Assessment and Care of the New-born - Dave Mulvey
John:	I’d like to ask our deputy chairman, David Mulvey to come to the stand and Dave is going to be doing a presentation on assessment and care of the new-born, thank you Dave. 
DM:	Thanks very much John.  
Good afternoon, everybody.  If you don’t say aww, when you see this picture, I’m sorry I don’t think you’ve got a soul. I’ve seen this picture for over thirty years and for me, even today, it still kind of pulls at the heartstrings.   To be able to hold a human being in the palm of your hand is really quite something and it has an impact on me because what it does, it reminds me of the role I played in this, as an engineer, I don’t save lives but I put the tools in the hands of those that do, yeah and its what separates us from just being an engineer to being clinical engineers, the importance of our work could never be understated, yeah.  Each and everyone of us today, our work is out there at the bedside right, helping improve care and bringing patients back from this sort of size, from miracles, its really quite a thing.  So let me tell you about the assessment and care of a new-born.  
Let’s have a look to see what we’re going to find out in the next half and hour, something that we can tangibly measure, was our time spent well.  Well, we’re going to look at the initial assessment, the environment factors and the nursing care and equipment.  
Can I ask a question, how many here have worked in SCBU, hands up?
For the rest of you, I feel somewhat sorry because this is one of the most rewarding areas to ever work in.  First thing, new-born baby, keep them warm.  If you think back right, even to things like biblical stories, the birth of Christ, wrapped in swaddling clothes, even then, we knew the most important thing to do was to keep them warm.  Even before we looked at whether they were breathing or not, would you believe, it’s such an important factor for the survival of a new-born baby. Now the next thing we do in hospitals now, once a baby has been born, is that we need to examine them for abnormalities, very often through scans and other such tests, amniocentesis test and others, we may already be aware of problems baby may have but it’s still done initially.  
The device on the lefthand side, for those who haven’t worked up there, is known, well it’s a bit like calling a vacuum cleaner a hoover, it’s known as a ressusciter, its where baby will be assessed and if necessary resuscitated.  We also look at temperature and heart rate and sometimes, even blood pressure so, those tiny little cuffs are applied, and I mean, one of the big step forwards in this area was the advent of NIBP for neonates because you can’t really do it with a standard stethoscope and swig, you can only do it electronically yeah. If they’ve got you know, genetic heart problems then blood pressure is severely affected so, these are the first things, when you go in there and you watch a new-born baby being examined, these are the things that are going on.  
Let me go to the next slide.  Now, we also may need to look at baby and think about his maturity, we look for oedema, can a swelling of liquid beneath the skin in various areas, usually in the abdomen, or even on the chest.  We look for skin texture right, that will give us an idea of the maturity of the baby.  If skin in a premature baby it’s very thin and very delicate, of course the more mature in terms of gestational age, the thicker and more developed the skin is. We look for ear formation, genital formation and finally if we have a concern, we move to a thing called Apgar scoring which actually fits in very well with what you’ve just been listening about in terms of the scoring system for adults, and this was developed for neonates some years ago.  Let’s just take a look at it, I’ll let you have a quick read, just have a look, and read it before I say anything.  What’s the maximum score we can give to a baby, any answers?

SP5:	Ten.
DM:	Ten with five parameters with a score of zero, one and two.  So, if a perfectly healthy baby were to be born, we’d end up with a score of ten, in practice, it’s generally nine is the best that we get to because most babies when they’re born, they’re pink down the middle and blue on their extremities.  They come to be being pink very quickly but within those first minutes, remember we’re going to look at this score at one minute and then every five minutes.  So, let’s just go through these parameters.  We’ve first of all got the appearance and the colour, the A of Apgar, blue or pale all over, if you’re blue or pale what’s generally the problem, lack of oxygen isn’t it.  If pink lips but blue on the extremities, we’ll give them a score of one and if they’re pink all over, we’ll give them a score of two.   Pulse rate, absent, below one hundred or above one hundred, very simple.  How would we determine that, what device would be use? 
SP6:	Stethoscope.
