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Aims Increased complexity in cardiac surgery over the last decades necessitates more precise preoperative planning to minim-
ize operating time, to limit the risk of complications during surgery and to aim for the best possible patient outcome.
Novel, more realistic, and more immersive techniques, such as three-dimensional (3D) virtual reality (VR) could poten-
tially contribute to the preoperative planning phase. This study shows our initial experience on the implementation of
immersive VR technology as a complementary research-based imaging tool for preoperative planning in cardiothoracic
surgery. In addition, essentials to set up and implement a VR platform are described.

...................................................................................................................................................................................................
Methods Six patients who underwent cardiac surgery at the Erasmus Medical Center, Rotterdam, The Netherlands, between

March 2020 and August 2020, were included, based on request by the surgeon and availability of computed tomog-
raphy images. After 3D VR rendering and 3D segmentation of specific structures, the reconstruction was analysed
via a head mount display. All participating surgeons (n = 5) filled out a questionnaire to evaluate the use of VR as
preoperative planning tool for surgery.

...................................................................................................................................................................................................
Conclusion Our study demonstrates that immersive 3D VR visualization of anatomy might be beneficial as a supplementary

preoperative planning tool for cardiothoracic surgery, and further research on this topic may be considered to im-
plement this innovative tool in daily clinical practice.

...................................................................................................................................................................................................
Keywords Virtual reality • Preoperative planning • Cardiothoracic surgery • Minimally invasive cardiac

surgery • Innovation
...........................................................................................................................................................

Lay summary Over the past decades, surgery on the heart and vessels is becoming more and more complex, necessitating more
precise and accurate preoperative planning. Nowadays, operative planning is feasible on flat, two-dimensional com-
puter screens, however, requiring a lot of spatial and three-dimensional (3D) thinking of the surgeon. Since immer-
sive 3D virtual reality (VR) is an upcoming imaging technique with promising results in other fields of surgery, we
aimed in this study to explore the additional value of this technique in heart surgery. Our surgeons planned six dif-
ferent heart operations by visualizing computed tomography scans with a dedicated VR headset, enabling them to
visualize the patient’s anatomy in an immersive and 3D environment. The outcomes of this preliminary study are
positive, with a much more reality-like simulation for the surgeon. In such, VR could potentially be beneficial as a
preoperative planning tool for complex heart surgery.
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Introduction

Over time, the field of cardiothoracic surgery has gradually evolved
into the development of better and more advanced surgical strat-
egies, leading to improved patient outcomes and has enabled sur-
geons to perform more complex surgery. Also, the introduction of
minimally invasive cardiac surgical techniques has increased the possi-
bility to adopt less invasive strategies to perform cardiac surgery,
while reducing the postoperative recovery time, improving peri-
operative outcomes and the quality of life after cardiac surgery.1,2

Besides changes in the surgical approach, progress in the develop-
ment of novel technology has resulted in the clinical implementation
of innovative imaging techniques to enhance preoperative planning
for both complex and minimally invasive cardiac surgery (MICS).
Preoperative awareness of (ab)normal anatomy is essential in both
minimally invasive and complex (e.g. redo operations) surgery, since
direct assessment and visual analysis of anatomical structures is not
always possible. Even though conventional imaging strategies such as
computed tomography (CT) and echocardiography are essential
tools for preoperative patient selection and (peri)operative planning,
recent articles on various novel supplementary (imaging) modalities
[e.g. three-dimensional (3D) CT, 3D printing] have demonstrated to
aid cardiothoracic surgeons in both preoperative surgical planning
and intraoperative guidance for minimally invasive and complex car-
diovascular interventions and surgery.3–5

In this regard, recent technological advances in extended reality
(XR) [e.g. virtual and augmented reality (AR)] have enabled the appli-
cation of more state-of-the-art XR equipment to render 3D volu-
metric, CT- or ultrasound-derived images of anatomy to support
patient selection, preoperative procedural planning, and intraopera-
tive guidance.6–8 By using head mounted displays (HMD’s), dedicated
medical software, and powerful computers, the user is able to review
images and environments in a totally virtual reality (VR). On the other
hand, in AR, the user is able to project virtual 3D images onto the
real world.

