultrasound is an important finding to be noted. A detailed fetal 

ultrasound following this finding is to be performed, and an amniocentesis to 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R31
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R32
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R33
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R33
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R34
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R31
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R34
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R38
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R34
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R37
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determine the  karyotype, for cytomegalovirus infection (CMV), toxoplasmosis 

infection, and parvovirus infection are to be recommended. Cystic fibrosis carrier 

testing is to be done for both parents and maternal serologic testing of 

Cytomegalovirus and toxoplasmosis should  be performed (IgG and IgM).[31] As 

these fetuses are at risk for Intrauterine growth retardation,follow-up with serial 

growth scans is recommended,.[31] 

 

Shortened length of  Long Bones  

 Abnormally short long bones are seen in Fetuses with Down syndrome. 

Biometry of the fetus can be used as a marker for aneuploidy, and it was found 

that the femur and humerus of fetuses with Down syndrome shows a tendency to 

be slightly shorter in comparison with the normal controls.The most common 

method to determine a shortened humerus or femur is by comparing the actual 

measurement with the expected measurement and is based on biparietal diameter 

or with any other dating parameter rather than on gestational age. The shortened 

femur when the measured-to-expected ratio is ≤ 0.91; the shortened humerus  is 

diagnosed  when the measured-to-expected ratio is ≤ 0.89[40].It is noted that 24% 

to 45% of fetuses with Trisomy 21 had short femurs, and it is also noted that 24% 

to 54% had a short humerus compared to < 5% in the control population 

[19,40,43]. It is also found that a shortening of the humerus is more predictive 

than the shortening of the femur[12,44]. The presence of shorteneing of the long 

bones that involves both the humerus and the femur appears to be less significant 

than the finding of an isolated shorteneing of the  humerus. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R31
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R31
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Echogenic intracardiac foci 

 The discrete foci of echogenicity as comparable to the bone seen in the 

region of papillary muscle in either cardiac ventricle are called Echogenic 

intracardiac foci [46](Figure 3). If one sees the foci from different angles,one can 

be sure that one does not wrongly include specular reflections of papillary 

muscles for EIF[47]. About 1.5% to 4% of pregnancies shows EIF in fetal 

USG[31,47-50]. 

 

 A study was done on the potential misinterpretation of an echogenic 

intracardiac focus [51], and it was found that  the rate of true EIF cases as 11 per 

200 (5.5%) and the rate of false EIF cases was found to be 34 per 200 (17%). The 

moderator band, endocardial cushion, and tricuspid valve annulus are the most 

common locations for identification of spurious EIF[51] and while interpreting the 

finding of an echogenic focus in the heart, these pitfalls should be borne in mind. 

In order to avoid false identification and misinterpretation of EIF, 

ultrasonographic guidelinesare recommended for diagnosing a true intracardiac 

echogenic focus and it includes:  

 

 EIF should be identified within the ventricle where papillary muscles are 

situated; 

  EIF should be seen from greater than 1 angle;  

 EIF should be seen independent of the zone of specular reflection (Note:  if 

the suspected EIF lies in this zone, suspicion should be more) and  

 EIF should not show an entrance-exit reflection.[51] 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R51
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R51
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 Following the detection of an EIF as an isolated finding, a detailed 

sonographic examination is needed to search for any associated anomalies[31]. 

The data that are available from low-risk populations indicate that an isolated 

focus however,does not have any association with an increased risk of Trisomy 

21; or, if it is present, that risk is found to be much lesser than the procedure-

related loss rates associated with invasive testing like amniocentesis. An isolated 

echogenic intracardiac focus is considered as a finding that is incidental in a 

woman younger than 35 years of age, and amniocentesis is not 

recommended.[31]  

 

 

Figure 3 A single echogenic focus on left side of the heart is seen in the Four 

chamber view of the heart  . 

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R31


11 
 

 

 A detailed structural survey of the fetus is needed following the 

identification of the EIF. Amniocentesis need not be indicated in patients who are 

at low risk ohterwise and have an isolated EIF[47] and in such patients, the 

performance of amniocentesis is justified with the presence of another major 

abnormality or minor sign of soft marker with a cardiac echogenic 

focus.[47]. Isolated EIF in 18 to 34 years aged women was not associated with 

increased risk for Down’s syndrome during the period of midgestation[50]. 

 

 A study was done on the EIF in a combined total of 21,839 women at low 

to average risk for trisomy 21 .[52] Among these women, there were 626 fetuses 

with an EIF as an isolated finding (3%). Only 1 of the 626 with an isolated EIF 

had Down’s syndrome. 

 

Choroid Plexus Cysts 

 CPCs are seen in about 1% to 2.5 % of normal pregnancies as an isolated 

finding.Usually no pathologic significance is there when they are seen as an 

isolated finding.[53–56] CPCs can occur as single or multiple cysts, unilateral, or 

bilateral cysts. The choroid plexus is seen in the transverse plane of the fetal head 

and are usually located within the lateral ventricle. A CPC is seen as a well 

circumscribed anechoic cystic area within the choroid plexus[14] (Figure 4). 

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R47
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R47
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R52
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R53
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R56
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/figure/F4/
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Figure 4  Axial image of the fetal head shows a choroid plexus cyst. 

 

 The choroid plexus shows homogeneous echoes,and has an echogenicity 

similar to soft tissue. When CPC are associated with other anomalies , there is a 

higher risk for chromosomal defects, especially trisomy 18.[54–58] and the 

presence of CPCs does not appear to increase the risk of trisomy 21 much above 

the background risk.[58,59].The fetal hands are to be evaluared in detail for 

possible overlapping digits and clenched fist to rule out trisomy 18 following the 

detection of CPC in second trimester ultrasound.[54] In a large multicentric study, 

the importance of CPCs in an unselected population has been studied in 658 

fetuses with CPCs in a total of 101,600 births and a conclusion was made that the 

presence of CPCs increases the risk for aneuploidy 1.5 times, mainly Edward’s 

syndrome[53]. 

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R54
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R58
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R58
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R59
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R54
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R53


13 
 

 In a study with 49,435 fetuses between the gestation period of 16 and 25 

menstrual weeks, CPC was noticed in 1209 (2.3%), with 1060 cases of  CPC 

being an isolated finding and it was concluded that no fetus with an isolated CPC 

had trisomy 18[54]. During the period of study ,it was found that 50 cases of 

Edward syndrome were identified between period of 16 and 25 menstrual weeks  

and CPCs were detected in half of these fetuses. They made a conclusion that 

prenatal ultrasonographic identification of CPCs demands an extended anatomic 

survey of the fetus that includes the fetal hands. If the fetal examination  

otherwise appears to be normal ,it can be considered that the risk for trisomy 18 is 

low.[54] 

 

 When CPCs are associated with any other antenatally detected anomaly,the 

probability of a chromosomal abnormality is high and amniocentesis is clearly 

indicated in these cases to exclude aneuploidy. The predictive value of CPCs is 

found to be much lower if no other anomalies are detected[60]. The conclusion of 

the study was that risk of aneuploidy is not related to progression in the size of the 

cyst  as gestation progresses,unilateral or bilateral cysts, and small or large cyst 

size of the cyst (60% to 80% < 10 mm). CPCs can be regarded  as an indication 

for detailed second trimester ultrasound assessment, rather than invasive testing 

like amniocentesis.[60] 

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R54
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R60
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Mild Pyelectasis 

 Mild dilation of the renal pelvis of kidneys of the fetus is a common 

finding during the time of second-trimester ultrasound, with an incidence of 0.3% 

to 4.5% (average being 1%).[61–64] When the renal pelvis measures more than or 

equal to 4 mm and less than 10 mm in anteroposterior dimensions in transverse 

scans of the abdomen, without  dilatation of the calyces , in the second trimester, 

mild pyelectasis is diagnosed (Figure 5).[31] 

 

 

Figure 5 Axial images at the level of the renal pelvis show mild dilatation on both 

sides . Anterior-posterior diameter of the renal pelvis is to be taken on an axial 

view. 

