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PORTER
Hello. Today's programme is all about ultrasound scans. A form of medical imaging that is now used across a burgeoning range of specialities for diagnosing everything from blood clots to shoulder injuries, but which is best known for its contribution to pregnancy.

I will be meeting one of the world's foremost authorities on its use in obstetrics to find out more about the latest developments - including screening for Down's Syndrome and helping to identify women at risk of premature labour.

NICOLAIDES
Ultrasound has changed obstetrics dramatically over the years.  Ultrasound has broken down these iron curtains that existed for millions of years between prenatal and postnatal life and that is very much a technology of the last 25 years.

PORTER
More from Professor Kypros Nicolaides - including how many scans a pregnant woman should have and when - in a moment. But first some history. 

Ultrasound scanners work by bouncing ultra-high frequency sound waves off internal structures, and forming an image from what is reflected back. A type of visual sonar. 

The first machines were developed in the '50s and adapted from equipment used by engineers to detect areas of stress in metals. Professor Stuart Campbell was head of the Department of Obstetrics and Gynaecology at King's College Hospital, London and helped pioneer the new technology.

CAMPBELL
I think it really all began with Ian Donald, a Scottish professor.  You need good luck at the beginning of your research and there's this woman who the physicians thought was dying from cancer and he applied this device to the abdomen and he said, no I think it's a cyst, and they operated and it was a cyst and she made a great recovery.  And that sort of inspired him to continue with his researches.  And he had a very clever engineer called Tom Brown who used radar techniques to convert these vertical blips into dots on a cathode ray tube and these dots coalesce to show the outlines of whatever was scanning.  So you move the transducer, we call it, the probe, the crystal, across the abdomen and the two dimensional outline of the structures underneath was displayed.  It wasn't moving of course in those days, it was a still image.  And the equipment - there were no computers in those days - so the equipment was absolutely huge, I mean it took up a third of the space in the room.  It would be easily eight foot tall and eight foot wide and that's including the couch.  And yet it had a very tiny screen and I spent most of my time, because I joined him in the early '60s, I used to twist my head round to see this very small screen at the side, that's why I think I've got a slipped disc in my neck now.  Now of course the equipment has a big screen and is very small and portable, so it's completely transformed.

PORTER
What did you think when you first heard that this was going on, when you first saw the equipment and the technology, did you think it was ever going to take of?  I mean you were an obstetrician working at the time, did you think it was going to add anything useful to what you could feel and listen for?

CAMPBELL
Well I was a young doctor and he was the prof but I was impressed with him, he was a very dynamic man, very persuasive.  Most of the doctors in the hospital really thought he was slightly mad and he worked in this dark room.  And - but I enjoyed it, I suppose I just took to these visual images.  So I worked with him and his assistant, James Willocks, and well I was lucky because it just took off.

PORTER
And I suppose we - I mean we take those sort of images for granted these days but you wouldn't have seen anything quite like that before in terms of looking at an image of something?

CAMPBELL
No they were very fuzzy and grey and in fact I remember at the British Congress 1965 people were actually laughing at the images that Ian Donald was producing.  But ...

PORTER
Because he said there was something there but they weren't so sure.

CAMPBELL
Yeah, he was absolutely convinced that this was the future and he was right.

PORTER
Professor Stuart Campbell talking to me earlier. 
 
It's no coincidence that another of the leading lights in this field also hails from King's College Hospital.  Kypros Nicolaides started his groundbreaking research as a junior in Prof Campbell's unit, and has gone on to pioneer novel screening methods and help develop a whole new field of medicine that specialises in caring for babies while they are still in the womb.

Now Professor Nicolaides, he is Director of the Harris Birthright Centre for Fetal  Medicine at King's, and the founder of the Fetal Medicine Foundation - which is where he invited me to join him towards the end of one of his busy clinics.

NICOLAIDES
I had an overwhelming feeling when I first looked at ultrasound and that is what stimulated me into going into this field - the realisation that life begins at a long time before birth comes as a sharp reminder by just glancing at the ultrasound machine for a second.  And very much the whole field of fetal medicine is based on that continuum.  And we have seen a lot of postnatal medicine being applied into prenatal assessment, diagnosis and treatment of the fetus but also as a result of a lot of the studies we now recognise that a lot of the postnatal diseases have as their basis a hostile intrauterine environment.  So medicine is going to work both ways.  Borrow from what you know from postnatal medicine and apply it to prenatal medicine but also have prenatal medicine as the basis of a better understanding of postnatal problems.

ULTRASOUND ACTUALITY
NURSE
This lady is 25 years of age, 13 weeks and six days today and here for routine first trimester risk assessment.

NICOLAIDES
So is this your first baby?

PATIENT
No it's my second.

