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Transcription

>> Christiane Osypka-Boosfeld:

Hello, | am Christiane Osypka-Boosfeld

Welcome to the first International Webinar on Electrical Cardiometry in Neonates!
We are pleased that the invitation to the webinar has been well received!

| would like to warmly welcome Dr. Stefano Martinelli and Dr. Ottavio Vitelli from
Niguarda Hospital in Milan, who have offered to share their many years of
experience with Electrical Cardiometry.

We are also very pleased that Professor Daniele DeLuca from Antoine-Bécléere
Hospital in Paris has joined the team in Milan, who has been using our devices for
many years.

Furthermore, | would like to warmly welcome Dr. Silvia Martini from the University
and

Sant” Orsola Hospital in Bologna who will present her experiences with EC in very
preterm infants.

Additionally,

Dr. Yasser Nassef, pediatric cardiologist and vice president of the International
Hemodynamic Society and

Dr. Hanan Farouk, Pediatrician, participate in the meeting;

both are medical advisors to Osypka Medical.

Many thanks to our partner in Italy, Fulvio Cais and Andrea Ricciardo from Webbit
in Milan, who have been working with the clinical sites in Italy for many years!

One short Note:
During the webinar you can send questions via Email to the address displayed on
the screen below — which is: cos@osypkamed.com

Thank you. We will then forward your question to the speakers.
And now: Let’s get startet!


mailto:COS@OSYPKAMED.COM
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>> Dr. Markus Osypka:

Thank you, Christiane, for hosting this webinar.
We also want to thank the clinical teams from Italy who will be presenting today, and
of course, all of you for your interest in electrical cardiometry.

Let me show you three short slides to summarize what electrical cardiometry is all
about, before moving on to clinical applications.

Electrical cardiometry is based on the measurement of thoracic bioimpedance using
electrical signals. It is a continuous and completely non-invasive method.

The "Compass" screen, seen here, is part of the latest version of the PC software
called iControl, and allows us to clearly visualize the principles of electrical
cardiometry.

This system allows a series of parameters to be obtained that reflect the three key
components of stroke volume:

1. Preload 2. Contractility 3. Afterload

From these, the stroke index or stroke volume is calculated, and by multiplying it
by the heart rate, we obtain the cardiac output or cardiac index.
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A unique feature of our technology is the ability to measure the thoracic fluid content
(TFC), a relevant indicator in various clinical conditions.

The ICON electrical cardiometer works through a set of four sensors: A, B, C, and
D. The system applies an alternating electrical current to the chest through
electrodes A and D, and measures the resulting voltage between electrodes B and
C. After a filtering and demodulation process, the useful values for hemodynamic
analysis are obtained.

The system displays both the ECG and an electrical thoracic bioimpedance
waveform. For reliable results, it is essential to use the right sensors.

Sensors used for electrical cardiometry (EC) must meet stricter requirements than
conventional ECG electrodes. Since an alternating electrical current pass-through
EC sensor, a specialized conductive gel is required, which is more effective than
that used in traditional ECG electrodes.

The use of a less conductive gel can lead to interference, loss of signal quality
and unreliable clinical results. Since this is an already complex measurement, we
can only ensure optimal performance with the use of sensors designed specifically
for EC.

And of course, your time is valuable.

Let's move on to clinical applications.

>> Professor Daniele De Luca:

Thank you very much for having me. It's a pleasure to be here and share our
experience with electrical cardiometry. As has already been mentioned, we have
been using it at the Antoine Béclére University Hospital in Paris for — | would say
— more than ten years.

We have been using this technology for several years and, personally, | consider it to
be an extraordinary clinical and research tool. It is very useful, but so far it has
been used mainly in Europe, and unfortunately it still does not have the visibility
it deserves at international conferences, despite its accuracy, ease of use and
quick response.

Electrical cardiometry has great potential, especially in units where there is not
enough experience in echocardiography. Despite having a good level of training in
this field, we continue to take advantage of the benefits offered by this
technology.

| am not going to repeat concepts that have already been mentioned, but | want to
emphasize that, from birth, newborns experience a number of crucial physiological
changes, including the redistribution and orientation of red blood cells in the
circulatory system.
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Electrical cardiometry allows the measurement of dynamic hemodynamic
parameters, which other techniques do not offer immediately or continuously. The
most remarkable thing is that it requires practically no prior training, which
facilitates its clinical use in real time.

While there are other techniques that can provide similar information, they are
usually less friendly to the newborn, especially for those in critical conditions or
who require minimal care. In this sense, electrical cardiometry offers a significant
advantage because it is non-invasive, continuous and gentle.

Here you can see a photograph from 2015, published in our protocol. At that time,
we were already using this technology.

The screen you see here is an older, larger version, and as you can see, we already
had an advanced implementation.

The monitors we used back then are relatively old, but | show them to show that we
have really been using this technology for a long time.

Currently, we use the ICON device, which is more compact and easier to use.
Here you can see a clinical case of a patient in which we use the ICON to perform
continuous hemodynamic monitoring, even before confirming the diagnosis of
sepsis. Monitoring showed initial hemodynamic changes, which allowed timely
intervention before resorting to complete or functional echocardiography.

One of the key parameters we evaluate with this technology is the chest fluid (TFC)
content, which reflects the amount of extravascular lung water. It is an extremely
useful parameter, and | will talk a little more about it at the end of my presentation.

Now, before starting to use electrical cardiometry, 10 years ago, we asked ourselves
a fundamental question:

What are normal values?

Obviously, you can't use a new measurement system without first knowing what the
normal ranges are. This has been one of the main limitations when implementing
new methodologies:

the lack of reliable normative data.

