Elijah Behr


Introduction by Alison Cox:
Elijah I think is…I'm not medical and I can only take a risk here by saying he’s done so many courses and he’s qualified in so many different aspects of sudden death I've lost track of it a long time ago. He’s unusually both a cardiologist and an electrophysiologist – in other words he does the surgery that very often is required when people are found to have heart rhythm problems. So Elijah is going to be talking to you about the heart rhythm conditions of which there is only just, I think I'm sure Elijah would agree, really in the last five or six years that there has been a push forward in realising how common these are. I'm sure Mary is going to make reference to that in terms of the pathology but certainly when I started CRY all anybody ever talked about was the heart muscle conditions which were the cardiomyopathies, I hadn’t heard about Long QT until I had two barristers in a week phone me up and say they had legal cases pending, and I went back to Bill McKenna who was helping us and asked him what Long QT was. Now, that was back in 1998, so you can understand its only recently that everybody’s become galvanised about heart rhythm problems. So here’s Elijah. Elijah will take questions after his talk, and if there’s more questions, you want more information, we will accommodate that. Elijah will be leaving later on this morning, but we can always work into the refreshment break after Elijah and Sanjay.  So although we’re not having workshops that doesn’t mean we’re not going to have the time.  Okay, thank you Elijah?

Elijah Behr:

Unfortunately I have some family obligations that came up at short notice, so…. the in-laws basically [laughter].
Alison Cox:
And you’ve got a new baby.

Elijah Behr:

Yes, so the in-laws and the baby so….. just got to make sure there’s no trouble.

Alison Cox:

One thing I did forget to say is that you’ve all been sent the SADS booklet and of course it was Elijah who wrote that.

Elijah Behr:

No that’s alright, and we’re now producing a booklet that relates purely to this area, so that its not that there’s more just information out there that’s just information, as opposed to having a context of sudden death. 
So we’re going to talk today about the Ion Channel diseases and talking about the Brugada Syndromes the Long QT Syndromes and other related syndromes and what I wanted to do is place that in the context overall of sudden cardiac death, because we usually give that sort of introduction. 
Sudden death is quite a large problem overall for the medical profession and for public health and in the western world in particular. Cardiovascular disease, and heart disease and hypertension and strokes and suchlike account for about half of all the deaths in the country, and about half of those deaths are sudden and about 80% to 90% of those are due to heart conditions, so sudden death is a big problem, and we’re faced with the major problem from that point of view. 
In young people fortunately sudden death is not as common as in older people. In older people the problems that cause sudden death are usually related to furring of the arteries causing blockages of the arteries and causing rhythm disturbances that could cause sudden death.  In younger people its more likely to be heart diseases of the muscle and heart diseases such as the Ion Channelopathies that might be causing these sort of problems. There are also a large group of other problems that are not necessarily genetic such as Myocarditis, Wolff Parkinson White Syndrome - although there’s a small genetic component to that - and other types of causes of sudden death which we can go into more in questions if you wish to.

