2.6          Foetal growth, development and disease

Recognise and interpret discrepancy in uterine size for gestational age

Outline to patients the role of blood tests, ultrasound amniocentesis and chorionic villus sampling in the establishment of foetal health

Investigations

· Bloods:

· FBC (for anaemia)

· Blood group (inc Rhesus) and antibody screen 

· Syphilis, Hep B and HIV antibodies
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Rubella antibodies (IgG +ve indicates she is immune either through infection or vaccination).  If not immune, advise to avoid anyone with the infection and have the vaccination after the baby is born. 

· Hgb electrophoresis to screen for haemoglobinopathies.

· Urinalysis + MSU

Prenatal Diagnosis

Prenatal diagnosis allows a number of conditions to be diagnosed before birth and the advantages of this are: 

1. Allows parents to make a choice whether to bring a baby into the world with a disabling condition

2. Optimal preparation for birth in terms of medical care (e.g. neonatal service availability)

3. Allows parents who decide to proceed time to prepare psychologically.

Prenatal diagnosis allows detection of:

· Chromosomal disorders such as trisomies (e.g. Down’s syndrome), sex chromosome abnormalities (e.g. Turner’s) and autosomal disorders (e.g. CF)

· Structural abnormalities such as spina bifida, congenital heart defects and renal tract problems.

· Foetal infection e.g. for toxoplasma and rubella

· Foetal anaemia e.g. rhesus haemolytic disease.  

Routine antenatal screening that is offered to all women in the UK involves:

· 12-week dating scan, where some abnormalities may be seen and a 20 week detailed anomaly scan is performed.  Any abnormality may highlight the need for further testing

· 16-week (-fetoprotein (AFP) testing.  AFP is a foetal glycoprotein which is produced by the yolk sac, the GIT and the liver.  Maternal AFP is used as a screening tool for neural tube defects and along with other markers for Down’s syndrome (it is not meant to be diagnostic).  In neural tube defects, the AFP is elevated.  It can also be raised with twins, with placental problems, with intra-uterine death and with congenital renal problems.  If high the dates should be checked, an USS done and then refer for further prenatal diagnosis.  

· AFP can also help detect Down’s syndrome (AFP is low) as part of the Bart’s (or triple) test (AFP, unconjugated oestriol and hCG + maternal age).  High hCG, low AFP and low oestriol suggest Down’s and are expressed in terms of risk of having a Down’s child (e.g. 1/145).  Those with a risk greater than 1 in 200 are offered amniocentesis.  Detection rates are 45-65%, with 5% false positive rate.  AFP can also be low in maternal DM, overweight mothers, molar pregnancy and non-viable pregnancies.  

Who else might need further prenatal diagnosis?

· Maternal age >35

· Consanguinity

· FH of chromosome/structural abnormality

· Previous child with a chromosome/structural abnormality

· Women who acquire infection in pregnancy and there is doubt over whether the foetus is infected.

· Exposure to other teratogens.

· In addition to abnormal USS/AFP levels, poly/oligohydramnios also suggest the need for further pre-natal diagnosis 

What does further prenatal diagnosis involve:

1. Chorionic Villus sampling (CVS).  

· This takes a sample of choronic villi (10-50mg) using ultrasound guidance and assesses the same features as amniocentesis.

· It can be done earlier in pregnancy than aniocentesis (9-12 weeks), which allows an earlier option for TOP.  The other advantage over amniocentesis is that it takes less time to get results back (20 days for CVS, as opposed to a month for amniocentesis).

· However there is an increased risk of miscarriage (2%).  The false +ve rate is also higher than that of amniocentesis at 1%. 

· Anti -D must be given to Rhesus –ve patients.

2. Amniocentesis. 

· This involves transabdominal aspiration of amniotic fluid (approx 10mls) from around the foetus under USS guidance and allows culture of the cells for karyotyping (chromosomal abnormalities), plus inborn errors of metabolism, for infection and the AFP levels can also be measured from amniocentesis to assess neural tube defects.  

· Performed at 16-18 weeks ideally

· 1% risk of miscarriage.

· Anti-D should be given to Rhesus –ve women due to risk of materno-foetal transfer.

3. Foetal blood sampling.

· Blood from the hepatic vein or umbilical cord (cordcentesis) can be done under USS guidance.

· This allows chromosome abnormalities, foetal anaemia and foetal infection (foetal IgM) to be detected.

· Complications include bleeding from the needle site, leading to foetal exsanguination, foetal bradycardia and PROM.