 

 Fetuses with significant pyelectasis and hydronephrosis ,that is , 

anteroposterior diameter of renal pelvis ≥ 10 mm, are clearly at risk for having 

major structural abnormalities and require postnatal evaluation and followup . The 

possibility of  an association of pyelectasis with aneuploidy (primarily Down 

syndrome)was first raised by Benacerraf and colleagues[63] in 1990; in a high-

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R61
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R64
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/figure/F5/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R31
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R63
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risk population group, 25% of fetuses with Trisomy 21 had mild pyelectasis in 

comparison with 2.8% of fetuses with normal karyotype.[63] In a well known 

largest published series of fetal pyelectasis [65], they identified 737 fetuses from 

101,600 with mild dilatation of renal pelvis; of these 12 (1.7%) had  abnormalities 

in karyotype.  

 

 Further, 9 of these 12 fetuses had associated abnormalities in sonography, 

and 1 mother had advanced maternal age . Only 2 chromosomal abnormalities 

occurred with the pyelectasis being an isolated finding, in low-risk women 

(0.3%). It was estimated that the aneuploidy risk in a fetus with isolated mild 

pyelectasis was 0.33% and 2.2% in women less than 36 years of age and ≥ 36 

years, respectively. 

 

 The ultrasound findings of 25,586 mainly low-risk, unselected women was 

reviewed and found 320 cases of pyelectasis with an incidence of 1.25%.[62] 19 

of the fetuses with pyelectasis had associated  anomalies in the 2
nd

  trimester 

ultrasound ; pyelectasis was an isolated finding in 301 fetuses. No aneuploidy was 

found in none of the fetuses identified in this series. The lack of association with 

aneuploidy when present  as an isolated finding was confirmed by many other 

studies on pyelectasis.[12,66,67]  

 

 The results of these studies was that in the absence of any other major 

structural anomalies or other soft markers or other risk factors for aneuploidy, 

invasive tests like amniocentesis does not seem to be warranted for isolated mild 

pyelectasis. Approximately one third to one quarter of fetuses show progression of 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R63
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R65
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R62
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R12
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R66
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R67
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pyelectasis,[64,68] and hence the 3
rd

 trimester ultrasound is recommended in 

order to identify worsening or persistent cases. The persistent pyelectasis or 

progressive dilatation needs some degree of postnatal evaluation or 

surveillance.[31] 

 

 

Ventriculomegaly 

            Cerebral ventricles are said to be dilated when the measurement across the 

atria of the posterior horn of lateral ventricles at any period of gestation is >10 

mm.The axial plane at the atria of the lateral ventricle and glomus of the choroid 

plexus.Measurement is to be taken from the inner margin of the medial ventricular 

wall to inner margin of the lateral wall. 

 

 

Figure 6  Axial images at the level of the thalamus show mild dilatation of the 

ventricles .  

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R64
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R68
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R31
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Holoprosencephaly 

 It results from incomplete separation of the two cerebral hemispheres.its 

subtypes includes : 

 

 Alobar Holoprosencephaly 

 Semilobar Holoprosencephaly 

 Lobar Holoprosencephaly 

 Syntelencephaly 

 Septo-optic dysplasia 

 Central incisor syndrome 

 Nonspecific midline dysplasia 

 Fronto-nasal dysplasia 

 Agnathia-otocephaly 

 

 

 

Figure 7 Coronal images  show fused thalami and bilateral lateral ventricles and 

nonvisualisation of falx cerebri. 
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 In Alobar Holoprosencephaly,the thalami is fused and there is a single 

large posteriorly located ventricle. 

 

 In semilobar Holoprosencephaly,the basic structure of the cerebral 

hemispheres are maintained but are fused most commonly anteriorly and at the 

thalami associated with agenesis of corpus callosum and aplasia of the olfactory 

tracts and bulbs. 

 

 In lobar Holoprosencephaly,midline abnormalities are more subtle such as 

fusion of the cingulate gyrus and thalami.The olfactory tracts are absent or 

hypoplastic. 

 

Microcephaly 

 As the gestation advances, the diagnosis of microcephaly becomes 

easier.The small head is best evaluated by using the head circumference(HC).As 

the shape of the head can be misleading , measurement of the biparietal diameter 

is helpful in assessing the microcephaly. 

 

Dandy walker complex 

It is the triad of  

- Hypoplasia of the vermis and cephalad rotation of the vermian remnant 

- Cystic dilatation of the fourth ventricle extending posteriorly 

- Enlarged posterior fossa with torcular -lambdoid inversion. 

- Antenatal sonographic findings include : 

- Marked enlargement of the cisterna magna(>/=10mm) 
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- Complete aplasia of the vermis 

- A trapezoid shaped gap between the cerebellar hemispheres 

- Antenatal USG may give the appearance of this condition if done before 

18weeks since the vermis not being properly formed before that time. 

 

 

Syndactyly  

 It is congenital fusion of 2 or more digits.It may be confined to soft tissue 

or may involve bone.it is often difficult to diagnose on ultrasound.The diagnosis 

may be suggested if the digits constantly move together.The fingers may appear 

constantly deformed with complex syndactyly. 

 

 

Figure 8 Coronal images of the fetal feet and hands showing fusion of the digits. 

 

Clinodactyly 

 It is seen as a radial angulation at an interphalangeal joint in the radio-ulnar 

or palmar planes.It typically affects the 5
th

 finger. 
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Rocker bottom foot  

 It is also called as congenital vertical talus and is characterized by a 

prominent calcaneus /talus and a convexly rounded sole. 

 

 
  

 

Figure 9 Sagittal images of the fetal feet  showing rocker bottom foot . 

 

                                      

Importance of Absence of the Marker 

 A detailed search for sonographic markers of aneuploidy, can be used to 

identify fetuses at high risk for aneuploidy and, if found to be normal ie, when no 

sonographic markers are identified,it can be used to provide evidence of a 

decreased risk for aneuploidy.[1] In a patient with advanced maternal age, the 

absence of sonographic markers appears to be associated with a decreased risk 

when compared with the age-related risk. With the second trimester ultrasound 

being normal, the reported associated reduction in aneuploidy risk has varied from 

approximately 60% to 83%.[12,69,70] In a survey[71],  72% of maternal-fetal 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R12
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R69
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R70
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R71
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medicine physicians use ultrasound in second-trimester to adjust aneuploidy risk; 

the most frequently cited reduction in risk was 50%. 

 

Importance of the presence of marker  

 Because ultrasound markers are also common among foetuses with normal 

karyotype, it may not be clear when genetic amniocentesis should be offered. The 

adjustment of risk secondary to the presence of markers, and the issue of which 

markers are most significant, remain controversial. In order to identify patients at 

risk, 2 ultrasound methods have been proposed. 

 

 A simple approach have been popularized by Benacerraf and 

colleagues[72–74], referred to here as the index scoring system (ISS), whereby a 

score of 2 is assigned for structural defects and nuchal thickening (≥ 6 mm) and a 

score of 1 is assigned for the ultrasound markers like EIF, echogenic bowel, 

pyelectasis, short femur, and short humerus. A score of 2 or more is considered to 

be positive.  

 

 Using this method, the authors report a sensitivity of 73% (33 of 45 

fetuses) for detecting Down’s syndrome , with a false-positive rate of only 4% (4 

of 106 fetuses).[73] More recent modifications that also takes maternal age into 

account(score of 1 for women aged 35 to 39 years and score of 2 for women aged 

40 years or older) result in a higher sensitivity (87%), but at the cost of a higher 

false-positive rate 27%.[74] The importance of including CPCs in this system 

remains uncertain.[74] 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R72
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R74
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R73
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R74
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R74
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 Using a different approach,called the age-adjusted ultrasound risk 

assessment (AAURA), LRs from ultrasound markers to the a priori risk on the 

basis of maternal age was applied by Nyberg and colleagues[14,75]. This method 

provides patient-specific risk estimates depending on maternal age, gestational 

age, and ultrasound findings, although it is more complicated than the ISS and 

requires computer calculations. By using a threshold of 1 in 200, this method has 

achieved a sensitivity of 74% (105 of 142) in a high-risk population.[14] 

 

 A study was designed by Winter and colleagues[11]  to compare the 

accuracy of the ISS with the accuracy of the AAURA in the prenatal detection of 

fetal Down syndrome. In this study, 3303 consecutive women with high-risk 

pregnancies underwent a prospective complete ultrasound examination; each also 

had genetic amniocentesis. By using a threshold value of at least 2 points to detect 

trisomy 21, the  ISS at its best had a sensitivity of 45.3%, false-positive rate of 

4.9%, and LR of 9.3; the positive predictive value in the high-risk population was 

13.3%. 

