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P	Now, I've only known Katelyn for about nine months, and it's fair to say she's impressed us all with her clinical abilities. So one last time, big round of applause. 

KA	Thank you. Yes. Hello. Can everyone hear? All right, I've got my Britney Spears mic. I'm Katelyn. I'm an anaesthetic trainee up in Liverpool, and I do very much have a bit of imposter syndrome being here today, especially after some of the speakers that we've had. And Rob is entirely to blame for that. So I was about, a month into my new job in Liverpool. Just moved up to a new city. Just started in theatres, get cornered in the corridor by a particularly overenthusiastic ODB, who says, “Do you know anything about medical engineering, tech, anything like that?” And I said, “No.” He says, “Come on, Doctor,” as he does, anyone who knows Rob, “you must know something.” And I said, “Well, I've just moved up from London. I've worked in intensive care during COVID that specialises in ECMO. So I know a little bit about how that machine works.” And he goes, “Great, I’m putting you to speak in the conference,” and that's it, so here I am. 

I am by no means an expert in ECMO, as I realised what I got myself into and thought about backing out. We were talking, and I figured a lot more people have heard about it. It's been in the public eye, especially operating theatre staff, because when patients are put on ECMO, it's often done in theatre. So I thought it’d be a good forum just to talk about it. For people who haven't heard of it, a little bit of an introduction. If there are any ECMO wizards out there, please don't ask me any questions. I thought it was a fascinating piece of kit, so I'll just get into it. So just going to clarify some of the initial terminology at the start to get us going. Talk about who actually gets ECMO. 

It's not a therapy that's thrown around very much, so who do we give it to? Given all this snazzy kit that we've got, I thought I'd spend the bulk of it just talking about how it works, what it does, and then a bit of topical stuff about ECMO and COVID, what the research has shown. So ECMO is Extracorporeal Membrane Oxygenation, so essentially a means of oxygenating the blood outside the body, and it falls under the larger umbrella of extracorporeal life support. And there's two main branches, V-V and V-A. The first part of the hyphen being where blood is taken out of the body, the second part being where the blood is returned to. So in V-V, it's taken out of the venous system, the right side of the heart. Oxygenated through the machine and then pumped back in. 

The blood carries through the normal pathway that it would go, it just doesn't rely on the lungs for oxygenation. Whereas in V-A, it’s taken out of the venous system, put through the snazzy machine, back into the arterial system, so completely bypassing the heart and lungs entirely. So in situations of severe cardiac failure. I'm not going to talk about the A, just because I don't have enough time and also my experience has predominantly been with V-V ECMO. So if I say ECMO, I'm talking about the V-V respiratory side of things. So if you think about treatments that we give our patients or machinery that we use, it's actually still fairly young, only about 50 years old. And it's a rare thing. It's five centrally funded commissioned centres in the UK. As you can see these red dots, and the coloured areas show the area that that ECMO centre covers and looks after. 

If you've got a patient who you're looking after who you think, “This patient needs ECMO,” you call your closest ECMO centre, you refer them, and if they feel that they're a suitable candidate, they get on a nice, big, specially designed ambulance. Go and put your patient on ECMO and then bring them back to be looked after in one of these centres. So the reasons that patients are put on ECMO generally two broad domains. Firstly and most common is those who have an acute illness where they go into complete respiratory failure. You've tried absolutely everything else and you're not winning. I've just highlighted reversible because that's one of the key criteria is that it's not a treatment, it's a temporising measure for your other things to work. 

Whether that's a severe pneumonia or a severe asthma attack where everything else has failed, COVID, this is just going to buy you a bit of time. And then the other category is often referred to in the literature as a bridge to transplant. So those are your patients that might not necessarily be as sick. Often, people who fall into this criteria are more like your cystic fibrosis patients who have irreversible lung disease, but might be okay otherwise. And again, you just need to buy them some time until a set of lungs comes up for them to get. Contraindications wise there's not that much, it's more common sense. It's an invasive therapy. It's sometimes just your last ditch. You're not going to give it to someone who's massively co morbid, has malignancy, is very old. CNS bleeds, I mention because patients have to be anti-coagulated to be put on ECMO. 