NICOLAIDES
What do you have?

PATIENT
I have a little girl.

NICOLAIDES
Good.  But you can see on the screen now the baby, see the head there on the top and there is the body.  There is the heart, you can see there [beating heart noise].  That looks normal.  And the baby's heart beats a lot faster than our heart.  It's about 150 at this stage and our heart beat is about 70, except when we get anxious and nervous.  So you're seeing the head there and we take a cross section through that, you can see the white circle around it, yeah? - that is the skull and then you can see the middle, a line there, that splits the brain into the two bits and the brain looks completely normal.

PORTER
One of your many contributions in this sector has been in the development of ultrasound for screening for Down's Syndrome, can you tell me how that came about?

NICOLAIDES
I had a patient that had subsequently become a good friend - Cherry Rooms [phon.] - a woman that was rhesus negative.  Women if their blood group is rhesus negative can develop antibodies that pass the placenta and they destroy the babies' red cells and the babies die.  This woman had suffered seven miscarriages and stillbirths and we had decided that in her next pregnancy we would go in at 12 weeks and try and assess whether the baby was beginning to become anaemic from blood type and start doing blood transfusions from 12 weeks.  Until that time we could not really intervene before 18 weeks.  So she came along and I looked at the baby and I saw that there was a collection of fluid behind the baby's neck, I thought that that was the very first sign that the baby was becoming severely anaemic.  So I was very distressed that the baby was going to die again.  We carried out a transfusion and at the same time I collected amniotic fluid.  And then two days later I got the results back where the baby had Down's Syndrome.  I suppose this is how you make observations for the first time - you see something unusual - and then you have the technology that gives you a result very, very quickly, so you can easily marry the two together.  

After that I started looking every time I was doing a scan at 12 weeks to see if I could see this fluid again and within a month I had another three cases that the link in my mind - Down's - with this collection of fluid. I think there was some publicity at the time and a journalist from The Times came along to ask me about it and she told me:  "But what are you going to do next?"  And I said:  "Well we need to study a lot of patients prospectively to find out if this is true."  And she told me:  "How many?" And I just opened my mouth and I said:  "Twenty thousand."  And she said:  "How are you going to find 20,000?"  I said:  "As of today we're offering free scans on anybody that bothers to come everyday until 10 o'clock at night, every weekend."  And then suddenly over a period of a year 20,000 women turned up at King's and they went up a lift to the 10th floor, the lifts were clogged up, the chief executive on the first floor was furious with me.  But then after a year we had the 20,000 that we needed to find scientifically a link between the fluid behind the neck at 12 weeks and the chances that the baby had Down's.  

From then on, as the years went by, we started looking at more things.  It took me 10 years, because I'm a bit slow, to move from the back of the neck to the front of the face.  And then in the year 2000 we discovered that babies with Down's have an abnormal development, a slower development, of the nose.  So at 12 weeks we couldn't see the nasal bone.  I mean the whole distance is two inches but it took 10 years to make the next observation.  Subsequently we realised that babies with Down's have often got abnormalities of the heart, so we started looking at the heart and measuring the blood flow through the heart and the liver.  The tricuspid valve and the ductus venosus.  So today the package that assesses the likelihood whether a baby has Down's includes the measurement of nuchal translucency, nasal bone, ductus venosus, tricuspid.  The mid-'90s we also realised that the placenta functions in a different way in pregnancies with Down's, it produces more of one type of a hormone - hCG - and less of another - PABA - and today the combination of the scan and the blood test would identify more than 95% of the babies and at the same time reduce the unnecessary invasive tests from 5-10% to about 2%.

ULTRASOUND ACTUALITY
NICOLAIDES
And there is the back of the neck.  You can see this black space there and this is what we call the nuchal translucency.  And the measurement here looks good.  If the measurement is very high then the risk of Down's is increased.  So by combining the information we get from the scan with your age and the results of the blood test, that we carried out, we can work out what is the chance that this baby has Down's.  So if you look on the screen now on the right, you can see this green graph here and you can see there the white line which curves up, that lines shows that as a woman gets older, this is the age of the woman, as the woman gets older the chances of having a Down's baby go up, along this white line.  Because you're quite young, you're now 25 years old, when you came in the room the chances that the baby had Down's was one in 999.  So for a 25 year old the chances of Down's are about one in a thousand.  If we take into account that and then everything that we did and found in the scan and the results of the blood test we'd come out with a new risk for you which is one in 19,986.  So your chances went down from one in a thousand to one in 20,000.  That's as good as it gets.

PATIENT
Thank you.