 

 Upon Lowering the threshold to 1 point,  increase in the sensitivity to 

60.4% and increase in the false-positive rate to 15.8% has been noted. Adding 

points for age the sensitivity increased to 67.9% but also the false-positive rate 

was increased to 24.3%. Nearly identical results were achieved with AAURA to 

detect Down’s syndrome.  

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R75
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R11
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 At a 1 in 36 risk threshold, the sensitivity was 43.4% and the false-positive 

rate was 4.9%; at a 1 in 200 threshold, the sensitivity increased to 69.8% and the 

false-positive rate increased to 26.1%. Trisomies 18 and 13 were detected with 

sensitivities of 80.0% and 100.0%, respectively, with either method. The authors 

concluded that both the modified ISS and AAURA are equivalent in screening for 

Down syndrome and detect approximately half of all trisomy 21 fetuses at a 5% 

false-positive rate. 

 

Isolated Vs Multiple Markers 

 Sonographic markers are considered to be isolated finding when they are 

not associated with major abnormalities or any other of the markers evaluated. 

Nyberg and colleagues[12] made the comparison of second-trimester (14 to 20 

weeks) sonographic findings in 186 trisomy 21 fetuses with a control group of 

8728 consecutive control fetuses through the evaluation of nuchal thickening, 

hyperechoic bowel, shortened femur, shortened humerus, EIF and renal 

pyelectasis. 

 

 It was reported that an isolated soft marker was the only sonographic 

finding in 42 (22.6%) of 186 fetuses with trisomy 21 compared with 987 (11.3%) 

of 8728 control fetuses (P < .001). Nuchal thickening (P < .001; LR, 11) and 

hyperechoic bowel (P < .001; LR, 6.7) showed the strongest association with 

trisomy 21 as isolated markers, followed by shortened humerus (LR, 5.1), EIF 

(LR, 1.8), shortened femur (LR, 1.5), and pyelectasis (LR, 1.5). EIF was the 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R12
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single most common soft marker in isolation in both affected fetuses (7.1%) and 

control fetuses (3.9%), but carried a low risk (P = .046; LR, 1.8).[12] 

 

 164 fetuses with Down syndrome detected by karyotype was studied by 

Bromley and colleagues[22] . The significance of the sonographic markers as both 

isolated and nonisolated findings was evaluated and calculated the LRs. The most 

sensitive sonographic markers for trisomy 21 includes the nuchal fold, short 

femur, and an EIF.  

 

 However, the false-positive rate was also the highest for a short femur and 

an EIF, resulting in lower LRs. Of all the sonographic markers, the highest LR for 

trisomy 21 was with the finding of a nuchal fold . A short humerus carried the 

second highest LR for Down syndrome. A short humerus was identified in 48.7% 

of fetuses with Down syndrome when compared with 2.1% of control fetuses, 

yielding an LR of 23.5.  

 

 Major structural anomalies were found in 44 (26.8%) of 164 fetuses with 

Trisomy 21 when compared with 8 (1.2%) of 656 control fetuses, yielding an LR 

of 22. As isolated findings, the femoral length, pyelectasis, and EIF have low LRs 

because the prevalence of the isolated markers in the euploid population appears 

similar when compared with the population with trisomy 21. 

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R12
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R22
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 As an isolated finding, the highest LR for aneuploidy was retained by the 

nuchal fold; however, when it was present, it was isolated only 8% of the time. 

The next highest LR for aneuploidy (5.8)was an isolated short humerus and was 

isolated just 6% of the time when it was seen. As isolated findings, the femoral 

length, pyelectasis, and EIF have low LRs because the prevalence of the isolated 

markers in the euploid population was similar when  compared with the 

population with Down syndrome.  

 

 These findings suggest that the markers with the highest LRs for Down 

syndrome more often presents in  clusters with other markers and are present in 

isolation in only a few instances. It was  concluded that the presence of nuchal 

fold, a major structural anomaly, and a short humerus can be considered sufficient 

to exceed the commonly accepted threshold for offering amniocentesis. 

 

 The suggestion that the presence of several markers that might not be of 

concern in isolation carries much more importance when they occur in aggregates 

was putforth by Bromley and colleagues[22]. A LR of 14 resulted with the 

presence of 2 or more markers and clusters of markers whrn present confer a 

higher risk of aneuploidy.[22] The same conclusions were made[76] in another 

study of 104 fetuses with abnormal karyotype; they concluded that the risk for 

aneuploidy is increased by 12-fold by the presence of multiple markers (≥ 2). 

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R22
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R22
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R76
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High risk Vs Low risk population 

 To help improve the sonographic detection of Down syndrome in high-risk 

women (predominantly pregnant women of advanced maternal age), the soft 

markers for Down syndrome were originally described, for whom more accurate 

risk information is needed than that based on age alone before deciding whether 

or not to undergo amniocentesis.[76]  In those women older than 35 years who 

wish to avoid amniocentesis ,a normal ultrasound scan has been used as evidence 

for a reduced risk of Down syndrome.[14,18,66,77] For example, approximately 

60% reduced risk of Down syndrome was associated with a normal ultrasound 

scan [14], and for a 40-year-old woman with a normal ultrasound scan  the 

probability of having a fetus with aneuploidy decreases from 19 in 1000 

pregnancies to 5 in 1000 pregnancies [18]. 

 

 Available data suggest that sonographic findings are independent of 

maternal age and biochemical markers,[78,79] and, therefore, sonographic 

assessment might be applicable to low-risk patients. However, caution should be 

exercised in applying LRs to low-risk populations.[12] The importance and 

optimal course of action in a low-risk patient with a marker on prenatal 

sonography are controversial and not well established. If an isolated marker with 

an LR close to 1 is found (eg, a short femur, EIF, or pyelectasis), the patient's risk 

of having an affected fetus changes only minimally from her a priori risk and is 

probably not clinically relevant.[22]  

 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R76
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R18
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R66
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R77
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R78
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R79
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R12
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R22
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 The procedure should be offered to the patient when prenatal diagnosis is 

desired ,if a patient at low risk is found to have a thickened nuchal fold, a major 

anomaly, a short humerus, or an aggregate of markers,as the pattern of findings 

may result in a high enough LR that the revised risk estimate exceeds the 

commonly accepted threshold for offering amniocentesis.[22]  

 

 As the ultrasound assessment identifies approximately half of fetuses 

affected with Down syndrome with an acceptable false-positive rate, it is probably 

most useful in low-risk women younger than 35 years.[14] 

 

 Detection of soft markers of aneuploidy is important  among high-risk 

women in whom high sensitivity and positive predictive value are desirable. On 

the other hand , if any one of a panel of markers is detected in low-risk women, 

the false-positive rate may be unacceptably high (13% to 17%).[14,18,78,80] 

 

Soft markers and aneuploidy risk assessment  

 When the risk of aneuploidy is 1/270 or greater ,an individual is considered 

to be at high risk for fetal Down syndrome, which is the mid-second-trimester 

prevalence for a 35-year-old woman.[45] When the risk of aneuploidy is 1/270 (at 

the time of amniocentesis) or greater on the basis of advanced maternal age, 

maternal serum screening, or both, amniocentesis is generally offered to those 

individuals.  

 

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R22
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R18
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R78
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R80
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1681991/#R45
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 In order to further refine each patient's individual risk of having an affected 

fetus, the sonographic markers have provided a method of further evaluating the 

fetus for morphologic signs of trisomy 21. It is very complex and important to 

choose which subset of the pregnant population should receive definitive 

karyotype determination 

 

Commonly encountered aneuploidy are Trisomy 13,Trisomy 18,Trisomy 21. 
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Trisomy 13 : 

 The abnormalities encountered include congenital heart disease like 

hypoplastic left heart syndrome, VSD, holoprosencephaly, microcephaly 

,hydrocephalus, enlarged cisterna magna, agenesis of corpus callosum, persistent 

stapedial artery, spina bifida, IUGR, cleft lip and palate, micropthalmia, 

anophthalmia, micrognathia, hypotelorism, hypertelorism,cyclopia, Proboscis, 

polydactyly, rocker bootom foot, clenched hands bladder exstrophy, omphalocele, 

cryptorchidism, cystic renal dysplasia. 

