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Host: Welcome to the Anesthesiology journal podcast, 
an audio interview of study authors and editorialists. 

Dr. James Rathmell: Hello, I’m Jim Rathmell, Professor of Anesthesia 
at Harvard Medical School and one of the Executive Editors for An-
esthesiology. You are listening to an Anesthesiology podcast that 
we’ve designed for physicians and scientists interested in the research 
that appears in the journal. 

Today we’re going to talk to one of the senior authors of an origi-
nal research article that appears in the May 2018 issue as well as the 
lead author of an editorial view that accompanies the new article. 

The May 2018 issue of the journal is a special issue that fol-
lows our journal symposium that was held during the October 2017 
Annual Meeting of the American Society of Anesthesiologists here in 
Boston, Massachusetts. 

The journal’s symposium was titled, “Frontiers in Opioid Phar-
macology,” and the May 2018 issue features nine original research ar-
ticles, two review articles and two editorial views that relate directly to 
the pharmacology and clinical use of opioid analgesics. 

With us today from Amsterdam is Dr. Albert Dahan. Dr. Dahan 
is Professor of Anesthesiology in the Department of Anesthesiology at 
Leiden University in Leiden, The Netherlands. He’s a senior author on 
an article titled, “Benefit versus Severe Side Effects of Opioid Analge-
sia: Novel Utility Functions of Probability of Analgesia and Respira-
tory Depression.” Dr. Dahan, thank you for joining us. 

Dr. Albert Dahan: Thank you very much. It’s a big pleasure to be 
here today. 

Dr. James Rathmell: Also with us today is Dr. Thomas Henthorn 
who is Professor of Anesthesiology in the Department of Anesthesiol-
ogy at the University of Colorado in Denver, Colorado. Dr. Henthorn 
is the lead author of an editorial view that accompanies Dr. Dahan’s 
research article in the May issue and it’s titled, “μ-Opioid Receptor 
Agonists: Do They Have Utility in the Treatment of Acute Pain?” 

Dr. Henthorn, welcome and thank you for joining the discussion 
today. 

Dr. Thomas K. Henthorn: Thank you so much, Dr. Rathmell. It is a 
real pleasure to speak with you and with Professor Dahan. 

Dr. James Rathmell: Dr. Dahan, congratulations on the publication 
of your work. Please give our listeners some background about why 
you set out to do this study. 

I’ll start by reading the first two lines of your introduction to set 
the stage for listeners. You tell us that “Opioid analgesics, especially 
those opioids that are full agonists at the μ-opioid receptor, have a 
high likeability, rendering them high-risk drugs of abuse, misuse and 
eventually addiction. 

Equally important, μ-opioid receptors are abundantly expressed 
on brainstem respiratory neurons and activation of these receptors is 
associated with bradypnea, hypoventilation and apnea.” 

Now, can you walk us through how you set out to use existing 
data about opioids that are currently in use to more accurately under-
stand their safety? 

Dr. Albert Dahan: Absolutely. You need to realize that opioids not 
only act as multiple opioid receptors, but they also have several effects 

separate from the wanted effects and the wanted effect, of course, is 
analgesia or pain relief. 

And it depends very much on the setting and the dose, but the 
most devastating side effect, and potentially life threating side effect 
of opioids, is respiratory depression and that is where my interest 
lies. 

And so, at Leiden University we do lots of research on opioid-
induced respiratory depression. The problem relating to opioid-in-
duced respiratory depression has been highlighted recently in the 
facts that there are some opioid epidemics ongoing not only in the 
US, but also in my own country. 

And that is why I am devoting much of my time currently on 
the opioid-induced respiratory depression because opioids produce 
respiratory depression, produce analgesia, but additionally they pro-
duce euphoria. They produce a rewards’ phenomenon that makes 
people want to overdose, abuse, misuse these opioids and, in the end, 
they cause addiction. 