Therefore, from a clinical and scientific perspective, we conducted an extensive and
multicenter study to establish reference values for stroke volume and cardiac
output, differentiated by gestational age and by birth weight categories.

Here you can see a sample of the grams of normality that we obtained for different
neonatal groups. These data have been essential to correctly interpret the
measurements and apply them safely in clinical practice.

In our study, the data was obtained from patients without any type of
hemodynamic support, that is, clinically stable patients. Here you can clearly see
the medians, as well as the 25th and 75th percentiles, which allow you to establish
the normal ranges for the measured parameters quite precisely.
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In addition, we performed a Bland-Altman agreement analysis, which appears on
the left in this illustration. The result showed good agreement between cardiac
output measurements by electrical cardiometry and point-of-care functional
echocardiography (POCUS). It should be noted that, although there was some
underestimation of the higher values, in general the correlation was strong.

We also looked at the potential impact of patent ductus arteriosus (PDA) and
high-flow nasal ventilation (NHF). Although effects have been reported in these
contexts in other studies, we did not observe significant differences in our
measurements.

Because we perform a large number of neonatal transports—approximately 1,800
per year—we decided to also evaluate the use of electrical cardiometry in our
mobile neonatal intensive care unit (mobile NICU).

The results were encouraging: We found a good correlation between stroke
volume measured by electrical cardiometry and by portable ultrasound during
transport. Most importantly, the values remained stable before, during and after
the move, confirming the reliability of the method even under dynamic
conditions.

However, there is another group of patients for whom this technology is
particularly valuable: it is not the stable or moderately unstable patient who can
expect a complete echocardiography, but the critically ill patient, who requires
immediate and continuous hemodynamic assessment.

Here you can see an example...

Especially in critically ill patients, such as a newborn who has suffered prenatal
asphyxia, is under therapeutic hypothermia and has severe multi-organ failure,
even with extracorporeal dialysis, or in those who are on ECMO (extracorporeal
membrane oxygenation), electrical cardiometry is of great importance.

Although in these cases we perform multiple echocardiography and point-of-care
ultrasound studies (POCUS), having continuous hemodynamic values allows us
to observe precisely and in real time what is happening in a concordant manner.

This is not possible with other conventional monitoring systems. For example, we
can correlate data such as blood pressure, oxygen saturation, and near-infrared
spectroscopy all together.

Thus, the use of electrical cardiometry is particularly valuable in cases of multi-
organ failure that require inotropic support and advanced life support.

To apply this technology safely, it is essential to know the patient-specific normal
values. For this reason, together with the team from the Hospital di Milano, we have
carried out a bicentric study with the aim of developing a normal nomogram for
parameters such as stroke volume, cardiac output and vascular resistance in
neonates.
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This is extremely important because in clinical situations where drugs such as
epinephrine or norepinephrine are required, especially in neonatal intensive care,
it is crucial to understand the systemic vascular resistance of the patient.

Knowing this parameter helps us to decide if the main problem is low vascular
resistance that requires vasopressors, or if, on the contrary, it is a matter of
decreased cardiac contractility or hypovolemia that requires another type of
management.

As you can see here, we present data using graphs with colored percentiles,
which clearly show the distribution of systemic vascular resistance in neonates. The
results are described by a second-degree quadratic equation, which allows the
values to be adjusted precisely.

The data is shown at the top of the screen grouped by gestational age classes, and
at the bottom by birth weight classes.

This study was carried out with a sample of 10 babies, and it is observed that the
maximum vascular resistance is a little lower in full-term babies. This is explained
because, with the patient's growth, the vascular territory also increases, generating
greater relative vasodilation.

At the same time, cardiac output increases to compensate for this relative decrease
in endurance. These findings are consistent with what is known in animal studies
and confirmed to also apply to human neonates.

In fact, here they can see a strict and quadratic correlation between gestational
age, patient weight, and systemic vascular resistance.

Importantly, all of these studies were conducted in clinically normal infants, in order
to create a solid and reliable basis for clinical interpretation.

The normal values we show correspond to babies without any type of hemodynamic
support or invasive intervention.

In addition, the electrical cardiometry tool also allows us to measure extravascular
water content in the lung, a parameter that has been difficult to assess in the
neonatal intensive care unit.

Although there are multiple devices to measure it in other areas, there is no other
technology that provides this continuous, non-invasive measurement in the
neonatal ICU.

For example, we have used this technology to evaluate important clinical

outcomes. In a study published in The Lancet, we showed that the prone position
is beneficial for improving oxygenation in babies, but, through electrical cardiometry,
we also observed that cardiac output is not altered during the change of position.

In this way, we can better understand lung dynamics and extravascular water
distribution without affecting the patient's hemodynamic function.
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The change of position in the prone is safe from the hemodynamic point of view, as
we have already mentioned.

As for the content of pulmonary extravascular water, a very recent topic that has
just been published in a European journal of pulmonology, it is possible to measure
this parameter in neonates with different conditions.

For example, in the case of babies with transient tachypnea of the newborn
(TTN), who are characterized by having a greater volume of lung water due to
delayed reabsorption of fluid, we can clearly observe differences.

In the graph | show, affected infants are represented in orange and have significantly
higher levels of pulmonary extravascular water compared to healthy controls.

This measurement is very close to clinical practice because, eventually, it allows us
to quantify and distinguish whether a baby with respiratory symptoms has a
TTN or if he or she presents another condition such as respiratory distress
syndrome (RDS), which has important implications for management.

As you can see in the graph, premature babies, born before 37 weeks gestation,
have a much wider range of lung water content (wider black line), reflecting a greater
accumulation of fluid.

Instead, full-term infants show a narrower range due to better lung resorption and
maturity.

As you can see, the pulmonary interstitial is much thinner in full-term babies, so
they accumulate less extravascular water. This is because they generally have
adequate lung maturity.