Now, one of the cardiac muscle diseases is called Hypertrophic Cardiomyopathy and we think that probably causes the majority of sudden deaths amongst young people but I'm more open to this area SADS - normal heart sudden death - when the pathologist finds that there’s no abnormality whatsoever at the post mortem; tests for drugs and find that there are no drugs to explain the sudden death; and also then go on to say have an expert like Mary review the post mortem, check the slides check the heart, and yet still no cause can be found. So a whole filtering mechanism.  
In the 16 - 64 age group about 5% of those sudden deaths are accounted for by these normal heart sudden deaths, as we call them.  I think if you come down to say under 35 or under 25 then you’re getting into much bigger proportions, up to 20%, possibly more, and there is some research to suggest the causes of young sudden death in children are the same as the causes of young sudden death in infants like cot death, although there’s a different spectrum there as well because of the young age of babies and breathing issues related to babies.  
The other group where this proportion is greater as well is in athletes, young athletes, sports people. They are much more prone to sudden death although they are much healthier from all other aspects.  The risk is related really to the exercise at the time and is usually specific to carrying conditions which induce rhythm problems with exercise. So it’s a small proportion still but they are certainly significantly more prone than an average individual to have a sudden death due to exercise.  So again, if you want to discuss the context later in more detail we can talk about that afterwards.
Now, if we look at all these causes of sudden cardiac death in the young what I want to point out to you is that a large proportion are genetic, the ones that are shaded in over here, the cardiomyopathies, HCM, ARVC and to a much lesser extent Dilated Cardiomyopathy. Ion Channel Disease which we’re going to talk about today, Marfan Syndrome, mitral valve prolapse - there are elements to the others that could be genetic, but these are definitely genetic.  What you’ve got mixed in here is the premature furring of the arteries that I mentioned before that causes more problems in older people and then also say coronary artery anomalies, although there’s no evidence that these are clearly genetic at the moment.  
And in terms of how difficult these problems are for us to deal with in the population, well you might think these are all vanishingly rare conditions, but if you look at prevalence, which means the number for say one per certain number in the population would carry the condition, the prevalence is not actually that low when you think about Hypertrophic Cardiomyopathy has the highest, about 1 in 500. ARVC about 1 in 5000, ARVC is Arrhythmogenic Right Ventricular Cardiomyopathy which Sanjay will be talking about more. Then you’ve got premature coronary artery disease which is still an important cause, Marfans, Long QT. Long QT started off as 1 in 10000 and as research has gone has gone to 1 in 5000 now is 1 in 2000. These are carriers in the population but you might not necessarily pick up carriers until something happens, or they might never be picked up at all, or the only pick up may be because you find a condition in the family and you go on to find them. So, just pointing out here Brugada Syndrome 1 in 2000, previously thought to be much less frequent, but now thought to be more significant. So not a small problem when you look at the numbers who are affected, potentially affected people in the population.  Only a small proportion of these will suffer sudden deaths, but our challenge is to try and pick these people up so we can prevent these sudden deaths.

The Ion Channelopathies are the Long QT Syndrome, the Brugada Syndrome, Catecholaminergic Polymorphic VT - now that’s such a big lump of words I'm going to just call it CBVT from now on and I’ll explain to you what it actually means and we can again ask more questions about that - and also the Short QT Syndrome. There’s some more very rare forms of channel disease that I’ll mention at the end or in relation to the other conditions because they’re just cross-overs of other conditions.  What they have in common, as I've mentioned already is that they’re genetic and they usually follow what we call an autosomal dominant inheritance pattern.  What that means is that you always have two copies of a gene. If you have one copy of those that carries the abnormality, or the mutation as we call it, then you’re a carrier and you can show the condition.  You then pass on one set of your genes to your children out of your two sets of genes, and therefore there’s a 50/50 chance of transmitting that affected abnormal gene, or the gene carrying the abnormal bits, the mutation, to one of your children, and then vice versa onwards, so the chance of a grandchild is 1 in 2 by 1 in 2 which is 1 in 4. So that’s the pattern of inheritance. It actually ends up being a bit more complicated at times but that’s the basic idea of it.  
The other common feature is that they affect the electrics of the heart, the electrical function of the heart, and I’ll explain that to you more in a moment, which means that a heart muscle is completely normal and therefore when somebody does die suddenly and from this sort of condition, a pathologist will not be able to necessarily find anything that could explain the death.  Some pathologists do find something but quite often that needs to be questioned and re-considered.  The cause of sudden death is a rhythm disturbance known as ventricular arrhythmia.  Arrhythmia just means disturbance of the rhythm of the heart, nothing more than that. Ventricular means arising from the bottom chambers of the heart, and these are the potentially dangerous heart rhythms in heart disease and they can cause blackouts, but if the blackout does not resolve and continues because a rhythm disturbance continues, then sudden death can occur.  If anybody’s confused at any stage I actually don’t mind you stopping me and I can explain a bit further. I'd rather carry everybody with me. 
The heart, as I mentioned, is an electrical organ and by using this pointer over here I just want to show to you something called the Sinuatrial Node, or the SA Node.  This is in fact the pacemaker of the heart, your normal natural pacemaker that transmits all this electrical activity across the top chambers of the heart called the atrium, or the atria, the two, right and left side of the heart, causing them to pump into the bottom chambers of the heart.  The electrical activity then hits this area and there’s effectively an electrical barrier here between the top and bottom chambers, the atrium and the ventricle, and this connection here is called the atrioventricular node, so the atrium to the ventricle to the bottom chamber, top to bottom chamber connection. Its like a junction box effectively, and it allows transmission of the electrical activation to the bottom chambers of the heart and the electroactivation in turn causes further contraction of the heart muscle, and this leads to the bottom chamber of the heart pumping. So with this organisation of this electrical activity will disorder or cause potentially a disorder of the rhythm of the heart, and the top chambers can be affected and the bottom chambers can be affected, and as I've mentioned already, arrhythmia affecting the bottom chambers are the ones we’re most concerned about with these conditions and these are therefore called ventricular arrhythmia. 
The basis of the Ion Channelopathies is abnormal ion channel function. So first of all, what is an ion channel?  Now, the heart is made up of different layers of cells and cells are just individual functioning bodies that can contract and relax and contract and relax and they’re joined together so that they transmit electrical activity together and they transmit the force of their contraction and relaxation together. What triggers all of that and connects all of them in terms of electrical activity are ion channels and they’re little pores, little holes in the cell, in the surface of the cells called the cell membranes that are made out of proteins, and the proteins are coded for by your genes.  So if an abnormality in the gene occurs then an abnormality in the protein can occur and that can affect the way the gene functions and therefore the way the protein functions.  So in the normal heart you have sodium which is an electrical substance or chemical, its part of salt that we all have in our body that flows from outside the cell to inside the cell, and that causes activation of the cell and then activation of the rest of the heart as a consequence, and then potassium which flows out, allows the heart to re-set itself because there’s a flow here of current, so the heart re-sets itself ready for the next contraction because the heart needs to re-set every time it does this.  In Long QT Syndrome, either the potassium channel current is diminished and therefore takes longer for the heart to re-set itself, and this is what we call repolarisation so there’s a longer time to repolarise itself; or there’s too much sodium coming into the heart and this is a less common problem in Long QT, its more common in the potassium channel, but its effectively the same thing, there’s more current inside, there’s more charge, electrical charge inside the heart muscle cells and therefore its going to take longer for the heart to re-set itself once the contraction has finished.