· Anti-D must be given if Rhesus –ve Mum.

Advantages of pre-natal diagnosis are:

· Helps couples decide whether to continue a pregnancy

· Helps assess management for the remaining weeks of pregnancy

· Prepares a couple for the birth of a child with an abnormality

· Indicates possible complications that can arise during birth/in the neonatal period.

· Rarely can help improve outcome through the use of foetal treatment.

Disadvantages of prenatal diagnosis:

· Some tests are invasive (i.e. amniocentesis) and thus carry risks such as feto-meternal transfer or miscarriage

· There is a risk of false negatives and false positives.

Pre-implantation genetic diagnosis (PIGD) is a technique performed on eight-cell embryos created by IVF and is used in couples with a high chance of conceiving a child with a genetic abnormality.  It is only available at a few centres.  One or two cells are removed and PCR/FISH are used to obtain a genetic diagnosis.  Only normal embryos are implanted, which removes the need for parents having to consider TOP with affected embryos.

Describe the role and methods of foetal assessment in pregnancy

Foetal assessment in pregnancy consists of a number of measures:

1. USS

· In the first trimester, USS is used to assess:

· Presence of a gestational sac (visible from 5 weeks gestation) + yolk sac and embryo.

· Detect a foetal heart (should be visible at 6 weeks gestation on transvaginal USS)

· Document foetal number

· Assess foetal age, which in the first trimester is done by Crown-Rump Length or CRL (CRL in mm + 6.5 = approximate gestational age in weeks).  This is only reliable in the first trimester as after this the foetal spine is too curved for reliability. Late on the first trimester, BPD (biparietal diameter) can be used to assess foetal age.

· Nuchal translucency (this correlates with foetal aneuploidy).

· Assessment of the uterus/adnexal structures.

· In the second trimester, USS is used to:

· Document foetal number and foetal cardiac activity.

· Assessment of gestational age

· Evaluate of uterus/adnexa

· Estimate amniotic fluid volume (see box right)

· Document placental location

· Image the umbilical cord and number of vessels (a single umbilical artery is associated with foetal aneuploidy).

· Assessment for foetal anomalies (done routinely at 20 weeks).

· In the third trimester, the parameters for second trimester can be re-assessed (anatomic survey is especially important as some foetal anomalies only become apparent in later gestation).  In addition, the AC and HC (biparietal diameter) are measured, which are plotted on a growth chart.  These parameters along with the femur length can be used to assess the estimated foetal weight (EFW), which is also plotted on a growth chart to assess foetal growth.
2. Serial USS is used if growth abnormalities are suspected – readings must be taken at least two weeks apart.

3. Doppler USS can be used to assess uteroplacental and fetoplacental circulation.

4. CTG (see abnormal CTG handout)

5. Biophysical profile (BPP):  This uses USS to assess foetal movement, foetal tone, foetal breathing, amniotic fluid volume and the CTG.  Two points are given if the variable is present/normal and 0 if abnormal/absent. Values therefore are in the range 0-10 with only even numbers possible. 6+ is considered a good score.

6. Foetal movement chart: an easy monitoring tool – the mother keeps track of how many foetal movements are felt during each day (at least 12 hours). This should be at least 10. This can be used from 28 weeks onwards (third trimester).

7. Foetal echo for pregnancies at high risk of cardiac abnormality (e.g. maternal cardiac problems or maternal DM).

8. Amniocentesis (see antenatal and booking handout)

9. CVS (see antenatal and booking handout)

10. Foetal blood sampling (see antenatal and booking handout)

•
recognise the potential adverse effects of drugs in pregnancy

•
debate the benefits and costs of prenatal screening

Nuchal screen 

By means of a blood test at the same gestation, the maternal serum concentration of free β hCG (a hormone) and PAPP-A (a protein) can be analysed. It has been found that the level of β hCG is higher in Down's fetuses than in normal fetuses whereas the level of PAPP-A is lower than in normal fetuses. 2

· Screening by maternal age alone will pick up only 30% of babies with Down's syndrome.

· Screening by combining maternal age and a blood test at 15-18 weeks will pick up 50 -70%.
· Screening by combining maternal age with ultrasound Nuchal translucency at 11- 14 weeks the pick up rate is 70- 80%
Screening by combining maternal age, ultrasound Nuchal translucency and blood biochemistry (for maternal serum free β hCG and PAPP-A ) will give a pick up rate of 90%.
The quad screen test is a maternal blood screening test that looks for four specific substances: AFP, hCG, Estriol, and Inhibin-A.

