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Presentation  
 
Currently available 3D modelling and printing techniques allow for creation of patient-

specific models based on 3D medical imaging data. We hypothesized that a low-cost, patient-

specific, cardiac CT-based phantom, created using desktop 3D printing and casting had 

comparable image quality, accuracy and usability as an existing commercially available 

echocardiographic phantom. 

We conducted a blinded comparative study in the simulation laboratory at a single academic 

institution. We recruited ten voluntary cardiac anesthesiologists. Stage one of the study 

consisted of an on-line questionnaire where a set of basic TEE views obtained from the 3D 

printed phantom and commercial phantom were presented to participants who had to identify 

the views and evaluate their fidelity to clinical images on a 1-5 Likert scale. In stage two, 

participants performed an unblinded basic TEE examination on both phantoms.  

The time needed to acquire each basic view was recorded. Overall usability of the phantoms 

was assessed through a questionnaire. The participants could recognize most of the views. 

Fidelity ratings for both phantoms were generally similar. The time required to obtain the 

views was shorter for the 3D printed phantom for which the overall user experience was also 

better. 

The study suggests that a 3D printed TEE phantom is comparable to the commercially 

available one with good usability.  
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2. Introduction  

2.1. Perioperative transesophageal echocardiography  

Transesophageal echocardiography (TEE) has become standard in the intraoperative care of 

cardiac surgical patients. For the past three decades cardiac anesthesiologists have been 

trained to perform comprehensive intraoperative TEE examinations and developed 

certification pathways through the National Board of Echocardiography in the USA1 and the 

European Association of Cardiothoracic Anesthesiologists in Europe2. Training in 

Comprehensive TEE is typically achieved through a fellowship in cardiothoracic 

anesthesiology and the development of an exam portfolio during supervised hands-on 

practice3. The increased availability of TEE equipment and trained anesthesiologists has 

spread its use outside of the cardiac operating room on critically ill, unstable and high-risk 

patients to rule out major cardiac pathologies and optimize hemodynamics. TEE allows 

assessment of cardiac and valvular function, pericardial and pleural effusions with images that 

are significantly higher in quality and reproducibility compared to transthoracic 

echocardiography (TTE) and without interfering with most surgical procedures or 

cardiopulmonary resuscitation. A comprehensive TEE examination includes 28 Standard 

views and multiple measurements to quantify valves and ventricular function. A simplified 

eleven views (basic) TEE examination4 (Fig. 1) has been developed to be used outside the 

cardiac operating room to answer dichotomous questions. It includes eleven standard views 

and minimal set of measurements. The expanded use of TEE has increased the need for 

training especially in basic TEE since its endorsement by the Society of Cardiovascular 

Anesthesiologists4. A further simplification of the TEE exam to 5 views has been proposed 

for the use during resuscitation in the emergency medicine setting5. The introduction of point-

of-care ultrasound in the perioperative scenario as well as the use of ultrasound for blocks and 

line insertion has increased the number of available ultrasound machines which now 

commonly support the use of TEE probes.  
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These factors contribute to the growing demand for TEE training. 

 

Figure 1: Standard 28 TEE and highlighted the 11 basic views. ME: mid-esophageal, TG: T´trans-gastric, UE: 

upper-esophageal, SAX: short axis, LAX: long axis, LV: left ventricle, RV: right ventricle, LA: left Atrium, RA: 

right atrium, AV: aortic valve, PV: pulmonic valve, Pul V: pulmonary vein, AA: ascending aorta, PA: 

Pulmonary artery, Arch: Aortic Arch. 

 

2.2. Transesophageal echocardiography training 

The I-AIM framework defined the four pillars of the practice of clinical ultrasound6: 

• Indication  

• Image Acquisition  
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• Image Interpretation  

• Medical decision making. 

Among all these four essential elements, image acquisition skills remains the stumbling block 

in learning clinical ultrasound. It requires some theoretical elements such as: understanding of 

three-dimensional cardiac anatomy, ultrasound physics, principles of image generation, 

machine settings and image optimization. At the same time, it comprises manual skills such 

as: probe handling and hand-eye coordination.  

Historically, image acquisition has been learnt through hands-on practice on patients. 

This rises however, several safety concerns regarding the invasiveness of TEE and possible 

complications. In awake patients, TEE exam is quite uncomfortable, and its duration should 

be limited but also in anesthetized patients TEE probe manipulation is not hazard-free. In the 

hand of experts, intraoperative TEE carries a 0.2% overall incidence of complications which 

include major bleeding and esophageal perforation which may result in significant morbidity 

and mortality7. Furthermore, during cardiac surgical procedures, the time to perform a 

comprehensive TEE is often limited by the time from skin incision and the initiation of 

cardiopulmonary bypass. This leaves often little spare time for trainees to practice basic views 

acquisition without interfering with standard patients’ care. 

2.3. Transesophageal echocardiography simulation  

TEE training has greatly benefitted from the use of simulation.  

Simulation comprises several different modalities:  

• On-line simulators 

• High fidelity simulators 

• Augmented reality 

• Phantoms 

On-line simulators include modules with progressive degrees of complexity and interactivity, 

from interactive 3D Anatomy modules to full functioning simulators. 
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They have been developed to address the learning needs related to image acquisition and 

anatomical correlation that consist of 3D representation of cardiac anatomy on a set of two-

dimensional images and spatial probe manipulation. 

Interactive 3D Sono-anatomy modules have helped the users to understand the correlation 

between TEE standard views and three-dimensional cardiac anatomy. They consist of 

realistic, high fidelity three-dimensional models of the heart that can be “grabbed” and freely 

rotated in virtual space (Fig. 2). The Ultrasound plane that generates the corresponding TEE 

standard view is displayed in its position and can be seen on the surface of the heart. The 3D 

heart model has been developed based on a real cardiac CT scan and can be sliced along the 

US plane of cut to reveal the details of the internal anatomy and match it with the 

corresponding view. 
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Figure 2: Interactive on-line free 3D Sono-anatomy module. A: Staring page where the user can choose from 20 

standard TEE views. The standard 2D image is played on the right and the 3D heart model with the TEE probe 

and Scanning plan corresponding to the view on the left; B: the 3D heart model can be cut along the TEE 

scanning plane; C: The cut 3D model can be oriented to match the real 2D image and labels can be activated. 

From: www.pie.med.utoronto.ca 

 

The use of these modules for independent unsupervised learning demonstrated to improve 

knowledge of TEE views and cardiac anatomy in novices8and to be an effective adjuvant to 

simulator raining. 9 On-line simulators simulate a TEE exam and the transition between 

views. In the model proposed by the Toronto General Hospital Anesthesia group (Fig. 3) 

navigation through 20 standard TEE views has been simplified to 5 basic probe movements: 

advance, withdraw, rotate right, rotate left and anteflex. In a map-like chart all views can be 

then connected by a different colored arrow which indicates one of the basic 5 above 

mentioned movements. The correct scanning angle is also indicated for each view. This chart 

is the roadmap for a 3D animation of the probe and scanning plane movement between twenty 

standard TEE views therefore simulating a complete TEE exam. The user can select a specific 

view and the simulator would show the movement of the probe from the current to the 
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selected position. The interaction with the simulator does not albeit allow direct probe 

manipulation and change in scanning angle.  

 

 

Figure 3: On line simulator. A: road map to navigate the 20 standard views. The probe movements to move 

between views are simplified to four and change in scanning angle. Each movement corresponds to a colored 

arrow. B: Start page for the TEE simulator. The roadmap is used to move between views. The probe movement 
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is displayed in the 3D Heart model and the corresponding transition image on the top left panel. Once a view is 

reached the 3D model can be further manipulated to display the inside along the TEE scanning plane.  

From: www.pie.med.utoronto.ca 

 

The simulator demonstrated excellent usability and an hour of unsupervised simulator use 

resulted in a significant impact on novices theoretical knowledge of probe manipulation and 

image acquisition. 10  

On-line simulators provide the opportunity for any realistic probe movement and change in 

scanning angle and display a computer-generated representation of the resulting TEE view. 

There are two free on-line simulators (Perioperative Interactive Education and Advanced 

Perioperative Imaging Lab) (Fig 4), both developed by the Toronto General Hospital 

Anesthesia group. They rely on the videogaming engine “Unity” (Unity Technology, San 

Francisco CA, USA) because it allows “rendering on the fly”. The 3D images are not pre-

loaded but are generated “on demand” as the user moves the probe, which allows to spare 

significant amount of computer memory and time to load the 3D datasets to make them 

visible.  

By clicking different buttons, the user has infinite degrees of movement of the probe handle 

and tip as well as the scanning angle. The Scanning plane can be seen on a realistic and 

accurate Ct-based 3D reconstruction of the heart side-by-side with a beating ultrasound 

image. The one form the Advanced perioperative Imaging lab allows to load different heart 

models with pathology and could be potentially used for patient-specific simulation. It uses 

the latest version of Unity software that allows for display in Virtual reality environment.  