 
Trisomy 18 : 

 The abnormalities encountered include congenital heart disease like atrial 

septal defect, VSD, patent ductus arteriosus, dextrocardia, CPC, agenesis of 

corpus callosum, Dandy walker malformation, mega cisterna magna, 

meningomyelocele, spina bifida, IUGR, micrognathia, dolichocephaly, low set 

ears, cleft lip and palate, cystic hygroma, clenched hands, radial ray abnormalities, 

absent thumb, rocker bottom feet, club feet, single umblical artery, umblical cord 

cysts, umblical cord pseudocysts, omphalocele, congenital diaphragmatic hernia, 

antenatal hydronephrosis, horseshoe kidney. 

 

Trisomy 21: 

 The abnormalities encountered include VSD, atrial septal defect, 

atrioventricular septal defects, pulmonary hypoplasia, pulmonary cysts, duodenal 

atresia,omphalocele,congenital diaphragmatic hernia. 
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Amniocentesis  

 Over the past two decades, second-trimester amniocentesis has become a 

standard procedure for the diagnosis of fetal genetic abnormalities. Cytogenetic, 

enzymatic, and DNA analyses can be done on cells obtained from amniotic fluid. 

 

  In addition, levels of alpha-fetoprotein (AFP) and acetylcholinesterase 

(AChE) in the amniotic fluid can be measured to diagnose neural tube defects 

(such as spina bifida and anencephaly) and anterior abdominal wall defects (for 

example, omphalocele and gastroschisis) prenatally. Thus, amniocentesis is 

applicable for the prenatal diagnosis of many fetal abnormalities. 

 

 Conventional genetic amniocentesis is usually performed between 14 and 

20 weeks' gestation ("menstrual weeks") to evaluate a fetus for chromosome 

abnormalities, neural tube defects, and other detectable genetic and acquired 

disorders.  
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Safety of Amniocentesis 

 The safety of genetic amniocentesis has been addressed by several large 

collaborative studies. The original trial was sponsored by the National Institute of 

Child Health and Development5; of 1,040 women undergoing amniocentesis, 

3.5% experienced fetal loss after amniocentesis compared with 3.2% of 

concurrent controls (992 patients). This small difference was not statistically 

significant. In the United Kingdom, a collaborative trial revealed that the loss rate 

after amniocentesis was significantly higher than in controls (2.6% for the 

amniocentesis group compared with 1% for controls). 

 

 A common indication for amniocentesis in the United Kingdom group, 

however, was an elevated maternal serum AFP level, a factor associated with 

increased fetal mortality. In a later analysis, after subjects undergoing 

amniocentesis for that reason were excluded, the difference between subject and 

control groups was reduced to less than 1%.  

 

 The increased risk of fetal mortality attributable to amniocentesis may be 

as high as 0.5%. Finally, we counsel patients that the risks of serious maternal 

complications or fetal injuries are remote but do exist. 

 

Accuracy  

 The analysis of amniotic fluid, as well as that of chorionic villi or fetal 

tissue, entails difficulties that need to be recognized. First, cells obtained by 

amniocentesis may not grow, or growth may be insufficient to obtain metaphases 

for cytogenetic analysis. Amniotic cell cultures are usually successful;Trials 
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comparing chorionic villus sampling (CVS) and amniocentesis revealed the 

failure to obtain cytogenetic results for patients undergoing amniocentesis to be 

uncommon (0.1% in the Canadian study and 0.9% in the American study). 

Second, maternal cells may be inadvertently included in the specimen, thereby 

creating the possibility of an incorrect diagnosis.  

 

 This source of possible error is of greater concern with CVS and 

percutaneous umbilical blood sampling; in theory, discarding the syringe 

containing the first milliliter of aspirated amniotic fluid should reduce the chance 

of maternal cell contamination. A third source of error involves chromosome 

abnormalities that are not representative of fetal complement.  

  

 Such chromosome abnormalities may arise in culture and should be 

suspected whenever they are restricted to only one of the several culture flasks or 

clones started from a single amniotic fluid specimen. In fact, cells containing at 

least one additional structurally normal chromosome are detected in 1% to 2% of 

all amniotic fluid specimens. 

 

 When such cells are confined to a single culture or clone, the phenomenon 

is termed pseudomosaicism; when they are found in more than one flask or clone, 

the phenomenon is termed true mosaicism. True mosaicism is found in 0.25% of 

amniotic fluid specimens, and true mosaicism is confirmed by studies of the 

abortus or neonate in 70% to 80% of cases.  
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 Although pseudomosaicism is not associated with an increased risk for 

fetal morbidity or mortality, true mosaicism is associated with an increased risk of 

phenotypic and developmental abnormalities. A fourth possible problem is that 

some phenotypes are difficult to predict from the chromosome complement. This 

is especially the case when an apparently balanced translocation, small inversion, 

or small supernumerary chromosome is identified. If one of the phenotypically 

normal parents has the same chromosome aberration, reassurance is generally 

appropriate.  

 

 Apparently balanced de novo structural abnormalities, such as 

chromosome translocations and supernumerary chromosomes, are associated with 

about a 10% risk of phenotypic abnormalities. Patients must therefore be made 

aware that although laboratory failure and cytogenetic discrepancies are now 

uncommon in amniocentesis, they do occur and may lead the physician to 

recommend either a second amniocentesis or a different diagnostic test, such as 

percutaneous umbilical blood sampling, to further evaluate the fetal state.  

 

Indications for Offering Invasive Prenatal Diagnosis 

 Increased risk for fetal chromosome abnormalities 

 Advanced matemal age (35 yrs at time of delivery) 

 Previous offspring with chromosome abnormality 

 Parental chromosome abnormality Balanced parental chromosome 

rearrangement  
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 Miscarriages (3 or more) 

 Fetal structural defects  

 Increased risk for mendelian disorders detectable by molecular biologic 

techniques (sickle cell anemia, cystic fibrosis) 

 Increased risk for mendelian disorders detectable by enzyme assays 

(TaySachs disease) 

 Increased risk for polygenic or multifactorial conditions detectable by 

amniotic fluid analyses (neural tube defects, anterior abdominal wall 

defects) 

 

 

 Amniocentesis is primarily used by two groups of women: those who are 

35 years of age or older at their estimated date of delivery and those who have 

been found to be at increased risk for fetal neural tube defects or the Down 

syndrome as a result of maternal serum analyte screening. This screening is 

performed during the second trimester; accordingly, only amniocentesis is an 

option for those women who elect invasive prenatal testing after receiving an 

abnormal screening result.   

 

Karyotyping  

 Cytogenetics is the diagnostic study of the structure and properties of 

chromosomes and cell division, which employs various methods, one of them 

being "karyotyping." It refers to a procedure of photographic representation of a 

stained preparation in which the chromosomes are arranged in a standard manner. 

The development of newer techniques such as "karyotyping" has made it possible 
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to visualize undetected chromosomal anomalies such as small portions of 

chromosomes and translocations of tiny parts of chromosomes to one another. 

Because such procedures also enabled each pair of chromosomes to be 

distinguished individually, it has helped to further our understanding of the 

chromosomal basis of certain important genetic disorders. 

 

 Living beings include variegate species that are distinct from one another. 

In the same species, every member has his/her own individuality, all owing to the 

genetic constitution of an organism - the chromosomes, the genes, and the 

DNA[107]. The blueprint for the formation and maintenance of an organism is 

provided by the DNA, which is packaged into chromosomes. Chromosomes are 

the factors, which distinguish one species from one another and which enable 

transmission of genetic information from one generation to the next. 

Since a number of genetic abnormalities can be directly related to the 

chromosomal pattern, the characterization of chromosomes is of considerable 

diagnostic importance. This can be done by "cytogenetics." It is a photographic 

representation of a stained preparation in which the chromosomes are arranged in 

a standard manner and "karyotype" refers to the constitution of chromosomes of 

an individual[110]. In 1956, Tijo and Levan, Ford and Hamerton found that the 

normal human somatic cell contains only 46 chromosomes, and that maleness is 

determined by the presence of a "Y" chromosome, regardless of the number of 

"X" chromosomes in each cell[111]. The methods they used, with certain 

modifications, are now being used in "cytogenetic" laboratories to analyze the 

"karyotypes."  
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Procedure for Karyotyping 

I. Chromosome preparation: 

Source of chromosomes - any tissue with               nucleated cells undergoing 

division can be used for chromosomal study: 

 Peripheral venous blood - most commonly, the lymphocytes. 