DM:	Stethoscope, stick it on the chest, let’s have a listen to the heart.  Third one, grimace response, if they come out very flaccid, not a good sign.  We want baby kicking and screaming, particularly to handling and such things and maybe suction, so we want to see them grimace and even best, cough and sneeze and cry, if we can get a baby doing that, we’re well on our way.  If they’re limp and flaccid, now this is one that really, we can even do ourselves actually.  Some flexion in extremities, what I’d ask you to do, just for a moment, humour me, take your hand and press your fingers back and try and leave them where you left them when your finger dropped off, not possible is it, so you’ve got some flexion.  
So, if we take baby’s hand and we do that with his fingers and it stays there, not good right, what we want to see is this kind of movement back.  Thirdly, respiration, absent, gasping or irregular, yeah or regular and sustained.  Well, we know its regular and sustained if they’re crying that’s for sure, they’re getting the gas from somewhere.  So, if we have a score of seven and above, generally the clinicians won’t have to do anything, it will all sort itself out, they’ll recover from the birth process.  Anything say between four and seven we’ll continue to work with baby, we’ll continue to assess them, we’ll maybe even give them some supplemental oxygen, yeah but we won’t go into panic mode but anything of three or four numbers like that, we’ll start intervention, we’ll introduce oxygen for certain, we’ll introduce mechanical ventilation, we’ll work to keep the baby warm, we’ll have the radiant heather on, we’ll work hard, roughly how long do you think it would be if you’re doing Apgar scores, if you didn’t get a response in the Apgar moving above say two or three, how long do you think it would be before they ceased efforts?  Well, it’s only between ten and fifteen minutes so, it’s not a very long time.  
Temperature, 36.6 to 37, core temperature, now that is very narrow isn’t it, if you stop and think about it, it’s only .4 of a degree, it’s very narrow.  Heart rate, 110 to 160 beats per minute, your normal resting heart rate is 60, maybe 90, they’re going at a considerably higher rate than you and I.  Respiration rate now, I’m going to ask you again to indulge me in a little test, what’s your normal respiration rate, as you’re sat here?  Give me a number, somebody shout a number.
SP6:	Twelve.
DM:	Twelve, thank you, right that will do.  So, I’m going to ask you to breath at sixty breaths a minute, one per second, try it, just try it for a moment, that’s hyperventilating isn’t it, carry on doing that and you’ll pass out but for these little ones, that’s quite normal.  So, really what you’re looking at is you’re looking at a metabolic rate that is way higher than a child or an adult, way higher, everything is going at triple the rates.  Premature, anything below forty weeks is given as the norm is it not, so anything below that right, thirty-seven weeks is premature, mature thirty-seven to forty-two and post mature, over forty-two weeks. What happens if you go past your date, generally speaking?
SP7:	 A caesarean.  
DM:	Caesarean or they bring you in for an induction, we don’t like mum to go too long over.  Reasons for it?  It’s important to understand that size alone isn’t everything yeah.  It’s not the only indicator, the child can be small without being premature.  There are three terms you will hear when clinicians and the nurses particularly, the midwives are talking, was baby SGA?  Small for gestational age you know, was baby appropriate or was baby large for gestational age?  There can be reasons for it and one of them can be the incorrect assumption of the conception date, yeah. So, there are many, many factors.  Nowadays we’re very good because we have ultrasound scans and we know where baby is in terms of development in the uterus and before I go much further, I’m going to ask you to think about something, something fairly profound.  Before you were born, you were sat there in the uterus and you were wet, you were warm, it was dark and it was quiet and you held very neatly and tightly, not long after that, when you’ve been born, you think about it, you’re in a bright, cold, noisy, unphysically supporting environment, is it any wonder that they cry, it’s a hell of a shock to the system when you think about it, going from the original state to the current state.  I want you to keep that in mind particularly when we start talking about the incubators.  
Now, let me put up, normal body temperature, just look at these two charts, we’ve got the environmental temperature going up, going down sorry I should say from left to right and the body temperature going up and we’re looking at heat production by the baby. If the baby is producing heat, what are they using?  Calories, if you have to increase your heat production in order to stay comfortable your using calories, calories that should be involved in doing other things, fighting infections, developing growth, increasing your metabolism so, the environmental temperature is vital.  Let’s just go through what this says about it so, if the temperature goes up, heat production, the body temperature goes down and the environmental temperature goes warmer, heat production.  Read the next slide, B and finally C.  Now, the question, where is the thermal neutral range, where is it that baby doesn’t gain heat from his environment or doesn’t lose heat from his environment, which of those three letters is it?  Is it A, B or C?   