To date no studies have been conducted to test the usability and educational impact of these 

simulators. 
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Figure 4: On line Simulators. A: from: www.pie.med .utoronto.ca; B: from: www.apil.ca 

 



 12 

Full-scale high fidelity echocardiography simulators have been introduced into the market in 

the late 2000’sand have become a standard of training specially for TEE. They consist of a 

mannequin representing the patient torso and head with an opening at the mouth where the 

TEE probe can be introduced. The probe is modelled on a real TEE probe and contains the 

same controls: a knob for ante-retro, right-left flexion and two buttons to increase and 

decrease the scanning angle. The Mannequin contains an electromagnetic tracking system that 

detects the probe position and movements in respect to the heart. The probe and the 

mannequin are connected to a computer that merges all this information and generates a 

realistic TEE image together with a beating, real-time, three-dimensional representation of the 

heart, the probe and the scanning plane. The details of heart anatomy along the scanning plane 

are displayed in the same orientation of the TEE image to allow direct anatomical 

correlations. The three-dimensional rendering of the heart serves as an augmented reality tool 

that can be further manipulated to display labels for anatomical details or to perform a virtual 

dissection. The use of TEE simulators has a significant impact on the learning curve to 

acquire standard TEE views11. As a sole mean of training, they demonstrated to be effective 

in teaching Focused TEE views with excellent knowledge retention12. Given their ability to 

track the probe movement in three-dimensional space and their ability to display realistic 

cardiac pathology they can also be used as a testing tool to assess skills. 
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Figure 5: Full-scale commercially available high-fidelity simulators. A: Vimedix™ (CAE, Montreal, QC, 

Canada); B: Hearworks™ (Heartworks, London, UK); C: 3D Systems™ (3D Systems, Rock Hill, SC, USA) 

 

To enhance the learning experience and expand the sensorial modalities some simulators 

allow integration of a virtual reality headset (Fig. 5A)13. The augmented reality displays a 

transparent three-dimensional model of the heart augmented reality as floating above the 

mannequin or makes the mannequin transparent allowing direct dissection along a plane in 

front of to the user’s sight just by getting close to it.  

The main limitations of high-fidelity simulators are their elevated cost, the degree of realistic 

representation of cardiac anatomy and simulated ultrasound images and the lack of a realistic 

user interface (they are all computer-based and do not simulate a specific echocardiographic 

machine). 

Ultrasound phantoms are artefacts made from echogenic material that generate an ultrasound 

image using conventional Ultrasound systems. Any material that has the same ultrasound 

characteristic of soft tissue can be used to build a phantom. These include artificial materials 

such as gelatins, that can be perishable (edible gelatin, agar, or tofu)14 or non-perishable 
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(artificial gel)15. Biological material can also been used such as meat and gelatinous fruit and 

combined to simulate human tissue structure16 and whole animal organs such as pig hearts17. 

Ultrasound phantoms have been mostly used for measurements calibration18 and for task 

training14. 

Ultrasound heart phantoms would be particularly useful in TEE training because they allow 

the user to perform an exam using a standard probe and ultrasound system therefore allowing 

real image optimization and machine interface training. 

Developing an ultrasound heart phantom poses several challenges, due to the extreme 

complexity of its anatomy and the simulation of its physiological movement.  

Two types of TEE phantoms have been described so far: static and dynamic.  

A static heart phantom (Fig. 6) comprises a mannequin with a torso and a head where the 

probe is inserted into the mouth opening and advanced into the esophagus that lies in respect 

to the heart in a correct anatomical relationship. The heart lies on the chest and it is 

surrounded by ribs and air-filled lungs therefore allows for a realistic simulation of 

transthoracic echocardiography. Furthermore, the pericardium is connected to a set of external 

tubing that can be filled to simulate pericardial effusion and perform emergency needle 

pericardiocentesis. Some of the limitation of this phantom include its cost (more than 20,000 

Euro) and the lack of specifications on how the 3D heart model was developed. The heart is 

realistic but was not modelled on a real scanned human heart. The inner part of the phantom is 

made with a proprietary Zerdyne gel.  
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Figure 6: Static commercially available echocardiography phantom (Blue Phantom, CAE, Montreal, Canada) 

Dynamic heart phantoms include the moving representation of single part of the heart 

(Mitral/Aortic valves) or the vascular system (Thoracic Aorta). Up to now  there is no 

currently available moving whole heart model. These phantoms have also been named “pulse 

duplicators” and have been mostly used for in vitro procedural planning19 and dynamic 

measurements validation20 but do not allow at the current state, to train on basic TEE image 

acquisition. 

2.4. 3D Heart Printing  

3D printing technologies have been developed to allow creation of custom parts for many 

different purposes. For a number of years, 3D printers were only available for industrial use, 

they were very bulky and expensive (in the order of >100,000 Euro). In the last few years 

desktop-size low-cost (in the order of few thousand Euro) 3D printers have been introduced to 

the market, allowing the further spread of this technology. 

The use of 3D printing in medicine has found many areas of application, from procedural 

planning, to tissue engineering21. The complexity of cardiac anatomy benefitted from many 

successful applications of 3D printing22,23.  
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In this field 3D printing has been successfully used in a wide variety of applications. It proved 

very effective in planning structural heart interventions24 where 3D printed models have been 

used to better understand the three dimensional anatomy and to create high fidelity custom-

made fluid dynamic models that allowed in vitro simulation of specific procedures25.  

Congenital heart disease has also greatly benefitted from 3D printing for understanding and 

teaching complex anatomy and to train surgeon on realistic flexible models26,27. 

However in adult cardiac surgery, the use of 3D printing is limited to a few case series and 

report in the pre-procedural planning and training for minimally invasive surgery 28,29. 

Finally 3D printing has been reported in basic science research for the generation of cells 

scaffolding to shape cardiac and valve tissues30. This latest application is also known as 

“bioprinting” 31 and has the potential to allow development of biocompatible bespoke cardiac 

valves.  

Desktop 3D printers rely on two different technologies: fused deposition modelling (Fig. 7) 

and stereolithography (Fig. 8).  

 

 

Figure 7: Fused deposition modelling: left is a diagram of the printer head that moves in three planes to depose 

the extruded semiliquid material on a still surface. Right is a real print of a heart using PLA filament.  
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Figure 8: Stereolithography printing. Left is a diagram of the printer’s resin bath with the building plate 

submerged in it. The laser beam is directed in several directions and solidifies a thin resin layer on the 

submerged building plate. Right a completed print still attached to the plate and upside-down. 

 

With fused-deposition modelling, a meltable filament is loaded in a heated printer head where 

it gets melted and extruded at a constant rate and laid in a thin layer on a plate. The plate and 

the printer’s head move independently and allow to design complex geometry with a very 

high precision. The typical and most affordable 3D printer’s filaments are Polylactic Acid 

(PLA) which solidify into a rigid durable plastic. More and more materials have become 

available including some mimicking wood and metal. Softer materials are still unfortunately 

lacking therefore to create soft models we still rely on printing a rigid mold to shape a flexible 

object with a second moldable material (such as silicone or gel). 

Stereolithography technology is based on solidification of liquid resins. The printing process 

also utilizes a printing plate but instead of being used a base for the print, it is submersed in 

the resin and the print is generated upside-down. A laser beam is directed to trigger the 

solidification of the resin and create a thin solid layer. Most resins are quite expensive and 

may require further cure under Ultraviolet light and fixation in Ethylic alcohol. Resins come 

in a limited choice of colors compered to filaments but they typically generate a 3D print that 

appear like transparent semi-opaque glass. Two or three different flexibilities are commonly 



 18 

available. A special solid white resin is also approved for being sterilized and used on the 

surgical field as tools or models.32 

 

2.5. 3D Segmentation 

The first step to 3D printing is 3D segmentation33. Segmentation extracts spatial data on a 

series of layers to generate a 3D object. Segmentation can be performed on anatomical data 

obtained with Cardiac Tomography, Magnetic Resonance Tomography and 3D 

echocardiography. 3D scans are saved as Digital Imaging and Communications in Medicine 

the chest. Segmentation process allows to select one of more tissues and extract their 3D 

shape. For example, one can identify the myocardial tissue to obtain a model of the 

ventricular walls or the blood to obtain a cast of the cardiac chambers. The segmentation 

process can be manually done by tracing on each CT slice the edges of a specific tissue of 

interest or automatically by choosing a specific tissue density to be traced by the software. 

Automatic segmentation is usually effective and successful whenever a specific tissue is well 

differentiated from the surrounding (bone vs. muscles or blood vs myocardial and muscles 

specially when contrast is used). Automatic segmentation is not always precise and may 

requires manual control. Manual segmentation is extremely time consuming, but it is 

necessary when the tissue to be segmented has very similar density from adjacent ones (for 

example valves from myocardium or vessel from surrounding tissues). Segmentation can be 

performed by importing a DICOM dataset into a special segmentation software. There are 

currently a number of segmentation software both free (3D Slicr™, Osyrix lite™) as well as a 

commercially (Mimics™available. Their performance seems to be comparable33. They all 

generate a stereolithography file (.stl) that can be viewed as a three-dimensional object, 

grabbed and rotated in 3D space on a computer screen in a virtual reality environment, further 

manipulated and 3D printed. 
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Automated and semi segmentation with the option of exporting .stl files has been lately 

integrated in commercially available 3D analytical software for the manipulation of 3D TEE 

and CT/MRI data. 

2.6. Development of the study phantom  

The 3D printed phantom was developed on a de-identified cardiac CT dataset obtained from 

an online DICOM repository (OsiriX, Pixmeo SARL, Bernex, Switzerland). The heart was 

segmented using the powerful open-source segmentation tools 3D Slicer  (Brigham and 

Women's Hospital and Slicer Contributors, Boston MA. USA; http://www.slicer.org)34 and 

ITK-SNAP (University of Pennsylvania, Philadelphia, PA, USA; http://www.itksnap.org)26. 