Over the last years, the technology of XR-guided visualization of
medical images is gradually gaining more attention in a broad number
of surgical and medical specialties, including neurosurgery, paediatric
surgery, and urology.9–11 These techniques come with the added ad-
vantage that they enable the user to engage with the anatomy of the
patient in a fully immersive and reality-like way. However, in conven-
tional CT-guided planning, the surgeons need to create a mental 3D
reconstruction of the images, which could provide inaccurate infor-
mation. Consequently, XR potentially augments the understanding of
spatial anatomical relationships and therefore contributes to a better
optimization of surgical strategy.

Even though the broad implementation of VR in cardiothoracic
surgery is actively being explored,6,12,13 literature is scarce on the
feasibility, efficacy, and application of VR in minimally invasive and
complex cardiac surgery. This preliminary study demonstrates the
results of our initial experience on the implementation of an immer-
sive 3D VR technology as a supplementary research-based imaging
tool for preoperative planning of complex adult and minimally inva-
sive cardiothoracic surgery. The performance of preoperative VR-
based surgical planning depends mainly on the development and
maintenance of a dedicated ‘3D-VR surgery team’. Therefore, based
on our experience, we will also highlight and discuss the necessary

and essential elements of such a team and setup to provide directions
for clinical implementation.

Methods

Patient selection
A total of six patients that underwent (complex) MICS or complex con-
ventional cardiac surgery at the Erasmus Medical Center, between March
2020 and August 2020 were included. Patients were included when a re-
construction of CT images in VR was requested by the surgeon for pre-
operative planning. The patients were selected by surgeons based on the
complexity of surgery (e.g. due to expected challenges with surgical ac-
cess, cannulation strategy, etc.). Patients were eligible for inclusion when
conventional CT scans were available. The study passed the local medical
ethical committee (MEC-2020-0702). Written informed consent was
obtained from all participants undergoing surgery before inclusion.

Computed tomography
To create volumetric 3D VR rendering of the CT scans, preoperative
scans were essential. Besides a maximum of 1000 CT images, there was
no specific technical requirement for the CT scan, however, appropriate
quality for conventional two-dimensional (2D) review was necessary.
Three patients underwent preoperative electrocardiography-gated multi-
detector and contrast-enhanced CT scans of the thorax. Two patients
underwent a (contrast-enhanced) CT scan of the thorax and abdomen
(including peripheral arteries) and one patient underwent contrast-
enhanced CT of the thorax. CT scans were made according to local
protocol. When necessary, CT scans were acquired from referring hospi-
tals and loaded into our patient archiving and communication system
(PACS). Initially, all surgeons reviewed the scans of the patients by con-
ventionally viewing the 2D CT scans. After that, a 3D VR reconstruction
was requested by the surgeon.

3D image segmentation
Overall, 3D image segmentation was not essential for surgical planning due
to the standard features or our VR equipment. In particular cases, 3D seg-
mentation was performed to highlight anatomic structures (in colour) with-
in the VR environment. For 3D segmentation, the digital imaging and
communications in medicine (DICOM) files of CT scans were extracted
from the PACS and, after anonymization, loaded into ITK-SNAP14 software
by a surgical resident physician. 3D segmentations of specific structures
were manually generated (based on ITK-SNAP tutorials) and exported as a
NIfTI (Neuroimaging informatics Technology Initiative (nii.gz.)) file
(Figure 1). The segmentation of a structure took about 5 min, depending on
the number and accuracy of segmentations. Afterwards, the segmentation
was checked by the surgeon who reviewed the VR reconstruction.