This is why these babies have a lower risk of developing transient tachypnea of
the newborn (TTN) compared to premature infants, who are more prone to this
condition.

| would like to highlight a very important paper, led by Dr. Neri, which provides a
clear, data-driven definition for distinguishing hyaline membrane disease and TTN.
This classification based on physical and pathological parameters can be of great
help for daily clinical practice.

As | mentioned, while it is true that babies with TTN have a higher extravascular
water content, it is also true that patients with respiratory distress syndrome (RDS)
often require more complex management, including ventilatory support and other
specific treatments.

Therefore, the ability to differentiate these conditions using measurements such as
electrical cardiometry can be very valuable in optimizing treatment.

In terms of extravascular water and lung failure, as you can see in the image on the
left, there is no significant difference between the groups. However, the alveolar
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spaces are much closer together, and this is clearly visible with the use of infrared
oxygenation spectroscopy.

This makes it possible to differentiate between late infants with respiratory distress
and those with higher lung water content measured by electrical cardiometry.

Therefore, these two techniques — electrical cardiometry and infrared
spectroscopy — complement each other very well, helping us to understand
respiratory physiology much better, something that we could previously only intuit
with clinical examination and history.

In short, it is a great technological advance that we must incorporate into clinical
practice to obtain more complete and accurate monitoring.

To conclude, | leave here my email for anyone who wants to ask questions, share
doubts or propose collaborations. | will be happy to respond and participate in the
scientific exchange.

Thank you all for your attention.

>> Christiane Osypka-Boosfeld:

Thank you very much, Professor De Luca, for your very interesting presentation.
Now perhaps there will be some comments from our group.

>> Dr. Yasser Nassef:

Professor De Luca, great talk as usual, really. It's been a while, | didn't listen to your
talk... brief, comprehensive, to the point. Thank you.

| remember our last talk in Paris a couple of years ago, the norms was the first
step we need to know, where are the norms for those premature babies. And |
was going through your paper of the norms which you have collected with Niguarda,
regarding the systemic vascular resistance after 72 hours and then seven days. I'm
really interested to look at the norms of all other hemodynamic parameters.

If these data still exist, this could be used as a guideline for the normal range,
because you have a very big number of babies. | mean, we can use it for scientific
purpose, if you all agree, to have some sort of database for the normal range for all
hemodynamic parameters for the guidelines. | remember in Taiwan, we did a couple
of years ago, only the norms for cardiac index, cardiac output and contractility, three
parameters only. But we used the first 72 hours postnatal. And | would say, if we can
combine even in future studies, multicenter, we can look at the Asian category and
European, for example, maybe would be great as well.
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>> Professor Daniele De Luca:

Well, | can only tell you that you're right. Now, we have at least a reference curve for
cardiac output and for the systemic vascular resistances. To be honest with you,
we're now studying the ICON, the index of contractility, together with mostly the
appropriate measurement at the point-of-care echocardiography.

As far as | can understand, there are no, let's say, longitudinal, | would say—
reference curves, as you said, which would be interesting. But to be honest with you,
we lack such curves even for measurements done with other techniques. And even,
for example, just for blood pressure, the simplest thing, we have very, very
inaccurate ranges. So it's not so easy to follow them longitudinally. But at least we
start to have them.

And rather, | dare to say that now we have even more data with electrical
cardiometry than with any other technique.

The one thing that we could do is obviously continue studying that, which we're
doing. And obviously, the collaboration with the Niguarda Center is very fruitful
because we can mix together patients. | don't know if Ottavio wants to say something
about that, or Stefano, but we will also look in the very first window, the 72 hours.

And the other thing that we could eventually do with you guys, | mean, from the
industry, and it's not going to be very much expensive, we could create a sort of a
small, | would say, like booklet with all the curves, all the reference data. So
people that have the machine, they can also have a sort of atlas with all the data,
just to interpret them very quickly.

That is going to be, | guess, very, very useful for everybody.

>> Dr. Yasser Nassef:
Thank you very much. | really hope...

>> Dr. Ottavio Vitelli:

If | can add something, just a comment. During the study that we performed with
Professor De Luca, we obtained a lot of data from 10 newborns during the first 72
hours, during the transition. So, we will have also normal values of all the data, all
the parameters during the transition, during the first three days of life. And this is
incredible. These are data that nobody has.

>> Dr. Yasser Nassef:

Wonderful. | mean, that was exactly my point. If you can have it as a kind of a
booklet, as Professor De Luca mentioned, for scientific purposes, like for all other
neonatologists, to be like kind of guidelines for this transitional period, which is really
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important. And again, knowing the norms for these normal data would be of great
value for everybody. Thank you.

>> Professor Daniele De Luca:

Thank you!
>> Christiane Osypka-Boosfeld:

Yes, thank you very much for your comments. | would now like to give the floor to
Dr. Vitelli, from the Niguarda Hospital in Milan, to make a presentation, please.
Thank you.

>> Dr. Ottavio Vitelli:

I'm Doktor Vitelli, and I’'m here today with my director, Dr. Stefano Martinelli,
from Niguarda Hospital in Milan.

First of all, we would like to thank Osypka for organizing this excellent meeting and
for giving us the opportunity to be here and share our experience with the ICON
system, which has been extremely positive.

| must say, the ICON has helped us in several critical situations. Today, | will present
two clinical cases that clearly illustrate this, and | believe you will find them quite
interesting.

Septic Shock (see: Gatelli IF et al. Neonatal Septic Shock and Hemodynamic
Monitoring in Preterm Neonates in an NICU: Added Value of Electrical Cardiometry
in Real-Time Tailoring of Management and Therapeutic Strategies. Am J Perinatol.
2022 Oct;39(13):1401-1404.)