The resulting 3D model was edited and prepared for 3D printing using Meshmixer software™ 

(Autodesk, San Rafael, CA, USA). The 3D heart model was transformed into two shell which 

were printed on a Taz Lulzbot 5 printer™ (Aleph Object, Loveland, CO, USA) using 

plasticized copolyamide thermoplastic elastomer (PCTPE). This filament was chosen due to 

pliability and temperature stability in molten gel. The printed shells of the heart were 

subsequently submerged in liquefied ballistic gel (Clear Ballistics, Greenville, SC, USA). 

Upon gel solidification and cooling, PCTPE was manually removed leaving the two 

echogenic phantom heart that were then joined after air warming of the surfaces (Fig. 9).  
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Figure 9: Steps needed to build the 3D ultrasound heart phantom. A: segmentation from CT; B: 3D modelling; 

C: Print of the casts to be submerged in liquified ballistic gel; D: Final ballistic gel/graphite model. 

 

The phantom heart was placed into a 3D printed holder into the simulator box filled with 

water. The holding box was designed using Meshmixer software™ (Autodesk, San Rafael, 

CA, USA) and printed using PLA Filament. It comprised of a heart holder, a submersion 

chamber with a cover and a scanning funneled channel to mimic the esophagus. The 

submersion chamber was then coated with a layer of silicone to make it watertight. 

Detailed documentation and technical files for reproduction of the phantom are available at: 

https://github.com/tgh-apil/TEE-Phantom 

2.7. Study Rationale  

In our study, we tested the use of freeware software and low-cost desktop 3D printing to 

develop a workflow to produce a patient-specific transesophageal echocardiographic 
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phantom. This would allow production of an echocardiographic phantom from any CT or 

MRI file at low cost that could be used for training and potentially for procedural planning.  

We aimed at evaluating the reliability and usability of the low-cost phantom in comparison to 

a commercially available one. Reliability was defined as the quality of the image generated 

with the phantom. Prerecorded images of basic standard views obtained from both phantoms 

were blindly rated by expert echocardiographers who also had to name the view. Ease of use 

was assessed by asking the study participants to perform a basic standard TEE examination on 

both phantoms using the same commercially available echocardiographic system. We chose 

as objective measures the time needed to complete the examination, whether the participants 

were able or not to obtain each single view. Finally, we asked the participants to rate several 

aspects of their experience using the phantom. 
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3-Dimensional!Printed Transesophageal
Echocardiography Human Heart Phantom

Massimiliano Meineri, MD, FASE*,
1

, Joshua Qua-Hiansen, MScy,
Jacobo Moreno Garijo, MDy,z, Bilal Ansari, MD, FRCPCy,z,

Giulia Maria Ruggeri, MDy, Joerg Ender, MD, PhD*,
Azad Mashari, MD, FRCPCy,z

*Department of Anesthesiology and Intensive Care, Herzzentrum Leipzig, Leipzig, Germany
yDepartment of Anesthesiology and Pain Management, Toronto General Hospital, University Health Network,

Toronto, Ontario, Canada
zDepartment of Anesthesiology and Pain Medicine, University of Toronto, Toronto, Ontario, Canada

Objective: Currently available 3-dimensional (3D) modeling and printing techniques allow for the creation of patient-specific models based on
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using desktop 3D printing and casting, would have comparable image quality, accuracy, and usability to an existing commercially available
echocardiographic phantom.
Design: Blinded comparative study.
Setting: Simulation laboratory at a single academic institution.
Participants: Voluntary cardiac anesthesiologists at a single academic institution.
Interventions: Stage 1 of the study consisted of an online questionnaire in which a set of basic transesophageal echocardiography (TEE) views

obtained from the 3D printed phantom and commercial phantom were presented to participants, who had to identify the views and evaluate their
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exception of a midesophageal 2-chamber view that was observed better on the 3D printed phantom. The time required to obtain the views was
shorter for the 3D printed phantom, although not statistically significant for most views. The overall user experience was better for the 3D phan-
tom for all categories examined (p < 0.05).
Conclusions: The study suggested that a 3D-printed TEE phantom is comparable with the commercially available one with good usability.
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TRANSESOPHAGEAL echocardiography (TEE) has
become a standard of care in cardiac operating rooms.1 This
involves a comprehensive TEE examination, which mandates

training in advanced perioperative TEE, typically achieved
during cardiac anesthesia fellowship training. Basic and
focused TEE examinations comprise a simplified examination,
including a limited number of views to assess a patient’s anat-
omy, pathology, and hemodynamic status and to guide clinical
management.2,3 Simplified TEE examinations have become a
very valuable tool in noncardiac surgery, emergency medicine,
and intensive care settings and has driven the increasing
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demand for TEE training outside of cardiac anesthesia.4-6 The
aim of TEE training is acquisition of knowledge and skills
such as understanding 3-dimensional (3D) cardiac anatomy,
image interpretation, probe manipulation, and image optimiza-
tion.

Simulation-based education has been shown to increase the
task-specific capability of medical trainees similarly, and TEE
training greatly benefits from the use of simulators.7-10 Echo-
cardiography simulators allow for real-time scanning and gen-
erate ultrasound images that can be displayed side by side with
high-fidelity virtual anatomic models.10 Virtual reality also
has been integrated recently to further enhance the learning
experience.11 Practice on TEE simulators significantly short-
ens the learning curve to acquire TEE views, thus limiting the
need for practicing on real patients.12,13

Modern tangible simulators come in the following 2 general
varieties: computer-assisted simulators and physical phantoms.
Computer-assisted simulators consist of mannequins with
sophisticated magnetic tracking systems that detect the posi-
tion of a mock TEE probe. A computer workstation then gen-
erates a simulated, moving slice image based on an artificial
3D animated model of the heart. In the authors’ experience,
these devices are very expensive and have many limitations.
First, they do not integrate the interface of a real echocardiog-
raphy machine and therefore do not allow trainees to familiar-
ize themselves with knob function and image optimization.
Second, the images, although generally accurate in terms of
morphology, are computer generated and are not comparable
with images obtained in a clinical setting. Finally, they offer a
limited number of pathologies that typically must be purchased
in packages for added cost.

Echocardiography phantoms consist of an echogenic
sculpted heart model in a mannequin or a holding device.
They have the advantage of allowing image acquisition using
any clinical ultrasound system, are portable, do not require
power supply, require minimal maintenance, and are very
durable. The use of a real ultrasound system allows trainees to
familiarize themselves with real knobs and user interface. The
image generated depends on the same rules of ultrasound phys-
ics as in real patients. Phantoms can be static or dynamic. Most
dynamic heart phantoms, although customizable to patient-

specific pathology, reproduce only some of the cardiac cham-
bers and not the entire heart.14,15 Currently available whole-
heart phantoms are static models. Most of them reproduce an
artificially sculpted heart model, capturing normal anatomy.
They do not replicate pathologic anatomy and, while they are
significantly less expensive than computer-assisted simulators,
they typically cost in excess of $2,000.

Three-dimensional modeling and printing technologies have
enabled the creation of patient-specific phantoms capable of
being used as task-trainers.16-22 Low-cost 3D printers, espe-
cially when combined with widely available open- source 3D
segmentation and modeling software, have enabled an increas-
ing number of end-users to use this technology for medical
education and procedural training.23,24

The present study aimed to compare the ease of use and
accuracy of a low-cost, patient-specific, cardiac computed
tomography (CT)!based, 3D-printed, echogenic TEE phan-
tom compared with a commercially available echocardiogra-
phy training phantom. The study hypothesis was that such
patient-specific phantoms would have non-inferior image qual-
ity, accuracy, and usability to existing commercially available
phantoms at a fraction of the cost.

Methods

After Institutional Research Ethics Board approval, a
blinded comparative study between a low-cost, 3D-printed,
echogenic cardiac phantom and a commercially available
model (Blue Phantom TEE; CAE, Montreal, QC, Canada) was
conducted. The primary aim of the study was to evaluate and
compare anatomic accuracy and image quality of standard
TEE views on both phantoms.

The secondary aim was to determine the ease of use of the
3D-printed phantom compared with a standard commercial
phantom (Fig 1) by measuring the time taken to obtain each
basic TEE view and collect users’ qualitative feedback.

To develop the 3D-printed phantom, a deidentified cardiac
CT data set was obtained from an online DICOM repository
(OsiriX; Pixmeo SARL, Bernex, Switzerland). The heart was
segmented using the open- source tool ITK SNAP (University
of Pennsylvania, Philadelphia, PA).25 The resulting 3D model

Fig 1. (A) Three-dimensional!printed transesophageal echocardiography phantom. 1, box; 2, funneled probe’s channel; 3, cover of box; 4, heart holder; 5, gel

heart. (B) Commercial transesophageal echocardiography phantom (Blue Phantom TEE; CAE, Montreal, QC, Canada).
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was edited and prepared for 3D printing using Meshmixer soft-
ware (Autodesk, San Rafael, CA). The 3D heart model was
transformed into a shell that was printed on a Lulzbot TAZ 5
printer (Fargo Additive Manufacturing Equipment 3D, Fargo,
ND) using plasticized copolyamide thermoplastic elastomer.
This filament was chosen due to pliability and temperature sta-
bility in molten gel (see later). Printed shells of the heart were
submerged in liquefied ballistic gel (Clear Ballistics, Green-
ville, SC). Upon gel solidification, the plasticized copolyamide
thermoplastic elastomer was removed, leaving an echogenic
phantom heart (see Fig 1, A). The phantom heart was placed
into a 3D printed holder into the simulator box and filled with
water. Detailed documentation and technical files for repro-
duction of the phantom are available at https://github.com/tgh-
apil/TEE-Phantom.