 Skin (fibroblasts), bone marrow. 

 For fetal chromosome patterns - amniotic fluid cells, chorionic villi. 

 5-10 mL of heparinized venous blood is the most commonly used source. 

The heparin prevents coagulation, which would interfere with the later 

separation of lymphocytes[110,111,113].   

 

Culture:  

 The blood cells are grown in a suitable culture medium containing 

phytohemagglutinin which, acts as a mitogen, stimulating the T-lymphocytes to 

divide and agglutinate the red blood cells (RBCs). The commonly used medium 

has 5 mL culture medium, 1 mL fetal bovine serum, and 0.2 mL 

phytohemagglutinin. Cultures are incubated at 37°C for 48-72hrs. 

 

Arrest of division:  

 Mitosis is then interrupted at metaphase with spindle inhibitors such as 

colchicine (0.01%). Chromosome number, size, and shape at metaphase are 

species-specific - in nondividing cells, the chromosomes are not visible even with 

the aid of histologic stains for DNA or electron microscopy. During mitosis and 

meiosis, the chromosomes condense and become visible in the light microscope. 
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Therefore, almost all cytogenetic work is done at metaphase[110,111]. The 

culture is incubated for 45 min. The contents of the vial transferred to a tube and 

centrifuged at 800 rpm for 5 min. 

 

 Suspension in hypotonic solution: Prewarmed hypotonic saline is added to 

culture. This causes the RBCs to lyse. The osmotic swelling of the lymphocytes 

results in spreading of the chromosomes. It is incubated at 37°C for 5 min, 

centrifuged at 800 rpm for 5 min, and the supernatant removed.  

 

Fixation:  

 A freshly prepared fixative (3 parts of methanol and 1 part of glacial acetic 

acid) is added. Two changes of fixatives are given at intervals of 45 min.  

 

Slide preparation:  

 The cells resuspended in fresh fixative and slide are prepared by gently 

placing a drop of cell suspension on previously cooled cleaned slide and dried 

followed by staining. 
[7],[8]

  

 

II.Chromosome staining-banding techniques : 

 Numerous methods are available for identifying chromosomes and 

preparing karyotypes for diagnosis purposes. Banding patterns became the 

barcodes with which "cytogeneticists" can easily identify chromosomes, detect 

subtle deletions, inversions, insertions, translocations, fragile sites and other more 

complex rearrangements, and refine breakpoints. The ability to analyze 

chromosomes is dependent on the length of the chromosomes and how well they 

http://www.imjsu.org/article.asp?issn=2148-7731;year=2016;volume=3;issue=2;spage=35;epage=40;aulast=Veerabhadrappa#ref7
http://www.imjsu.org/article.asp?issn=2148-7731;year=2016;volume=3;issue=2;spage=35;epage=40;aulast=Veerabhadrappa#ref8
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are fixed, spread, and stained. When a large number of cells has to be examined 

for clinical purposes, automatic scanning light microscopy with computer control 

and analysis can greatly facilitate the identification of chromosomal 

abnormalities.  

 

A. General techniques: Some human chromosomes may be distinguished on 

morphological grounds alone, for example, the length of arms and position of 

primary and secondary constrictions. Autoradiography can also be used, 

especially for "S" phase identification and identifying chromosomes 4, 5, 13, 

14,15,17and18.  

 

Procedure: Suitable tissue preparations with a nuclear emulsion are done in a 

dark room, after which they are stored in the dark for several weeks and then are 

photographically developed and fixed. Discrete silver grains can then be seen over 

the sites that emit radiation; their position indicates sites of incorporation of the 

radioisotope. Such a preparation is termed as autoradiograph[114,115].  

Technique: Add a few drops of stain to the prepared slide, lower coverslip, and 

apply gentle firm pressure with filter paper or glass rod. Remove excess stain by 

applying filter paper to the edge of coverslip. Chromosomes stain deep purple. 

This method is indelible and does not permit destaining and use of subsequent 

staining methods for banding. It is replaced by the banding techniques. 
[9],[10]

  

 

  

http://www.imjsu.org/article.asp?issn=2148-7731;year=2016;volume=3;issue=2;spage=35;epage=40;aulast=Veerabhadrappa#ref9
http://www.imjsu.org/article.asp?issn=2148-7731;year=2016;volume=3;issue=2;spage=35;epage=40;aulast=Veerabhadrappa#ref10
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B. Banding techniques: First-banding technique was introduced by Caspersson 

(1969); it includes G (Giemsa) banding, Q (Quinacrine) banding, R (Reverse) 

banding, C (centromeric heterochromatin) banding, T (Telomeric) banding, and 

high resolution (fine) banding.  

 

1) G (GIEMSA) BANDING: It is the most common method, which produces 

permanent slides that can be studied under a standard light microscope. It 

produces the same banding pattern as quinacrine with even greater resolution and 

does not necessitate the use of fluorescence microscopy. It can be used to pair and 

identify each of the human chromosomes accurately. 
[12],[13]

  

 

 Prior to staining, the fixed chromosomes are treated with agents capable of 

denaturing chromosomal proteins such as proteolytic enzymes (trypsin, most 

commonly), salts, heat, detergents and urea. G-banding is most consistently 

produced by pretreatment of chromosomes with trypsin before staining with 

Giemsa[118,119].  

 

Laboratory procedure: Slides for G-banding should be 1 day at room temperature 

or overnight at 50-60°C for optimal results.  

 Incubate the slide for 20-40 s in 0.025% solution of trypsin in distilled 

water. 

 Rinse thoroughly with phosphate-buffered saline (PBS) or distilled water. 

 Stain in 4% buffered Giemsa solution for 5-10 min. 

http://www.imjsu.org/article.asp?issn=2148-7731;year=2016;volume=3;issue=2;spage=35;epage=40;aulast=Veerabhadrappa#ref12
http://www.imjsu.org/article.asp?issn=2148-7731;year=2016;volume=3;issue=2;spage=35;epage=40;aulast=Veerabhadrappa#ref13
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 Rinse slides in distilled water and air-dry. 

 When the chromosomes are stained with Giemsa, a DNA-binding dye, 

after such treatment, G-bands can be seen with a light microscope. 

 The G-bands constitute 300-400 alternate dark and light bands, which are 

characteristic for each chromosome and reflect differential chromosomal 

condensation[118,119,120,121].  

 

 Digital photograph of the entire metaphase spread is taken and both 

homologs of each chromosome pair are placed side by side in the numerical order 

for careful band-by-band analysis, which permits identification of relatively subtle 

changes in banding patterns caused by structural chromosome 

abnormalities [121]. 

R-banding:  

 A pattern that is opposite of G- or Q-banding can be produced by various 

means and is referred to as reverse (R-) banding. Fluorescent R-banding patterns 

are produced by dyes with GC base-pair affinity such as chromomycin A3, 

olivomycin, and mithramycin. It is produced by subjecting slides to high 

temperatures followed by staining with Giemsa or acridine orange. R-bands have 

the advantage of staining the gene-rich chromatin, thus enhancing the ability to 

visualize small structural rearrangements in the parts of the genome that are most 

likely to result in phenotypic abnormalities. 

 

C-Banding:  

C-bands localize the heterochromatic regions of chromosomes. Pardue and 

Gall (1970) first reported C-bands when they discovered that the centromeric 

http://www.imjsu.org/viewimage.asp?img=IntMedJSifaUniv_2016_3_2_35_182000_b1.jpg
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region of mouse chromosomes is rich in repetitive DNA sequences and stains dark 

with Giemsa.  

 

T-banding:  

 This method involves staining the telomeric (end) regions of the 

chromosomes. Slides are treated with phosphate buffer or Earle's balanced salt 

solution and then stained using mixed Giemsa solution to produce the t-bands. 

 

CT-banding:  

 In this method, slides are treated with barium hydroxide to stain both the 

centromeric heterochromatin and the telomere of chromosomes. 

