
Swapnil: The landscape of intensive care is changing. What keeps you motivated 
to continue working in ICU? 

Prof Micheal P: That it is changing, is the motivation. What I do primarily is try to 
understand the pathophysiologic processes of acute illness and response 
to treatment and our understanding of the mechanisms of Sepsis, acute 
respiratory failure, renal failure, and various other forms of dysfunction 
that we see are still evolving. And in fact, the treatments that we used 
40 years ago when I started are actually sometimes the opposite today. 
And thus the constant changing environment and the constant ability to 
treat people in a more effective way and then to teach this are the 
motivating factors. And the more I study, the more impressed I am with 
how little we do now. 

Swapnil: That's quite fascinating. As time changing, we are changing quite a lot 
in intensive care. And that's one of the advantages of speaking to people 
like you who have seen this speciality growing from the stages of its 
infancy. And I wonder what's your thoughts as a speciality? Are we going 
forwards or are we going backwards? 

Prof Micheal P: Well, we seem to be in a random motion. On one hand we are clearly 
going forward and the other, we are going backward. One of the terrible 
dysfunctions that occurred was the inappropriate use of evidence based 
medicine as an excuse to do nothing. And that rationale had to do a lot 
with how people interpreted clinical trials. And for example, the goal 
directed therapy studies show that there was no benefit or harm in a 
randomized study of resuscitating patients based on specific targets in a 
generic group of patients that you can interpret as you shouldn't do 
anything. 

 The other interpretation is that if you think you have an indication to 
use a specific monitor or goal in your specific patient, there is no 
indication that harm would occur from it and there may actually be 
benefit, and that lack of perspective from the younger intensivists is 
disheartening because the literature doesn't show that these treatments 
are useless. It just shows that there is no specific benefit of one 
treatment over another in a generic group of patients. And we can look 
at multiple diseases and this is true. 

 All the prospective clinical trials have been, with rare exception, have 
been negative in the sense that they have not shown benefit of one over 
another. And that's simply because there is profound heterogeneity 
amongst patients. The two best examples are ARDS and Sepsis, ARDS and 
Sepsis are syndromes. The types of patients that have these have 
multiple different diseases and I shouldn't treat every single patient 
with acute respiratory failure or septic shock in the same way, nor 
should you. But what the data shows is that if you have a specific 
problem that you're trying to treat that you can effectively treat it. 

 And going backwards is the fact that people are becoming neolistic 
going forward is that we have multiple treatments that are highly 
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effective in specific populations and that we should be using them. 
Examples being prone positioning, pressure limited ventilation, goal 
directed therapy in high risk patients prior to shock. We've gotten a lot 
of information and that's good and we are using it sometimes correctly 
and an awful lot of times we're using it as an excuse to do nothing and 
that's bad. So the answer is work tend to be going both backwards and 
forward. 

 I do recall that when I was a young doctor in the seventies, early ... 
Late seventies, I had Stanford, we were quite excited about the great 
potentials that we would see from genetic monitoring. And we have 
been disappointed in it only because we've taken the wrong 
perspective. I still believe that our understanding of genomics and 
proteomics are going to be essential to the personalized medicine of 
patients. It's just that the present time trying to do broad brush strokes 
saying everyone's the same, just give me a 15 second description of 
what I need to do will not be the answer. And to be honest, shouldn't be 
the answer. 

Swapnil: Your journey in intensive care is fascinating. What do you think are the 
current challenges that we face in our speciality?. 

Prof Micheal P: Our specialty of critical care medicine is quite young and thus by 
definition is evolving rapidly relative to where it started. The initial 
critical care doctors, were either surgeons, anesthesiologists or 
pulmonary doctors who were interested in taking care of more complex 
patients. We have subsequently developed and invited in emergency 
medicine. We have created neuro critical care. We have specialties of 
cardiac critical care and transplantation. In Pittsburgh we call our liver 
transplantation doctors liver Ologists. And there has been a profound 
sub specialization of critical care, which is at one point good and 
another point bad. 