The holding box was designed using Meshmixer software
and printed using Polylactic Acid (PLA) filament. It comprises
a heart holder, a submersion chamber with a cover, and a scan-
ning funneled channel to mimic the esophagus (see Fig 1, A).
The submersion chamber then was coated with a layer of sili-
cone to make it watertight.

Ten cardiac anesthesiologists from the authors’ institution,
with expert knowledge in TEE examinations and certification
in advanced perioperative echocardiography (National Board
of Echocardiography, Raleigh, NC), were recruited for the
study. None of the recruited staff was involved in the develop-
ment of the phantom. The study inclusion criteria required that
the participants were naı̈ve to either phantom type. All signed
a written informed consent.

The study was divided into 2 stages. Stage 1 consisted of
image assessment. A set of basic TEE views was obtained by

the primary investigator (M.M.) on both phantoms using a Sie-
mens ACUSON SC 2200 System and a Z6Ms TEE transducer
(Siemens, Mountain View, CA). The following 7 views were
obtained: midesophageal 4- chamber (4C), midesophageal 2-
chamber (2C), midesophageal bicaval, long-axis (LAX), mide-
sophageal aortic valve short-axis (AV SAX), midesophageal
right ventricular inflow-outflow (RV in-out), and transgastric
short-axis. These were chosen because with the addition of
views from the descending aorta and the aortic arch (not repro-
duced in the phantom), they constitute a basic TEE examina-
tion.2 Each view was saved without any image identifier
pictured (.bmp at 400 ppi) and loaded in random order into an
online questionnaire (Fig 2). After agreeing to be part of the
study, the participants were given access to the questionnaire
via e-mail. They had a maximum of 30 minutes to complete
the survey, and they could not review the questions after
answers were submitted but could decide when to move for-
ward. The questionnaire was to be completed before the sec-
ond, hands-on, part of the study. For each image, participants
were asked the following 2 questions: (1) which TEE view is
being presented, and (2) on a Likert scale of 1 to 5, please indi-
cate the quality of the image being presented with a score of
“5” as “realistic to patient views” and a score of “1” as “not at
all realistic to patient views.”
In stage 2 of the study, participants were asked to perform a

basic TEE examination (with the exception of the views of the
aorta) in the simulation laboratory on the 3D-printed and the
commercial phantom and obtain the following views in the fol-
lowing sequence: 4C, 2C, bicaval, LAX, AV SAX, RV in-out,
and transgastric short-axis. The examinations were performed
using a Siemens ACUSON SC 2200 System and a Z6Ms TEE

Fig 2. Set of images used for the online test. Blue Phantom is the commercially available phantom. 2C, midesophageal 2-chamber view; 4C, midesophageal 4-

chamber view; AV SAX, midesophageal aortic valve short-axis view; bicaval, midesophageal bicaval view; LAX, midesophageal long-axis view; RV in-out, mid-
esophageal right ventricular inflow-outflow view; TG SAX, transgastric short-axis view.
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transducer, and all study participants were familiar with this
equipment. Participants were randomly assigned as to which
simulator/phantom would be used first. Each participant was
given a maximum of 30 minutes per phantom. The time taken
from probe insertion to the first view and between views was
recorded and rounded to the nearest second. Each view, once
obtained, was recorded as a 2-second loop, to be assessed at a
later stage for accuracy.

The phantoms’ overall usability was assessed with a ques-
tionnaire that was completed on paper immediately after the
end of the second TEE examination.

For each phantom, the following questions were asked and
graded on a 1-to-5 Likert scale, for which 1 was the lowest and
5 was the highest score:

1. What was the ease to obtain standard views?
2. How did the probe manipulation compare with a real

patient?
3. How did the image quality compare with a real patient?

For all variables, the median and interquartile range were
calculated. Wilcoxon signed-rank test was used to assess sig-
nificant differences in all variables while not normally distrib-
uted.

Results

All 10 participants completed all parts of the study. For the
online questionnaire, the RV in-out view from the commercial
phantom was excluded because it was considered only par-
tially representative of the clinical view and too difficult to rec-
ognize.

The results of the online test are summarized in Tables 1 and
2. All the views could be identified correctly by more than
two-thirds of the participants, with the exception of the bicaval
and the AV SAX views on the 3D-printed phantom; these
views were recognized by fewer than half the participants. The
global average Likert scale score was between 2 and 3 for the
3D-printed phantom and between 2 and 4 for the commercial
phantom, with no significant differences in the scores for

single views except for the 2C view, which was reported as
being better with the 3D-printed phantom (see Table 2).

During the second part of the study, half the participants
performed the basic TEE examination first on the 3D-printed
phantom and the other half first on the commercial phantom.
All participants could obtain all views. Clips were saved for
post-study review, and all were deemed acceptable by 2 TEE
experts (M.M. and A.M.).

The times to obtain each view are summarized in Table 3
and Fig 3. On average, they were shorter for the 3D-printed
phantom and reached statistical significance for the 4C, 2C,
LAX, and RV in-out views.

Table 1

Correctly Identified Views

3D-Printed Phantom Commercial Phantom

ME RV in-out 90

ME AV SAX 40 70
ME 4C 100 100

ME 2C 100 90

TG SAX 100 80
ME bicaval 30 100

ME LAX 100 80

NOTE. Results are expressed as percentage of correct answers.

Abbreviations: ME 2C, midesophageal 2-chamber view; ME 4C,

midesophageal 4-chamber view; ME AV SAX, midesophageal aortic valve
short-axis view; ME bicaval, midesophageal bicaval view; ME LAX,

midesophageal long-axis view; ME RV in-out, midesophageal inflow-outflow

view; TG SAX, transgastric mid-left ventricular short-axis view.

Table 2

Rating of Each View Proposed Compared With the Same View From a Human

Subject on a Likert Scale*

3D-Printed Phantom Commercial Phantom p

ME AV SAX 2 (1.5) 2 (1) NS

ME 4C 3 (1.5) 2 (1) NS
ME 2C 3 (0.75) 3 (1.5) < 0.05

TG SAX 2 (1) 3 (0.75) NS

ME bicaval 2 (0) 2 (1) NS

ME LAX 3 (0) 4 (1) NS

NOTE. Results are expressed as percentage of correct answers or as median
and interquartile range. Wilcoxon signed-rank test was performed.

Significance was considered for p < 0.05.

Abbreviations: ME 2C, midesophageal 2-chamber view; ME 4C,

midesophageal 4-chamber view; ME AV SAX, midesophageal aortic valve
short-axis view; ME bicaval, midesophageal bicaval view; ME LAX,

midesophageal long-axis view; ME RV in-out, midesophageal inflow-outflow

view; TG SAX, transgastric mid-left ventricular short-axis view.
* 1 = not comparable with the equivalent view obtained on a human subject;

5 = equivalent to the view obtained on a human subject.

Table 3

Time in Seconds Required to Obtain a View From Insertion of the Probe or
From the Last Acquired Image

3D-Printed
Phantom

Commercial
Phantom

p

Insert to ME4C 26.22 (26.22) 42.28 (58.19) NS

ME4C-ME2C 10.72 (11.06) 27.63 (17.49) NS

ME2C-ME LAX 18.31 (14.17) 14.15 (18.26) NS
ME LAX-ME AV

SAX

21.96 (13.72) 28.63 (13.44) NS

ME AV SAX-ME

RV in-out

12.89 (5.89) 54.3 (42.28) < 0.05

ME RV in-

out!ME bicaval

31.6 (21.18) 57.41 (22.79) NS

ME bicaval-TG
SAX

16.53 (9.11) 19.73 (6.46) NS

NOTE. Results expressed as median and interquartile range. Wilcoxon signed-

rank test was performed. Significance was considered for p < 0.05.

Abbreviations: ME 2C, midesophageal 2-chamber view; ME 4C,

midesophageal 4-chamber view; ME AV SAX, midesophageal aortic valve
short-axis view; ME bicaval, midesophageal bicaval view; ME LAX,

midesophageal long-axis view; ME RV in-out, midesophageal inflow-outflow

view; TG SAX, transgastric mid-left ventricular short-axis view.
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The results of the post-study user questionnaire are summa-
rized in Table 4 and Fig 4 and were overall in favor of the 3D-
printed phantom.

Discussion

The fidelity to clinical views obtained with a standard echo-
cardiographic system was rated similarly for the 2 phantoms,
with the exception of 2C views. The users were able to obtain
the same standard TEE views on the experimental phantom
that were obtained on a commercial phantom. A basic TEE
examination could be performed in less time on the 3D-printed
phantom, which received significantly better feedback from
the users for all categories of user experience (p < 0.05). This
suggested that a 3D-printed TEE phantom could be used with
a standard echocardiographic system in basic TEE training.
The difference in time to perform a basic examination,

although not significant for most views, on the 2 phantoms
may be explained by the ease of movement of the TEE probe
in the 3D-printed phantom because it is floating in water com-
pared with the tight silicon esophagus in the commercial phan-
tom. It also could be explained by the ease of obtaining the
views and echogenicity of the phantom. Even though the com-
mercial phantom could simulate pericardial effusion and be

Fig 3. Time in seconds required to obtain a view from insertion of the probe or from the last acquired image. Blue Phantom is the commercially available phantom.
The middle line indicates the median, the box indicates the interquartile range, the columns indicate the mean, and the bard the higher and lower values. The dia-

monds identify outlier values.

