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

Dr. James P. Rathmell: Hello. I’m Jim Rathmell, Professor of 
Anesthesia at Harvard Medical School and Chair of the Department of 
Anesthesiology, Perioperative and Pain Medicine at Brigham and 
Women’s Hospital. I’m one of the Executive Editors for Anesthesiology 
and you’re listening to an Anesthesiology podcast that we’ve designed for 
physicians and scientists who are interested in the research that appears in 
the journal. 

Today we are going to talk to the lead author of an original research article 
and an accompanying editorial that appear in the November 2020 issue. 
With us today is Dr. Josef Briegel. Dr. Briegel is Professor of Anesthesiology 
in the Department of Anesthesiology at the University Hospital Ludwig-
Maximilians-University in Munich, Germany. 

Professor Dr. Briegel is the senior author on an article that appears in the 
November 2020 issue and it’s titled “Clinical Evaluation of a High-fidelity 
Upper Arm Cuff to Measure Arterial Blood Pressure during Noncardiac 
Surgery.” Dr. Briegel, thank you for joining us. 

Dr. Josef Briegel: Thank you, Dr. Rathmell, for the kind introduction. 
Hello, everyone who is listening; it’s a great pleasure for me to be able to 
discuss our study with you today. Thanks a lot for this. 

Dr. James P. Rathmell: Also with us today is Dr. Bernd Saugel. Dr. Saugel 
is Professor of Anesthesiology at University Medical Center Hamburg-
Eppendorf in Hamburg, Germany. Dr. Saugel along with Karim Kouz and 
Dan Sessler at Cleveland Clinic wrote an editorial view that accompanies 
Dr. Briegel’s research article in the November 2020 issue of the jour-
nal and it’s titled “Hydraulic Coupling: A New Method for Noninvasive 
Intermittent Blood Pressure Monitoring.” Dr. Saugel, thank you for joining 
us. 

Dr. Bernd Saugel: Hello. Thank you for having me. It will be a pleasure to 
discuss this highly interesting paper on the new blood pressure monitoring 
method. 

Dr. James P. Rathmell: Dr. Briegel, congratulations on the publication 
of your study. Now, let’s set the stage for listeners: your group studies a new 
method for measuring blood pressure noninvasively and I understand you 
also designed this, you were the inventors. 

In most patients having noncardiac surgery today, blood pressure is mea-
sured with an oscillometric upper arm cuff; the method is noninvasive and 
it’s very practical, but it overestimates intraarterial pressure during hypoten-
sion and it underestimates it during hypertension. Can you tell us in simple 
terms how your new noninvasive method works?

Dr. Josef Briegel: The basic technical principle is hydraulic coupling. 
The hydraulic coupling allows for a better signal that contains much more 
information than oscillations in an air-filled cuff can do. 

The new device has a semirigid conical shell and contains a sensor pad 
inside connected with a pressure transducer that records the tissue pulse 
waveform of the brachial artery. 

In contrast to the oscillometric blood pressure measurement with an air-
filled cuff, we get an arterial pulse contour waveform with all the important 
characteristics. The maximum amplitude of this tissue pressure waveform is 
about 10 to 15 times higher than the air-damped continuous oscillation. 

Air is commonly used for damping in shock absorbers, let’s say in sports 
shoes, and it’s not an appropriate measurement medium for fast-response 
pressure signals. With a new technology we can also identify the dicrotic 
notch in the pulse waveform and in the future we will show validation 
results of other advanced hemodynamic monitoring parameters obtained 
from analysis with a new pulse contour algorithm. 

Dr. James P. Rathmell: Hydraulic coupling sounds pretty promising. 
Can you walk us through how you tested this new device and how you 
conducted the study? 

Dr. Josef Briegel: When we designed the study, it was important to us to 
test the new technology under challenging real-life clinical conditions that 
is in the operating room on patients undergoing high-risk major surgery 
under general anesthesia with hemodynamic changes. 

We only included patients who received femoral arterial pressure measure-
ment as part of the routine clinical practice. We wanted to record blood 
pressures that were as close as possible to central blood pressures and we 
knew from classical studies that arterial pressure, femoral and brachial, 
corresponded best. 

Dr. James P. Rathmell: So, you took simultaneous measurements of blood 
pressure from a femoral arterial catheter and from the high-fidelity upper 
arm cuff and you did that in 110 patients having major abdominal surgery 
or neurosurgery and you made five sets of measurements on each patient 
for a total of 550 pairs of blood pressure measurements. What did you learn 
about your new device? 

Dr. Josef Briegel: What we saw was that the blood pressure values 
matched the invasively measured values very well over a wide blood pres-
sure range. But above all, and this is important for us, the new technology 
also measures accurately in the hypertensive blood pressure range. 

I emphasize this because oscillometric blood pressure measurement cannot 
do this reliably and that is a risk for the patient. 

Dr. James P. Rathmell: So, the new device appears to be accurate and 
precise—and we’re going to come back to those terms in a minute—even 
when a patient was profoundly hypotensive or hypertensive. Are there any 
limitations to your study or are there limitations to using this device in 
everyday cases in the operating room? 