 It is good because there's a lot of specific problems we see for example, 
liver transplant patients, something I've had a lot of experience in which 
are unique to those patients. Just like there are a lot of specific 
problems associated with being put on extracorporeal membrane 
oxygenation, ECMO. But on the same token, pathophysiology is 
pathophysiology. And what we often forget at the bedside, and I see this 
here in Pittsburgh and I see whenever I go around and visit other 
institutions, is that when you look at the patient and they present them 
to you, you say, well this is the answer. And they say, how did you know 
that? And my response is, well, you told me, I'm just looking at the 
responses you gave. 

 And, so because we're taking such a fine focus now on details. And also 
focusing in on doing protocols and quality based metrics. We often 
forget the reason why we fell in love with critical care in the first place. 
And that was because we wanted to manage critically ill patients at the 
bedside based on what we saw and what tools were available. 

Swapnil: Now moving on to your topic of interest, I heard you speaking quite 
elegantly on hemodynamic monitoring, especially in regards to the use 
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of dynamic parameters. Can you please tell us more about your views 
and your recent approach in using these parameters in management of 
patients with septic shock? 

Prof Micheal P: Well, thank you for that question. Based on the fundamental 
understanding of physiology, knowing static measures of any parameter, 
cardiac output, heart rate, central venous pressure, do not tell you the 
dynamic abilities of the patient to respond or their reserve, whether it 
be respiratory or cardiovascular, whether they have sepsis, hypovolemia 
from hemorrhage or heart failure, massive pulmonary embolism. I say to 
the medical students that a patient with severe heart failure who is 
otherwise stable at rest will not be short of breath. 

 He'll look to you to be a pleasant person and it's only as they are in the 
final stages of failure because of stress. They will present with 
symptoms of shortness of breath with speaking, shorter sentences, etc. 
And that's one of the ways of eliciting that the patient has impaired 
cardiovascular and respiratory reserve is to do a stress test. Obviously 
we don't want to put a septic shock patient on a treadmill, but we can 
use physiology based stress tests. And one of the ones that I have been 
studying for most of my academic career are heart-lung interactions 
with positive pressure breathing. 

 As you increase the stress, the intra thoracic pressure, you decrease the 
pressure gradient for venous return. If a person is volume responsive, 
you will see a change in cardiac output in a cyclical fashion. And that's 
the dynamic changes in the arterial pulse pressure or left ventricular 
stroke volume over breathing. And this is referred to as pulse pressure 
variation and stroke volume variation. If you are not volume responsive, 
they will not change. And that basic observation has been known since 
1955 in heart failure patients. And when described by Sharpie Schaffer 
in the called the square wave Valsalva maneuver of heart failure 
patients and has been used in outpatient cardiology for many years. 

 We've just simply taken those concepts and institutionalized them. The 
problem with these dynamic parameters of pulse pressure variation or 
stroke volume variation or their surrogates such as changes in inferior or 
superior Vena cava diameter, esophageal flow, plus Pleth variability of a 
pulse oximeter is that they require the patient on positive pressure 
breathing with a fixed heart rate. And many of our patients when 
they're unstable are yet to be put on mechanical ventilation or 
breathing spontaneously or have atrial fibrillation or all the above. And 
in those situations these parameters become less good. 

 So for that we look at the dynamic change in cardiac output to a simple 
passive leg raising maneuver, a documented method of changing volume 
challenge to the heart. And the advantage of this maneuver passive leg 
raising or the pulse pressure and stroke volume variations with positive 
pressure breathing is it's a challenge to the circulation without forcing 
you to give fluid to the patient who may not be volume responsive. 

 And in a patient who is not volume responsive, volume overload from 
excessive fluid resuscitation is associated with a very high increase in 
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mortality. And, so since the very first papers that we wrote on this, in 
1999 using pulse pressure variation as a clinical tool, we said from the 
beginning that the primary use of these dynamic parameters will be to 
limit, the use of fluids in a non volume responsive patient. And that 
point is often forgotten on by clinicians and that is that you're trying to 
personalize the care based on the person's dynamic responses. 