And like I state here, it is the interaction of the drug with the 
opioid receptor that causes all of these effects. So, when you use an 
opioid, you will always experience either analgesia combined with 
euphoria, respiratory depression or any other of the side effects. 

So, it’s important that we focus our attention on these side ef-
fects and study these side effects. 

Dr. James Rathmell: So, at the center of your work was a desire to 
calculate the relative safety of one opioid versus another. Can you 
explain how the mathematical concept of a “utility function” or a 
safety function, how this works? 

Dr. Albert Dahan: Yes, that’s an important concept, of course. And 
it comes from economy in which a specific action is translated into 
a benefit, an economic benefit. But at the end there’s always an un-
wanted effect, a harm; the costs of an action for anything else. 

And the same applies to treatments with opioids. There is the 
benefit, the wanted effect, pain relief; and the unwanted effect, the 
harm, which in this case—as I said, I’m interested in studying respi-
ratory depression—is respiratory depression. 

So, we aimed to study this phenomenon. And like you correctly 
state, initially we focused on the comparison between opioids: we 
did a study on fentanyl initially, now we’re looking at alfentanil; 
we looked at several newer compounds and in the future we’ll even 
study newer opioids. 

But you can also use this concept of utility function or safety 
function to compare patient populations. For instance, is there a 
difference in opioid effect between men and women? You need to 
realize that opioid potency differs very much in men and women. 

So, it’s a general concept taken from economy to get the better 
indication, better idea of how opioids work and how you can also use 
it best because from these safety functions you can determine in your 
patient what the optimal dose might be. 

Dr. James Rathmell: We’ll talk a little bit more in a minute about 
how this concept from economics was brought into medicine and 
you actually did some of those earlier studies. 

In this particular study, you used data from three previous stud-
ies that you conducted in human volunteers using alfentanil and 
you combined them to create utility probability functions for four 
specific conditions: 
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1. the probability of adequate analgesia without severe respiratory 
depression; 

2. the probability of adequate analgesia with severe respiratory de-
pression;

3. the probability of inadequate analgesia without severe respira-
tory depression; and, 

4. the probability of inadequate analgesia with severe respiratory 
depression. 

Can you explain what information you started with in the 
original datasets and how you combined them to calculate these 
probability functions, these utility functions? And I want you to 
have pity on the non-mathematicians that are listening as you ex-
plain. 

Dr. Albert Dahan: Yes, well, we took four steps, actually: the first 
step was we did experiments in volunteers and this may even be 
the most important part because you need to do good experiments. 

And what we did is we gave our volunteers an opioid. In this 
case, we gave them alfentanil and we measured the alfentanil plas-
ma concentration, we measured the analgesic effect; we used several 
pain models, but in this study, we present the electrical pain model 
and we measured respiratory depression. To that end—and there 
are various ways to measure respiratory depression—we measured 
it at isohypercapnia. That was step one. 

Step two—and that’s an equally important one—we per-
formed pharmacokinetic analysis and why is it so important? Be-
cause many opioids might behave similarly in a pharmacodynamic 
way, but they behave very differently in a pharmacokinetic way. 

So, it’s really important to perform a good pharmacokinetic 
analysis. We used a noncompartmental analysis and we did the 
pharmacodynamic analysis and it allowed us specific pharmacody-
namic and pharmacokinetic parameter estimates. 

But what’s equally important is that we got an indication of 
the variability and that’s why we combined several studies. We 
wanted to have an as-big-as-possible population because we are re-
ally interested in the variability because using the variability, we 
created our utility functions. 

We performed simulations. In the initial fentanyl study, we 
performed over 20,000 simulations. We now understand what we 
can with much less number of simulations. So, we simulated 1,000 
to 20,000 patients and then what we did next is that, when you 
correctly stated, we set specific thresholds: we set the threshold for 
analgesia and the threshold for respiratory depression. 