Dr. Josef Briegel: Any measurement can be disturbed by external factors 
and this happens in daily clinical practice. For example, if the surgeon leans 
on the cuff, the measurement might not be correct. This also applies to the 
oscillometric measurement. 

In this study we also learned how vulnerable an invasive arterial blood 
pressure measurement can be more than I realized before the study. So, we 
found that even under our restrictive study conditions in three academic 
sites, 39% of all invasive recordings were underdamped and 30% were 
overdamped. 

The underdamped ones could be corrected by adaptive (sounds like: futur-
ing) but the overdamped ones had to be excluded from analysis. 

Dr. James P. Rathmell: So, yes, the old surgeon leaning on the cuff. The 
overdamping and underdamping that you saw, how did you recognize that 
they were over[damped] or underdamped? What was your comparator? 
What was the gold standard to say there was too much damping or too 
little? 

Dr. Josef Briegel: Well, we used the algorithm as described by Bernd 
Saugel in the recent review and we analyzed each recording and 
adapted the signals to use it for the comparisons of the blood pressure 
measurements. 

Dr. James P. Rathmell: Okay, perfect. Dr. Saugel, I want to turn to 
your editorial view. For listeners, again, the editorial is titled “Hydraulic 
Coupling: A New Method for Noninvasive Intermittent Blood Pressure 
Monitoring.” You do a terrific job of putting this article in perspective. Can 
you describe the new device and how functions in just a little bit more 
detail for listeners? 

Dr. Bernd Saugel: Yes. Well, first of all, hydraulic coupling is a new 
method for noninvasive and intermittent blood pressure monitoring. As 
already mentioned, the system basically consists of a fluid-filled center pad 
inside of a conical upper arm shell that is additionally read by an inflatable 
air-filled cuff. 

But how does it work? Well, blood pressure changes are transmitted from 
arteries into surrounding tissue. The fluid-filled sensor pad on the inside of 
the shell is positioned above the brachial artery and it detects and transmits 
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changes in tissue pressure. By the way, the fluid in the sensor is silicone 
oil. 

So, compared to conventional oscillometry using air-filled cuffs using 
fluid-filled sensors reduces the system’s compliance and increases the 
signal-to-noise ratio. The shape of the new system is determined by a 
conical upper-arm shell cuff and the system is, therefore, pulled over the 
arm rather than being wrapped around it. 

When the outer surrounding air-filled cup is inflated, the shell is pressed 
around to the upper arm and it couples the fluid-filled sensor pad to the 
tissue above the artery. The changes in tissue pressure pulsations during 
cuff inflation are then transmitted to a fluid-filled sensor pad and there-
after to a pressure transducer, again, via a fluid-filled tubing system. That’s 
why the method is called hydraulic coupling. 

From the tissue pressure pulsations, a tissue pressure waveform is derived 
that is mathematically analyzed to determine systolic and mean arterial 
pressure by an algorithm and diastolic blood pressure is then calculated. 

Dr. James P. Rathmell: So, the study demonstrated that this new method 
is highly accurate and it’s precise. Can you explain the difference between 
accuracy and precision and how they’re measured? 

Dr. Bernd Saugel: That’s an interesting question that is much more 
complex than it seems at first sight. In medical method comparison 
studies, the terms “accuracy” and “precision” are used to describe the 
agreement between measurements with the test method and measure-
ments with the reference method. 

Generally speaking, accuracy describes that systematic measurement error 
and precision describes the random measurement error. In more detail, 
the concept of accuracy and precision refers to the results of Bland-
Altman analysis and Bland-Altman analysis provides: a) the mean of the 
differences between a test and reference methods; and b) the 95% limits 
of agreement of the mean of the differences. 

In theory, the mean of the differences reflects accuracy and the 95% limit 
of agreements of the mean of the differences reflect the precision; how-
ever, I would like to mention a few caveats of the concept of accuracy 
and precision. 

First, let’s imagine that the true blood pressure is 100 mmHg. Now 
imagine a method that overestimates the true value by 50 mmHg in half 
of the measurements and measures 150 mmHg and in the other half of 
the measurements the method underestimates the true blood pressure by 
50 mmHg and measures only 50. 

So, the mean of the differences would be 0 in this case and one could 
assume that the accuracy is very good, but of course it’s not. Therefore 
you need to look at Bland-Altman plot and not only at the numbers but 
in difference, the mean of the differences of Bland-Altman analysis. 

The concept of precision is also complicated and I won’t go too much 
into detail, but the 95% limit of agreements reflect the precision of agree-
ments between the test and the reference method but there are various 
other precision components that contribute to the overall precision of 
the system. 

This includes the so-called precision of method of both the test and the 
reference method. This means that the precision of method is the preci-
sion a method would have when it’s repeatedly measured and not chang-
ing constant true value: a situation that, of course, basically never appears 
in clinical practice where we have rapid changes in hemodynamics. 

In the interest of time, I will stop here and leave it with a statement that 
accuracy and trueness describes the systematic measurement error and 
precision describes the random measurement error and that both accu-
racy and precision can be assessed using Bland-Altman analysis. 