 Finally, there are multiple different approaches to determining these 
dynamic parameters. My good friend John Louis Tubule and his group 
had been studying esophageal doppler induced descending aortic flow 
changes, the changes in pulse pressure variation from going from six to 
eight ml per kilogram tidal volume and many others techniques like 
that. Loren Bouchard described the fact that you could measure, entitle 
CO2 and do a passive leg raise. And if the entitled CO2 went up by at 
least 10%, the patient was volume responsive. 

 One could invent a myriad of these dynamic parameters, but they're all 
asking the same question. If we put in a dynamic change, which is 
reversible without giving fluids, can we identify or unmask hypovolemia 
volume responsiveness or impaired vasal motor tone. And so the 
advantage of these approaches over simply looking at the patient and 
saying their blood pressure's down, give them 500 mls of a balanced salt 
solution is that you're knowing ahead of time how the patient will 
respond. And I'm very pleased that the surviving sepsis guidelines finally 
came out with a statement that using dynamic parameters, which 
include the ones I just mentioned is the way you should be resuscitating 
patients with sepsis. In terms of identifying if they need fluids. 

 And in that regard. I have never been a proponent of the surviving 
sepsis guideline that said you needed to give every patient 30 Mls per 
kilogram of crystalloid when they present. What you need to give is 
whatever they need. It may be zero, it may be 60 Mls per kilogram or 
less. The reason you need to give them fluid is because the initial effect 
of sepsis is to decrease vasal motor tone, markedly increasing your 
unstressed volume and you become functionally hypovolemic even 
though you haven't lost a single drop of plasma into the interstitial 
space from edema. 

 Now later you will get Anasarca and you'll need to replace that fluid. 
But the initial presentation of hypotension in these patients is due to 
loss of basal motor tone on the arterial side and decreases in effective 
circulating blood volume on the venous side and increases in lead 
volume are effective of managing some of it and increases in days of 
motor tone with agents such as norepinephrine are useful as well. 

 And so these dynamic parameters need to be looked at in the patients 
in an interdict fashion. We just published a paper in critical care about, 
so that would be four months ago and 55 septic patients in which we 
measured mean systemic pressure, left ventricular contractility as in 
systolic elastance and arterial tone is but as a dynamic arterial 
elastance and arterial elastance per se, which are two separate 
parameters. And what we showed when we gave the surviving sepsis 30 
mls per kilogram tidal volume as the very first resuscitation that the 
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septic patients ever received, that 25% of them had no increase in 
cardiac output at all. Whereas in a couple we had an amazing 400% 
increase in cardiac output because they were profoundly hypovolemic. 

 But the important point of that study was that you could predict exactly 
how much the cardiac output would have increased in those patients by 
their pulse pressure variation prior to giving the fluids. This wasn't the 
first study to show it, but it was the first study to incorporate all 
physiologic parameters into a common grouping. And this dynamic 
approach, which is referred to as functional hemodynamic monitoring, a 
term I coined about 20 years ago, allows us to personalize care based on 
a patient's response and should be the way in which we treat septic 
patients going forward. 

Swapnil: Thanks prof. That's a very comprehensive answer. Now there is 
increasing trend towards using more and more bedside 
echocardiography in intensive care and it has almost become mandatory 
for critical care doctors to learn echocardiography. What's your thoughts 
on that? 

Prof Micheal P: Echo cardiography is an imaging tool that allows you to look at the 
static and dynamic effects of the cardiovascular system and you can 
look at also breathing and pneumothorax and pericardial effusions and 
pleural effusions and pneumothorax. And it should be considered 
analogous to a stethoscope. It is just allowing you to see things in a 
greater way than you would have before hand and just like we should be 
training all doctors stethoscopes so they can hear breath sounds, 
wheezing, rouse, et cetera. 

 In the intensive care unit where the problems are primarily cardio-
respiratory. The ability of echocardiography to identify dysfunction at a 
point of care point in other words as you are standing there at the 
bedside is extremely powerful and should be considered in the exact 
same way. We've artificially separated training and echocardiography 
into two levels. One is basic ultrasound and the other is advanced 
echocardiography. I'm very proud of the fact that the ... All the boards 
have stated that basic training and ultrasound is an essential part of all 
critical care training and that's great. 