For instance, we set the threshold for respiratory depression at 
the 50% decrease in minute ventilation. And for analgesia, we had 
two thresholds: either an increase in pain response by 25% or by 
50%. And that allowed us to calculate, in fact, to count the number 
of subjects in these simulations that either had analgesia with or 
without respiratory depression or did not have analgesia with or 
without respiratory depression. 

And from these data, we initially calculated functions and in 
the latest paper we calculate the so-called – what we like to call 
utility or safety surfaces in which we depicted using specific colors 
in which of the four of the mentioned analgesia respiratory states 
the probability is the highest. 

And so, it sounds simple, it isn’t; but in the end, I think that if 
you know a little bit about modeling, everybody can do it. 

Dr. James Rathmell: Great. So, all of your data was derived from 
volunteers who received alfentanil. So, I get it, you did pharma-
codynamics. You looked at analgesia respiratory depression using 
the measures you just set out for us and then you looked at plasma 

levels, pharmacokinetics and did both, I assume, plasma level mea-
surements as well as simulated those measurements over time…

Dr. Albert Dahan: Correct.

Dr. James Rathmell:…to correlate it with the pharmacodynamics. 
So, what did you learn? And I want you to focus on the extremes. 

What did you learn about the relative probability of analgesia versus 
apnea with alfentanil? 

Dr. Albert Dahan: Well, that’s an important one because over the nor-
mal dose range, the probability of apnea is relatively low. So, what we 
learned is that if you don’t overdose your opioids, the probability of a 
wanted effect of analgesia is large and the probability of apnea is low. 

However, if you use relatively high doses, for instance, you have 
a patient that does not respond to your pain relief and requires more 
opioids, I call that a non-responder and often physicians tend to then 
overdose their patients, then the probability of apnea starts to increase. 
And then at one point you might be in an area where the probability of 
analgesia is relatively low, or the probability of an apneic event is high. 

So, we learned from our analysis that if you have non-respond-
ers—patients that require high dosages—it’s better to, at one point, stop 
dosing the opioids and try to find another way to treat the pain in the 
patient otherwise he might get into trouble. 

Dr. James Rathmell: So, that’s a terrific take-home message. I want you 
to expand on that a bit. What’s the take-home message for practicing 
anesthesiologists if they have one of these non-responders? What would 
you suggest they do, switch opioids? 

Dr. Albert Dahan: Yes, that’s something that we discuss quite a lot be-
cause we believe that about 20% of patients are relatively low responders 
to opioids in the normal dose range and we, in our hospital, earlier on 
we then switched to other treatments such as ketamine treatment. We 
give a low dose of ketamine and what we see are a couple of things: 
opioid consumption goes down, pain relief goes up, and, also, the prob-
ability of respiratory depression goes down. 

But there are other possibilities. You can use an alpha-2 agonist like 
dexmedetomidine or clonidine. So, there are may options if you have a 
patient that is a non- or low responder to opioid treatment. 

Dr. James Rathmell: Would this concept of a utility function have any 
usefulness in developing new drugs in the future? 

Dr. Albert Dahan: Yes, we think so. Many companies come to us with 
their new opioids and want us to test it in this paradigm, but I believe 
that it’s not only useful for new opioids; also, in the current use opi-
oids we should calculate these utility functions and direct our attention 
not on the comparison between opioids, but mostly on the comparison 
within patient populations. Like I said before, the obese versus the non-
obese. 

But equally important: chronic opioid users relative to opioid-
naïve patients. So, I think there’s a lot of work still to do to fully un-
derstand why some patient responds in the way he responds to opioids 
and others respond so differently. I think the utility function can help 
us there. 

Dr. James Rathmell: Dr. Henthorn, I want to turn to your editorial 
now. Dr. Dahan is proposing that we use the utility function as a way 
to compare the toxic effect of drugs relative to their intended effects. 
You posed the question, “μ-Opioid Receptor Agonists: Do They Have 
Utility in the Treatment of Acute Pain?” as the title for your editorial. 
It’s kind of a twist on Dr. Dahan’s work to develop the utility function. 
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Can you start by telling us more about the origins of the utility func-
tion? Where did the concept first arise and when did it appear in the 
medical literature, because you write about that? 