Table 4

Usability Questionnaire With Results on a Likert Scale*

3D-Printed

Phantom

Commercial

Phantom

p

Ease of obtaining
views

4 (1) 2 (0) < 0.05

Probe

manipulation

accuracy

4 (1) 3 (1.75) < 0.05

Image quality 3 (1) 1 (0.75) < 0.05

Overall

experience

3 (1) 2 (1.75) < 0.05

NOTE. Results are expressed as median and interquartile range. Wilcoxon
signed-rank test was performed. Significance was considered for p < 0.05.

* 1 is the lowest score, and 5 is the highest score.
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Three-dimensional printing on the more affordable fused
deposition modeling systems is primarily limited by unavail-
ability of printable echogenic materials. This is balanced by
far lower costs and simpler postprocessing, with a much
smaller potential for hazardous exposures than is the case for
more industrial printing systems. Given the lack of an echo-
genic material that allows for direct printing, the authors
needed to look for a moldable material that had echogenic
characteristics similar to that of human heart muscle. Currently
available echocardiographic phantoms use Zerdine (CIRS,
Norfolk, VA), a proprietary water-based polymer that is not
available for purchase.

Common edible gelatin is very affordable and has excellent
echogenicity, which can be modulated with the addition of
graphite powder or other dispersing agents; however, it is per-
ishable and friable. The authors therefore chose ballistic gel
because it melts at a relatively low temperature (90˚ centi-
grade) and can be prepared in a simple crockpot. Once solid, it
has excellent ultrasound characteristics in water, is relatively
stiff, and is very durable. It is available in a range of consisten-
cies and can be supplemented with graphite to modulate echo-
genicity.

The authors’ 3D ultrasound phantom can be fabricated with
a total budget of approximately $150 in materials for printing
filament and ballistic gel. The production requires a variable
time for CT or MRI segmentation (in the authors’ case,
approximately 10 h), approximately 10 hours of printing time,
and another 10 hours of work for casting and assembly. In a
nonprofit, non-industrial environment, a single trained techni-
cian potentially can manufacture up to 4 phantoms per week.
This is to be compared with the cost of a commercial phantom,
which typically costs $3,000 to $25,000 (the current version of
the model used in the present study retails for $25,500). Larger
centers with higher demand of models may engage in small-
scale production to meet their own demands and supply. Small
local companies also may collaborate with healthcare centers
in manufacturing these phantoms.

The present study had a number of limitations. First, it was a
single- institution study on a small convenience subject sample
consisting approximately of all TEE-certified cardiac anes-
thesiologists who were never exposed to the phantoms. The
study participants were potentially biased toward the 3D phan-
tom because it was developed at their institution. All partici-
pants were practicing cardiac anesthesiologists, with advanced
skills and a minimal number of 50 comprehensive TEE exami-
nations per year, which limits the translatability of the usabil-
ity results to less-skilled users and novices. The times to
complete the basic examination were not compared with the
average time taken by each subject on a real patient. In addi-
tion, only a single clinical echocardiography system was tested
and only views included in the basic examination were cov-
ered and as such have not directly verified the generalizability
of these results to other systems and the comprehensive TEE
examination. Finally, there are inherent limitations to using
Likert scales, such as providing non-normally distributed

parametric data; however, their simplicity and ease of use led
to their utilization in this study.
Additional studies should be performed to evaluate the

usability of the phantom by TEE novices and to assess the
effect of phantom training on understanding TEE image inter-
pretation and image acquisition in real patients, especially
when compared with high-fidelity simulators and traditional
supervised hands-on experience. Finally, the reliability of the
3D-printed phantom should be tested for different pathologies.
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Simulation based education has been shown to increase the task-specific capability of medical 

trainees. Transesophageal echocardiography training greatly benefits from the use of 

simulators. They allow real time scanning of a beating heart and generation of ultrasound 

images side by side with anatomically accurate virtual model. These simulators are costly and 

have many limitations. 3D printing technologies have enabled the creation of bespoke 

phantoms capable of being used as task-trainers. This study aims to compare the ease of use 

and accuracy of a low-cost patient-specific, Computer-tomography based, 3D printed, 

echogenic TEE phantom compared to a commercially available echocardiography training 

mannequin.  
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We hypothesized that a low-cost, 3D printed custom-made, cardiac phantom has comparable 

image quality, accuracy and usability as existing commercially available echocardiographic 

phantoms. 

After Institutional Ethic Research Board approval, we recruited ten American Board – 

Certified cardiac anesthesiologists and conducted a blinded comparative study divided into 

two stages. Stage one consisted of image assessment. A set of basic TEE views obtained from 

the 3D printed and commercial phantom were presented to the participants on a computer 

screen in random order. For each image, participants will be asked to identify the view, 

identify the quality of the image on a 1-5 Likert scale compared to the corresponding human 

view and guess with which phantom it was acquired (1 not at all realistic to patients view and 

5 realistic to patients view). Stage two, participants will be asked to use the 3D printed and 

the commercially available phantom to obtain basic TEE views. In a maximum of 30 minutes. 

Each view was recorded and assessed for accuracy by two certified echocardiographers. Time 

needed to acquire each basic view and number of correct views was recorded. Overall 

usability of the phantoms was assessed through a questionnaire. For all continuous variables, 

we will calculate mean, median and standard deviation. We use Wilcoxon Signed-Rank test to 

assess significant differences in the rating of each phantom. 

All ten participants completed all part of the study. All participants could recognize all of the 

standard views. The average Likert scale was 3.2 for the 3D printed and 2.9 for the 

commercial Phantom with no significant difference. The average time to obtain views was  

24.5 and 30 sec for the 3D printed and the commercial phantoms respectively statistically 

significantly in favor of the 3D printed phantom. The qualitative user assessment for ease to 

obtain the views, probe manipulation, image quality and overall experience were in great 

favor of the 3D printed phantom. 
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Our Study suggest that the quality of TEE images obtained on the 3D printed phantom are not 

significantly different from those obtained on the commercial Phantom. The ease of use and 

time required to complete a basic TEE exam were in favor of the 3D Printed phantom. 
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Internationale Veranstaltungen  

30.12.2019 Speaker. Airway Ultrasound, AICT Annual Meeting, Lugano, Switzerland 

02.12.2019 Speaker. Mitraclip Workshop. Toronto TEE Symposium, Toronto, Canada 

02.12.2019 Speaker. Assessment of Valve prostheses.  Toronto TEE Symposium, 
Toronto, Canada 

01.12.2019   Speaker. 3D Anatomy.  3D TEE Course, Toronto, Canada 

01.12.2019   Speaker. 3D Acquisition.  3D TEE Course, Toronto, Canada 

04.12.2019   Speaker. Anticoagulation.  EACTS Meeting Lisbon, Portugal 

23.06.2019   Speaker. 3D QLab Workshop.  EACTA Advanced Echo Course, Gdansk, 
Poland 

23.06.2019   Speaker. Volume Responsiveness.  EACTA Advanced Echo Course, Gdansk, 
Poland 

22.06.2019  Speaker. Volume Responsiveness.  EACTA Basic Echo Course, Gdansk, 
Poland 

18.06.2019   Speaker. Perioperative POCUS Workshop.  Annual Meeting Society of 
Cardiovascular Anesthesiologists, Chicago, IL, United States. 

17.05.2019   Speaker. Lung US Workshop. 2020 Thoracic Anesthesia Meeting Society of 
Cardiovascular Anesthesiologists, Chicago, IL, United States. 

22.02.2019   Speaker. 3D imaging in the perioperative setting. 2019 Annual Meeting The 
Academy of Anesthesiology, Casa Monica Resort & Spa, St. Augustine, 
Florida, United States. 

20.02.2019   Speaker. 3D Hands-on acquisition workshop. 22nd Society of Cardiovascular 
Anesthesia, Echo Week, Atlanta Georgia, United States. 

19.02.2019   Speaker. Functional Tricuspid regurgitation in left sided disease. 22nd Society 
of Cardiovascular Anesthesia, Echo Week, Atlanta Georgia, United States. 

22.02.2019  Speaker. 3D imaging in the perioperative setting. 2020 Annual Meeting The 
Academy of Anesthesiology, .Casa Monica Resort & Spa, St. Augustine, 
Florida, United States. 

20.02.2019  Speaker. 3D Hands-on acquisition workshop. 22nd Society of Cardiovascular 
Anesthesia, Echo Week, Atlanta Georgia, United States. 

19.02.2019 .  Speaker. Functional Tricuspid regurgitation in left sided disease. 22nd Society 
of Cardiovascular Anesthesia, Echo Week, Atlanta Georgia, United States. 

30.08.2018 Visiting Professor. 3D printing in the perioperative setting. Cardiovascular 
anesthesia rounds. Department of Anesthesia, Leipzig Herzzentrum, Leipzig, 
Germany. 