If you've already got a bleed, it's just going to make it worse. And the prolonged ventilation at high settings for a week, I'll come on to discuss that a bit more later, but that's one of the criteria that they have and I'll explain why shortly. So I just thought this diagram nicely demonstrates where ECMO fits into all of it. So ARDS is acute respiratory distress syndrome, so it's another branch of acute lung failure. The PF ratio on the bottom, for those who aren't familiar, is just a way of categorising it and how bad that lung disease is. So the worse you get, the lower your PF ratio. You've tried all your other ventilator options. You've tried paralysing them. You've tried proning them, as everyone's seen during COVID, and then there you are, trying to go for ECMO. 

This is just a snippet from a paper of a patient who had H1N1 flu who progressed needing ECMO, and this is all the same patient throughout the course of their hospital stay. So top left, you've got your nice, healthy set of aerated lungs that we like to see. And then as you progress through, you get more and more consolidation, until you get to this bottom image, which is referred to as a total white out. And anyone who's looked after COVID patients, whether or not they ended up on ECMO or on ITU, it's not that dissimilar to what we saw with a lot of them. So I want you to use your imagination and from that X-ray image, imagine a set of lungs in front of you and rather than your nice spongy, elastic lungs that we like to see. These are lungs that are very inflamed. They’re lungs that are full of fluid. They’re lungs that are very stiff and in order to ventilate someone who has lung disease like this, you're having to put more and more and more pressure through your ventilator to shift air in and out to get enough gas exchange. And if you were here yesterday and you listened to Ned’s talk, he was briefly talking about this where you can get something called barotrauma, which essentially just means you're putting so much pressure into those lungs you actually cause more damage. Then you get into this vicious cycle of causing more damage, more inflammation, your lungs get worse and worse and worse. 

The point of ECMO is you want to try and intervene before you get to this stage in patients who are appropriate. But if you've been doing that for a long time, you sometimes run into territory where you get irreparable lung injury and it's not going to work. So this is my little, very simplistic, anatomically incorrect diagram of the circulatory system, which I actually drew on my iPad. I am quite proud of. And you can just see so on the blue line you've got coming into the right side of the heart, that's where you're extracting your venous blood. It's going out through your ECMO machine, oxygenating it, putting it back into your right atrium and taking the normal pathway, but completely removes the lungs out of the picture. So that's why it's sometimes referred to as an artificial lung. And what that enables you to do in extreme you can actually, I've seen patients who were just taken off a ventilator entirely, for example, if they were having a bronchoscopy and all of that oxygenation is happening outside. 

You can just leave the lungs alone. You can rest them. You can put your ventilator settings right down and leave them be. Let all the other stuff happen. Let your antibiotics work. Let that inflammation die down. So this is a short video. Hopefully it will bring that full circle. Summarise it nicely. This was filmed at the intensive care unit that I was working at the Royal Brompton. And Dr Ledot, he's one of the experts in COVID, he's French, and he has a much nicer voice than I do. So just enjoy listening to him for a bit.

DL	The machine essentially, keep the patient alive. And actually work when the lungs of the patient are failing. So you can see some blood which is very dark, going from the patient to the machine. Going through the machine the blood is oxygenated. The carbon dioxide is cleared and the red blood, which is oxygenated, is going back to the patient. You can see very big difference, clearly. So we keep the patient alive and it's not the treatment. It's a life support, and it buys some time for the lungs to get better.