The first case involves a newborn with septic shock—our first published case using
the ICON. The patient, Kevin, was born at 30 weeks’ gestational age via cesarean
section due to the onset of labor in the context of prolonged premature rupture of
membranes. The mother received both antibiotic prophylaxis and corticosteroids
before delivery.

On the first day, Kevin was admitted to the NICU. He was placed on dual antibiotic
therapy and received surfactant three hours after birth due to worsening oxygen
requirements. On the second day the clinical picture changed significantly. Despite
ongoing NnCPAP and antibiotics, Kevin developed apneas, reduced urine output, and
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delayed capillary refill. Blood gas analysis showed severe metabolic acidosis and
the blood pressure dropped. He was intubated, and blood cultures were taken.
Antibiotic therapy was escalated, as septic shock from a gram-negative infection was
suspected.

In such cases—when faced with hypotension and hemodynamic instability—it is
crucial to determine whether the primary issue is reduced cardiac output, decreased
systemic vascular resistance, or both. This is where the ICON was instrumental.

By applying electrical cardiometry with the ICON, we found that cardiac output and
contractility were within normal limits, but systemic vascular resistance (SVR) was
very low. This was consistent with the clinical presentation and the patient’s age.

Based on these findings, we started low-dose norepinephrine to increase SVR and
stabilize blood pressure. This intervention improved the patient's hemodynamic
status significantly—SVR increased, blood pressure normalized, and urine output
improved.

However, one hour after starting the new antibiotic therapy, the patient remained
hypotensive with persistently low SVR, although cardiac index remained normal and
contractility had increased. Since the issue was clearly SVR, we did not introduce
additional inotropes but instead increased the norepinephrine dose. This
successfully restored blood pressure.

As Kevin’s clinical condition improved, we gradually tapered the norepinephrine,
guided by both clinical signs and ICON data, until it was fully discontinued.

This case highlights how the ICON helped us rapidly identify the hemodynamic
mechanism behind the shock and avoid unnecessary use of additional inotropes. It
also helped us taper norepinephrine in a safe and controlled manner.

PDA management: pharmacological treatment

Let’'s now move to our second clinical scenario, which focuses on hemodynamic
monitoring during pharmacological closure of a PDA (Patent Ductus Arteriosus).

We present the case of a neonate born at 27+2 weeks gestational age, with a birth
weight of 1000 grams, diagnosed with a hemodynamically significant PDA

measuring 2.2 mm.

We initiated Paracetamol as the first-line pharmacological treatment.



MEDICAL Electrical Cardiometry™ in Neonates July 1, 2025 Page 14 of 28

The ICON before starting therapy indicated a very high cardiac output and a value of
thoracic fluid content (TFC) of 44.

After two days of therapy, both cardiac output and TFC decreased significantly. On
the third day, values remained stable, suggesting no further treatment was needed.

This demonstrates that even without an echocardiographer present, the ICON allows
for effective day-to-day monitoring of treatment effects.

Moreover the reduction in extravascular fluid in the lungs was also confirmed by the
appearance of A-lines on lung ultrasound.

So, continuous ICON monitoring is a practical and reliable tool to assess treatment
response and make data-driven clinical decisions and becomes especially useful in
those NICUs where a cardiologist or someone who can do an echocardiogram is
always present.

PDA management: percutaneous closure (see: Gatelli IF, et al. Electrical
cardiometry in monitoring percutaneous closure of ductus arteriosus in preterm
infants: a case study on five patients. Eur J Pediatr. 2022 Jun;181(6):2319-2328.)

Many of you are familiar with percutaneous PDA closure, which we often perform
due to its lower complication rate compared to open surgery. However, post-ligation
syndrome can occur, making close monitoring essential during and after the
procedure.

Each patient reacts differently. In this specific case (case 1), at the moment of
closure, we observed a slight reduction in cardiac output and contractility, along with
a minor increase in SVR. However, these changes were not clinically significant, and
the patient remained hemodynamically stable.

In another case (case 5) at the moment of closure, we saw a substantial increase in
SVR—doubling and persisting for hours—while cardiac output reduced and
remained low. The patient developed a hypertensive crisis despite the low output,
which might seem counterintuitive but was due to extremely high SVR.

We treated the patient with milrinone, and within three hours, SVR normalized,
contractility improved, and cardiac output increased. The patient then remained
stable.
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In other cases (case 3 and 4), we observed transient increases in SVR post-PDA
closure, which spontaneously returned to baseline within four hours without affecting
cardiac output.

Could persistent high SVR be an early marker of future hemodynamic instability or
ventricular dysfunction?

At this stage, more studies on larger neonatal populations are needed to validate this
hypothesis. But these initial findings highlight the potential predictive value of
electrical cardiometry for early detection of complications.

ICON Use in Hypoplastic Left Heart Syndrome (HLHS) (See: Gatelli IF et al.
Noninvasive Cardiac Output Monitoring in Newborn with Hypoplastic Left Heart
Syndrome. Am J Perinatol. 2020 Sep;37(S 02):S54-S56.)

| know some of you are interested in HLHS. In these patients, traditional
echocardiography cannot measure cardiac output, as there’s no typical output
pattern. But the ICON allows us to measure cardiac output since the measurement is
taken at the level of the descending aorta.

Let me share two cases: William and Giada. William was stable, with normal cardiac
output, and underwent surgery at eight days of life. Giada, on the other hand,
needed high-dose prostaglandins and had very low output—even after an
unsuccessful septostomy.

Thanks to ICON monitoring, we optimized therapy without adding inotropes. We
adjusted fluids, hemodynamic support, ventilatory settings. This led to clinical
improvement: the patient was extubated the day after and later underwent surgery.