In the Brugada Syndrome and another very rare condition called PCCD which I’ll tell you about a bit later if we’ve got time, it’s the reverse kind of condition. The sodium channel flow is reduced and therefore the activation of the heart is slowed and conduction in the heart is slowed of electrical activation, and the potassium channel current generally stays the same. There’s some evidence now to suggest that the potassium channels can also be overactive but that’s more related to the Short QT Syndrome which is also a reverse form of the Long QT and I’ll explain more when we get to that condition. So you can have either what we call a gainer function, and increase in channel flow, or a reduction in function, a loss of function, a reduction in channel flow, and therefore an imbalance between the charge inside the heart and the charge that needs to come out of the heart.  Does everybody understand that?

Q:
Regarding sodium is that crucial with the amount of salt in someone’s diet?  Can that lead to imbalance?

A:
Only in extreme situations like dehydration for example, when you have excess amount of salt because you’ve lost a lot of water out of the amount of water that you have, but the kidneys regulate the system and they regulate it excellently, so unless you’re in the real extremes then its very hard for the balance of salt to upset the heart.

Q:
After a period of long physical exercise would the salt level in the body diminish that much for that to become critical?

A:
Its more commonly the potassium that’s the issue. Because what happens, the kidneys are very fixed on keeping salt, and if salt is being lost for any reason because of a lot of sweating, because of not getting any more in, for example, in very extreme circumstances, or losing it for other reasons such as in the urine if people take diuretic for example, that causes a loss of salt as part of the diuretic affect, then the kidney will try and keep sodium by losing potassium and the affect of the potassium is much more significant than the affect of the salt. So there is another sort of relationship going on in the body that’s regulated by the kidneys that its difficult to upset but can be upset in extreme situations, and there are occasionally genetic lesions, genetic problems that can cause this as well.

Q:
So that balance is critical?

A:
The balance is critical for the heart but it usually relates directly to the heart and only if the potassium gets very upset.  Because low potassium can worsen conditions like the Long QT Syndrome and Brugada Syndrome because of their imbalance in the repolarisation of the heart again.