 Such training would include, of course, using ultrasound to identify 
central veins for insertion of central venous catheters, identification 
and pneumothorax, but also looking at the heart to see if there is right 
ventricular volume overload, impaired contractility of the left ventricle 
and evidence of hypovolemia by significant changes in the inferior and 
superior Vena cable diameters with breathing. If you just had those 
parameters alone, the ability that you would have on the initial 
assessment and subsequent assessment of your patient before you make 
decisions to care point of care echo would be profoundly facilitated. 

 And in the past, the primary limitation to this use were one, the lack of 
the machine at the bedside and two, the lack of training in it. You had 
to call for an echo tech or a cardiologist to come by to do the 
echocardiographic analysis and that would take hours to get in. 
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Sometimes they'd come once, but if you want him to come back half an 
hour later, they would say something like, we've already been there. 
And thus the utility of episodic periodic measurements of cardiographic 
measures was lost accordingly by training critical care physicians and 
the basic ultrasound techniques to visualize the heart allows them to 
have that tool present to understand the pathophysiologic processes 
causing cardio-respiratory insufficiency when present. 

 And I strongly support that approach. The other thing that we've 
developed is a new certification in the United States, the American 
board of echocardiography, which we're calling point of care 
echocardiography and this is supplanted the prior certifications. Now 
there are two forms of echo certification, cardiology and point of care. 
Point of care is for anesthesiologists in the operating room, emergency 
medicines and critical care physicians. And this is meant to be a type of 
certification which requires hands on experience and interpretation of 
many techniques. And it's advanced and it's beyond the basic 
ultrasound. 

 But what it has done is finally formalized that professionalism that says 
that knowing how to be an expert in echocardiography becomes one of 
those tools that you need to have to be an expert in critical care. And 
just like you don't have to know how read an electroencephalogram 
other than to see seizures or slow waves of brain death as an as a 
regular critical care doctor. If you're going into neuro critical care, 
getting them more advanced understanding of the ECG is essential if 
you're going to be doing critical care medicine, basic understandings of 
how to look at echo are essential. 

 But if you're going to be doing ECMO or other techniques, having a 
better understanding of the advanced level becomes viable as well. And 
the beautiful thing about the new techniques and the new equipment is 
that now critical care doctors have in their hands tools that allow them 
to ... At the bedside as they're making clinical decisions, see the 
pathophysiologic processes and can visualize them. And that is a 
profound positive step forward. And it allows us to realize why the 
physiology and pathophysiology are important because we not only see 
it, we see how our treatments can change it. 

Swapnil: I agree with you and I think the understanding of echocardiography has 
added a new dimension to critical care specialty. Now while I was going 
through your CV, I noticed that another area of your passion is machine 
learning in critical care. Can you please tell us more about it. 

Prof Micheal P: Well, machine learning is just a catch word for using computer based 
modeling of large data sets to identify patterns. It's no more than that. 
If what we have is ... Let's assume that you have me or some other 
senior doctor at the bedside and they're hearing the story of a critically 
ill person and they look at the patient and they see the wave forms that 
are on the monitor and they see that the patient is slightly dyslexic and 
anxious and they feel the belly and it may be tender or not tender and 
they send us the skin is wet or dry or something. 
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 We integrate all of that. We clinicians into a gestalt that as you get 
older and older with better pattern recognition, you can identify as the 
early onset of sepsis are responding better to one thing or another. Or a 
person who comes in, for example, with acute meningococcal sepsis and 
needs to be treated in minutes. These pattern recognition, expertise 
that we get with experience. Basically. Are you looking at the patient 
based on your library of knowledges over many years. And thus the 
senior, old doctor that comes in often can make the diagnosis that a 
junior doctor can't. Even though the junior doctor can tell you exactly 
what the doses of drugs should be and give a great differential diagnosis 
of acute renal failure. 