Dr. Thomas K. Henthorn: Well, as Dr. Dahan said, this was first posited 
as an economic tool and the idea of a utility function in medical literature 
first appeared in an article back in 1978 by two of the giants in modern 
clinical pharmacology: Lou Sheiner and Ken Melmon. 

They took the utility function concept used in economics and 
defined by them simply as profit minus loss to examine the benefits of 
anti-hypertensive drugs—remember this is back in the 70’s—in terms of 
money saved by the society in preventing strokes, renal failure and heart 
disease versus the harms these drugs might cause in terms of costs from 
drug complications. 

Dr. James Rathmell: In your editorial you explain how the utility func-
tion was applied to assess whether the probability of an anticoagulant 
therapy prevents clots—that being the benefit—outweighed the probabil-
ity of producing unwanted bleeding, the harm. 

Can you walk us through that example? 

Dr. Thomas K. Henthorn: Sure. So, in this study by Cullberg and col-
leagues, they moved the utility function from the realm of societal benefit 
and harm—first posited by Sheiner and Melmon—to the much more 
narrow realm of the results of clinical trial, making the utility function 
useful for the drug approval process and for clinicians prescribing a drug. 

The drug in question was melagatran, a thrombin inhibitor and the 
utility function was simply calculated as the probability of clot regression. 
And they calculated probability much the same way that Dr. Dahan did 
from variability in the population—and that was the benefit—minus the 
probability of a bleeding event, or harm. 

They found at across a very wide range of daily doses in these clini-
cal trials that the utility function was uniformly positive, suggesting that 
melagatran is safer than warfarin. 

Dr. James Rathmell: Dr. Dahan and the group in Leiden published work 
on use of the utility function in animal models examining buprenorphine 
and fentanyl. Can you explain what they found? And then we’ll let Dr. 
Dahan fill in some of the gaps after you tell us how you explained his 
work. 

Dr. Thomas K. Henthorn: They administered a range of buprenorphine 
and fentanyl doses to rats. Antinociception was defined as a – as positive 
for an increase in tail flick latency of ten seconds or more and respira-
tory depression was defined as a decrease in minute ventilation of 50% 
of more. 

They calculated a utility function as the odds of antinociception mi-
nus the odds of respiratory depression. A value of zero means that the odds 
for significant pain relief and respiratory depression are about the same. 

They found at relevant plasma concentrations the utility function 
for buprenorphine was positive; that is, a greater chance of pain relief than 
respiratory depression. And for fentanyl, utility function was negative. 

Dr. James Rathmell: Terrific. Dr. Dahan, anything to add about those 
earlier experiments? 

Dr. Albert Dahan: Yes, it was a very interesting experiment at the time. 
At the time we still believed that the utility function is one probability 
minus another probability. In the current work, well, we further devel-
oped the utility function—let me say it like that—in which we now 
believe that you need to look at one state of probability of analgesia 
coupled to another state of probability for a harm and, for instance, 
50% respiratory depression. 

But that’s evolved or that’s sharpened our minds a little bit towards 
what we, in the end, will be looking at, a combination of effects. And 
an interesting concept is to understand why buprenorphine has positive 
utility. And we believe it has to do with its specific pharmacology and 
buprenorphine in contrast to most opioids that we use is a partial ago-
nist at a μ-opioid receptor causing partial respiratory depression. 

In that sense, it’s also a very interesting drug as it’s now also being 
used in the treatment of opioid abuse. So, everything seems to come 
together. 

And it’s – yes, it was a good cooperation at the time to work on the 
buprenorphine. 

Dr. James Rathmell: Dr. Henthorn, there’s much, much more to your 
editorial and I want to encourage listeners to read your thoughtful and 
informative analysis. 