In Giada’s case, the ICON was our only tool to monitor real-time hemodynamics.
Without it, we wouldn't have known exactly what was happening.

Thank you very much. I’'m happy to take your questions.

>> Christiane Osypka-Boosfeld

Very well, thank you so much Dr. Vitelli. Are there any comments or questions?
| have one question from the audience that came in via email:
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“Dear colleagues, | would like to ask the following question: Do experts believe that
TFC should be displayed by the ICON monitor normalized by weight? Thank you.”

>> Dr. Ottavio Vitelli

| believe that among all the parameters measured by the ICON, TFC is the one that
still requires further research. So yes, it might be beneficial to index it to weight to
increase accuracy. However, more studies are definitely needed to determine
whether indexing TFC actually improves its clinical utility.

>> Christiane Osypka-Boosfeld

Okay, thank you very much.

>> Dr. Yasser Nassef

| just want to comment on Dr. Vitelli’s talk, first, | would like to thank you so much for
the wonderful presentation and the valuable information.

| agree with you that the TFC, especially for the premature babies and this
transitional period, we always see it high. And | like the idea when you present it as:
it is 44 we’'ll just leave it as 44. We will not say high or low. This is what we really
usually face.

And | agree with you, maybe we need a little bit of re-adjustment for the premature
babies for their norms, what's the norm, as per what Professor De Luca said: what’s
norm for the TFC for that age group or that premature babies. That's number one.

Number two, | agree with you very much about, again, when blood pressure goes
low, we need to know: is it cardiac output or SVR? And for the case you had shared
with us, we discovered that it's the SVR, the vascular tone is going down so you
started Epinephrine.

But I'm interested to ask you about something which we are doing recently. | mean,
we keep tracking the babies more frequently, and we could start to predict that a
drop in blood pressure may happen in the near future, rather than waiting for it to
happen.
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Are you interested in doing that? | mean, will you be interested in more predicting
drop of blood pressure before it happens? And still we can easily, of course, know: is
it cardiac output or vascular resistance, or maybe IV fluid?

>> Dr. Ottavio Vitelli

Yes, absolutely—that’s a great point. | think it's quite feasible. Early prediction would
allow us to understand the underlying dynamics much better and make more
proactive decisions. So yes, I'd be very interested in collaborating on that.

>> Dr. Yasser Nassef

Great. Thank you very much. I'll leave the microphone for whoever has questions.

>> Dr. Hanan Farouk

| have one question about the septic shock. Thank you so much for the lecture. It is
very useful for us. About the prediction for the septic shock, (as Dr. Yasser also
asking for prediction for the hypertension), for the heart rate variability, there is a
limited study about it. Can we ask for more parameter for early detection for the
septic shock? As you know, septic shock is the most serious condition for the new
needs. What is your opinion about it?

>> Dr. Ottavio Vitelli

| believe that’s the future. | know that Osypka is currently developing some very
interesting tools related to heart rate variability, which might give us better insight. |
do think that HRV could help us predict the evolution of septic shock—not just detect
it, but understand its progression.
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>> Dr. Yasser Nassef

| have a couple of related questions that were submitted by the audience .but they
are talking about the same issue, more or less. They are asking about the response
after PDA closure. As per the old guidelines, what we learned in the old times, we
expected that after PDA closure, cardiac output would increase, stroke volume would
increase, and SVR would go down.

But we came to learn later that it depends on the flow. Is it left-to-right flow from
pressure, high pressure, or right-to-left pressure?

Based on your experience, especially with your paper, it's almost like 60—-40%. Three
cases had increased, and two cases had a drop in cardiac output after the closure.
What would you expect the main reason for that is? Is it the pressure variation that
creates the different response, or other factors?

>> Dr. Ottavio Vitelli

No, | think that it's due to the difference in pressure, for sure. | think that it's also
because the contribution of the shunt is—there is no more contribution from the
shunt—so you don't have the left-to-right contribution, and so the cardiac output
decreases.

And | think that it's also, let me say, a shock for the heart to face this increase of
resistance due to the closure of the PDA. Even with surgery, this shock is more
significant, because the surgeon goes on the PDA and pulls the clip, and the PDA is
closed.

Otherwise, in the percutaneous closure, they go inside with the probe and they stay
there, so it's a little bit softer as a closure. So | think that also the heart can get used
to this new hemodynamic condition.

>> Dr. Yasser Nassef

Thank you very much.
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>> Christiane Osypka-Boosfeld:

Let’s move on to the presentation of Dr. Silvia Martini from the Sant’Orsola Hospital
in Bologna, Italy, who will talk about her experience with the use of ICON in very
premature newborns. The audience is with you, Dr. Martini.

>> Dr. Silvia Martini:

Thank you very much for the invitation. To begin, | want to share with you my
experience with ICON. | am an anatomy pathologist and assistant professor at the
University and Hospital of Bologna, Italy.

| started using the ICON with my team in 2017. In particular, we started using it as
part of a research project that was the core of my PhD thesis.

In that project we performed comprehensive hemodynamic follow-up that included
electrical cardiometry, near-infrared spectroscopy, pulse oximetry plethysmography,
and echocardiography to obtain a complete evaluation of the hemodynamics of the
babies during the transitional period, i.e. the first 72 hours of life.

That said, we overall monitored nearly 200 premature babies, with low birth weight
and high hemodynamic instability, but also healthy preterm babies, which allowed us
to identify which hemodynamic patterns are associated with worse outcomes.

| would like to share some results of this research, starting with this article that has
just been published in the European Journal of Pediatrics. In this study, we
evaluated the accuracy of electrical cardiometry compared to
echocardiography in preterm infants less than 1.5 kg or less than 32 weeks'
gestation during the transition period.