Immersive 3D virtual reality rendering,

preoperative planning, and intraoperative

guidance
Anonymized DICOM files, together with 3D segmentation files, were
loaded into our CardioVR surgical planning tool. CardioVR was devel-
oped in collaboration with MedicalVR (Amsterdam, The Netherlands).
CardioVR software enables immediate automatic CT to 3D VR render-
ing and also provides the user additional editing tools to view the conven-
tional 2D-CT scan images, change visual scan settings (e.g. opacity),
highlight structures by brushing (colouring) and erasing parts of the scan,
and add/remove/highlight the colour of additional 3D segmentations. All
scans can be accurately reviewed with an HMD (Oculus Rift S, Oculus

Immersive 3D virtual reality planning of cardiac surgery 63
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VR, Irvine, CA, USA) and controllers while 3D projections of the VR
view are provided on a computer screen (Figure 1, Supplementary mater-
ial online, Video S1). After initial assessment of the scans by a resident, the
surgeon reviewed the scans in immersive VR. The surgeon analysed the
VR reconstruction one day before or on the same day of the procedure
(when the procedure was planned in the afternoon). During review of
the CT scan by the surgeon, a recording of the analysis was performed
and saved to provide (optional) visualization and display of the recordings
during surgery, on a monitor (Figure 1).

Questionnaire design and data analysis
All first operators reviewed the CT scans (first in 2D-CT and then in im-
mersive 3D-VR) of their patients individually. After surgery, a question-
naire (Supplementary material online, S1) was filled out by all participants
(five surgeons) to evaluate user-friendliness, ease of learning, and attitude
towards future use regarding VR as a supplementary preoperative plan-
ning tool.

Results

Patients and preoperative planning
A total of six patients with various indications for cardiac surgery
were included as a case series to study and present the feasibility of
reviewing CT scans in 3D VR for preoperative cardiac surgery

planning (Table 1). All patients underwent successful cardiac surgery.
No intraoperative complications occurred. Four out of six patients
underwent MICS consisting of minimally invasive direct coronary ar-
tery bypass (MIDCAB) (n = 2), tricuspid valve repair (n = 1), and to-
tally thoracoscopic ablation (n = 1). The remaining two cases were
complex redo operations: left thoracotomy to remove a left ven-
tricular assist device (LVAD) (n = 1) and redo aortic surgery through
median sternotomy (n = 1) (Table 1). Three-dimensional VR render-
ing of all CT scans was performed successfully for preoperative surgi-
cal planning. All CT scans were rendered, post-processed,
segmented in our VR workstations (if needed) and analysed by the
surgeon within 15 min for each case. Immersive 3D review of all scans
was performed either on Day 1 before surgery or on the day of sur-
gery. In Table 2, a list of performed operations is presented including
the specific surgeon’s requests and motivation for preoperative
evaluation in VR. Next, a summary of all operations and highlights on
the execution of preoperative VR review is provided.

MICS: thoracoscopic ablation and left
atrial appendage exclusion
A patient with paroxysmal atrial fibrillation underwent a fully thora-
coscopic ablation and left atrial appendage (LAA) exclusion.

Figure 1 Three-dimensional immersive virtual reality workflow. After evaluation of the computed tomography (CT) scan in two-dimensional (2D),
the digital imaging and communications in medicine (DICOM) files of the CT scan are exported from the patient archiving and communication system
(PACS) and used for 3D segmentation in dedicated software. Hereafter, the DICOM files are rendered together with optional segmentation files into
a virtual reality workstation. The virtual reality (VR) images can be evaluated in immersive 3D VR, on a computer screen, and on a monitor in the oper-
ating room.