 So this is what machine learning does. It says we look at a large 
database of patients either using supervised meaning. I tell you that 
they're sick and they're unsecure as a content expert and you use that 
as ground truth to determine patterns. Or you say these are the bad 
outcomes we see and these are good outcomes. Tell me the difference 
between the patients and what makes it computer-based analysis is it 
looks at all the data that it gets and it doesn't just look at the heart 
rate in the heart. It looks at the heart rate variability and it doesn't look 
at the change in the heart rate alone and it looks how the changes in 
the heart rate alters with the change in the blood pressure with the 
change in ventilation, etc. And it looks at multiple features. 

 If I could give an example, if I were to look at five minutes of a Plath 
pulse oximetry, heart rate, respiratory rate, and one blood pressure 
measurement, over five minutes, I could create over 200 000 features. 
And these features, if you look at which ones are the most important, 
are obviously beyond the ability of a normal human being to be able to 
calculate. But with machine learning, you can put 100% of them into 
models and say which ones are the most informative. And after cranking 
that out on analysis, which is what we do, you end up with an 
informative group of about 30 features. 

 And that's important because I can use those 30 features and calculate 
them in real time using a smart phone. It's not a lot of work, but you 
needed to have the initial input. And from this you develop fused 
parameters like the one that we developed years ago called the vital 
sign index, which was simply a fuse parameter of all the noninvasive 
vital signs. And then the number went up, you were more unstable and 
the number went down, you're more stable. And so this allowed nurses 
when the number went above three because it went to zero to five. 
When it went above three, they absolutely had to see the patient and 
they were able to identify instability beforehand. We cut by 80% the 
number of patients that went on to become severely ill and required a 
medical emergency team activation. Simply because these fuse 
parameters identified instability. 

 Similarly, nobody has ever seen a patient who is in septic shock. You've 
seen a patient who has responded to infection with their body's 
response to the infection causing an asepsis response. You've never seen 
bleeding. You've seen the body's response to hypovolemia and the same 
the body's response to impaired contractility or obstruction. So at all 
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times what we see in disease is not the disease process, but the body's 
response to the disease process. And thus what we're looking at is 
dynamic patterns of response over time and machine learning allows 
you to do just that. Look at those dynamic responses over time. 

Swapnil: Thanks prof. That makes me reflect upon sepsis three definition where 
we use the big data set to define the disease process. We got rid of 
fewer from the definition. Now do you think using the big data set to 
define a disease process, is it a right approach and are we heading in 
the right direction there? 

Prof Micheal P: Well big data is just a term. It depends on what you mean. I honestly 
think that if we had all the healthcare data from a given system. We 
could identify patterns of disease within that system. If the database 
was large enough. We've collected a little over 5 000 patients at 
waveform, physiologic data linked to their electronic health record and 
ICU as part of what our NIH grants. And we're planning on getting up to 
30 000 patients in that regard. If you have a large enough data set of 
data, and this is where companies like Google and Amazon come in 
because they're the ones who can actually handle such a data in a cloud 
based math, so you can iterate it. You can actually then go to that 
database and say, what does my patient at the bedside look like 
compared to all of these people? 

 When I want to find a hundred people that are 46 years old that are 
immuno compromised with diabetes, who've have just had pneumonia 
with this infection and I've given them 500 mls of crystalloid, what did 
they look like right here as well? And with big data, I can pull up those 
500 patients and then say that if they got these antibiotics, this is what 
they did. If they got that antibioics, this is what we did. And so you then 
say, okay, based on this with a decision support system, I'm going to give 
this set of antibiotics. But then you don't stop. That system says if you 
did these things, the next thing that happened to those patients is they 
did this and you would then look to see if your patient behaves in the 
way that they're expected to behave based on the treatment that you 
gave and if the answer is they are the new, then you say they're 
consistent with the behavior. 

 You're not making a diagnosis, but you're saying consistent with the 
behavior and you can then track the care of the patient. This is 
identical to what a clinician does at the bedside. Now in that they make 
an assumption of the diagnosis, they give a treatment and they look at 
the response and if the patient responds in the right way, they say, we 
think we're doing the right thing, but we're going to continue to watch 
them. And so the larger the data set that you've got, the less ambiguous 
the variations are in terms of determining that you have a specific 
disease or not because the more patients that you have in that data set 
that are similar to the one that you're looking at right now at the 
bedside. 