Now, we obviously cant look at a cell, we can only look at the heart as doctors, so Mary can look at a cell under a microscope but we don’t have that ability at this stage to look at the heart in that way or the body in that way. But the way that we can look at the heart is to examine the electrical activity from the surface of the heart and this we do using something called the electrocardiogram or the ECG.  And the ECG is the way we tend to make diagnoses in these conditions because it’s the only way of actually detecting them in life other than detecting the genetic problem.

In a normal individual and in any individual this is the ECG pattern that we see.  A P Wave is the electrical bump here and this is time along here and the P Wave represents your top chamber electrically activating, the atrium pumping.  There’s a delay, and then the bottom chamber gets activated which is this big spike over here the QRS and that causes the bottom chamber to then pump. There is then a delay and we see this bump, the T Wave, and this represents the bulk of the heart re-setting itself or re-polarizing itself ready for the next pump. So this is a direct representation of what’s happening in the cells, its just all the cells are stuck together, the heart, and then we look at the heart from the surface of your chest.  The measure of the time it takes for the heart to re-set itself or re-polarize from the beginning of its contraction, its electrical activation to the end of the cycle is called The QT Interval, and that’s what we’re measuring over here, the QT Interval.  And in Long QT Syndrome this, as I've already said, takes longer and therefore you get what we call the prolonged QT interval hence the Long QT.  In the short QT its much shorter and you’ll see that later.  Can you see that from there? Okay. These are actually in the booklet as well, so you can refer to them also.
In the Brugada Syndrome we have another change other than just the QT interval being affected, we have a relatively broad QRS because the conduction of the heart is slowed down therefore the activation in the heart is slowed down, so this broadens and we have something called ST elevation that we see in the particular area on the ECG, just on the chest over here, and that is these links are cardinal signs of the condition, that broadening of the QRS and ST elevation, so the bit between the end of the QRS and the T wave rises up.  Now that’s not exclusive to this condition but its an important marker for this condition.  Has everybody followed that?
Q:
With the long QT I understand it takes longer for the heart to re-set itself yes, but how does that cause the danger from the rhythm to result in the heart stopping, or resulting in death?

A:
I'm not sure that I've got a slide for that but I’ll explain it to you if that’s OK?  Essentially what you have, its because the heart and effectively what happens is there are different parts of the heart are taking different times to re-set themselves, so there are parts of the heart that are ready and re-set while other bits of the heart aren’t.  Now that’s what we call a dispersion of re-polarisation which means that there’s what we call a gradient of electricity going on, of electrical activation inside the heart. Some bits of the heart have still got charge moving in and out of the cells when others have got very little because they’re ready waiting for the next activation for the next sodium channel activation to happen.  And that’s always the case to a certain extent in the heart but it gets much worse when we get long re-polarisation because different bits of the heart have got different levels, different amounts of ion channels in them and take different amounts of time to re-polarize themselves, so when you’ve got a defect that affects all of them to a certain extent, therefore there’s a difference in the way of the heart muscles […?...]  so we call it a substrate for arrhythmia.  We’ve got an area where bits of the heart are ready to activate but others aren’t, so what happens then, when you’ve got all this extra charge inside some of those hearts that actually sometimes triggers an extra beat to occur, an extra activation, effectively what we’d call an ectopic beat, and if you’ve got an ectopic beat hitting the heart at a certain  point, arising from the heart at a certain point, there might be areas in the heart where the ectopic beat can’t travel and therefore it travels around those areas and then suddenly that area is ready and then it travels back to that area, and then the other area that’s just been activated is ready having re-set itself, and essentially what happens is you get a circular motion going on that’s called re-entry. Its quite a complex concept but essentially because you’ve got this mixture of different responses to the abnormality and re-polarisation it means that the heart isn’t homogenous, its different, its all spread out and activating at different times and it means that an abnormality in the rhythm can be triggered by an extra beat and we think the extra beat comes because of the prolonged re-polarisation and because of the underlying abnormality in the heart muscle and the way the different layers are affected by re-polarisation. I hope that explains it?
Q:
So basically if you had a situation where people had this extra beat the action stalls?