64 A.H. Sadeghi et al.
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..Segmentation of the left atrium and pulmonary vein ostia, the coron-
ary arteries, and pulmonary artery in the VR environment was per-
formed. Hereafter, the LAA base was measured in VR, which aided
the surgeon with choosing a suitable clip size preoperatively
(Figure 2A). The base was measured 28 mm (from different angles) in
the VR environment and was measured roughly 30 mm during sur-
gery, after which the surgeon decided to use the smallest Atriclip
(Atricure, Mason, OH, USA) of 35 mm available (Figure 3A).
Compared to conventional CT scans, LAA base sizing was performed
more easily due to instant and reality-like 3D evaluation. In addition,
the software enables to reduce opacity, which aids the surgeon to
evaluate the LAA better as a 3D structure. The pulmonary veins on
both sides were simulated via the same thoracoscopic view to deter-
mine the approach for the pulmonary vein isolation. Furthermore,
the close spatial anatomy between the intended clip location and the
left coronary artery was visualized, which increased the awareness of
this close relationship to the surgeon.

MICS: redo tricuspid valve repair
A 56-year-old patient was referred to our hospital for a redo tricus-
pid valve repair due to severe isolated tricuspid valve regurgitation,
after total arterial [in situ left (LIMA) and in situ right (RIMA) internal
mammary artery arteries] coronary artery revascularization 4 years
earlier. The CT scan (thorax and peripheral arteries) of this patient
was reviewed in VR preoperatively to choose cannulation strategy
and optimal surgical entry location for a utility incision (Figures 2B and
3B and C). The course of the RIMA along the superior caval vein
(SVC) was visualized by a post-processing brushing technique in VR.
Given the close proximity of the RIMA and the SVC, safe snaring of
the SVC could not be performed due to the risk of damaging the
RIMA. Consequently, a double venous cannulation strategy through
right internal jugular vein and right common femoral vein was

performed (Figure 3D and E). This strategy was also chosen for a max-
imal venous drainage during the operation. Intraoperatively, with a
modified cardiopulmonary bypass strategy (reduced venous drainage,
reduced flow, and associated moderate hypothermia) a balance was
found between preventing air entrapment (in the heart lung machine
cannulas) and obscuring of the surgical field. The VR preoperative
planning provided significant insights in anatomy and chosen strategy.

MICS: MIDCAB
Two patients were preoperatively planned for MIDCAB surgery with
VR. We have recently published on this topic and the added value for
preoperative planning.6 The course of the left anterior descending
(LAD) coronary artery on the heart and the LIMA on the thoracic
cavity wall were visualized in VR. Specifically, in one of the cases, this
was important due to possible intramyocardial LAD course on cor-
onary angiography. In addition, the location for the LIMA to LAD
anastomosis was selected in VR, with the coronary angiography in
mind. By combining the aforementioned information, the most opti-
mal thoracoscopic entry points to harvest LIMA and the small thora-
cotomy incision location for bypass grafting were determined. Due
to better preoperative planning in VR, the operation plan was modi-
fied and thoracoscopic port placement locations were changed
according to the insights provided by VR-guided planning.

Redo ascending aorta and partial aortic
arch replacement
A patient with a history of a Bentall procedure and aortic arch re-
placement after Stanford type A dissection was accepted for ascend-
ing aorta and partial aortic arch replacement due to aneurysm
formation and degeneration of the arch prosthesis. Preoperative VR-
guided planning for this reoperation showed the associated anatomy
between the ascending aorta, aortic arch aneurysm, and the sternum

....................................................................................................................................................................................................................

Table 1 Patient characteristics

Surgery Diagnosis Sex Age Previous

cardiac surgery

Surgical

approach

Cannulation

strategy

Preoperative

contrast-enhanced

CT scan

MICS: Thoracoscopic

ablation and LAA

occlusion for AF

Paroxysmal atrial

fibrillation

Female 71 No MICS N/A Yes

MICS: MIDCAB 1 vessel coronary artery

disease

Male 18 No MICS N/A Yes

MICS: MIDCAB 1 vessel coronary artery

disease

Male 45 No MICS N/A Yes

MICS: Tricuspid valve

repair MICS

Severe tricuspid valve

regurgitation

Male 56 Yes MICS Right femoral artery

and vein þ right

jugular vein

Yes

Ascending aorta and

partial arch

replacement

Aortic aneurysm

formation

Female 78 Yes Sternotomy Ascending aorta, right

atrium

Yes

LVAD (Heartmate 3)