I want to jump to your final paragraph where you tell us this: the 
probability of a pure, μ-opioid receptor agonist achieving a 25% reduc-
tion in pain score without causing respiratory depression is only ap-
proximately .7%, even in drug-free, healthy young subjects. Achieving a 
50% reduction in pain without significant respiratory depression is less 
than a 50/50 proposition. 

Those are sobering numbers that highlight the narrow safety mar-
gin of current opioid analgesics. So, please answer your own question for 
us: do opioid analgesics have utility from the perspective of producing 
analgesia without significant respiratory depression? 

Dr. Thomas K. Henthorn: That is the question medicine and society 
are now grappling with, with the dust from opioid-induced respiratory 
depression just in the United States at a rate of approximately 115 per 
day. 

In the setting of perioperative medicine where the risks of respira-
tory depression are largely mitigated by the presence of anesthesiologists 
and other trained personnel, opioids are potent analgesics that we rely 
on. 

However, extending this reliance beyond the recovery room clearly 
needs rethinking. The Leiden Group has used precision, pharmacoki-
netic and pharmacodynamic tools in groups of healthy volunteers cou-
pled with the powerful new tool, which Dr. Dahan just described, in the 
form of a probabilistic utility instead of just a difference of looking at 
our old standby that we’ve used in pharmacology, the therapeutic index, 
and shown that the odds of escaping respiratory depression while still 
achieving analgesia is not as great as we once thought. 

I, for one, look forward to seeing the utility function extended into 
real-life clinical settings and examining multi-modal analgesia and other 
opioids also with this new paradigm of the utility function. 

Dr. James Rathmell: Dr. Dahan, feel free to add any additional com-
ments you think might be helpful and then tell us what comes next for 
your research group. 

Dr. Albert Dahan: Absolutely. Well, I agree completely with Professor 
Henthorn’s remark. Additionally, you need to realize when you treat a 
patient with μ-opioids, pain is not a constant and the same also is true 
for respiratory depression: these are fluctuating events. 

So, at one point you might have pain and pain stimulates breathing 
and the utility function might be going towards a good direction. But a 
little bit later the opioid sets in, you have less pain, but then respiratory 
depression might set in. 

So, these are complex issues that we only start to understand how 
come patients stop breathing at one point. And it’s not only true for 
perioperative care, also in chronic pain treatment similar events occur, 
especially at night; for instance, when the patient takes an opioid to-
gether with a sleep tablet. 
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So, these are complex cases and we are pursing now the first study 
that we’re going to do is we’re going to see how we can avert respiratory 
depression using respiratory stimulants. 

And the first study that I’m planning to do to create utility func-
tions when we give an opioid coupled to a thyrotrope in releasing hor-
mones, so this is a thyroid hormone which is a very potent respiratory 
stimulant; a few people have done research on that. 

So, it’s not that we’re aiming to avert opioid treatment: far from 
it. We want to optimize opioid treatment by optimizing respiration in 
these patients because we believe that opioids are the best treatment cur-
rently available for patients in pain and we think that patients deserve to 
have optimal pain relief with minimal respiratory depression. 

So, that’s the aim of our future research. 

Dr. James Rathmell: Well, that’s just terrific. I hope today’s discussion 
will lead many of you listening to read this new article in the accompa-

nying editorial view. They’ll appear in the May 2018 issue of Anesthe-
siology. You’ll learn more about the use of the utility function and how 
it can be used to predict the probability of benefit versus harm associated 
with the use of these drugs, including opioids. 

Dr. Dahan and Dr. Henthorn, thank you for joining us today and 
for the terrific explanations of the utility function and its implication 
for anesthesiologists. 

Dr. Albert Dahan: Thank you.  

Dr. Thomas K. Henthorn: It’s been my pleasure as well. 

Host: You’ve been listening to the Anesthesiology jour-
nal podcast, the official peer-reviewed journal of the Ameri-
can Society of Anesthesiologists. Check anesthesiology.org 
for an archive of this podcast and other related content. 
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