Swapnil: And what's your thoughts on Sepsis three definition? 
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Prof Micheal P: Well, all these definitions are meant as tools to help the clinician at the 
bedside identify patients. To a certain extent also, they are useful for 
research purposes so that you can go to large administrative data sets 
and be able to pull out a whole bunch of patients who fit those criteria. 
So you can look and see if their response to a treatment or something 
was the way it is. And they were generated. The sepsis three guidelines 
were simply generated based on epidemiologic data where they saw 
that if you had the fever and you had an increased breathing, that these 
are the things that you would expect to see. 

 And it's merely a tool or I would actually say a crutch that allows a 
person who is unexperienced to say this is sepsis. The problem is that 
sepsis is a process. It's an inflammatory process, just systemic infection. 
It also occurs with severe trauma after 24 hours with no infection at all. 
And of course with pancreatitis. And so there's nothing special in the 
sepsis three guidelines that wasn't there before except that they've 
minimized the amount of things you have to look at. And they've tried to 
avoid the concept of the systemic inflammatory response syndrome, 
which was too generic. And I think it's good that we have these 
guideline parameters for the junior people to see and for research 
purposes to say, we then looked at everyone who filled the steps three 
guidelines. 

 But per se, it's merely a tool or a crutch that we use to simplify our 
analysis of the data. If the bedside you need to ... It's a way of saying, 
yes, the patient may have sepsis, but then you would then enter in and 
say, is there infection? Can we quantify it? Do we do blood cultures, 
urine, stool, body cavity, whatever. Are they on antibiotics? Are there 
cardiovascularly stable, yes or no? So it becomes a point to say and go 
do something. And as I was told by many of my colleagues, one of the 
hardest things in a patient who's been in the ICU for a while as opposed 
to the person that presents in the emergency room is when they start to 
become septic. You say, "Oh yeah, So-and-so is no longer what they 
were, they're septic." Because you've already been fluid resuscitating 
though over time their postop for various reasons. 

 So they're going to have a bit of tack, a Cardia and malaise and to 
identify when they've flipped over into the syndrome which says this 
person's got a serious infection that we need to aggressively treat it. 
Having tools such as though step three guidelines are useful for them. 
But having said that, all of these guidelines, whatever one you want, 
are simplifications and don't handle all the patients. And so there's no 
substitute for doctor at the bedside, seeing the patient and trying to 
figure out what specifically wrong with them. And I've said that more 
than once, nothing beats having a trained doctor at the bedside looking 
at the patient. 

Swapnil: That's so true. Now I noticed that you are currently working on couple 
of research projects. One of them sounds very fascinating to me that 
using biological time series analysis to identify cardio-respiratory 
insufficiencies in patients in intensive care unit and in patients during 
aeromedical retrieval. Can you please tell us more about this studies? 
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Prof Micheal P: Okay. Well they're, slightly different in that the ICU one is of course 
looking at the ... When we say time series is simply looking at the 
arterial pressure, wave forms over time. The central venous wave form, 
if you've got it, depending on whether or not you have an CV catheters, 
in place plus the heart rate and pulse oximetry and their dynamic 
variables. The reality is that very few patients in the ICU at any given 
point in time are unstable. They had instability and that's why they 
came in. But you treated them. And so identifying who will become 
unstable once stabilized and who doesn't need to be treated any further 
because they've now reached stability or they have cardio-respiratory 
sufficiency is extremely difficult for clinicians to identify at the 
bedside. 

 I've said for years that anyone can give fluids to a person who is 
hypotensive. It takes a man to stop. And so how you decide, how much 
fluid to give, how much vasopressors to use when you've targeted the 
right amount and you can say, okay, I've stabilized this patient. That is 
one of the major goals of our study called malady, which is the ICU 
study. And that is to identify when a patient who comes in and is 
identified as having cardio respiratory and sufficiency, which is, ARDS, 
pneumonia, septic shock, severe trauma, when they're stable. And to 
say what was the cause of the instability and when we treated are they 
okay. 