extraction

Non compaction

cardiomyopathy

Male 27 Yes Thoracotomy Femoral No

AF, atrial fibrillation; CT, computed tomography; LAA, left atrial appendage; LAD, left anterior descending artery; LVAD, left ventricular assist device; MICS, minimally invasive
cardiac surgery; MIDCAB, minimally invasive direct coronary artery bypass. N/A, not applicable

Immersive 3D virtual reality planning of cardiac surgery 65
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..and exact localization of the arch branches. The 3D VR reconstruc-
tion visualized the most optimal location for distal anastomosis, con-
sidering the diameter of the aorta and the branching of the carotid
and left subclavian artery (Figure 2C).

Heartmate 3 extraction
In 2016, a 24-year-old male patient with dilated cardiomyopathy
associated with a non-compaction cardiomyopathy and MYH7 gene
mutation underwent LVAD [Heartmate 3TM (Abott, North Chicago,
IL, USA)] implantation and a concomitant aortic valve replacement
intended as a bridge to heart transplantation. In 2020, however, the
patient could be weaned from his LVAD and explantation of the as-
sist device was planned and prepared for in VR. After 3D segmenta-
tion of the Heartmate 3, lungs, and thoracic ribcage, VR rendering of
the CT scan enabled immediate selection of the best suitable (6th)
intercostal space for thoracotomy and subsequent removal of the
LVAD (Figures 2D and 3F and G).

Evaluation of virtual reality guided
cardiac surgery planning
To determine the rating of the users (cardiothoracic surgeons) on

the user interface, the hardware, and other VR experiences, ques-

tionnaires were filled out by all participants. All surgeons evaluated in-

dividually the user-friendliness, usefulness and efficiency, and attitude

towards (future) use by rating a set of 15 questions on a Likert-scale

(Figure 4, Supplementary material online, S1). Besides the five sub

questions on each topic, the general user-friendliness, usefulness and

efficiency, and attitude towards (future) use was rated through the

questionnaire (Supplementary material online, S1, yellow marking).

The participants rated the aforementioned three topics with an aver-

age of 4, 4.4, and 4, respectively. Due to small numbers of study par-

ticipants, no statistical analysis was carried out.

Discussion

In this preliminary study, we present our results and early experience
on the implementation of an immersive VR platform for preoperative
planning of adult cardiac surgery. This platform enables immersive
3D assessment of CT scans in a VR environment. In addition, the user
is able to add segmentations of specific anatomic structures, which
could potentially ease the visual analysis of CT scans for surgical plan-
ning. In this article, we present VR-guided preoperative planning of
six patients undergoing cardiac surgery through either conventional
(median sternotomy and thoracotomy) or minimally invasive surgical
access. Overall, cardiothoracic surgeons were predominantly inter-
ested in determining the ideal location for surgical access and to re-
view spatial anatomical orientation of structures in 3D VR.
Incidentally, for redo operations, some surgeons requested VR ren-
dering of CT scans to determine the ideal cannulation strategy for

....................................................................................................................................................................................................................

Table 2 List of surgeon’s specific preoperative questions and motivation for preoperative 3D immersive VR review of
CT scans

Operation Surgeon’s specific questions

MIDCAB #1 • ideal location for surgical port placement
• ideal location for anastomosis site
• ideal location for utility incision (thoracotomy site)

MIDCAB #2 • ideal location for surgical port placement
• ideal location for anastomosis site
• ideal location for utility incision (thoracotomy site)
• intramural LAD after coronary stent?