KA	Nice and eloquently put there. Right, so going to move on and just talk about the component parts of the machine, and just all the different pieces of kit. So first, just thinking about access, how you're actually going to move this blood around? The two main configurations that you see are called fem-fem and fem-jug. 
Again, the first part of the hyphen being the blood vessel where the blood is removed from, and the second part being the blood vessel that it is returned to. So, fem-fem, both of the femoral veins are being used. And from both of these images, you can see on the pipe at the bottom, which is called the drainage cannula, or the access cannula, there are these small fenestrations along the side. And the negative pressure in the pump in the machine just draws the blood through and away and then it does its thing. And then you've got your return cannula or your re-injection cannula wherever you decide to place that, then pops it back into the right atrium. And it's meant to, in theory, just divert the blood the right way through the heart and through the circulatory system. In terms of which configuration is used generally, from what 

I've seen, it just comes down to regional preference. Different places like different things. If you've got someone who might need renal replacement therapy, you might want to leave the neck available. But there’s no strong indication for either. And that's just an actual image you can see of what it looks like in practise. Now, as therapies are developing, swankier things are coming along. So this is, the way I think, not so different to a co axial breathing system, for example, where you've got your access drainage cannula and your return cannula all in one. These are particularly popular for those patients are in that cohort of bridge to transplant. If you've got a young cystic fibrosis patient who is just waiting for their lungs to become available, it means that you can get them up. You can get them out of bed. You can prehabilitate them. So very nice new development and lots of ongoing research as to how to make it as user friendly as possible as it can be. And here's just an X-ray image where you can see a fem-fem configuration, and you've got both of those pipes coming in through. 

It's not the best image, but you can actually sometimes see the little holes, the little fenestrations so you can figure out which one's which and what their positioning is relative to each other. So that's all about the pump, something to bring the blood in. Then you've got something to move it around, something to oxygenate. Something that you can tweak your system however you wish. And then a few other bits, sampling lines, temperature regulation. There's lots of different brands, but those are all the basic break it down, key component parts. Centrifugal pump system and you control it by the revs per minute, the RPMs that you set and that would generate a certain flow through the machine. 

Places will say that you can achieve flows of up to eight litres per minute. If you think of yours or my cardiac output now, probably about five litres a minute, mine probably much higher standing up here talking to all of you. But in theory, it can get your entire blood volume through that machine and oxygenate it as fully as it can. This is just natural picture of one of them. So this is called a Cardiohelp, which is one of the brands, the one that I worked with most in my unit. So you can see the pump here at the back of the system. And much like in that video, you can see your dark venous blood coming through the back. It will then go through that pump through this diamond red console which is your oxygenator, and then you're nice red blood coming out the other side. 

The sweep gas in that little green tubing that is where your oxygen is delivered into the machine. So if I refer to sweep gas, unfortunately, there are a lot of different terms for things, sweep gas, fresh gas flow, but that's where all your oxygen comes in. Your console again at the front, nice and user friendly. We all like using things that look pretty and simple. And then sampling lines, heat exchanger. The sampling lines are important for reasons that I'll come onto, but these machines are monitored very closely, as I'm sure you can imagine the importance in that. So you can do lots of tests to tell you how your machine itself is actually working. So the more interesting bit, the ECMO membrane and how it actually does what it does. You can put the water flow to the side because that's more for temperature regulation. But if you see these green small capillary tubes, hollow fibres in almost a lattice type network, and this is where your gas flow is going through and your blood will essentially surround those capillaries. 

So you've got a very high surface area blood gas interface. They're covered by a semi permeable membrane. But this is my very again, simplistic close up diagram of what happens. So you've got your fresh gas flow going across the top. You've got your blood flow that's going in a counter current arrangement. And your venous blood is coming from your drainage cannula. You've got a lot of C02 in there. You don't have very much oxygen, and it all really comes down to simple diffusion. So it's not that different to haemodialysis. So if you understand that concept, then you'll be able to understand this. So there's no CO2 going in your fresh gas flow, so that just likes to trot over there, and then it's taken away. And then much the same, your oxygen will go from an oxygen rich area to an oxygen deplete area, and then it's returned back to the body. So in theory, that's it, but obviously patient to patient it varies. So there are different ways that you can tweak the machine and adapt things according to the clinical state of that patient in front of you. So early on in an ECMO run, you might have a patient whose lungs are not functioning at all. They're not able to participate in gas exchange at all. We had patients who had tired of volumes of 20 mils when you put them down to their rest settings on the ventilator. 