 That study requires that we get a large amount of data. And I just 
mentioned earlier that we've got about 5 000 patients collected that are 
part of our data set that we're now looking at using supervised machine 
learning to create models and then see if it can predict the future and 
others. The second group are the patients who are coming in on 
helicopter from trauma in the field. And that study is called Admin. And 
we have a large, a stat medevac helicopter fleet of, I think it's 17 
helicopters that handles a five state region where the largest non-profit 
hospital transport system in the United States. 

 And it's run by a professor, Frank Guyton, who is one of my co-
investigators on this grant. And what we're doing is every patient who is 
in the helicopter has continuous wave form data of whatever they're 
monitoring is. If it's out in the field and, they're coming in, it's probably 
no more than airway pressure. If they're intubated, a pulse oximeter 
and ECG, if they're transferred from another hospital, they can be on 
ECMO, they can have an arterial catheter. And it really depends on what 
they have. But on whatever they have. We get 100% of their data and 
256 cycles per second sampling. 

 So we have way form features that we've linked to their electronic 
health record in transport and we can identify in those patients which is 
now different from ICU patients, their need for life saving interventions 
either during transport or once they come to our emergency room and 
are admitted to the hospital. And in the emergency medicine parlance, 
lifesaving interventions are the holy grail of identification of instability. 
And they include things such as the need for at least two units of blood, 
immediate surgery, tension, pneumothorax decompression, intubation 
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and mechanical ventilation or hypotension requiring fluids or base 
oppressors. 

 And as you can imagine from an emergency medicine perspective, those 
are the big things that you'd worry about. And unlike the ICU cases 
where we're looking at a more nuanced pathophysiologic process of 
COPT, ARDS, pulmonary Emboli, heart failure, cardiomyopathy, septic 
shock, immune compromised liver transplant, et cetera, et cetera. In 
these patients, we're primarily looking at cardio respiratory and 
sufficiency of a plasma type. Furthermore, in the ICU we're dealing with 
patients over hours and days, whereas in air transport, the average air 
transport is about 24 to 30 minutes and if they crashed during transport, 
it can be a very serious thing. 

 And thus identifying who is unstable before you start or what is going to 
happen during their transport and what you can treat during that 
transport becomes profoundly important for on the paramedic and nurse 
dyad in the helicopter. But the physicians at the command center who 
are in radio contact with them as well. And this has growth found 
implications for public health in general because our modeling will also 
be true for disaster medicine or for the treatment of people out in the 
field. Let's say a mountain climber or somebody, there is severe flood or 
fire and there's a lot of smoke inhalation. 

 This would be able to allow all of those patients if they had minimal 
monitoring to be told who's the sickest and needs to be treated now and 
which ones can be triaged to wait because they're stable. At the 
moment we don't have such tools and so this becomes a profoundly 
exciting thing, but what all of these are underscoring is one 
fundamental principle and that is applied pathophysiology and this is 
where my bioengineering side and the computer science side links with 
my clinical side and that is that we're no longer now just trying to 
understand the processes of disease, which of course we still want to 
know more of, but we're now saying knowing this process of disease, 
how can we treat our patients more efficiently and effectively… 

Swapnil: Great. What's your variable rate landmark trial in ICU and why? 

Prof Micheal P: Well, It would have to be the ARDS network, low versus large title Ryan 
because it was one of the few that use pathophysiologic findings to 
identify and treat patients. We know that over distension of lungs is bad 
and the ARDS net trial of low versus large tidal volume was then able to 
morph into its showing that we shouldn't even use large tile volumes in 
the operating room with elective surgery. And so the translation of 
pathophysiology to clinical practice that that caused, made it to me one 
of the most successful clinical trials we've had. 

Swapnil: What's your preferred mode of ventilation in ICU? 