A:
The extra beat we think is a trigger for the arrhythmia to occur, for the re-entry. Its basically and electrical circuit inside the heart that goes very fast in the bottom chambers and actually moves around the heart because different parts of the heart are getting ready for activation and being deactivated at different times, so its called ‘Torsade de Pointes’ a particular type of ventricular arrhythmia that affects Long QT Syndrome and it tends to just move around and move around and I've got an example of it for you in a moment actually, but the actual principal of it is quite complex, but I hope I haven’t lost you there with it.

Q:
Elijah, how easy or difficult is it to see this on an ECG?  Because this seems actually relatively straightforward in those photographs.

A:
I'm going to show you some examples, but it can be straightforward to see if you’re looking for it or if you’re aware of it.  The computer looks for it, on computerised ECGs, but unfortunately the computer sometimes gets it wrong, either over estimates or under estimates. The QT interval also alters with time and say in the mornings it tends to be more normal, then at night times it tends to be more abnormal so it can depend on when you actually take your ECG. It can also depend on if you’re exercising at the time because the QT interval also alters with higher heart rates, and depends on if you’re emotionally stressed, and it depends on if you’re ill, it depends on what your potassium is, there are a huge range of things that can make it more obvious at the time somebody’s seen in a doctor’s clinic and has an ECG taken, or can make it very difficult to see, and if you’re not looking for it, and if the computer gets it wrong, then it can be quite easy to miss because they can be quite subtle.  But there’s some very barn door examples that are missed, and there’s some very good data to suggest that even electrophysiologists, specialists in the area of rhythm abnormalities will measure QT intervals in very different ways in terms of getting the right number because you have to decide essentially where the Q begins, where the T ends, measure it properly, correct it for the heart rate of the heart and the time and there are people who there’s quite a degree of variation.  The biggest variation is between GPs and Accident and Emergency Doctors, then the next bit is general physicians, then the next bit is cardiologists, and then the next bit is electrophysiologists, and the next bit are the specialists in electrophysiology dealing with this area, and they get them quite tight and will agree generally there’s still a little bit of a distribution and disagreement amongst them at times. And as I said, they can be quite difficult to interpret these ECGs. 
Q:
But a 24 hour monitor really would pick it up?

A:
It can do. I mean those are amongst the tests that we have done, the 24 hour monitor can pick it up. The problem with 24 hour monitors is that the majority of them use leads, just three different leads to look at the heart, and you can get variation associated with breathing that makes it difficult to interpret because the heart moves away in relationship to the ECG leads with breathing, and the accuracy of the measurement of the QT interval is going to be dependent on if you’ve got a very stable heart rate at the time and there are some automated measurement systems, but to be honest I look at them, think ‘mmm’ and then still go and measure it myself, so I don’t trust anything that’s automated at this stage. We are researching at the moment the use of 12 lead ECG holters, so ECG holters that use the same number of leads as a standard EGC, so you’re a lot more geared up for it, and I think it gives a better view of the hear than just the three lead ones.  
But if you’re not aware of what an ECG is this is what it generally is, you have to lie with your chest exposed, with little electrodes which are just little gel patches stuck on your chest in a number of different positions, 10 different positions in total, and with 10 different leads there, and we add them together and we make it into a 12 lead ECG, the computer makes it a 12 lead ECG, and those are very nice ECG technicians doing it for you.  If you’re going to have something called an azulene test which we use to investigate the Brugada Syndrome, then you will have an injection into the vein at the same time as having the ECG done and you get monitored for about 5 to 15 minutes with the EGC running simultaneously.  So that’s what that looks like.  We do echocardiograms to exclude the possibility that these conditions are being mimicked by underlying disease of the heart muscle or other diseases affecting the heart muscle that are not necessarily genetic because the QT interval can be affected by quite a few different things. Could be affected by having had a previous heart attack - by heart attack I mean blockage of the artery. Can be affected by high blood pressure. So that there are quite a few ways that we need to…we have to be quite accurate about investigating people that we suspect have Long QT Syndrome.