 

Nucleolar organizing region (NOR) banding: This technique stains NOR located 

in the satellite stalks of acrocentric chromosomes and house genes for ribosomal 

RNA. NOR-bands represent structural nonhistone proteins that are specifically 

linked to NOR and bind to ammoniacal silver. It is useful in clinical practice to 

study certain chromosome polymorphisms such as double satellites. 

Resolution cytogenetics provides precision in the delineation of chromosomal 

breakpoints and assignment of gene loci, greater than with earlier banding 

techniques. This is achieved by synchronizing the lymphocyte cultures and 

obtaining more number of cells in prometaphase or even prophase (increasing 

resolution from 500 to over 1,000 bands in a haploid genome). 

 

  



42 
 

Fluorescent in situ hybridization (FISH):  

 This technique allows the visualization of chromosomal location and 

nuclear location of specific DNA sequences and permits the detection of specific 

nucleic acid sequences in morphologically preserved chromosomes. It can be 

performed on either metaphase or interphase cells and involves denaturing 

genomic DNA.  

 

 After banding/staining, the chromosome component of single cells is 

selected on the basis of representative morphology and chromosome number and 

photographed under a light microscope. Photographic representation of each 

individual chromosome is then cut out from such a photomicrograph and arranged 

so as to construct a "karyotype”[111,122]. Analysis is done either by looking 

down the microscope under oil immersion or on a photograph and involves: 

 

1. The number of chromosomes is determined: Usually the total chromosome 

count is determined in 15-20 cells but if mosaicism is suspected, then 30 or 

more cell counts are undertaken. 

2. Chromosomes are assembled as homologous pairs: The homologous 

chromosomes pairs are arranged in a decreasing order of size to construct a 

"karyotype." 

3. Detailed analysis of the banding pattern of individual chromosomes: This is 

performed on both members of each pair of homologs in approximately three-

five metaphase spreads[111,122].  
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The banding pattern of each chromosome is specific and shown in the form of a 

stylized ideal karyotype known as an idiogram. 

 If the total count is 46, Group G is identified to diagnose the sex of the 

individual. 

 If the count is more or less, the precise numerical abnormality is identified. 

Then, any structural abnormality present is identified. 

 The chromosomes are usually identified in groups starting with Group G, 

and then Group D, Group F, Group E, Group A, Group B, and finally 

Group C. 

 Identification of individual chromosomes is possible on the basis of total 

length of the chromosome, arm ratio, position of secondary constrictions 

and nucleolar organizers (satellites), subdivision of chromosome into 

euchromatic and heterochromatic regions, and characteristic banding 

patterns. 
[5],[16]

 

 

 A human somatic cell contains 46 chromosomes, made up of 22 pairs of 

autosomes and a single pair of sex chromosomes, XX in the female, XY in the 

male. 

http://www.imjsu.org/article.asp?issn=2148-7731;year=2016;volume=3;issue=2;spage=35;epage=40;aulast=Veerabhadrappa#ref5
http://www.imjsu.org/article.asp?issn=2148-7731;year=2016;volume=3;issue=2;spage=35;epage=40;aulast=Veerabhadrappa#ref16
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Figure 10 showing normal human karyotype. 

 

Applications: 

 Cytogenetic aspect of neonatally discovered congenital abnormalities and 

prenatal diagnosis. 

 Mental retardation and neuropsychiatric disorders. 

 Reproductive failure, endocrinology, gynecology, urology. 

 Malignancy: Hematology and oncology. 

 Mutagenesis: Environmental medicine and industrial medicine. 
[4],[5]

 

 

 

a. "Karyotyping" in chromosomal abnormalities: Approximately 60% of all 

spontaneous abortions and 1 out of 200 newborns have some form of 

chromosomal abnormality, which can be detected by "karyotyping" 

pre/postnatally. 

http://www.imjsu.org/article.asp?issn=2148-7731;year=2016;volume=3;issue=2;spage=35;epage=40;aulast=Veerabhadrappa#ref4
http://www.imjsu.org/article.asp?issn=2148-7731;year=2016;volume=3;issue=2;spage=35;epage=40;aulast=Veerabhadrappa#ref5
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b. Structural Abnormalities: Structural chromosomal rearrangements result 

from chromosome breakage, with/without subsequent reunion in a different 

configuration. They can be balanced generally harmless with few effects 

and unbalanced serious clinical effects. Commonly identified structural 

abnormalities include translocation, deletion, inversion, ring chromosomes, 

isochromosomes, mosaicism, and chimerism. 

 

Triple or Quad Screening for Birth Defects 

 The triple screening measures the amounts of three substances in a 

pregnant woman's blood: alpha-fetoprotein (AFP), human chorionic gonadotropin 

(hCG), and estriol (uE3). When a test for the hormone inhibin A is added, it's 

called a quad screening.  

 

 The amounts of these hormones help find out the chance that your baby has 

certain birth defects, such as Down syndrome, spina bifida, or anencephaly. These 

tests can't show for sure that fetus has a birth defect.A diagnostic test 

called amniocentesis is needed for confirmation. 

 

 The triple or quad screening is usually done at 15 to 20 weeks of 

pregnancy. 

 

These screening tests look for the amount of: 

 Alpha-fetoprotein (AFP). 

 Human chorionic gonadotropin (hCG), a hormone made by the placenta. 

https://www.uofmhealth.org/health-library/tw12613#tw12614
https://www.uofmhealth.org/health-library/std120885#std120885-sec
https://www.uofmhealth.org/health-library/sts15021#sts15021-sec
https://www.uofmhealth.org/health-library/sta123265#sta123265-sec
https://www.uofmhealth.org/health-library/sta123164#sta123164-sec
https://www.uofmhealth.org/health-library/hw1663#hw1666
https://www.uofmhealth.org/health-library/hw42062#hw42065
https://www.uofmhealth.org/health-library/stp1633#stp1633-sec
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 Estriol (uE3), a form of estrogen that increases during pregnancy. It is 

produced in large amounts by the placenta. 

 Hormone inhibin A, a protein produced by the fetus and the placenta. 

 

 The levels of these substances,along with your age and other factors,to see 

if fetus has a higher-than-average chance of having a birth defect. 

 

 A screening test shows the chance that a baby has a certain birth defect. 

The accuracy of a screening test is based on how often the test correctly finds a 

birth defect. 

 

 The triple and quad tests correctly find neural tube defects, such as spina 

bifida, in 80 out of 100 fetuses who have it and find anencephaly in about 90 

out of 100 fetuses. The tests miss spina bifida in 20 out of 100 fetuses who 

have it and miss anencephaly in 10 out of 100 fetuses. 

 The triple test correctly finds Down syndrome in 69 out of 100 fetuses who 

have it. It misses the condition in 31 out of 100 fetuses.  

 The quad test correctly finds Down syndrome in 81 out of 100 fetuses who 

have it. It misses Down syndrome in 19 out of 100 fetuses.  

 

 With the triple or quad test, there is a chance of getting a false-positive test 

result. This means that the test could show a problem when the baby doesn't have 

the problem. A false positive may be more likely with the triple screening than the 

quad screening.A false-positive result can cause stress and lead to unnecessary 

testing (such as an amniocentesis). 

https://www.uofmhealth.org/health-library/hw6200#hw6203
https://www.uofmhealth.org/health-library/ste122078#ste122078-sec
https://www.uofmhealth.org/health-library/tw12613#tw12614
https://www.uofmhealth.org/health-library/stf124088#stf124088-sec
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 A "positive" result means that there is a higher-than-average chance the 

fetus birth defect. If the result is "negative," or normal, it means that probably the 

fetus doesn't have a birth defect.  

 

 Cut off value for high risk being lessthan or equal to 1 in 270. 

 

 If your result is 1 out of 200 or 1 out of a number less than 200 (such as 1 

out of 100),it is  positive result and fetus has a higher chance of a birth defect.  

 

 Incase of positive test result,  the diagnostic test like amniocentesis is 

needed to find out for sure if there is a problem. 

 

  It was noted that the literature is studded with many number of studies on 

the soft markers of aneuploidy,but most are done on high-risk populations. In 

order to confirm the value of isolated “soft markers” in low-risk women, 

prospective studies should be conducted. 