Well, it’s B, how wide do you think that temperature range is for a new-born baby?  Well, it’s very narrow, you’re talking, normal body temperature 36.8 so, you could be talking down to something like, 35.6, 1.2 degrees below and above just 1.2 degrees up to say 38 degrees, it’s very narrow.  Now your sat here with a core temperature of 37 degrees and an environmental temperature of maybe 20 degrees and you’re very comfortable.  What do you think would happen to a new-born lay here, sat here, even with some clothing on in this environment, would they survive? No, they wouldn’t, they’d very quickly become temperature stressed and they’d try to increase their metabolic activity to keep pace with it and I’ll be quite honest with you, sat here in a thin tee-shirt and just a nappy they wouldn’t last very long.  This is a really useful chart and I ask you again, to look carefully at it, we’re talking a low birthweight baby, a medium birthweight baby and a normal birthweight baby and we’re talking clothed and we’re talking naked, when we’re talking naked, we’re talking about having them in an incubator, are we not.  So, why are they in an incubator with no clothes on?  It’s so that they can be observed, so we can see if they begin to sweat, or they begin to have problems or their respiration and such things.  
Look at the temperature range for the 1kg baby, temperature of not much more than well, really 2 degrees, it’s very narrow and yet if you look at the larger baby, the 3kg, who’s been dressed and maybe laying in an incubator as well, we can go down to as low as 20 degrees because the clothing keeps the heat in but of course, we lose that property of being able to observe the baby.  All important point is the incubators correct temperature, now, what I’m going to say is something that I don’t think I’ve put down on paper, what I mean by that is that whenever I’ve been working in these areas, I walk through and I will glance to see what the air temperature for the incubator has been set at and anything 34½ up to 37½ or even 38 yeah, I know they’re doing it right but if I was to walk through there and see an incubator and it has happened right, set at 32 degrees, I wouldn’t go up and say you’ve got it wrong, but I might be tempted to say, oh, is 32 degrees where you want that, just a gentle nudge let’s say.  As biomeds, we’re somewhat nervous of making a suggestion clinically but sometimes it’s in everybody’s interest that we speak up and, in this environment, right, they’re very busy these people, dealing with babies and it can be, the kind of mistake that’s inadvertently done.
Right, the incubator itself, the one thing it is not, woe betide anybody who tells me it’s just a hot box, it is not.  It is a carefully controlled environment yeah, as I was saying to you this baby has come into the world from this dark, wet, warm, and quiet environment and is suddenly lay on the mattress in a cold, bright, noisy environment, everything, dry as well, yeah.  So that environment has to be in a sense, it is an extension would you believe, and I’ve heard nurses say, its an extension of the womb.  There are a couple of modes, maybe you know these, maybe you don’t but there are a couple of modes in the way an incubator will work, the first one, the traditional one and the one that used extensively is an air mode, we have a sensor measuring the air temperature so, we set the air temperature to say 36.5 and we’re looking at that and the heater is controlled and the fan is controlled because we’re going to circulate air through the incubator at roughly that temperature, which is great, it doesn’t necessary say though that’s what the baby, the baby’s condition doesn’t have any control over the environment so, what we can do and we’ve been doing this for well the last thirty/forty years, we introduce a second mode, baby mode, servo mode if you wish, most nurses know it as baby mode and this time we connect a sensor on the baby’s abdomen.  
Which organ lies directly beneath where I’ve drawn it on there?   Is it the heart, the lungs?  It’s the liver.  Now the liver is the biggest chemical factory in the body and as we all know, chemical reactions produce what? Or nearly all of them do, some weird and wonderful that don’t, what’s the by-product of a chemical reaction? Heat yeah. So, if the livers working well, baby is going to produce at that point on his abdomen, a really good temperature, baby is coming, supposedly let’s say he’s a bit hypothermic, he’s been outside for too long, we’re a bit concerned about him so, we can stick him in there.  Do we turn the temperature right up to 37 and say let’s warm him up quickly?  Would that be a good idea?  He’s been cold stressed and now suddenly, wham, you know yourself, if you walk in a sauna the feeling is overwhelming isn’t it and to the baby, it’s overwhelming so what we will do is, we may have well set a temperature of 37 but the electronics will look at the air temperature, look at baby’s temperature and say actually, this baby is down at 34 so, the first thing I will do is take the air temperature to 35 and once baby starts to warm to 35, I’ll move it up maybe another half a degree to 35.5 and baby warms to that and baby then goes to 36 you know and it goes up very gradually yeah, so we avoid this big shock and that’s the advantage of baby mode, generally find that used on the very premature babies.  