Tricuspid valve repair • surgical access (ideal intercostal space for mini-thoracotomy)
• cannulation strategy
• RIMA course

Aortic surgery • distance between aorta and right ventricle with sternum
• aneurysm morphology
• aortic arch anatomy visualization
• arch vessel offspring

LVAD extraction • surgical access (optimal intercostal space)

Thoracoscopic ablation and left atrial appendage occlusion • clip sizing
• LAA spatial relation with LM and Cx coronary artery
• spatial relationship of pulmonary artery and pulmonary veins

Cx, circumflex; LAA, left atrial appendage; LAD, left anterior descending; LM, left main; LVAD, left ventricular assist device; MIDCAB, minimally invasive direct coronary artery
bypass; RIMA, right internal mammary artery.

66 A.H. Sadeghi et al.
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cardiopulmonary bypass and the distance between important struc-
tures (e.g. ascending aorta, right ventricle) and sternum. In one of the
MIDCAB cases, the surgeon was specifically interested in VR recon-
structions to establish whether the LAD coronary artery had an

intramural course. Also in the MIDCAB cases, the initial surgical plan
was modified to ensure adequate locations for utility port incisions.
This underlines the need for such immersive technologies that enable
in-depth, 3D, and spatial evaluation of anatomy. Additionally, it shows
that the currently described method may be useful for complex surgi-
cal situations, especially for MICS.

The application of conventional 3D CT imaging has already dem-
onstrated its added value in cardiothoracic surgical planning in differ-
ent settings.4,15 However, a drawback of this method is that the
assessment of these 3D reconstructions needs to be done on a 2D
screen, which could partly eliminate the feeling of in-depth percep-
tion as well as the immersive involvement for the surgeon. In add-
ition, manual 3D segmentation for 3D rendering of CT scans can be
time consuming and might require assistance from radiologists or
imaging technicians. Other novel technologies, such as 3D printing,
have proven their effect on determination of surgical strategy,16 how-
ever, being time consuming (requires segmentation and printing),
often costly, and consequently not always a cost-effective solution.17

Additionally, a solid 3D printed model is static and does not allow for
dynamic modulation of anatomic structures possibly preventing a
good view inside the model.

Over the past years, there has been a growing interest in the applica-
tion of mixed reality technology (such as VR, AR, and mixed reality) for
surgical planning in the field of cardiovascular surgery.6,18–20 Previously
surgeons needed to convert 2D CT images mentally into 3D images in
order to create a proper anatomical understanding and surgical plan-
ning. The VR platform presented in this study allowed for fast (<15
min) 3D visualization of CT scans. This resulted in higher usefulness and
efficiency in the context of preoperative planning. Moreover, the results
showed that the participants rated the hardware and software of the
VR platform as an easy-to-use tool for reviewing CT scans.

So far, several groups have reported on the utilization of various XR
modalities to create patient-specific 3D models of cardiac pathology
for diagnostic and interventional application.7,8,20 However, most
articles do not elaborate on the necessities and requirements to imple-
ment such an XR platform in clinical practice. In our experience, the
performance and clinical implementation of a VR platform mainly
depends on the availability of some essential elements such as: (i) the
initiation and maintenance of a dedicated and multidisciplinary 3D-sur-
gery team (consisting of at least a surgeon, a technician, a software en-
gineer or information technology specialist, and when available a
(cardiovascular) radiologist), (ii) a VR platform (e.g. VR headset or VR
rooms), (iii) powerful computers with high performance graphic cards,
(iv) an interface between the PACS and the electronic patient record
system that enables fast extraction of DICOM files, and finally (v) 3D
image segmentation software. In our centre, we have a dedicated 3D-
VR surgery team that works with a VR software platform (MedicalVR,
Amsterdam, The Netherlands) that enables fast conversion of DICOM
files into 3D VR. We use an Oculus Rift S (Oculus VR, Irvine, CA, USA)
VR headset together with a high-performance laptop and graphic card
to visualize VR content effectively. Even though the essential hardware
elements have an initial cost (approximately e4.000–e6.000), after pur-
chasing the necessary components, the rendering and reconstruction
of CT scans have (apart from manual labour) relatively low costs, de-
pending on the software platforms that will be used.