25.06.2018 .  Speaker. Preload and volume responsiveness assessment. European 
Association of Cardio Thoracic Anesthesia-Echo Annual Meeting, Athens, 
Greece 
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24.06.2018  Speaker. Concomitant tricuspid valve repair/replacement during LVAD 
implantation. Contribution of echo in the decision making. European 
Association of Cardio Thoracic Anesthesia-Echo Annual Meeting, Athens, 
Greece 

24.06.2018 .  Speaker. Hemodynamic calculations workshop. European Association of 
Cardio Thoracic Anesthesia-Echo Annual Meeting, Athens, Greece 

23.06.2018  Speaker. Introduction to Hemodynamic calculations. European Association of 
Cardio Thoracic Anesthesia-Echo Annual Meeting, Athens, Greece 

23.06.2018 .  Speaker. Transcatheter Procedures: Role of Echocardiography: Do we need 
Echocardiography in TAVI procedures: Pro. European Association of Cardio 
Thoracic Anesthesia-Echo Annual Meeting, Athens, Greece. 

30.04.2018 .  Speaker. Perioperative Ultrasound, Ultrasound in cardiac arrest. Society of 
Cardiovascular Anesthesiologists, 40th Annual Meeting and workshops, 
Phoenix, Arizona, United States. 

 
28.04.2018   Speaker. Structured networking circles speed-mentoring breakfast. Society of 

Cardiovascular Anesthesiologists, 40th Annual Meeting and workshops, 
Phoenix, Arizona, United States. 

 
28.04.2018   Speaker. Workshop: hands-on TTE. Society of Cardiovascular 

Anesthesiologists, 40th Annual Meeting and workshops, Phoenix, Arizona, 
United States. 

 
27.04.2018   Speaker. Workshop: Thoracic ultrasound diagnosis and management. Society 

of Cardiovascular Anesthesiologists, 7th Thoracic Anesthesia Symposium, 
Phoenix, Arizona, United States. 

 
27.02.2018   Speaker. Tricuspid regurgitation in left heart disease. 21st Society of 

Cardiovascular Anesthesia, Echo Week, Atlanta Georgia, United States. 

26.02.2018 .  Speaker. PBLD: How to treat the moderates: Moderate mitral regurgitation. 
21st Society of Cardiovascular Anesthesia, Echo Week, Atlanta Georgia, 
United States. 

 
26.02.2018   Speaker. Principles of hemodynamic calculations. 21st Society of 

Cardiovascular Anesthesia, Echo Week, Atlanta Georgia, United States. 

03.02.2018  Speaker. Diagnostic and therapeutic impact of TEE in cardiac surgery. 38th 
Myron B. Laver International Postgraduate Course. Annual Conference of the 
Department of Anesthesia at University of Basel. Basel, Switzerland.  

02.02.2018  Speaker. What ultrasound can what cannot and in five years? 38th Myron B. 
Laver InternationalPostgraduate Course. Annual Conference of the Department 
of Anesthesia at University of Basel. Basel, Switzerland.  

01.02.2018 . Visiting Professor. 3D printing in perioperative medicine. Departmental grand 
rounds. Department of Anesthesia, University of Bern, Inselspital, Bern, 
Switzerland. 
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31.01.2018 Visiting Professor. TEE assessment of RV strain. Cardiovascular anesthesia 
rounds. Department of Anesthesia, University of Bern, Inselspital, Bern, 
Switzerland. 

21.11.2017  Speaker. Wetlab 2017: Aortic valve implantation course: A systematic 
approach to intraoperative echocardiographic aortic valve assessment. 
University of Basel, Universitatspital Basel, Basel, Switzerland. 

21.11.2017  Visiting Professor. TEE assessment of RV strain. Cardiovascular anesthesia 
rounds. Department of Anesthesia, University of Basel, Universitatspital Basel, 
Basel Switzerland. 

02.10.2017 .  Speaker. AV: A systematic approach. European Association of Cardio 
Thoracic Anesthesia: Certification TEE Course. Valencia, Spain. 

2017 Sept 30  Speaker. RV Strain in the operating room: ready for prime time? European 
Association of Cardio Thoracic Anesthesia: Advanced TEE Course. Valencia, 
Spain. 

30.09.2017 .  Speaker. 3D Workshop. European Association of Cardio Thoracic 
Anesthesia: Advanced TEE Course. Valencia, Spain. 

23.05.2017  Speaker. PBLD: Moderate tricuspid regurgitation. Society for Cardio 
Vascular Anesthesia: Echo week. Atlanta, Georgia, United States. 

22.05.2017  Speaker. Right side and pulmonary circulation. Society for Cardio Vascular 
Anesthesia: Echo week. Atlanta, Georgia, United States. Presenter(s): Meineri 
M, Joshi R. 

21.05.2017  Speaker. Tricuspid and pulmonic valve: Imaging approach and assessment of 
pathology. Society for Cardio Vascular Anesthesia: echo week. Atlanta, 
Georgia, United States. 

22.05.2017   Speaker. PBLD: Moderate tricuspid regurgitation: fix it or leave it alone. 
Society for Cardio Vascular Anesthesia, Annual Meeting. Orlando, Florida, 
United States. 

22.05.2017   Speaker. Point of care ultrasound workshop. Society for Cardio Vascular 
Anesthesia, Annual Meeting. Orlando, Florida, United States. 

22.04.2017   Speaker. Tranthoracic cardiac ultrasound workshop. Society for Cardio 
Vascular Anesthesia, Annual Meeting. Orlando, Florida, United States. 

21.04.2017 Chair. Lung ultrasound workshop. Society for Cardio Vascular Anesthesia, 
Thoracic Anesthesia Meeting. San Orlando, Florida United States. Presenter(s): 
Meineri M, Steel A, Ross A. 

10.03.2017  Speaker. TEE for mechanical assist devices. Italian Association of Cardio 
Thoracic Anesthesiologists, Bologna, Italy. 

27.05.2016   Speaker. Point-of-care ultrasound in anesthesiology: beyond the lines. 
SMART Meeting Anesthesia Resuscitation Intensive Care. Milan, Milano, 
Italy. 



 53 

27.05.2016 Chair. Hocus pocus: From the initial magic to a diffuse point-of-care 
ultrasound (POCUS) practice in anesthesia and intensive care. SMART 
Meeting Anesthesia Resuscitation Intensive Care. Milan, Milano, Italy. 

25.05.2016 Facilitator. Hands-on session. SMART lung ultrasound fundamentals, signs 
and patterns. Milan, Milano, Italy. 

25.05.2016  Speaker. Ultrasound-aided airway management: tracheal intubation, lung 
separation, evaluation of prandial state, NGT placement. SMART lung 
ultrasound fundamentals, signs and patterns. Milan, Milano, Italy. 

24.05.2016 Presenter. Basic cardiac ultrasound knobology. SMART Winces focused 
cardiac Ultrasound (WBe). Milan, Italy. 

23.05.2016 Facilitator. Tranthoracic echo case interpretation and TTE Simulator. SMART 
Winces focused cardiac Ultrasound (WBe). Milan, Italy. 

23.05.2016  Speaker. FoCUS signs of severe hypovolemia. SMART Winces focused 
cardiac Ultrasound (WBe). Milan, Italy. 

03.05.2016  Speaker. Right Side and Pulmonary Circulation. Society for Cardio Vascular 
Anesthesia: echo week. Atlanta, Georgia, United States. Presenter(s): Meineri 
M, Shillcutt S. 

02.05.2016  Speaker. Tricuspid and pulmonic valve: Imaging approach and assessment of 
pathology. Society for Cardio Vascular Anesthesia: Echo Week. Atlanta, 
Georgia, United States. 

01.05.2016  Speaker. Image optimization. Society for Cardio Vascular Anesthesia: Echo 
Week. Atlanta, Georgia, United States. 

23.04.2016  Speaker. Workshop: Lung US. Clinica Davila: Ecografia para especialistas en 
anestesiólogos medicina de urgencia, cuidados intensivos y perioperatorio. 
Santiago, Región Metropolitana de Santiago, Chile. 

22.04.2016  Speaker. Evaluation of pericardium and tamponade. Clinica Davila: Ecografia 
para especialistas en anestesiólogos medicina de urgencia, cuidados intensivos 
y perioperatorio. Santiago, Región Metropolitana de Santiago, Chile. 

22.04.2016  Speaker. Workshop: Lung US. Clinica Davila: Ecografia para especialistas en 
anestesiólogos medicina de urgencia, cuidados intensivos y perioperatorio. 
Santiago, Región Metropolitana de Santiago, Chile. 

21.04.2016  Speaker. Lung ultrasound and lung pathology. Clinica Davila: Ecografia para 
especialistas en anestesiólogos medicina de urgencia, cuidados intensivos y 
perioperatorio. Santiago, Región Metropolitana de Santiago, Chile. 

21.04.2016  Speaker. Pleural ultrasound and pleural pathology. Clinica Davila: Ecografia 
para especialistas en anestesiólogos medicina de urgencia, cuidados intensivos 
y perioperatorio. Santiago, Región Metropolitana de Santiago, Chile. 

02.04.2016  Speaker. Point of care ultrasound workshop. Society for Cardio Vascular 
Anesthesia, Annual Meeting. San Diego, California, United States. 
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01.04.2016 Chair. Lung ultrasound workshop. Society for Cardio Vascular Anesthesia, 
Thoracic Anesthesia Meeting. San Diego, California, United States. 
Presenter(s): Meineri M, Steel A, Ross A. 