A lot of emphasis in prenatal diagnosis has been placed on Down's or major fetal abnormalities but unfortunately in Britain and the rest of the world in the last 50 years the main reason that causes death and handicap in babies is premature delivery, nothing to do with babies being abnormal, it is completely normal babies that just come out too early.  And we have not been able to reduce the chances of premature delivery mainly because we did not have features to identify who were the women at high risk of delivering prematurely.  Well now we know that if you measure the length of the cervix at the 20 week scan you can have a fairly good idea of the likelihood of a woman who would deliver prematurely.  So two scans - one at 12 weeks to confirm that the woman is pregnant and the baby's alive and is growing well and it looks normal, another scan at 20 weeks to confirm that the baby's normal, whether the baby is growing well, whether the blood flow to the placenta is good and whether the length of the cervix is good.

PORTER
Assuming the length of the cervix suggests that there's a higher chance of premature delivery, how would that affect your management as an obstetrician?

NICOLAIDES
If we find that the cervix is very, very short and therefore the woman is at very high risk of delivery prematurely then you can do one of three things.  One is to consider putting in a stitch through the cervix to keep it closed together, we carried out research in that area and unfortunately it was not as effective as we would have hoped.  It does reduce the chances of severe premature delivery but only by about 15%.  We then went on to carry out studies in giving women progesterone - the natural history of progesterone - which relaxes the uterus because a woman goes into premature labour either because their resistance to the baby coming out has weakened and that is the cervix or the uterus is pushing it out through contractions.  So the first line of attack of stitching up the cervix works a bit.  The second line of attack is to make the uterus not contract.  And we completed a study involving many tens of thousands of women and we published that last year in the New England Journal of Medicine and with that administration of progesterone we reduced the chances of premature delivery by about 45%.  Still for me 45% is great but not good enough.  And we've now embarked on a new study where we are checking whether the introduction of a ring pessary, something like a plastic ring, that we place round the cervix that changes the relationship between the uterus and the cervix, produces an angle, so that the cervix doesn't open up, in combination with progesterone, will improve the chances of success more.  We're carrying out a randomised study where we are randomly allocating women that are at high risk into just having progesterone or progesterone plus this new pessary and I hope that in three years we will know the answers to that.

PORTER
Where are we now in terms of routine screening scans for pregnant women in the UK, what's the gold standard, how many scans should they be having and when?

NICOLAIDES
I think that all women should have a minimum of two ultrasound scans in pregnancy.  The first one at around 12 weeks, the third month, that scan is important not only in terms of assessing the chances that the baby has Down's but to confirm how pregnant a woman is - you can determine whether the baby has two legs, two arms, a heart and brain in the right place, we can diagnose the vast majority of major fetal abnormalities in the 12th week of pregnancy.  A second scan comes at around 20-22 weeks where there we're assessing the rate of growth of the baby, is the placenta feeding the baby well?  Are there any other specific abnormalities that we may have missed in the earlier scan - does the baby have Spina bifida, is there a hole in the heart - some more subtle abnormalities which can nevertheless be quite important.

PORTER	
How many women in the UK at the moment are getting those two scans - is it universal?

NICOLAIDES
The national screening committee, a committee that was set up to establish policies and oversee the application of standards throughout the country has recommended that all women in Britain should be having that 12 week scan for the assessment of risk of Down's, in addition to the 20 week scan.  Unfortunately, although this recommendation was made more than three years ago, the first trimester scan is still only being offered to about a third of the population.  I think that a start has been made.  There has been a centrally defined policy.  They have requested from us, my charity - The Fetal Medicine Foundation - to help with the training of personnel throughout the country and we have done that.  And now it's a matter of pushing people a bit more to implement the new policy.  I expect that within three years all women in Britain should have these two scans.

ULTRASOUND ACTUALITY
NICOLAIDES
And there is the nose.  That's an extremely important thing that we look for again in trying to work out the chances that the baby has Down's because the nasal bone is present.  You can see the mouth there, the baby's opening up its mouth.  And then we go down the body, we enter the chest, we can see the heart again there and you can see that there are four different chambers - can you see that - within - within the heart and the heart looks normal.  And around the heart are the lungs and those look good.  We then go down into the tummy, you see these black stains there, that is the stomach of the baby.  Swimming in this fluid, by ultrasound everything that is water is black and everything that is bone is white.  So the stomach is full of fluid, water, because the babies drink from the amniotic fluid and then they go and pee, then they drink their pee again.  That is the umbilical cord.  If I put the colour on, you see the black is flowing inside - you can see it actually also and hear it there.  That is the blood flowing from the placenta, the after birth, through this umbilical cord into the baby.  And that looks normal.  And then we go down you can see the two legs, can you see how they cross over with the foot, then reach, there's the baby kicking.  See the feet?  The knee there.  The foot.  And then if we go up the other end we can see the arm, see the arm there and you can see the fingers.  Can you count for me?  