 

  

https://www.uofmhealth.org/health-library/sta123164#sta123164-sec


Aim and Objectives 
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AIM & OBJECTIVES 

 
AIM 

            The purpose of the study is to assess and evaluate for incidence of 

karyotype abnormalities in fetuses detected to have sonographic abnormalities or 

triple test positive in high risk mothers. 

 

OBJECTIVES   

To determine 

 Commonly encountered major fetal abnormalities and soft markers  

 Significance of presence and absence of major fetal abnormalities and soft 

markers  

 Occurrence of karyotypic abnormalities with the presence of isolated vs 

multiple major fetal abnormalities and soft markers  

 Significance of markers in high risk and low risk population based on triple 

screening 

  



Materials and Methods 
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MATERIALS AND METHODS 

 

 This is a prospective cross sectional study  with 54 patients. A written 

“informed consent” was taken from patients before performing Obstetric 

Ultrasound(As Per PCPNDT Act). Results of first trimester Triple screening was 

obtained to categorise them into high and low risk group. Screening for fetal 

anomalies is done in antenatal mothers  during 13 to 20 weeks of gestational age. 

Upon detecting sonographic abnormalities, after counselling and necessary blood 

investigations, informed consent  obtained in Form F And Form G (As Per 

PCPNDT Act), patients are subjected to amniocentesis, to look for karyotypic 

abnormalities. Ultrasound guided aspiration of amniotic fluid was done to look for 

karyotype of the fetus . 

 

Subject selection 

Inclusion Criteria 

 1)Antenatal mothers aged 18 to 38 years,> 16 weeks of gestation with fetal 

abnormality on USG screening and after triple screening positive . 

 

Exclusion criteria 

1) <16 weeks of pregnancy 

2) Twin Pregnancy 

3) Pregnancy by ART 

4) Patient not  willing for study 

5) severe oligohydramnios 
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Evaluation of patients 

 Detailed sonographic evaluation of fetus done using Hitachi Arietta USG 

machine using 1-5MHz curvilinear probe  to look  for  

 

 Presence of single or multiple Major fetal abnormalities like 

Ventriculomegaly, dysgenesis of corpus callosum,CTEV,cleft lip and cleft 

palate, Endocardial cushion defects,VSD and other complex cardiac 

anomalies, diaphragmatic hernia ,hydronephrosis and hydrops fetalis.  

 

 Presence of single or multiple soft markers like echogenic bowel,absent 

nasal bone,mild pyelectasis,thickened nuchal fold,etc. 

 

Technique of USG- Amniocentesis  

 Blood Group & Type, HIV/HBV/HCV Status Of The Mother Are 

Assessed.  

 Cefotaxime 1g iv given to AN mother ½ hr prior to procedure. 

 Location of placenta is assessed prior to procedure to avoid puncture 

through the placenta ; hence  posterior and lateral location of the placenta 

are favourable. 

 Locate a largest amniotic pocket that is free of fetal parts and umblical 

cord. 

 Under sterile aseptic precautions,under continuous USG monitoring , 15 – 

25 ml of amniotic fluid aspirated from the amniotic cavity with precautions 
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to avoid maternal cells and blood contamination by using 22G spinal 

needle.   

 First few ml of amniotic fluid together with syringe are discarded to avoid 

maternal and blood contamination. 

 Pre and post procedure fetal heart rate are checked. 

 Mother instructed to avoid strenuous activity for 24 to 48 hours , to contact 

physician incase of vaginal bleeding,fever, per vaginal amniotic fluid leak  

 Patient advised  to review after 2 weeks for karyotyping results. 

 Collected sample is sent for cytogenetic analysis. 

 Patient reviewed after 2 weeks for amniocentesis result and complications 

related to procedure. 

 

Figure 11 Diagramatic representation of Procedure of Amniocentesis 
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Figure 12 USG showing the procedure of amniocentesis with spinal needle 

visualised within the amniotic cavity 

 

Line diagram showing the steps involved in the study 

 

Patient planned for amniocentesis after detection of  

fetal abnormality by USG screening and triple test 

 

 

USG screening to check for amniotic fluid volume and location of placenta 
 

 

Necessary blood investigations and informed consent 
 

 
Amniocentesis 

 

 
Karyotyping 
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Assessment of USG abnormalities and categorisation  

 Ultrasound Findings 

 Presence of single or multiple major fetal abnormality 

 Presence of single or multiple soft markers 

 Triple screening in 1
st
 trimester 

 If Risk </= 1:270,patient is categorized as high risk for trisomy   

 

REPRESENTATIVE CASES 

CASE 1 : 31 years aged pt , at 20 weeks of gestation,low risk by triple screening 

test had bilateral mild pelviectasis on USG screening 

 

 

Figure 13 showing bilateral mild pelviectasis in fetus 
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Figure 14 showing the normal karyotype of the fetus by amniotic fluid analysis. 

 

CASE 2 : 17 years aged pt , at 17 weeks of gestation,low risk by triple screening 

test had limb body wall complex on USG screening 

 

Figure 15 showing herniation of liver and echogenic bowel loops into amniotic 

cavity  

LIVER 

 BOWEL LOOPS 
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Figure 16 showing the trisomy 18 in the fetus by amniotic fluid analysis. 

 

CASE 3 : 29 years aged pt , at 18 weeks of gestation,low risk by triple screening 

test had Double outlet left ventricle and unilateral choroid plexus cyst on USG 

screening 
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Figure 17 showing both aorta and main pulmonary artery(MPA) arising from the 

right ventricle(RV). 

 

 

 

 

Figure 18 showing choroid plexus cyst within the right lateral ventricle. 

 

RV 
AORTA 

MPA 
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Figure 19 showing the trisomy 18 in the fetus by amniotic fluid analysis. 

 

CASE 4 : 22 years aged pt , at 17 weeks of gestation,low risk by triple screening 

test had congenital highairway obstruction on USG screening 

 
 

Figure 20 showing bilateral echogenic lungs in a case of congenital high airway 

obstruction 
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Figure 21 showing the normal karyotype in the fetus by amniotic fluid analysis. 

 

CASE 5 :  23 years aged pt , at 18 weeks of gestation,high risk by triple screening 

test had absent nasal bone on USG screening 

 

 
 

 

Figure 22 showing normal nasal bone in the fetus  
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Figure 23 showing absent nasal bone in the fetus  

 

 
 

Figure 24 showing the trisomy 21 in the fetus by amniotic fluid analysis. 
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CASE 6 :  22 years aged pt , at 16 weeks of gestation,low risk by triple screening 

test had Hydrops fetalis on USG screening 

 

Figure 25 shows ascities in a fetus with hydrops fetalis . 

 

 

Figure 26 showing the normal karyotype in the fetus by amniotic fluid analysis. 

 



Statistical Analysis 
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STATISTICAL  ANALYSIS 

Total number of patients studied   is 54. 

Age of the patient ranges from  20 to 37 years  

 

Table 2 showing the distribution of gestational age  

of the patients taken for study 

 

Gestational Age 
Frequency 

(n = 54) 

Percentage 

(%) 

16W 8 14.8 

17W 13 24 

18W 16 29.6 

19W 12 22.2 

20W 5 9.4 

 

Chart 1 showing the distribution of gestational age  

of the patients taken for study 
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Table 3 showing distribution of major fetal abnormality 

Major Abnormality 
Frequency 

(n = 54) 

Percentage 

(%) 

Hydrops Fetalis 3 5.5 

ACC(Agenesis Of Corpus Callosum) 1 1.8 

CHAO(Congenital High Airway Obstruction) 1 1.8 

CHD (Congenital Heart Disease) 4 7.4 

Flexed Limbs With Limited Movements with club foot 2 3.6 

Gross Ventriculomegly 1 1.8 

Hypoplastic Cerebellum 1 1.8 

Left Cleft Lip And Palate 1 1.8 

Limb Body Wall Complex 1 1.8 

Rt CDH 1 1.8 

Vermis Agenesis 1 1.8 

 

Chart 2 showing distribution of major fetal abnormality 
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Table 4 showing distribution of soft markers 

Soft Markers 
Frequency 

(N = 54) 

Percentage 

(%) 

Absent Nasal Bone 21 38.9 

Increased NT 21 38.9 

Bl Mild Pelviectasis 3 5.6 

Bl Choroid Plexus Cyst 2 3.7 

Ic Echogenic Foci 2 3.7 

Cyst In Neck & Abdomen 1 1.9 

Single Umblical Artery 1 1.9 

 