And in particular, we performed a Bland-Altman analysis with the calculation of bias
and mean percentage error on the first, second and third day of life. In total, 170
pairs of cardiac output values obtained with electrical cardiometry and
echocardiography were measured in 65 neonates during their first 3 days of life.

As you can see, the average range was between 8.3 on day 2 to 10.6 ml/kg/min on
the third day of life, which is pretty good value. As for the average error rate, whose
values are acceptable if <30%, our values were well below the 30% threshold.
Notably, the mean percentage error was only 7% on the first day of life and 7.5% on
the second day.

Therefore, from these results we can conclude that there was a good general
agreement between both techniques, and that the accuracy of electrical
cardiometry to estimate cardiac output is adequate.

Just to give more information, the echocardiographic measurements were performed
by a single operator. In addition, some variables were considered, for example, the
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hemodynamics, the presence of a significant ductus arteriosus or the administration
of cardiovascular drugs in progress.

Mechanical ventilation may also have an impact on the accuracy of cardiac output
measurement using electrical cardiometry. We observed a significant overestimation
in the presence of a dynamically significant ductus arteriosus (PDA), in particular, the
value was overestimated by almost 17 ml/kg/min. We also noted that dobutamine
treatment was associated with slight but significant overestimation of nearly 12.5
mL/kg/min.

We were surprised to find that when infants were mechanically ventilated, and in
particular when using different mechanical ventilation modalities, no significant effect
on the accuracy of electrical cardiometry was observed. This includes not only
conventional mechanical ventilation, but also high oscillatory frequency ventilation
(HFOV), which we know from the literature could play a role.

The accuracy of electrical cardiometry in these conditions is a controversial topic, as
some studies report good performance, while others, such as Professor De Luca's
previous work, are in line with our findings and showed no significant effect.

| believe that this is an issue that should be addressed in multicentric studies,
because in our center the number of babies ventilated with HFOV included in this
analysis was very small. Therefore, it is necessary to validate these results in future
studies to obtain a definitive answer.

Let’'s now move on to the next points.

These other studies were conducted in collaboration with Professor Martinelli and Dr.
Vitelli. We aimed to assess the prediction of thoracic fluid contents, as well as of
point of care lung ultrasound score, the Brad score.

We sought to predict the need for mechanical ventilation after 24 hours during the
transitional period, and also the development of bronchopulmonary dysplasia (BPD)
at 36 weeks corrected age. We studied 65 infants <34 weeks’ gestation with a
diagnosis of respiratory distress syndrome at two centers: Milan and Bologna.

We found that TFC values, specifically indexed for the infant’s weight, with a value
greater than 40, were associated with good sensitivity and acceptable specificity to
predict the need for mechanical ventilation in the next 24 hours.

For the prediction of bronchopulmonary dysplasia, thoracic fluid content values
indexed for infant weight showed good sensitivity and specificity, especially
values above 41.4, which were associated with an increased risk of developing
BPD.

In addition, we assessed the combined prediction of TFC and LUS towards BPD
development. The combination of both methods significantly improved the predictive
capacity towards bronchopulmonary dysplasia.
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In summary, the combination of LUS assessment and TFC measurement during the
first 72 hours of life was the best strategy for predicting the development of BPD at
36 weeks.

From the same cohort, we also evaluated the impact of patent ductus arteriosus
(PDA) on chest fluid content, again indexed for infants’ weight, and on left
ventricular output, monitored with ICON during the first three days of life.

We found that on days 1, 2, and 3, the presence of a PDA was associated with
significantly higher values of thoracic fluid content and higher values of cardiac
output compared to infants with restrictive or closed ductus arteriosus.

These results remained significant even after adjusting to other variables, including
respiratory support modality, which we knew from previous studies it could have an
impact on the values of chest fluid content.

Just to mention other studies we have conducted using ICON, two of them were
conducted in 2020 and 2024. In these studies, we used ICON to assess trend
differences in specific settings, for example, during episodes of apnea and
bradycardia, and how these affect contractility, cardiac output, and systemic vascular
resistance.

In addition, we used ICON to assess changes in the values provided by electrical
cardiometry related to caffeine administration, which resulted in slight, but significant,
increases in both cardiac output and systemic vascular resistance.

Finally, one of our most recent papers used ICON to identify different hemodynamic
profiles in infants with various prenatal characteristics and abnormalities. In this
context, ICON turned out to be a very, very useful tool because, as you can see from
this graph, we were able to detect different hemodynamic patterns in relation to the
antenatal Doppler status of the infant.

Finally, | would like to briefly talk about our clinical experience with ICON.

After we started to use it in research studies, we also started to employ it to monitor
infants, for example, after PDA ligation, as Ottavio mentioned, or to monitor infants
with hypotension.

ICON is really useful to obtain information on hemodynamic characteristics, such as
cardiovascular performance and vascular resistances. This is valuable data to
decide the best hemodynamic treatment for each specific baby and once started, to
monitor the infants’ response to treatment.

| conclude this presentation focusing on a particular case: baby of 25 weeks
gestation, BW 825 grams, born by emergency cesarean section due to uterine
rupture.

For the first 48 hours of life, the baby remained relatively stable and was on CPAP.
However, at 48 hours he developed metabolic acidosis, apneas, and hypotension
due to the development of a large IVH.
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So, it was decided to intubate the baby and put him on mechanical ventilation,
specifically in SIPPV with volume guarantee. Now, let's take a brief look at
cardiovascular parameters...

This condition was associated with hemodynamic instability. Metabolic acidosis was
detected at that time, and was corrected with bicarbonate.