The only way of removing CO2 is through this. So what you do is, you will up your fresh gas flows to as high as they can be, kind of 10, 15 litres a minute. And what that does is it just removes any CO2 that comes across out of that system as quickly as it can and maintains that diffusion gradient as best it can. As patients start to improve and their lungs start to get a bit better and they do a bit more of the gas exchange, then you can just slowdown that rate because it's not as reliant on this mechanism and this process. If you've got a patient who you’re really struggling to oxygenate, if you've got someone who's a bit bigger, someone who's really septic, again, there are things that you can tweak or you can look at to try and get the most out of this machine. 

Again, a lot of it is common sense, if you up your RPMs and you increase your flow rate through the machine, more bloods going through per minute, you're picking up more oxygen that you're taking back to your patient. The other thing is your fresh gas flow that's going in, you can set it 100% and just go up and down with your flows. But some people will put it in an air oxygen blender, so you might only be delivering 50% for example, so you can just increase the fraction of oxygen that is going through your capillary tubing. Bigger diffusion gradient, more oxygen into the blood. And then the other thing that you need to think about, is your membrane that that oxygen is diffusing across actually working. So that takes me onto something called circuit health. So with all of these important machines that we use in the operating theatre, that we use in intensive care, they go through rigorous testing. If you've got someone who’s reliant on this, extremely, you want to make sure that that doesn't pack in. So you need to monitor this really closely. 

Something that can happen is even though patients are anti-coagulated and on blood thinning medication, the tubing has a heparin coating. It is a foreign medium and that can set up your clotting cascade. And you can get little clots forming on the surface of your membrane, which is preventing your oxygen from diffusing across. So there are tests that are done every single morning when someone is looking after an ECMO machine. And as I mentioned those sampling ports that they have, they can take blood samples from there to give you an indication of how well it's working. Things that might suggest that your membranes knackering, is as you're making your clots it's a consumptive process, so you might see your platelets going down, fibrinogen going down, d-dimers going up, all these markers of clot formation and breakdown, and that's again done on a daily basis. Something called a post oxy sample. 

You have your oxygenated membrane and you've got a sampling line either side, so you can detect the amount of oxygen that's coming in through your drainage cannula, what you're removing from the venous side of your system. And in theory, if that membranes working nicely and you've got a lot of oxygen going across there, you should pick up tonnes, and it should be great. But if you see over time your post oxy sample just gradually trending down for the same amount of oxygen that is going through your machine, your blood is picking up less. So that might be a hint that your membrane’s starting to knacker. And other things is you set your revs per minute, you set how much blood you want to go through the system, say you want five litres a minute, if you're having to keep going up on your RPMs to generate that same amount of flow, there's more turbulence. There's a greater pressure gradient. 

Again, those are things that are suggestive that you might need to think about getting a new machine. And essentially there are instances. If someone's on ECMO for a long time, you might need to change the whole console, which is a very stressful experience. You have to essentially, clamp tubing, have a spare one and connect it as quick as possible and hear, that beep, beep, beep, beep that none of us want to hear. Not going to touch too much on this just because every machine is different, but they're nice and user friendly. You can tweak things, as you want to. A few things, I guess on the top left, the V with the dot above is your flow, and then you've got your RPMs on the side. 

You can compare what you're getting in terms of flow for the revs that you set. You can measure the pressure across your membrane. If that's creeping up, then again, that might suggest that you've got clots in the system. And the machine actually is able to detect the venous saturations of the blood that are entering it. And that is actually quite helpful, especially when patients are first put on ECMO. If you remember that diagram of your drainage cannula sitting in your IVC and your return one sitting in your right atrium. If you imagine that those are a bit too close together, then all of a sudden, that nice, oxygenated blood that you're sending into the system is just being sucked back in and going through. So the stats that the machine is detecting of the blood that's coming in might creep up, and it just completely reduces the efficiency of your system. So those cannula might need to be repositioned. But it's quite swanky. 