Right, we’re going to talk about heat losses and gains, I said it’s not just a hot box, there’s actually quite a lot going on in there and one of the things is we can lose heat through convection, we lose it to the air. You know and I know, it can be a really warm sunny day out there but if there’s a wind blowing, it can feel pretty chilly and the same goes in an incubator, if the airflow across the baby is too fast, even though the air itself is being measured at 35 or 36 degrees say, the baby’s feeling somewhat cold and he’s losing energy to it because he’s losing it by convection.  Dependent upon the difference between the skin and the airflow, what happens if the airflow is too slow?  
Well we end up do we not right, with as it were, pockets of warm air at one end and cooler air at the other, in order to get an equal temperature across the canopy, we need to move it at sufficient speed to get that so that baby has not got you know, warm feet and a cold head because remember we’re only talking very small temperature gradients, you know, 1 or 2 degrees, half a degree even and it can be felt.  So, airflow affects the losses and covering an infant can reduce those losses because obviously the skins not so exposed so, it is an environment, air losses, convection losses I should say, are very important in terms of you know, being able to control this environment, we need to think about that. 
If we put something in the cot and I’ll give you a very good example, mum and dads very often want to stick a teddy bear in, don’t they, tiny ones not so bad, when they stick in one this big, it affects the airflow, yeah so, we’ve got to be mindful of that.  If the baby is losing too much to convection heat the first thing you’ll see, is they’ll go into a foetal position, they’ll pull their hands and arms in and their knees up, they’ll reduce as it were, the surface area exposed to airflow to keep heat in so, as you’re walking round you can see this with babies.  Now another one is rather than odd one and one that wasn’t understood until about the mid-seventies and this is the effect of radiated heat loss, if you came in here with a thermal camera and pointed it at individuals, particularly those maybe at the back or the side of the room, who are close to the black walls, you would be able to understand that we are radiating heat to those cooler surfaces, through the air, the air has no impact on it.  
Nowadays, most incubators have dual skin on the canopies which reduces the radiated heat loss but it was a problem and still is so, what you don’t want to see is baby’s incubator wheeled up against a cold white wall or even worse, a window yeah, plenty of daylight is wonderful but the problem is, they’re losing radiated heat to the window and if they’re losing heat, they’re losing energy, it’s independent of air temperature and you can lose a considerable amount of heat without realising it because the air temperatures fine but baby has somehow got this foetal position that they pull in you know, they’re cold, they’re losing too much.  Now another one, is evaporation, do you remember I was saying, in the uterus, they’re wet from top to toe, you bring them out, very often you dry them but sometimes you know, they’re in there and they start to lose, they lose vapour if they’re very prem right, their dermis and their keratin, skin layers are just a couple of cells thick, they’re not very thick so, in that case what we’ve got, is we’ve got a lot of fluid loss through the skin, remember that the incubator may not have any humidity added so there’s a gradient between the humidity of the human body and the air around so, it constantly draws the fluid out and if they lose fluid, they lose energy, through skin and through his breath.  
Right, this number is an amazing number right, 576 calories of heat for just one tiny millilitre of fluid lost through evaporation, that’s a lot of energy, is it not.  So, we have to be very mindful, we can add humidity in right, either through a tray in the incubator or very often a headbox that they put over baby right.  They tend to like headboxes because the problem with humidifying the whole of the incubator is if baby’s in there they’re urinating and faeces and you know, we get infection do we not  because we’ve got a warm environment, with lots of humidity but  nice headbox, just over baby’s top, top half, and we keep the humidity in baby but we don’t expose the urine and the faeces and everything to this damp environment.  Right, as baby matures, the vapour losses reduce, and they reduce tremendously.  Tell me something, you can have 30 degrees in Saudi Arabia, or you can have 30 degrees in Florida, which is going to feel hotter?
SP8:	Florida.
DM:	Florida because of the level of humidity, humidity increases the effect of temperature so, adding humidity to some degree right, we have to be aware of our environmental temperatures and we may even turn them down a little yeah, to compensate for that.  