It is important to correct the metabolic state, as acidosis can significantly affect
cardiac contractility. After correcting it with bicarbonate, a significant improvement in
heart contractility can be observed.

Subsequently, dobutamine support was initiated to enhance cardiac contractility and
because of persistent hypotension.

The graph shows how, despite the increase in contractility, the baby remained
hypotensive because SVR did not increase. That's why we started with dopamine,
initially at a low dose, around 2 micrograms/kg/ minute. Although it seems like a low
dose, the graph shows how this led to SVR increase.

When dopamine dose was further increased to 5 micrograms/kg/minute, SVR
increased even more. However, as you may well know, vasopressors can affect
heart function by increasing afterload. In this case, when SVR increased, contractility
decreased slightly.

Thank you very much for your attention. Here is my email for any questions or
contacts.

>> Christiane Osypka-Boosfeld:

Thank you very much, Dr. Martini, it was a very impressive presentation. Are there
any further comments or questions from the audience?

>> Dr. Yasser Nassef:

Thank you, Dr. Martini, for sharing these very interesting cases. | have a few
questions.

The first is from Dr. Jasmine from Malaysia, she says thank you so much for your
talk, and that of Professor de Luca. She asks: Is there a specific timing to measure
the TFC? And is there a difference in the measurement of TFC before or after the
initiation of the respiratory support? Could you comment on this?

>> Dr. Silvia Martini:

Yes, that was a question we also addressed in our study. We observed that TFC
values decreased as the days of life progressed. Therefore, the values are higher on
the first day and decrease towards the third day. In addition, in infants who required
mechanical ventilation, TFC values were generally higher than in those who did not
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need mechanical support. However, after starting mechanical ventilation, these
values tended to decrease, probably due to the effect of prolonged ventilation and
the improvement in aeration and elimination of lung fluid.

>> Dr. Yasser Nassef:

Right, thank you. one more question from her as well, Dr. Jasmine from Kuala
Lumpur, Malaysia. She says that in her study she found that vaginal delivery is
associated with higher thoracic fluid content compared to cesarean delivery. Have
you noticed anything similar?

>> Dr. Silvia Martini:

In our cohort, most babies were born by cesarean section, so we have not been able
to analyze this variable in detail. It would be interesting to do so, as the mode of
delivery is likely to influence the pulmonary fluid content.

I'd also like to ask if in your study you looked at whether those babies born vaginally
had any particular mechanisms, such as meconium aspiration or birth difficulties,
that might influence monitoring.

It was vaginal delivery compared to C-section, it was having high TFC in vaginal
delivery, but it came back to normal within 3 hours.

Okay, so we actually don’t have this kind of information, because most of our
preterm babies that we analyzed were born by C-section. So in this case, the
majority of them had a C-section, and we didn't analyze this kind of variable.

It could be interesting to check, and | think it would also be nice to know why she
monitored the babies born by vaginal delivery. | would like to ask, were they
asphyxiated babies or with meconium aspiration? What was the reason why she
performed the monitoring in these babies?

>> Dr. Yasser Nassef:

Perfect. As far as | know, she's doing a big observational study. If you want, | can put
them in touch by email so that they can exchange information directly.

In addition, she recommends that more data in this area would be very valuable.
>> Dr. Ottavio Vitelli:

If I may, | want to comment that. |'ve told you that we have a lot of data on infants
during the first three days of life and we could share it to complement that
information.
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Regarding TFC, we have observed a case of a baby born by vaginal delivery and we
heard that TFC was higher compared to babies born by cesarean section. However,
we don't know the exact reason yet, as we are still analyzing that data.

Also, we haven't seen a reduction in TFC in the first three hours of life, probably
because there's a bit of a bias: when we do the measurement, we try to do it as soon
as possible, but if the baby is skin-to-skin with the parents in the delivery room, we
don't put the ICON device in immediately and wait. For this reason, the first
measurement is usually made around 5 or 6 hours of life.

So, we also confirmed that vaginal delivery usually shows a higher TFC compared to
the cesarean section.

>> Dr. Yasser Nassef:

Thank you very much, Ottavio. | think Dr. Jasmine is listening to us now and I'm sure
this isn't the only concern she has. | would like to join your recommendation: we
would love to have a normalized range for TFC, either an index or normal values
specific to premature babies. This is something that many neonatologists are looking
forward to and the public asks a lot as well.

Now, | would like to ask Dr. Martini a question: regarding the overestimation of
cardiac output in the presence of a hemodynamically significant ductus arteriosus
(PDA). Do you think this overestimation is due to the fact that the ICON measures
aortic flow, which may include part of the pulmonary flow, while the transthoracic
echocardiogram measures only the left ventricular contents? Do you think that the
variation in the measurements is due to that factor or for another reason?

>> Dr. Silvia Martini:

That is a plausible hypothesis. Although | have not been able to verify it directly, in
my opinion and based on other previous studies, the overestimation could be due to
interference of the flow through the ductus arteriosus. The ductal position can vary
across babies. This can affect the measurement of cardiac output by ICON, because
the device measures total flow in the LVOT/aorta and may also include ductal flow.
So actually, we don't really know, for example, in that baby we're monitoring,
whether it would impact or not the flow measurement.

>> Dr. Yasser Nassef:
Thank you. Thank you so much.

One more question—we have it here from Dr. Lin from Taiwan. She said that, as you
mentioned, although the guidelines say that with high-frequency ventilation the ICON
should not work, she agrees with you that when there's nothing else to use, she puts
the ICON on, and sometimes it just works. And with other technologies, the data is
correlated.

So, what would you think about that? | mean, | know you tried it only on three
cases—shall we do a bigger study on that?
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>> Dr. Silvia Martini:

Yes, | think this topic is still controversial and current literature has reported mixed
results. It would be of interest to investigate it further to understand if other variables
may affect the accuracy and reliability of ICON during high-frequency ventilation.