And we do an exercise test as well, because as I said, the QT interval alters with how fast your heart goes and therefore if your QT interval might not be unusual on the 12 lead ECG when you’re lying flat, we then do an exercise test and we might be able to provoke the ECG changes occurring, and occasionally it can do that with the Brugada Syndrome as well.  And there’s the 24 hour tape as I mentioned to you, we’ve already discussed that. And then the other tests that we use are genetic testing.  Genetic testing can be useful to diagnose the Long QT in people who we think might have a Long QT but the features are quite difficult to find and can sometimes be useful in diagnosis in post mortem cases where we can get hold the DNA and when we suspect Long QT might have been the cause or Brugada Syndrome might have been the cause. DNA is the genetic material, in case you're not aware and we have to look for codes for the proteins.

More often than not its more useful to confirm a diagnosis of long QT in an individual and then be able to then go to other family members and say ‘look we’ve found this mutation, this abnormality in somebody in your family with Long QT, do you want to have this test because we could potentially exclude this condition in you, or know that you need to be followed up because of it?’.  It’s a little more complex than that at times, but it’s the way that genetic testing is most helpful at the moment, to be able to include and exclude people from ever being concerned again about the condition. It can also be useful to assess the level of risk that an individual has, because certain types of Long QT for example seem to carry more risk than others, and that is what we want to determine in the end, who needs treatment and who doesn’t need treatment.  So you’re frowning, did you want to raise a point?

Q:
No, its just that I was diagnosed with Long QT and my son has actually has just been put on beta blockers.  Well, he’s been told to go on beta blockers….. but you said earlier about the emotions of a young person and what affect that could have if they’ve got Long QT.  If a young person has got Long QT what sort of thing could affect them, could put them at risk?

A:
Well I’ll talk about them in a moment, yes, I think we’re onto that section actually probably. We are, Long QT Syndrome.

So this is an ECG of Long QT and what we do is we measure the beginning of the Q, as I said, to the end of the T and these square blocks represent time on this one, on this side, and the voltage on this side.  And this is a very Long QT interval and you can actually see that these T waves look quite big and tall in comparison to the spikes of the QRS and that’s another feature of, in this particular type of Long QT, LQT 1.  Now, there are about 12 different types of Long QT now in the research, the majority are LQT 1, 2, and 3, but there are actually 12 now that have been different genes that have been discovered, and LQT 1 and 2 are the most common, and LQT 1 in particular, exercise and emotional stress are associated with blackouts and sudden death, and this is where beta blockers are very helpful, and so if somebody has LQT 1 we can say beta blockers are very helpful. We know that for sure. LQT 2, its not quite as good, but still better than not having any. LQT 3 it probably makes no difference, or might make things worse, but fortunately LQT 3 is not as common as LQT 1 and 2.  LQT 1 and 2 probably account for about 50% to 60% of all Long QT.  
In terms of what sufferers can do, we shall see how much we’ve got here in this slide. Sufferers from the condition need to accept a few lifestyle changes to begin with. First of all, if you carry a diagnosis of Long QT Syndrome there are potential implications for medical insurance and for life insurance, and there are also potential implications for driving licenses, depending on whether you’ve had symptoms or not.  It might be difficult to get an HGV or taxi licence for example or a passenger vehicle licence if you have Long QT Syndrome under treatment. There are no specific rules relating to Long QT at the moment or to Brugada for that matter, and cases are considered on a case-by-case basis and be under medical review.  If you have an ICD, an implantable defibrillator for example for Long QT, or for any other condition, you can’t be a taxi driver, you can’t be a heavy goods vehicle driver, you can’t be a passenger vehicle driver, you can’t be a pilot. So there are potential life restrictions involved. In terms of what we advise carriers, we advise them not to do competitive athletics, competitive sports, elite sports. In fact they would be, in some countries, excluded by law on the basis of the diagnosis. We cant stop people going out running and playing football and we don’t want children and young people to have lives that become effectively couch potatoes because they’ve been stopped from doing what they want to do, but we’re trying to encourage people to be directed to more recreational sport and if we really felt their risk was very high, to try and abstain completely, but I think that’s a matter of discussion with your doctor at the time, and if you’re not happy with the discussion then you have to consider whether you want to talk to another doctor or get advice from elsewhere.