Right, now we’ll talk about the skin.  As you can see, at twenty-eight weeks gestation, the amount of fluid loss is enormous but as the baby matures, it drops dramatically, after two weeks, has anybody here had a child who was premature?  A couple of you.  Now let me tell you, when I first got involved with this, I’ll never forget going to Liverpool Women’s and a professor there picked a baby up right, a new born baby, not much bigger than that photograph and held him up to the light to see his bone formation, you could see through, the skin is so thin, it is only a couple of cells thick, two or three cells thick, you didn’t need an x-ray machine, to see his ribs or particularly his arms and his legs, the bone structures so, as they develop, the skin develops.  Here we have a very good drawing of that, twenty-seven weeks gestation, compared with full-term.  
Conduction, the last one.  Okay, anybody got a leather settee at home.  Come in on a winter’s night, the house is a bit chilly, you turn the gas fire on, you take your jacket off and you sit down in your shirt, and you go, God that’s cold yeah.  Well, you take a baby and put him in an incubator that you’ve just turned on and they lay on that mattress, and they go, this is a shock to the system.  So, how can we avoid that, how can we avoid that shock?  
SP9:	Warm it up first. 
DM:	Warm it up.  Whenever you go in SCBU, two or three incubators should be plugged in and running they’re not wasting energy, they’re just ready for when baby comes because we don’t want to start it off from cold.  It’s only a small amount of heat loss and it quickly stops because obviously baby warms the mattress, but it is something to take into account. 
Okay, so the four types of energy loss or energy gain are radiation, evaporation, convection, and conduction and whenever you look at an incubator, those are the four things that you should be mindful of. 
Another question about incubators, we have a fan in there and the fan has an impeller, its knocking round so, how do we check the airflow? Well we can put an airflow meter in there, that’s one thing you can now sort but one of the most important tests is the sound yeah and there is a specification, I think its something like 35 dba, right you stick a cell meter in and you go it’s 35 dba, well I’ll tell you something, that’s great, that’s really good but there’s also something else you can do and you might or you might not, one of the things I used to recommend to engineers is when they were servicing right and the incubator was going to be sterilised after they’d finished, make sure that’s the case, is to turn it on and run it and put their heads in, wow, what am I listening for?  Well, you’re listening for that tick, tick, tick on the impeller and if somethings got down by the motor, right because what you can cause is a great deal of stress to a neonate by putting them in there with a motor that’s got some irritating grinding sound or ticking sound to it, now you won’t find that in many of the service manuals but I can assure you, it’s always worth doing so long as, after you’ve done it, the incubator is cleaned again and ready for use, just a point on servicing. 
That I believe is it.   Any questions? Nobody. Anybody been in there when they’ve seen a resuscitation, maybe their own child even on a resuscitator. 
SP10:	I have a question about the environment, when we’re talking about the sound level after repair of the incubator and we say 35/45 dba, so what about the environment also caused that sound, so how can we differentiate these two. 
DM:	Sound is one of the most stressful things that a neonate.  I’ll give you an example, you see the clinicians, the nurses stood there doing this with their hands on the incubator, the poor little mite inside right, thinks he’s in Notre Dame and Quasimodo is ringing the bells, it is so loud and so noisy, just running your finger.  Radios were another one, they haven’t yet discovered the joys of radio 1 so you know, keep sound down to a minimum.  
In fact, in some special care baby units, they have a quiet time, and they really do tiptoe round in slippers almost, to keep the environmental noise down.  If you’ve never worked in SCBU, I used to do some training for new engineers who were going to go in there and one of the things that I always wanted to stress to them was when they go into SCBU, unlike anywhere else, you don’t say anything at first, you walk in and you’re quiet and you look and you listen, it’s a very stressful environment and every now and again, there’s a clinical incident going on, could be even be as sad as a death of a child and parents and if you bounce through the door with a big grin on your face saying, good afternoon nurses, you may find yourself being glared at, to put it mildly so, always when you go in, just take that little cautious view of just you know, quiet and observe, look round, see what’s going on and then when you feel that you can, speak to staff or whatever you’ve come to do, collect or whatever.  Never start banging round, pushing incubators out or putting ventilators here and slamming on hoses and everything else, it’s got to be a very quiet place.  Any other questions?  
Thank you very much everybody.