In my experience, high-frequency ventilation did not significantly affect the
measurements. However, in clinical practice we notice that signal quality may be
more "artificial" or less reliable in some babies than in others during mechanical
ventilation. Perhaps it could be worth exploring whether there are ways to improve
the signal in these specific cases to optimize the accuracy of ICON during HFOV.

>> Dr. Yasser Nassef:
Thank you very much, Silvia.
>> Christiane Osypka-Boosfeld:

Okay, any other comments or questions from the audience? We received two
questions from Chile.

The first is: Do you prefer to use cardiac output and indexed or non-indexed
systemic vascular resistance (SVR)?

Second question: What are the normal ranges for cardiac output and systemic
vascular resistance (SVR)? And what do they compare to?

>> Dr. Silvia Martini:

In my experience, | tend to use both cardiac output and systemic vascular
resistances indexed to the baby's weight and body surface area (BSA). | believe that
in premature infants these indexed measurements are more reliable and adjusted to
their individual characteristics.

>> Dr. Ottavio Vitelli:

| agree with Silvia, because indexed values are more reliable and more precise and
more tailored on the baby you are monitoring

>> Christiane Osypka-Boosfeld:
Would anyone else like to comment or contribute?
>> Dr. Hanan Farouk:

Question for Prof. De Luca please, about the use of indicators to assess fluid
responsiveness in neonates. You have a paper before with Dr. Boet about the SVV
as a parameter used for fluid responsiveness in neonates.
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Did you use another parameter? Because we have another parameter, which is flow
time corrected. Also, we are using it for detection of fluid responsiveness.

Did you manage to use this parameter also with SVV? As SVV sometimes has
limitations, such as with arrhythmia or non-ventilated neonates. Did you use this
parameter before? It's easy, or is it not?

>> Professor Daniele De Luca:

In critically ill neonates it is not clear in the clinical units which parameter should be

preferred, that's an endless discussion, even in bigger patients like in adults. So you
can use this one, as you said, you can use the other, you can also use some others
that are just measured by functional echocardiography.

| personally, at least for me, during my night shift, | look at all of them and adapt
accordingly. | don't give any actual preference to any of them. | look a little bit at all of
them, just because there is no doubt to prefer one over the other.

However, we must also recognize that if not all data are available, and there is just
electrical cardiometry, | do believe that just using the stroke volume variation with
electrical cardiometry is way better than nothing, and that must be very, very clear.
Because sometimes, outside, you can hear somebody saying, "Well, okay, but you
don't know, it's unclear, it's not accurate enough."

But since “the alternative is nothing”, well, “nothing is much more inaccurate”.
>> Dr. Hanan Farouk:

Thank you so much for the clarification.

>> Dr. Yasser Nassef:

| would like to highlight something | learned years ago from Prof. De Luca:

"Look at the whole picture, don't just stay with a parameter like SVV or TFC or
isolated changes."

| teach this to young colleagues, because looking at all the available data allows you
to better understand the situation and develop your own prediction algorithms.

The alternative to looking at everything is no less complex but not having any
information.

The learning curve is fundamental. Over time, one can anticipate that a baby will
develop certain complications based on observing the parameters of change. Thank
you very much, really.

Thank you so much. | mean, to be honest, | learned this statement from you many
years ago when you said, "Look at the whole picture, look at everything." And this is
what I'm always teaching to my younger colleagues, don'’t just look at SVV only, or
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FTC only, or changes in stroke volume over time. Look at everything. Keep watching
everything, and you will catch something.

And as you said, the alternative is nothing. It's either you look at everything and
learn, and then you can even get your own prediction algorithm, your own learning
curve. You know that this baby is going to have this sooner or later based on
watching the parameters changing.

Thank you so much, really.

>> Professor Daniele De Luca:

You're welcome.

>> Dr. Hanan Farouk:

Thank you.

>> Christiane Osypka-Boosfeld:

Very well, thank you all very much. | think we've reached the end of this webinar. We
greatly appreciate that you have dedicated your time and shared your experience
and knowledge with the audience.

We are very pleased that Electrical Cardiometry (EC) can make a valuable
contribution to optimizing therapy in small patients. Please continue your excellent
work!

We hope to see you again in about three months, in the next webinar that will be
focused on case studies. We invite you to present your own interesting cases;
Please do not hesitate to contact me to coordinate it.

Thank you for joining us and see you soon. Goodbye!
>> Dr. Yasser Nassef:

Ciao, thank you very much.

>> Dr. Ottavio Vitelli:

Grazie.

>> Christiane Osypka-Boosfeld:

Goodbye, take care of yourselves and thank you very much.
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Summary

In the webinar, experts in neonatology and electrical cardiometry discussed the use
of hemodynamic monitoring, especially with the ICON device, to assess parameters
such as cardiac output, systemic vascular resistance, and chest fluid content in
newborns, mainly preterm infants with respiratory distress syndrome.

The importance of using values indexed to weight and body surface area for better
interpretation was highlighted, as well as the combination of different parameters to
improve clinical prediction, for example, in the need for mechanical ventilation or
development of pulmonary dysplasia.

Challenges and limitations, such as the influence of delivery mode, respiratory
support modality, and accuracy in specific situations such as high-frequency
ventilation, were also discussed.

The speakers agreed that there is no single definitive parameter; therefore, it is
essential to evaluate multiple data for optimal diagnosis and management. Finally,
the clinical utility of ICON to monitor the response to pharmacological treatments and
its potential to improve the prognosis of critically ill neonates was highlighted.

The webinar concluded with the invitation to participate in future seminars and to
share clinical cases to continue deepening the topic.