28.10.2015 Course Director. Winfocus basic echocardiography course. Networking 
World Anesthesia Conference, Cleveland Clinic Abu Dhabi. Abu Dhabi, 
United Arab Emirates. First UAE Winfocus Echocardiography Course. 

23.03.2015 Chair. First Hands-on Preoperative Echocardiography Course. Azienda 
Ospedaliera Sant Maria Nuova Reggio Emilia. Reggio Emilia, Reggio Emilia, 
Italy.  

02.05.2015 Facilitator. Echocardiography workshop. Networking World Anesthesia 
Conference. Vancouver, British Columbia, Canada. 

01.05.2015  Speaker. Is there any way to prevent excessive bleeding? Networking World 
Anesthesia Conference. Vancouver, British Columbia, Canada. 

201.05.2015  Speaker. Local anesthesia and sedation is the way to go for TAVI. 
Networking World Anesthesia Conference. Vancouver, British Columbia, 
Canada. 

10.04.2015  Speaker. Lung ultrasound workshop. Society for Cardio Vascular Anesthesia, 
Thoracic Anesthesia Meeting. Washington, District of Columbia, United 
States. 

 
28.03.2015  Speaker. Extended application of ultrasound in anesthesia. Western 

Anaesthesia Society. Galway, Galway, Ireland. 
 
27.03.2015  Speaker. Basic echocardiography workshop. Western Anaesthesia Society. 

Galway, Galway, Ireland.  

25.03.2015 Visiting Professor. TEE for ECMO. Universita’ di Milano Bicocca, Ospedale 
san Gerardo di Monza. Monza, Monza e Brianza, Italy. 

07.09.2014  Speaker. TEE for HOCM. Indian Association of Cardiothoracic Anesthetists. 
Bangalore, Karnataka, India. 

07.09.2014 Facilitator. Heart dissection workshop. Indian Association of Cardiothoracic 
Anesthetists. Bangalore, Karnataka, India. 

01.05.2014 Facilitator. Lung isolation workshop. Networking. World Anesthesia 
Conference. Vienna, Austria. 

30.04.2014  Speaker. The role of TEE in thoracic surgery. Networking World Anesthesia 
Conference. Vienna, Wien, Austria. 

29.04.2014 Chair. Point of care ultrasound course. Department of Anesthesia University 
of Padova. Padova, Italy.  

 
28.04.2014  Speaker. Introduction to TEE. Department of Anesthesia. University of 

Padova. Padova, Italy. 

29.03.2014  Speaker. Lung ultrasound workshop. Society for Cardio Vascular Anesthesia, 
Thoracic Anesthesia Meeting. New Orleans, Louisiana, United States. 
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14.09.2013 Visiting Professor. Point of care ultrasound in the perioperative setting. 
Hospital-wide rounds. Kuwait Cancer Care Centre. Kuwait City, Kuwait.  

04.09.2013  Speaker. TEE simulation workshop. Indian Association of Cardiothoracic 
Anesthetists. Bangalore, Karnataka, India. 

03.09.2013  Speaker. TEE for transcatheter Aortic valve Implantation. Indian Association 
of Cardiothoracic Anesthetists. Bangalore, Karnataka, India. 

06.04.2013  Speaker. Lung ultrasound workshop. Society for Cardio Vascular Anesthesia, 
Thoracic Anesthesia Meeting. Miami, Florida, United States. 

09.03.2013  Speaker. The role of the anesthesiologist in imaging for TAVI. American 
College of Cardiology Annual Meeting. San Francisco, California, United 
States. 

05.03.2013  Speaker. Growing pains and beyond: lessons learnt from TAVI’s. South 
African Society of Anesthesia, Annual Meeting. Port Elizabeth, South Africa. 

04.03.2013  Speaker. An introduction to point-of-care ultrasound. South African Society 
of Anesthesia, Annual Meeting. Port Elizabeth, South Africa. 

24.02.2013 Visiting Professor. Point of care ultrasound, practical demonstration and 
didactic talks. FOCUS TTE, Lung, Abdominal, Vascular Ultrasound. 
University of Stellenbosch, Tygerberg Hospital. Cape Town, South Africa.  

22.04.2012   Speaker. Lung ultrasound workshop. Society for Cardio Vascular Anesthesia, 
Thoracic Anesthesia Meeting. Boston, Massachusetts, United States. 

22.04.2012  Speaker. BPLD: Thoracothomy in the opioid tolerant patient. Society for 
Cardio Vascular Anesthesia, Thoracic Anesthesia Meeting. Boston, 
Massachusetts, United States. 

18.09.2011 Visiting Professor. Thoracic epidurals. Kuwait Cancer Care center. 
Department of Anesthesia, Round. Kuwait City, Kuwait. 

18.09.2011 Visiting Professor. FOCUS TTE hands-on course. Kuwait Cancer Care center. 
Department of Anesthesia. Kuwait City, Kuwait.  

16.09.2011  Speaker. TEE for endovascular procedures: assessment of results. 
Intraoperative transesophageal echocardiography advanced course. Italian 
Society of Anesthesia, Analgesia and Intensive Care, Cardiovascular and 
Thoracic Anesthesia Session. Bergamo, Italy. 

16.09.2011  Speaker. Real time 3D TEE: Introduction to the technology. Intraoperative 
Transesophageal Echocardiography Advanced Course, Italian Society of 
Anesthesia, Analgesia and Intensive Care, Cardiovascular and Thoracic 
Anesthesia Session. Bergamo, Italy.  

16.09.2011  Speaker. Real time 3D TEE: Mitral valve and left ventricle. Intraoperative 
Transesophageal Echocardiography Advanced Course. Italian Society of 
Anesthesia, Analgesia and Intensive Care, Cardiovascular and Thoracic 
Anesthesia Session. Bergamo, Italy.  

16.09.2011  Speaker. Real time 3D TEE: Aortic valve. Intraoperative Transesophageal 
Echocardiography Advanced Course. Italian Society of Anesthesia, Analgesia 
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and Intensive Care, Cardiovascular and Thoracic Anesthesia Session. 
Bergamo, Italy.  

11.09.2011 Visiting Professor. Ultrasound guided central venous access. Kuwait Cancer 
Care center. Department of Anesthesia, Round. Kuwait City, Kuwait. 

11.09.2011 Visiting Professor. FOCUS TTE hands-on course. Kuwait Cancer Care center. 
Department of Anesthesia. Kuwait City, Kuwait.  

17.05.2011 Visiting Professor. FOCUS TTE in the ICU. Kuwait Cancer Care Center. 
Department of Anesthesia, hands-on workshop. Kuwait City, Kuwait.  

16.05.2011 Visiting Professor. FOCUS TTE in the perioperative setting. Kuwait Cancer 
Care center. Department of Anesthesia, Grand Round. Kuwait City, Kuwait. 

15.05.2011 Visiting Professor. Ultrasound guided vascular access. Kuwait Cancer Care 
center. Department of Anesthesia, Round. Kuwait City, Kuwait. 

10.05.2011 Visiting Professor. FOCUS transthoracic echocardiography in the 
perioperative setting. FOCUS TTE workshop. Department of Anesthesia, 
Universita’ di Padova, Departmental Rounds. Azienda Ospedaliera di Padova, 
Padova, Italy. 

11.10.2010 Visiting Professor. Integrate 3D TEE into your practice. Residents lunch and 
learn. Anesthesia for percutaneous cardiac interventions. Department of 
Anesthesia, Washington University, Combined Grand Rounds. Saint Louis, 
Missouri, United States.  

19.08.2010 Visiting Professor. Clinical application of 3D TEE. Department of Anesthesia, 
Zhengzhou University, Grand Rounds. Zhengzhou, China. 

16.08.2010 Visiting Professor. Anesthesia for transcatheter aortic valve implantation. 
Department of Anesthesia, Chengdu University, Departmental Rounds. 
Chengdu, China. 

12.08.2010 Visiting Professor. Imaging in Anesthesia. Clinical application of 3D TEE. 
Chinese Society of Anesthesia National Meeting. Chengdu, China. 

09.08.2010 Visiting Professor. Introduction to 3D TEE. Department of Anesthesia, First 
Peking University Hospital, Departmental Rounds. Beijing, China. 

26.05.2010 Visiting Professor. 3D TEE a significant advance in intraoperative clinical 
management. Department of Anesthesia, Universita’ di Padova, Departmental 
Rounds. Azienda ospedaliera di Padova, Padova, Italy. 

25.05.2010  Visiting Professor. Lung Transplant Program at Toronto General Hospital. 
Universita’ di Brescia, Grand Rounds. Ospedali riuniti di Bergamo, Bergamo, 
Italy.  

24.05.2010 Visiting Professor. TEE for Lung transplant Surgery. Universita’ degli Studi 
di Milano, Transplant Rounds. Policlinico di Milano, Milano, Italy. 

10.06.2009 Visiting Professor. T-C AVI, TGH experience. Grand Rounds, Department of 
Anesthesia University of Granada. Granada, Spain. 

15.04.2008 Visiting Professor. Perioperative management of T-C AV implantation. Santa 
Croce Hospital, Division of Cardiovascular Surgery. Cuneo, Italy. 



 57 

07.04.2008 Visiting Professor. Perioperative management of T-C AV implantation. 
Mauriziano Umberto I Hospital, Division of Cardiovascular Surgery. Torino, 
Italy. 