PATIENT
Me?  I'm hoping for 10.

NICOLAIDES
Are you?

PATIENT
Yes.

NICOLAIDES
Why do want so many?

PORTER
What does so-called 4D ultrasound scanning bring to the party?

NICOLAIDES
For these then the ability to see the baby as a volume in three dimensions and 4D is when you see the baby as a volume as a moving image.  It introduces fantastic pictures, you now don't see the baby as a black and white cross section but you just see - get a true feeling of what the baby looks like.  So it's a tremendous technology in itself.  It has found a lot of applications in many countries of the world in terms of attracting women to go to private clinics to have these nice moving images.  And to me that is a very sad application of the technology.  In terms of diagnosing fetal abnormalities or helping with the treatment of the fetuses the technology was very slow in finding a true useful application.  We have carried out a lot of research in seeing how we can improve our ability to diagnose problems using 4D or 3D ultrasound compared to the traditional ultrasound and there are conditions where the ability to see the baby in four dimensions or three dimensions can help improve our diagnosis.  But that is way behind in terms of the application of the technology compared to the photographic attractiveness of it.

PORTER
There was some debate in the '80s but mainly the '90s, if I remember correctly, about the safety of ultrasound, that having - you could have too many ultrasounds - have we put those to bed now, where are we on that situation?

NICOLAIDES
We had a disaster with x-rays, you know when x-rays came about people used to get some incredible experiences and I hear, because I was not around at that time, that you used to go to shops and you paid a penny and you put your hand under the machine to take an x-ray.  So we went through that hysterical application of a new fantastic otherwise technology - x-rays - and then we saw the disasters that arose from that.  We saw babies being born and developing cancers.  So as a result of that terrible experience people were much more careful - they were much more worried about the application of any technology in obstetrics, in pregnancy, and I think that that is right.  We should not be giving any drugs, however apparently safe they are, to pregnant women because we had a disaster with Stilbestrol and then Thalidomide.  And we should not be applying any new technology because they give you nice images very, very lightly.  So when ultrasound was introduced there was already a very strong scientific scepticism and concern - is this technology safe?  So ultrasound actually has been placed under enormous scrutiny for those very questions, extensive studies over a number of decades now, millions of people examined and we would have expected that if anything nasty was to be attributed to ultrasound it would have shown up by now.  Nevertheless, people remain anxious and I am anxious that people that use ultrasound do so when it is necessary.  So at the moment the good news is I can conclude that ultrasound appears to be safe but I think that that does not justify the use of ultrasound for gimmicks.

PORTER
Professor Campbell you were one of the driving forces behind the introduction of 4D scanning into the UK.  There has been some criticism that it's great exciting technology but it's not actually helped medically very much.

CAMPBELL
Bonding is a major advance, I think it's very exciting for the parents to see the fetus because the fetus is smiling and crying and sucking its thumb and behaving like a baby, even before it's born, which is wonderful.  I've written some papers on the diagnosis of cleft palate, for instance, which can't be diagnosed by 2D, I don't believe you can see the palate by 2D ultrasound and you can with 3D and you can see the palate - actually I diagnosed a cleft palate at 12 weeks the other day.  I quite agree that it looks such wonderful technology and yet it's not immediately apparent what specific diagnoses are going to help radically in the future but they're just beginning and I think we're on the way with 3D, 4D ultrasound.

PORTER
So looking back at those first machines that you were using that were the size of a room or half of a room compared to the modern equipment you use now, which I suspect probably just sits on a trolley, does it not?

CAMPBELL
Yeah.

PORTER
Where do you think we're going to be in another 40 years time - do you think ultrasound will still have a place?

CAMPBELL
Well you know I think it will because the beauty of ultrasound is, first of all, it does no harm, nobody's ever shown any harm from this, it can be repeated as often as you like, it's the acceptable face of technology from the parents point of view, they're part of the scanning process, they interact - every time you do a scan you are pointing out the anatomy of the fetus to the woman, she's asking questions.  So it's this intimacy which makes it so fantastic, no other investigative technique is quite like that.  I've never been good at predicting the next engineering advance, you know, I suppose if I had a talent it was seeing what they were doing and saying ah we could do that with this, with this advance we can do this but I've never been able to predict what was the next engineering advance.  And it's to the engineers, I think, we really owe such a lot, they're the clever people really who have produced the tools that we doctors use for the benefit of our patients.

PORTER
Professor Stuart Campbell.

If you would like more information on any of the various issues we have discussed today then you will find some useful links on the Case Notes website at bbc.co.uk/radio4.

Next week I am in Bath to learn more about helping people recover from brain injury - whether it be following conditions like meningitis or stroke, or from a blow to the head sustained in an accident.