Figure 2 Screenshots of 3D virtual reality rendered images. (A)
Planning of thoracoscopic ablation and left atrial appendage exclusion.
Screenshots represent the anatomical orientation and relationship of
coronary arteries (pink), pulmonary artery (purple), and left atrial ap-
pendage together with pulmonary veins (red). In addition, measure-
ment of the base of left atrial appendage is depicted (right panel). (B)
VR planning for redo tricuspid valve repair. Both left (LIMA) and right
(RIMA) internal mammary arteries are marked red. 4th (dotted or-
ange line) and 5th rib (orange line), right atrium (plus sign), and dia-
phragm level (yellow dotted line) is depicted to define surgical entry
site. The relation between superior vena cava (blue) and RIMA (red)
can be seen clearly in left and right panel. ICS, intercostal space. (C)
Redo aortic surgery planning in virtual reality (VR) including measure-
ments of the distance between sternum and aneurysm (left panel).
Offspring of aortic arch vessels is depicted in the right panel. (D) Left
ventricular assist device (green) extraction planning in VR. The 6th
intercostal space (yellow), lungs (blue), and diaphragm are marked as
a landmark for determining surgical access through thoracotomy.
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..Our study demonstrates that immersive 3D VR visualization of anat-
omy is a potentially beneficial supplementary tool providing a real-life for-
mat for preoperative planning tool for cardiothoracic surgery. However,
we do recognize the limitations of this preliminary study. Firstly, a small
sample size was used to demonstrate feasibility of our VR platform. In
the near future, we aim to confirm the proof-of-concept with complex
lung surgery and paediatric cardiac surgery as well. Secondly, we did not
compare the application of 3D VR visualization to conventional 2D CT
analysis for determining surgical strategy. Instead, we used VR as a supple-
mentary method for planning. Another drawback of our VR platform is
that currently, only visualization of CT scans is possible. In the future, VR
platforms could have a broader impact by enabling immersive visualiza-
tion of magnetic resonance imaging and ultrasound images. Furthermore,
visualization of the 3D images via a monitor instead of an HMD in the
operating room is a drawback. One of our future goals is to make AR
and perioperative VR experience possible. Lastly, image segmentation still
is a time-consuming process that mainly depends on medical and tech-
nical expertise of the user. Future development of more advanced and

(semi-) automatic segmentation could hopefully standardize these essen-
tial steps with the ultimate goal to automatically visualize patient-specific
anatomy in 3D and VR.

Conclusion

In the current feasibility study, we present our initial results on the
implementation of VR technology to visualize patient-specific anat-
omy for preoperative planning in six adult patients undergoing con-
ventional or MICS. This high-throughput translational platform
provides the possibility for careful preoperative planning and allows
the surgeon to create a mental map of the surgery at hand.
Furthermore, the easy-to-use interface and low financial costs could
prove this tool to be superior to traditional 3D CT. More (compara-
tive) future research is needed to define the benefits of VR in pre-
operative cardiothoracic surgery planning. Additionally, the
development of more advanced software to render other imaging

Figure 3 Perioperative images of virtual reality planned operations. (A) Application of left atrial appendage (*) exclusion device (Atriclip 35 mm).
(B/C) Determination and intraoperative view of surgical site for mini thoracotomy in the 4th intercostal space (between dotted and solid line in the
anterior axillary line). (D/E) Intraoperative images depicting double venous cannulation strategy for redo minimally invasive tricuspid valve repair. (F/
G) Exposure of LVAD (left ventricular assist device) after thoracotomy through the 6th intercostal space as planned by virtual reality.
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..modalities (such as echocardiography, magnetic resonance imaging,

etc.) could be valuable.

Supplementary material

Supplementary material is available at European Heart Journal – Digital
Health online.
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