Chart 3 showing distribution of soft markers 
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Table 5 showing the distribution of karyotyping 

Karotyping 
Frequency 

(n = 54) 

Percentage 

(%) 

NORMAL 46 85.2 

TRISOMY 18 2 3.7 

TRISOMY 21 6 11.1 

 

 

Chart 4 showing the distribution of karyotyping 
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Table 6 showing karyotype of the fetus in the presence Vs absence of major 

fetal abnormality 

Major Abnormality 

Karotyping 

NORMAL 

(n = 46) 

TRISOMY 18 

(n = 2) 

TRISOMY 21 

(n = 6) 

Presence of Major Abnormality 8 (17.4) 2 (100) 1 (16.7) 

Nil 38 (82.6) 0 5 (83.3) 

 

Chart 5 showing karyotype of the fetus in the presence Vs absence of major 

fetal abnormality 
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Table 7 showing karyotype of the fetus in the presence Vs  

absence of soft markers 

 

Soft Maker 

Karotyping 

NORMAL 

(n = 46) 

TRISOMY 18 

(n = 2) 

TRISOMY 21 

(n = 6) 

Presence of Soft Marker 41 (89.1) 1 (50.0) 5 (83.3) 

Nil 5 (10.9) 1 (50.0) 1 (16.7) 

 

 

Chart 6 showing karyotype of the fetus in the presence Vs absence of soft 

markers 
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Table 8 showing the karyotype status of the fetuses in the presence of isolated 

major abnormality,isolated soft markers and in the presence of both. 

 

Karotyping 

NORMAL 

(n = 46) 

TRISOMY 18 

(n = 2) 

TRISOMY 21 

(n = 6) 

Presence of only major 

abnormality 
6 2 1 

Presence of only soft 

markers 
37 0 4 

Presence of both 3 0 1 

 

Chart 7 showing the karyotype status of the fetuses in the presence of isolated 

major abnormality,isolated soft markers and in the presence of both. 
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Table 9 showing the karyotype status of the low risk  

and high risk fetuses 

 

 

Karotyping 

NORMAL 

(n = 46) 

TRISOMY 18 

(n = 2) 

TRISOMY 21 

(n = 6) 

Presence of fetal abnormality 

in low risk 
28 2 4 

Presence of fetal abnormality 

in high risk 
18 0 2 

 

 

Chart 8 showing the karyotype status of the low risk and high risk fetuses. 
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Table 10 Incidence of Karyotyping in with the presence of more than 1 

abnormality or soft marker 

 

 

Karyotyping 
p-

value† Abnormal 

N (%) 

Normal 

N (%) 

Presence of >1 abnormality  

or soft marker (n = 8) 
3 (37.5) 5 (62.5) 

0.050 

Presence of 1 abnormality  

or soft marker (n = 46) 
5 (10.9) 41 (89.1) 

 

 † Chi-square test was used to assess the significant difference in the 

incidence of karyotyping abnormality between subjects with more than 1 major 

abnormality or soft marker and with the subjects with 1 abnormality or soft 

marker. The calculate p-value is 0.050 and the incidence of abnormal karyotyping 

is more in the group with more than 1 abnormality or soft marker (0.375 Vs 

0.109).  

 

 Therefore, it would be concluded that there is a borderline significant 

increase in the incidence of abnormal karyotyping in subjects with more than 1 

abnormality or soft marker compared to group with 1 abnormality or soft marker 

  



70 
 

 

Chart 9 Incidence of Karyotyping in with the presence of more than 1 

abnormality or soft marker 

 

 

 

Table 11 & Table 12 showing the sensitivity , specificity , PPV and NPV of 

major fetal abnormality. 

Major Fetal Abnormality 

Karyotyping 

Total 

Abnormal Normal 

Major Abnormality 3 8 11 

Nil 5 38 43 

Total 8 46 54 
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Table 12 

Sensitivity 37.5 

Specificity 82.6 

PPV 27.3 

NPV 88.4 

 

 LR + = Sensitivity / 1 – Specificity = 0.375 / 1 – 0.826 = 2.16 

 LR - = 1 – Sensitivity / Specificity = 1 – 0.375 / 0.826 = 0.76 

 

Table 13 & Table 14 showing the sensitivity , specificity , PPV and NPV of 

soft markers. 

 

Soft Markers 
Karyotyping 

Total 
Abnormal Normal 

Abnormality 6 41 47 

Nil 2 5 7 

Total 8 46 54 

 

Table 14 

Sensitivity 75 

Specificity 10.9 

PPV 12.8 

NPV 71.4 

 

 LR + = Sensitivity / 1 – Specificity = 0.75 / 1 – 0.109 = 0.84 

 LR - = 1 – Sensitivity / Specificity = 1 – 0.75 / 0.109 = 2.29  



Conclusion 
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CONCLUSION 

 
 Commonly encountered major fetal abnormality is congenital heart disease 

(7.6%); and soft marker is absent nasal bone(38.9%). 

 

 Out of 11 patients ,with major fetal abnormality it is noted that 8(14.8%) 

have  normal and 3(5.5%) have abnormal  karyotype respectively ; Out of 

43 patients, without any major fetal abnormality , it is noted that 38(70.3%)    

have normal and 5 (9.2%) have abnormal karyotype respectively and 

 

Out of 47 patients, with soft markers 41(75.9%)  were found to have 

normal and 6(11.1%) were found to have abnormal karyotype respectively;  

Out of 11 patients, without soft markers 5(9.2%)  were found to have 

normal and 5(9.2%) were found to have abnormal karyotype respectively. 

 

 Presence of major fetal abnormality and soft marker  has a sensitivity of 

37.5% and 75%,specificity of 82.6% and 10.8 %,PPV of 27.2% and 12.7%  

, NPV of 88% and 71.4% respectively. 

  

 The risk of trisomy is 37.5% in the presence of multiple fetal abnormalities 

and 10.9% with isolated fetal abnormality. 

 

 The risk of trisomy by karyotyping in those with and without increased risk  

by triple screening is 10% and 11.6% respectively. 

  



Limitations 
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MERITS 

 Since most of the studies in literature evaluating the importance of soft 

markers  has been done on low risk and it was stated that in order to confirm the 

value of isolated “soft markers” in low-risk women prospective studies need to be 

conducted. 

 

            Our study is a prospective study assessing and comparing the importance 

of soft markers  in both low risk and high risk population. 

  

LIMITATIONS 

 

 Reviewing the literature, it is noted that the studies on soft markers and 

aneuploidies were done on a large population involving several thousands. 

Therefore very low sample size being a major limitation of our study.Most  of the 

analytical methods showed insignifigant results mainly due to inadequate sample 

size . Comparing the results of our study with studies in the literature also seems 

inappropriate with this small sample size . 

 

  



Summary 
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SUMMARY 

 
 Major fetal anormality has higher specificity and negative predictive value ; 

soft marker has higher sensitivity and negative predictive value 

 Absence of major abnormality and soft marker  are associated with reduced 

risk of trisomy 

 Risk of trisomy is higher in the presence of multiple fetal abnormality than 

with isolated abnormality . 

 Presence of fetal abnormality is an independent risk factor for trisomy 

irrespective of the presence or absence of increased risk by triple screening 

and invasive testing is mandatory in these patients to rule out karyotypic 

abnormality. 

 

 Aneuploidy cannot be diagnosed or excluded by sonography. Based on a 

variety of sonographic features,it provides a noninvasive means to adjust the risk 

of aneuploidy . 

 

 The management of each of the fetal abnormality varies but few 

generalizations can be made. First, the detection of abnormal finding on 

ultrasound it prompt  an immediate detailed ultrasound evaluation of the fetus by 

an experienced sonographer. Incase there is major fetal abnormality or > 1 

abnormal finding on ultrasound, aneuploidy need to be ruled out by 

amniocentesis. 
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 If a soft marker is detected in isolation, on a second-trimester sonogram, in 

a patient otherwise considered at low risk for fetal aneuploidy, amniocentesis is 

not indicated . Sample size being the major limitation of our study , it should be 

extended to a large population to further evaluate the significance of fetal 

abnormalities and soft markers in evaluation of aneuploidy.  
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