AFP: alpha-fetoprotein is a protein that is produced by the foetus

hCG: human chorionic gonadotropin is a hormone produced within the placenta

Estriol: estriol is an estrogen produced by both the foetus and the placenta

Inhibin-A: inhibin-A is a protein produced by the placenta and ovaries

The quad screen is a maternal blood screening test that is similar to the Triple Screen Test (also know as AFP Plus and the Multiple Marker Screening). However, the quad screen looks for not only the three specific substances evaluated in those tests (AFP, hCG, and Estriol) but also a fourth substance known as Inhibin-A.

 The screen is essentially the same as the screening tests that look for only three substances, except the likelihood of identifying pregnancies at risk for Down Syndrome is higher through the evaluation of Inhibin-A levels. The false positive rate of the test is also lower.

 What is a screening test?

 It is very important to remember what a screening test is before getting one performed. This will help alleviate some of the anxiety that can accompany test results. Screening tests do not look only at results from the blood test. They compare a number of different factors (including age, ethnicity, results from blood tests, etc...) and then estimate what a person’s chances are of having an abnormality. These tests DO NOT diagnose a problem; they only signal that further testing should be done.

 How is the quad screen test performed?

 The quad screen test involves drawing blood from the mother, which takes about 5 to 10 minutes. The blood sample is then sent to the laboratory for testing. The results usually take a few days to receive.

 What are the risks and side effects to the mother or baby?

 Except for the discomfort of drawing blood, there are no known risks or side effects associated with the quad screen test.

 When is the quad screen test performed?

 The quad screen test is performed between the 16th and 18th week of pregnancy. All pregnant women should be offered the quad screen, but it is recommended for women who:

· Have a family history of birth defects

· Are 35 years or older

· Used possible harmful medications or drugs during pregnancy

· Have diabetes and use insulin

· Had a viral infection during pregnancy

· Have been exposed to high levels of radiation

What does the quad screen test look for?

 The quad screen measures high and low levels of AFP, abnormal levels of hCG and estriol, and high levels of Inhibin-A. The results are combined with the mother's age and ethnicity in order to assess probabilities of potential genetic disorders.

 High levels of AFP may suggest that the developing baby has a neural tube defect such as spina bifida or anencephaly. However, the most common reason for elevated AFP levels is inaccurate dating of the pregnancy.

Low levels of AFP and abnormal levels of hCG and estriol may indicate that the developing baby has Trisomy 21(Down syndrome), Trisomy 18 (Edwards Syndrome) or another type of chromosome abnormality.

What do the quad screen results mean?

 It is important to remember that the quad screen is a screening test and not a diagnostic test. This test only notes that a mother is at risk of carrying a baby with a genetic disorder. Many women who experience an abnormal test result go on to deliver healthy babies.

 Abnormal test results warrant additional testing in order to make a diagnosis. A more conservative approach involves performing a second quad screen followed by a high definition ultrasound. If the testing still maintains abnormal results, a more invasive procedure such as amniocentesis may be performed.

Any invasive procedure should be discussed thoroughly with your healthcare provider and between you and your partner. Additional counseling and discussions with a counselor, social worker or minister may prove helpful.

 What are the reasons for further testing?

 The quad screen is a routine screening that poses no known risks to the mother or baby. The quad screen results may warrant additional testing. The reasons to pursue further testing or not vary from person to person and couple to couple. Performing further testing allows you to confirm a diagnosis and then provides you with certain opportunities:

· Pursue potential interventions that may exist (i.e. foetal surgery for spina bifida)

· Begin planning for a child with special needs

· Start addressing anticipated lifestyle changes

· Identify support groups and resources

· Make a decision about carrying the child to term

Some individuals or couples may elect not to pursue testing or additional testing for various reasons:

· They are comfortable with the results no matter what the outcome is

· Because of personal, moral, or religious reasons, making a decision about carrying the child to term is not an option

· Some parents choose not to allow any testing that poses any risk of harming the developing baby

It is important to discuss the risks and benefits of testing thoroughly with your healthcare provider. Your healthcare provider will help you evaluate if the benefits from the results could outweigh any risks from the procedure.

AFP: alpha-fetoprotein is a protein that is produced by the foetus.

hCG: human chorionic gonadotropin is a hormone produced within the placenta

Estriol: estriol is an estrogen produced by both the foetus and the placenta

lso Known as Triple Test, Multiple Marker Screening and AFP Plus
The triple screen test is a maternal blood screening test that looks for three specific substances: AFP, hCG, and Estriol.