Dr. James P. Rathmell: Well, Dr. Briegel and his group also performed an 
error grid analysis to characterize the clinical importance of measure-
ment differences. Can you just briefly describe the error grid analysis and 
what it revealed about this new device? 

Dr. Bernd Saugel: Yes. As discussed before, innovative new blood pres-
sure monitoring methods are evaluated in method comparison studies 
and in these studies the statistical agreement between the test and the 
reference method is described in terms of accuracy and precision. These 
comparative statistical tests quantify the statistical agreement but these 
tests do not reflect the clinical relevance of blood pressure measurement 
differences. 

So, for example, if a test method indicates a mean arterial pressure of 
70 in a patient with a true pressure of 55, this absolute difference of 50 
mmHg is much more clinically relevant than in a patient with a true 
MAP value of 110 that is indicated as a value of 125 by the test methods. 

So, to account for this we recently proposed to use error grid analysis 
and error grid analysis describes the clinical relevance of blood pressure 
measurement differences and an error grid basically is a scatter plot with 
reference method values on one axis and test method values of the other 
axis and it contains different risk zones. 

Those risk zones depend on the clinical consequence of an arterial pres-
sure measurement difference between the test and the reference method 
and the clinical reference can be assessed by a visual inspection of the 
error grid and by quantitative analysis of absolute and relative numbers of 
blood pressure measurements within the different risk zones. 

Dr. James P. Rathmell: So, they didn’t compare their device to con-
ventional oscillometry, but how do you think the two methods would 
compare? 

Dr. Bernd Saugel: Well, that’s hard to say and it’s more or less specula-
tion, but we know that the measurement performance of conventional 
oscillometry compared to direct arterial catheter-derived measurement 
is worse than generally assumed by most anesthesiologists. Conventional 
oscillometry, as you already mentioned, underestimates high and overes-
timates low blood pressures and thus it may fail to detect intraoperative 
hypotension. 

Nevertheless, it remains unclear whether the hydraulic coupling method 
is superior to conventional oscillometry because a direct comparison to 
conventional oscillometry was not part of the study and this, for sure, is a 
relevant open research question for future studies. 

Dr. James P. Rathmell: Fair enough. So, this new method really seems 
promising. Can you describe any limitations of the study or the actual 
usability of this device in clinical practice from your standpoint? 

Dr. Bernd Saugel: Well, first of all, the authors very transparently 
disclosed that they have invented the method and that they thus have 
financial and intellectual conflict of interest. That is not a problem at all, 
but nevertheless we will need independent valuation studies confirming 
the very promising results of this first clinical study. 

Additionally the study was performed under strictly controlled condi-
tions by dedicated investigators. And despite this, more than a quarter 
of enrolled patients were subsequently excluded due to (inaudible) 
violations and more than a third of the measurements in the remaining 
patients were excluded because they did not fulfill predefined quality 
criteria. 

Excluding artifacts is an (sounds like: unreasonable) approach because 
the study wanted to describe the measurement performance of the new 
method on the optimal conditions but it leaves the question of how well 
the new approach will work on the routine clinical conditions. 

Finally, the authors included five measurements for each patient in their 
analysis because they wanted to have the same number of measurements 
per patient and I’m sure that the pairs were selected very objectively but 
in my personal opinion there was no obvious reason to exclude techni-
cally correct measurements. 

Dr. James P. Rathmell: Dr. Briegel, what comes next for you and your 
research team? Does the new method need further refinement and how 
soon will you see a commercially available device that uses this new 
methodology? 
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Dr. Josef Briegel: How soon? Well, this depends on Philips’ monitoring 
and analytics. They are working hard to ramp up a stable mass production 
but many things got delayed because of COVID-19 and further refine-
ment we have developed and validated measurement of cardiac output 
and fluid responsiveness parameters such as pulse pressure variations and 
stroke volume variation. 

We think to guide the patient well through high-risk procedures we 
anesthetists need easy applicable and reliable information about both 
blood pressure and blood flow and also information about volume status. 
And if we do not have to change the clinical routine, all the better. As far 
as I know, we are about two years away from the first market launch. 

Dr. James P. Rathmell: Terrific. I hope today’s discussion will lead many of 
you listening to read this new article and the editorial that appear in the 
November 2020 issue of Anesthesiology. You can learn more about this 
promising new method for noninvasive measurement of blood pressure. 

Dr. Jon Wanderer from Vanderbilt University and I also created an 
infographic that appears in the same issue titled “Cuff vs Cuff: Does A 
New Blood Pressure Device Measure Up?” We explained conventional 
oscillometry and this new technology and summarize the major findings 
of the study. 

Drs. Briegel and Saugel, thank you very much for joining me today and 
for the terrific explanations. 

Dr. Josef Briegel: Thank you for the opportunity to present our study 
and the new technology. 

Dr. Bernd Saugel: Thank you very much from my side for having me. 

Host: You’ve been listening to the ANESTHESIOLOGY Journal 
podcast, the official peer-reviewed journal of the American Society of 
Anesthesiologists. Check anesthesiology.org for an archive of this podcast 
and other related content. 

http://www.anesthesiology.org/
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