There's a lot of those safety aspects and things that you can look at so that you can tweak the machine as you need to. Weaning. So happy days, your patients been on ECMO. All of a sudden your antibiotics are doing their job and they're getting much better. Your sad lungs are getting much happier. Your ECMO machine doesn't have to do as much as it did previously, and essentially, what happens with that, your lungs start doing more of the gas exchange. So the weaning process you essentially just keep trickling down with that fresh gas flow, and you're reliant on it much less for the diffusion, until you get to the point where you just turn it off completely. So even though the patient is still having their blood pumped through the ECMO machine. There's absolutely no gas exchange that it's doing for them. You normally leave them on that for about 24 hours, 48 if they've been a bit dodgy and a bit crumbly. And then once that happens and you're happy, lungs are doing their thing. Pipes come out and jobs done. 

Just thought I'd mention a few complications. A few of them that I've touched on bleeding, because patients are anti-coagulated. With giving patients heparin, there's a whole host of complications that you can get. HIT is heparin induced thrombocytopenia, where you can get essentially an auto immune issue with your platelets. Clots in the circuit, repositioning of the cannula and recirculation, and machine failure, the thing that everybody wants to avoid. So it's rigorously, rigorously tested. So that's a little bit of a whistle stop tour. I thought I would just touch on some of the evidence out there of ECMO and COVID. You can get into a deep, dark rabbit hole because there's so much stuff that's been put out and you can spend hours reading. But essentially, when COVID first hit, it was much like everything else. Nobody knew what to expect. Nobody knew it was going to work. So all of the initial guidance was all based on everything that they had previously with ARDS, acute lung injury of other causes. And the guidance from the World Health Organisation was, if you're in a specialist centre, use the same screening criteria that you're using and crack on. 

Then there came the swarm of evidence that everyone was trying to show all of their outcomes and disseminate it to a wider audience. And actually, the early evidence suggested that it really wasn't good and that mortality was worse. So there were a lot of sceptics initially. Then, ELSO, is the Extracorporeal Life Support Organisation. If you work in theatres, you'll be familiar with NELA, which is the worst thing in the world. It's kind of the NELA for ECMO. So every single case is reported there. So they collated all the evidence that they had in their database, hundreds of cases, and again they found that the mortality for ECMO and COVID was sitting somewhere around 40% which was more or less the same as ECMO in other settings. 

So they said again, crack on happy days, do your thing. A year later, they then did the same thing and slightly changed their tune. So as the course of the pandemic went on, they compared early data compared to later data and actually found that mortality was worsening. And in that second and third wave, mortality went up by about 15%. So murkied the waters a little bit. They didn't again make strong recommendations based on that. There's a lot of ideas that have been thrown about different variants. Some of those patients were just sicker, and all of a sudden we were using a lot more NIV before patients were being intubated and ventilated. So there might have been more barotrauma, worse pressure and more damage to the lungs before they got put on. Steroids, antivirals, all sorts of things. 

So they just put these numbers out there and said, “Make of it what you will.” Interestingly, what has been shown in some studies was that, as you'd expect, the more throughput an ECMO centre had and the more cases that they looked after per year. The numbers were better in those cases. And this most recent meta-analysis that I could find, collated absolutely everything and again went back to those figures of about 40% mortality. But the centres that look after more ECMO cases, generally speaking, it's better there, which is good, because we have those five nationally funded centres and they do very well. 

The last thing I’ll mention just that I thought was interesting of this last paper is they had six articles that compared ECMO runs in COVID versus ECMO runs in the flu pandemic. And they actually found that in terms of mortality, mortality was worse in COVID patients compared to flu patients. The duration of time that they were mechanically ventilated before they went on ECMO was longer, so whether those two are interlinked. Who knows? You can run into that whole argument about barotrauma and ventilating the lungs too hard before they get put on ECMO. And even though it wasn't significant, there was a hint towards patients needing to be on ECMO for longer with COVID, and anecdotally that's certainly what we saw. So unsurprising from all of that, it looks like it's COVID's worse and it's reflected in the ECMO data. So that's all I've got. Gone through the basics, how the kit works. A little bit of topical stuff, and I hope that that was clear and that you found it interesting. 
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