20.12.2007 Visiting Professor. Future of AVR: T-C AVR, TGH experience. Niguarda Ca’ 
Granda Hospital Division of Cardiovascular Surgery. Milano, Italy. 

11.06.2007 Visiting Professor. Update on Fast track cardiac Anesthesia. Department of 
Anesthesia University of Torino Residents Rounds. Torino, Italy. 

27.09.2006 Visiting Professor. TEE practical intraoperative demonstration and didactic 
talks. TEE, Basic Views, TEE Advanced Cases. University of Stellenbosch, 
Tygerberg Hospital. Cape Town, South Africa.  

Kanada 
 
01.11.2018  Speaker. Perioperative POCUS. Canadian Critical Care Forum.. Toronto, 

Ontario, Canada.  

11.08.2018 Course Director. Third Canadian Winfocus Echocardiography Course. 
Winfocus: Basic Echocardiography Course. Department of Anesthesia & 
Interdivision of Critical Care, University of Toronto, Toronto, Ontario, 
Canada. 

15.06.2018 Course Director. Third Canadian perioperative point-of-care ultrasound 
course. Canadian Anesthesiologists’ Society Meeting. Montreal, Quebec, 
Canada. 

25.06.2017  Speaker. Point of care ultrasound. Acute Critical Event Simulation. Critical 
Care fellows Point of Care Ultrasound Course. Royal College of Physician and 
Surgeons’ of Canada, Toronto, Ontario, Canada. 

25.06.2017  Speaker. Point of care ultrasound. Canadian Anesthesiologists’ Society 
Meeting. Niagara Falls, Ontario, Canada. 

23.06.2017 Course Director. Second Canadian perioperative point-of-care ultrasound 
course. Canadian Anesthesiologists’ Society Meeting. Niagara Falls, Ontario, 
Canada. 

07.05.2017  Speaker. RV function. Third Canadian Winfocus Echocardiography Course. 
Winfocus: Basic Echocardiography Course. Department of Anesthesia & 
Interdivision of Critical Care, University of Toronto, Toronto, Ontario, 
Canada. 

 
06.05.2017 Course Director. Third Canadian Winfocus Echocardiography Course. 

Winfocus: Basic Echocardiography Course. Department of Anesthesia & 
Interdivision of Critical Care, University of Toronto, Toronto, Ontario, 
Canada. 

 
06.05.2017 Course Co-Director. Third Canadian Winfocus: Basic Echocardiography 

Course. Department of Anesthesia & Interdivision of Critical Care, University 
of Toronto, Toronto, Ontario, Canada. 
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06.05.2017  Speaker. Lung US. Third Canadian Winfocus: Basic Echocardiography 
Course. Department of Anesthesia & Interdivision of Critical Care, University 
of Toronto, Toronto, Ontario, Canada. 

 
02.11.2016  Speaker. Sonic highways: The dark side of the moon. Canadian Critical Care 

Forum. Pre-Symposium Course. Toronto, Ontario, Canada.  
 
02.11.2016  Speaker. Sonic highways: Let’s get it started: Critical care ultrasound: Goals 

Limitations and training.  Canadian Critical Care Forum. Pre-Symposium 
Course. Toronto, Ontario, Canada.  

 
29.10.2016 Course Director. Point-of-care ultrasound in acute care medicine - Basic and 

advanced applications workshop. Canadian Critical Care Forum. Pre-
Symposium Course. Toronto, Ontario, Canada.  

 
27.06.2016  Speaker. Point of care ultrasound. Where are we going and how do we get 

there? Canadian Anesthesiologists’ Society Meeting. Vancouver, British 
Columbia, Canada.  

 
24.06.2016 Course Director. First Canadian perioperative point-of-care ultrasound course 

Canadian Anesthesiologists’ Society Meeting. Vancouver, British Columbia, 
Canada.  

 
14.05.2016  Speaker. Lung ultrasound workshop. McGill University Department of 

Anesthesia: Annual Update. Montreal, Quebec, Canada. 
 
07.05.2016  Speaker. Cardiac tamponade. Second Canadian Winfocus Echocardiography 

Course. Winfocus: Basic Echocardiography Course. Department of Anesthesia 
& Interdivision of Critical Care, University of Toronto, Toronto, Ontario, 
Canada.  

 
07.05.2016   Speaker. Lung US. Second Canadian Winfocus Echocardiography Course. 

Winfocus: Basic Echocardiography Course. Department of Anesthesia & 
Interdivision of Critical Care, University of Toronto, Toronto, Ontario, Canada.  

 
07.05.2016 Course Director. Second Canadian Winfocus Echocardiography Course. 

Winfocus: Basic Echocardiography Course. Department of Anesthesia & 
Interdivision of Critical Care, University of Toronto, Toronto, Ontario, Canada.  

 
07.05.2016 Course Co-Director. Second Canadian Winfocus Echocardiography Course. 

Winfocus: Basic Echocardiography Course. Department of Anesthesia & 
Interdivision of Critical Care, University of Toronto, Toronto, Ontario, Canada.  

 
25.10.2015  Speaker. Introduction to TEE. Canadian Critical Care Forum. Toronto, 

Ontario, Canada. 

24.10.2015  Speaker. Focused TTE: Get the views. Canadian Critical Care Forum. 
Toronto, Ontario, Canada. 
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24.10.2015  Speaker. Focused cardiac ultrasound for pericardial effusion (and principles 
of tamponade physiology) Basic assessment of fluid responsiveness. Canadian 
Critical Care Forum. Toronto, Ontario, Canada. 

24.10.2015 Course Director. First Canadian Point of Care Ultrasound Symposium in 
Critical Care. Point-of-care ultrasound in acute care medicine - basic and 
advanced applications workshop. Canadian Critical Care Forum. Toronto, 
Ontario, Canada.  

21.06.2015  Speaker. Choosing wisely Canada: How to do better with less. Transthoracic 
echocardiography in asymptomatic patients. Canadian Anesthesiologist 
Society. Ottawa, Ontario, Canada. 

21.06.2015 Chair. Introduction to pulmonary ultrasound. Canadian Anesthesiologist 
Society. Ottawa, Ontario, Canada. Presenter(s): Meineri M, Van Rensburg A, 
Moreno J, Mashari A. 

18.04.2015 Course Co-Director. First Canadian Winfocus Echocardiography Course. 
Winfocus: Basic Echocardiography Course. Department of Anesthesia & 
Interdivision of Critical Care, University of Toronto, Toronto, Ontario, 
Canada.   

 
16.06.2014 Chair. Bedside PICC line insertion workshop. Canadian Anesthesiologists’ 

Society. Saint John’s, Newfoundland and Labrador, Canada. 

15.06.2014 Facilitator. FOCUS cardiac ultrasound workshop. Canadian 
Anesthesiologists’ Society. Saint John’s, Newfoundland and Labrador, Canada. 

16.05.2014  Speaker. Point of care ultrasound in the assessment of RV function. Society 
of Critical Care Anesthesiologists Annual Meeting. Montreal, Quebec, Canada. 

11.05.2014  Speaker. Point of care ultrasound diagnosis of chest pain. Critical Care 
Ultrasound Institute. Montreal, Quebec, Canada. 

10.05.2014 Facilitator. Point of care echocardiography workshops. Critical Care 
Ultrasound Institute. Montreal, Quebec, Canada. 

24.06.2013 Facilitator. Thoracic anesthesia workshop. Canadian Anesthesiologists’ 
Society. Alberta, Canada. 

22.06.2013  Chair. Bedside PICC line insertion workshop. Canadian Anesthesiologists’ 
Society. Alberta, Canada. 

26.05.2013  Speaker. TEE for mechanical circulatory support. Critical Care Ultrasound 
Institute. Montreal, Quebec, Canada. 

25.05.2013 Facilitator. Transthoracic echocardiography workshop. Critical Care 
Ultrasound Institute. Montreal, Quebec, Canada. 

25.05.2013  Speaker. Basic Transthoracic Echocardiography views. Critical Care 
Ultrasound Institute. Montreal, Quebec, Canada. 

16.06.2012 Chair. PICC Line insertion workshop. Canadian Anesthesiologists Society. 
Quebec City, Quebec, Canada. 
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16.06.2012  Facilitator. FOCUS TTE workshop. Canadian Anesthesiologists Society. 
Quebec City, Quebec, Canada. 

28.06.2011   Speaker. Surgical airway: Enhancing your skills of cricothiroidotomy from 
mannequin to hybrid pig trachea - high fidelity patient simulator to human 
cadavers. Canadian Anesthesiologists’ Society Annual Meeting. Toronto, 
Ontario, Canada. 

27.06.2011   Speaker. Interesting TEE cases. Canadian Anesthesiologists’ Society Annual 
Meeting. Toronto, Ontario, Canada. 

09.06.2011  Visiting Professor. 3D TEE for TAVi and HOCM. Department of Anesthesia, 
Universite’ de Montreal, Institut de Cardiologie de Montreal, combined Grand 
Rounds. Montreal, Quebec, Canada.  

28.06.2010   Speaker. Integrating 3D TEE into your practice: Ventricular assessment by 
3D. Canadian Anesthesiologists’ Society Annual Meeting. Montreal, Quebec, 
Canada. 

 
26.06.2009  Speaker. TEE: New technologies: Real-time 3D TEE. Canadian 

Anesthesiologists’ Society Annual Meeting. Vancouver, British Columbia, 
Canada. 
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