Prof Micheal P: Well, they're all access control. When a patient is initially intubated 
because they're unstable, usually are just under controlled mechanical 
ventilation because they're still under whatever the sedation is that you 
started with. And so for the first half hour or so, they're all under 
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control ventilation, but I've always said his is control and I don't have a 
special form. There's a lot of people that like pressure controlled and 
volume controlled. I'm a big pressure control ventilation person because 
of, the fact that I don't think it's the tidal volume, I think it's the wall 
stress that's causing the acute lung injury and I kind of support, Luciano 
Gattinoni attitude on that. And that is that there is no safe tidal 
volume. You just want to minimize the stress on the tissue. So I use a 
pressure control form of assisted ventilation. 

Swapnil: That's interesting. Now what's your choice of fluid as a bolus and choice 
of fluid as a maintenance in patients with septic shock? 

Prof Micheal P: Well, I'm an old man, so for me it's always been ringer's lactate. There 
are whole lots of balanced salt solutions. The one thing it isn't as normal 
sailing. But then for the maintenance fluid, the maintenance fluid has 
nothing to do with boluses. It has to do with, the electrolyte needs. And 
to a large extent that can be handled by half normal saline with 20 of 
cay and five percent glucose if we're talking maintenance fluids. But 
maintenance fluids have been one overrated because most of the 
patients, if given a maintenance fluids get massively volume 
overloaded, so you should give the fluids they need. So for me, my bolus 
is usually starting with ringer's lactate, but any balanced salt solution 
will work. If it turns out they've hypo chlorine metabolic alkalosis than 
the Bolus I would give would be normal sailing. 

 It would really depend on the pathology. If I'm worried about a 
hyponatremic effect, I might not give a ringer's lactate, but still with 
ringer's lactate, I don't see cerebral edema in those patients. My bolus is 
ringer's lactate, but it should be a balanced salt solution. I have no 
specific bias. And for maintenance fluid, it should be whatever they 
need in a person who's on the floor and is NPO and they need to be NPO 
for two or three days, half normal saline with 20 of cay and five percent 
glucose at a rate of a hundred an hour. Seems reasonable to me, but I 
have no vested interest in it one way or the other. I think it needs to be 
individualized. 

Swapnil: Thank you. And looking back, one thing that you will do differently as an 
intensivist. 

Prof Micheal P: Many, many years ago pushed the practical application that my findings. 
When I was a young man in publishing our preliminary data and all the 
fancy journals in the New England journal Jama and in the American 
Journal of Physiology in Journal of Applied Physiology, I just assumed 
that if I made a discovery and everyone thought it was a really great 
idea, they would understand how to practically apply it and it would be 
done. And the reality is, that was not true. And the best example is 
dynamic parameters. I had written up, heart lung interaction and pulse 
pressure and stroke volume variation 15 years before we published pulse 
pressure and stroke line variation. Humans, because the papers ... I 
assume that people could interpret the papers and that was my error. 

 So if I had to do anything over again, it would be to translate the basic 
science of what I did more readily into clinical practice. I have the 
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incorrect assumption is once you proven the basic science, all the 
clinicians would run in and do the clinical trials. That is simply not true. 

Swapnil: Thank you. Now come into the last question. What's your advice to the 
budding intensivist? 

Prof Micheal P: Well, I would say it was three things. One, keep an open mind. Two, 
always follow your passion. Only do those things that you absolutely, 
passionately love. It's important to do it. And three, don't jump to 
conclusions. Always question yourself in what you're doing with your 
patient. If they look good, great, but make sure they continue to look 
good. So follow your passion, do what you want to do, and maintain 
enthusiasm. Remember why you joined critical care in the first place. 
That's the reason you should stay in it. 

Swapnil: Thanks Prof. That's such great advice and thanks again for your valuable 
time. I think we all will learn quite a lot from this podcast. You are truly 
a legend of intensive care and once again, thank you very much for 
joining us today on this podcast. 

Prof Micheal P: My pleasure. Good luck. 

Swapnil: So that was the end of our today's podcast. I'll be back in months time 
with another expert in intensive care. Now, if you want to listen to all 
previous episodes, you can visit antics.com.au. and go into the 
educational content and you can access all the previous episodes of 
antics expert partners. So see you next time. Bye. 
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