The other lifestyle issues in Long QT relate to medications that need to be avoided. There are about 70 to 80 different medications available internationally, not all of them in the UK, a lot of them are very useful drugs, such as antibiotics, or anti-malarials, or treatments for schizophrenia for example, that can cause abnormalities of the QT interval in themselves, and therefore if you had the two coming together can make Long QT syndrome much worse and put people at risk of blackouts and sudden death who have never been at risk before, so there are medications to avoid.  One good reason for knowing about that you’re a Long QT carrier, even if you haven’t had any symptoms at all.  The other things are to avoid low potassiums and the things that cause low potassiums are prolonged gastro-intestinal upsets, and that means prolonged diarrhoea, prolonged vomiting, where you’d lose that salt and therefore the kidneys try and keep the salt and lose potassium.  So you need to keep, if one has a prolonged gastric upset or diarrhoeal upset of some sort, you need to go and get your blood count checked for the potassium and have re-hydration if necessary, and I would suggest if you’re having a lot of diarrhoea to have Dioralyte as a precaution. Dioralyte is a treatment for dehydration and that will keep your potassium up.  And then the things to avoid are diuretics that cause potassium loss, and there are some young people who are affected by anorexia and bulimia for example, who place themselves at a higher risk because of vomiting and because of using diuretics and have much lower potassiums than normal and therefore can even induce a form of Long QT Syndrome in themselves. Bit if they already carry the condition then that’s a concern. And it’s a concern because 1 in 10 young people are affected by it, by an eating disorder of some sort, so its not unlikely to have a combination of a 1 in 10 disorder, and a 1 in 2000 disorder in a person. 

So those are the sort of lifestyle issues that you have to deal with. The medications in Long QT are beta blockers, are the mainstay. You can try other medications, but generally there’s no proof that they actually work long term. Beta blockers are the best potential usefulness.  Then the other option is pacemakers and ICDs, to treat rhythm disturbances and to stop the heart from slowing down too much at times which can be a potential trigger for rhythm disturbances.  And in young people for example, there’s been a use of what we call ‘sympathectamy’. Surgery to disconnect the heart from the nerves that cause adrenalin to be released around the heart, and these nerves sit up in the neck, in the left side, next to the spine. And you can do it with a little tube that’s stuck through the chest wall under general anaesthetic, not too bad a procedure to be honest. Its not like having a major heart operation, but it can be done, it has some side affects, but it is useful in a small group of people with very difficult problems and particularly children who you’re really trying to avoid forcing a defibrillator or a pace maker upon for treatment.  Those are the general range of options in Long QT.  Just to mention in Long QT 2, there is a concern about alarms and doorbells, sudden noises causing black outs because of rhythm problems and sudden deaths, and so in those sort of patients we say don’t have an alarm by the bed, make sure you can’t hear your doorbell, or maybe have something more muted as your doorbell and a stark sort of noise. But you can’t avoid sudden noises and sudden stresses in life so these are just precautions that one can take possibly.  But if somebody’s at that much risk with Long QT 2 then we would be treating them anyway. 
So that’s a quick run down of management in Long QT and this is an example of a rhythm problem we call Torsades de Pointes, this is the heart moving along as you saw in the ECG with the QRS and the T wave, and this is a Long QT here, you’ve got the P wave, the QRS, the T wave, and you get an extra QRS here, that’s an ectopic beat, that’s an extra lead coming from the bottom chamber of the heat. You have the same thing going on here and the same thing going on here, and you get two extra beats, and two extra beats and you can actually see at the beginning of the Q wave to the end of the T wave is much longer than at the start from here to here, so things are getting worse and worse and worse as we’re going along, until suddenly you get a much more prolonged period of arrhythmia and this is what we call Torsades de Pointes. And I mentioned to you that it moves around the heart, and because it moves around the heart its shape changes at it goes.  Can you see the shape changing all the way?  And that’s because its moving around the heart and therefore the EGC is looking at it from the same angle, but the actual direction of the electrical activation of the heart is changing all the time, and we call it Torsades de Pointes, and its French for ‘twisting of the points’, and it was first described obviously by a Frenchman, Dessertenne and this is what it looks like on ECG.
When this slide was made we had 9 genes for Long QT, and I saw 2 at a recent meeting, so its not terribly out of date, but it is out of date. But these are the 3 that I mentioned to you being the most common causing the majority of Long QT but I think we should probably move on quickly now.  
The Brugada Syndrome is associated with these ST elevations and these are in the leads overlying the right side of the heart, and this is what the ST elevation looks like, and this is after a victim of a cardiac arrest was resuscitated and the ECG can then normalise completely and in this individual’s brother, this is the brother’s EGC, just look, focussing on those three leads of the ECG, you see its completely normal and then we give this azulene test  to him, the injection, and after two minutes it seems to be inducing changes here, compared to here. And then obviously at three minutes they’re much more marked, we see that ST elevation coming on, and the QRS getting broader. Does everybody follow that there? And this is a marker, the diagnostic marker for the condition.  Anybody here with Brugada syndrome?  So this is the condition.