AFP: alpha-fetoprotein is a protein that is produced by the foetus.

hCG: human chorionic gonadotropin is a hormone produced within the placenta

Estriol: estriol is an estrogen produced by both the foetus and the placenta

It is a non-invasive procedure done through a blood test with little to no known risk to the mother or developing baby.

What is a screening test?

It is very important to remember what a screening test is before getting one performed. This will help alleviate some of the anxiety that can accompany test results. Screening tests do not look only at results from the blood test.  They compare a number of different factors (including age, ethnicity, results from blood tests, etc...) and then estimate what a person’s chances are of having an abnormality. These tests DO NOT diagnose a problem; they only signal that further testing should be done.

How is the triple screen test performed?

The triple screen test involves drawing blood from the mother which takes about 5 to 10 minutes. The blood sample is then sent to the laboratory for testing. The results usually take a few days to receive.

What are the risks and side effects to the mother or baby?

Except for the discomfort of drawing blood, there are no known risks or side effects associated with the triple screen test.

When is the triple screen test performed?

The triple screen test is performed between the 15th and 20th week of pregnancy although results obtained in the 16th -18th week are said to be the most accurate.

All pregnant women should be offered the triple screen, but it is recommended for women who:

· Have a family history of birth defects

· Are 35 years or older

· Used possible harmful medications or drugs during pregnancy

· Have diabetes and use insulin

· Had a viral infection during pregnancy

· Have been exposed to high levels of radiation

What does the triple screen test look for?

The triple screen is measuring high and low levels of AFP and abnormal levels of hCG and estriol. The results are combined with the mother's age, weight, ethnicity and gestation of pregnancy in order to assess probabilities of potential genetic disorders.

High levels of AFP may suggest that the developing baby has a neural tube defect such as spina bifida or anencephaly. However, the most common reason for elevated AFP levels is inaccurate dating of the pregnancy.

Low levels of AFP and abnormal levels of hCG and estriol may indicate that the developing baby has Trisomy 21( Down syndrome), Trisomy 18 (Edwards Syndrome) or another type of chromosome abnormality.

Although the primary reason for conducting the test is to screen for genetic disorders, the results of the triple screen can also be used to identify:

· A multiples pregnancy

· Pregnancies that are more or less advanced than thought

What do the triple test results mean?

It is important to remember that the triple test is a screening test and not a diagnostic test. This test only notes that a mother is at a possible risk of carrying a baby with a genetic disorder. The triple screen test is known to have a high percentage of false positive results.

Abnormal test results warrant additional testing for making a diagnosis. A more conservative approach involves performing a second triple screen followed by a high definition ultrasound. If the testing still maintains abnormal results, a more invasive procedure like amniocentesis may be performed.

Invasive testing procedures should be discussed thoroughly with your healthcare provider and between you and your partner. Additional counseling and discussions with a counselor, social worker or minister may prove helpful.

What are the reasons for further testing?

The triple screen is a routine screening that is not an invasive procedure and poses no risks to the mother or baby. The abnormal triple screen results often warrant additional testing. The reasons to pursue further testing or not vary from person to person and couple to couple. Performing further testing allows you to confirm a diagnosis and then provides you with certain opportunities:

· Pursue potential interventions that may exist (i.e. foetal surgery for spina bifida)

· Begin planning for a child with special needs

· Start addressing anticipated lifestyle changes

· Identify support groups and resources

· Make a decision about carrying the child to term

Some individuals or couples may elect not to pursue testing or additional testing for various reasons:

· They are comfortable with the results no matter what the outcome is

· Because of personal, moral, or religious reasons, making a decision about carrying the child to term is not an option

· Some parents choose not to allow any testing that poses any risk of harming the developing baby

It is important to discuss the risks and benefits of testing thoroughly with your healthcare provider. Your healthcare provider will help you evaluate if the benefits from the results could outweigh any risks from the procedure.
Amniotic fluid volume: Measured by USS in each of the four quadrants of the abdomen – the amniotic fluid shows up as black on the USS and the depth of this fluid is measured from top to bottom.





MPD: max pool depth – this is simply the maximum depth of fluid measure from whichever quadrant is greatest. 


Oligohydramnios = <3 cm


Polyhydramnios = >8 cm





AFI: amniotic fluid index – this is the sum of the depths of the four quadrants and is more reliable.


Oligohydramnios = <8 cm


Polyhydramnios = >25 cm
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Amniocentesis*
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�
20�
Anomaly scan�
�
*Non-routine


^Non NHS
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