And the mechanism of it in about a fifth of people with Brugada Syndrome is it’s a sodium channel problem, and the sodium channel problem is also a problem in Long QT and as I mentioned before its over-active in Long QT and its under active in Brugada, and in fact there are different conditions that overlap, there are individuals who can have Long QT and Brugada in that the channel can be over-active at some point and under-active at the same point, at some point.  And it can cause conduction abnormalities in the heart which means that you can have problems called heart block, where the heart slows down, and needs to have a pacemaker to speed it up, and so it can be a very complex area, Sodium Channel Disease.  There are two other small genes that are involved with Brugada Syndrome now but they’re not being regularly tested for because they only account for 1% or 2% of the condition and we still don’t know what…about 80%, 70% to 80% of Brugada Syndrome is due to, that’s active research at the moment.

CPVT is characterised by having this completely normal ECG that with exercise inducing these extra beats, that as you can see also change, a bit like the Torsades de Pointes I showed you, so we call it polymorphic, and this is in fact coming from two sides of the heart. Bi-directional its called, and then it breaks down into something closer to Torsades de Pointes.  As I said, it always tends to be exercise-related, occasionally driven by emotion as well, and stress, so adrenalin-related, and can affect and adolescents particularly, that’s where its particularly severe, but it can also affect adults as well, but this is when its mostly a problem and it tends to affect two genes, and the most important one being the Ryanodine receptor. The Ryanodine receptor, this is a complex picture, actually sits not on the outside of the heart cells, but actually sits in the inside of the heart cells inside another structure that also has a membrane, so its actually a ion channel inside the heart and it regulates the release of calcium rather than sodium or potassium and when calcium is released from this particular structure inside the heart muscle cells, that is called the SR, or Sarcoplasmic Reticulum but we’ll call it SR, when it releases that it activates muscle contraction and it causes the muscle fibres in the heart cells to contract, and what happens is you get too much being leaked and not only does it cause muscle contraction but it also causes problems with excess charge, similar re-polarization issues to what I mentioned to you before that it can occur in Long QT but slightly different in the actual affects that they cause.  And then they result in the end in this rhythm disturbance. Quite a complex condition to explain to you in a short time.  Are there any questions about this particular one?

And then we move onto the short QT syndrome which is CPVT is probably not as rare as we thought it was but Short QT, I possibly have one patient, I don’t know yet, I haven’t seen the genetic test results, but they’re very rare indeed, there are only a limited number of families around the world at the moment and it affects the same potassium channel genes as the Long QT but its over active rather than under active in that you get these very short QT intervals you can see that looks extremely short, and it can be a particularly dangerous condition, and usually is treated with defibrillators.  

So, in conclusion, the Ion Channel Diseases are electrical conditions that are associated with the normal structure of the heart, and they are genetic as well and cause abnormalities of the ion channel function, usually on the cell surface of the heart, very occasionally inside the heart as well. We can make the diagnosis on the basis of ECGs but otherwise we’re reliant on genetic testing to make the diagnosis say in people who have died already from the condition. So if you have any other questions then we can talk about that outside, because I think Sanjay needs to start, he was running late and I'm running 10, 15 minutes over.  Okay? So if anybody wants to pop outside and talk to me I think that’s what the arrangement is with Alison.
