
A Hybrid Cardio-Neuro MR Suite  
at the Geneva University Hospital in the 
Treatment of Cardiac Tachyarrhythmias
Pr. Jean-Paul Vallée1; Dr. Lindsey A Crowe1; Pr. Maria-Isabel Vargas3; Pr. Dipen Shah2

1Radiology division, Geneva University Hospital, Switzerland
2Cardiology division, Geneva University Hospital, Switzerland
3Neuroradiology division, Geneva University Hospital, Switzerland

Introduction
The GIBOR project of the Geneva University Hospitals  
comprises an interventional suite consisting of an operat-
ing room and an electrophysiology room coupled with  
an MRI room. The innovation and the technological  
challenge consisted in moving a standard 3T MRI on  
ceiling rails into a neurosurgical operating room as well  
as an MRI transfer table coupled with a fully operational 
cardiac electrophysiology and angiography suite in an 
adjacent room. This was realized with a 3T MAGNETOM 
Skyra MRI (Siemens Healthcare, Erlangen, Germany)  
integrated in the IMRIS Hybrid Operating Suite (IMRIS, 
Deerfield Imaging, Inc., Minnetonka, MN, USA), coupled 
with a Siemens Healthineers Artis CombiSuite for  
Cardiology/Electrophysiology. The operating room,  
the 3T enhanced MAGNETOM Skyra and the EP room are  

all CE certified. During a neurosurgical procedure, the MRI 
travels into the operating room on rails, thus avoiding the 
need to move the patient between operating and imaging 
rooms. In the case of a catheter ablation procedure or  
other cardiac intervention, the table-top on which the  
patient is located in the EP CombiSuite can be slid and  
inserted directly into the MRI via a transfer stretcher  
which also shortens and simplifies patient transport to  
MRI facilities. Finally, when used in a diagnostic mode, the 
MRI can be rotated from 90° to ease the patient placement 
and allow monitoring directly through the window of the 
control room.

Initiated in 2011, this project was made possible 
through reflection and close collaboration between the 
various medical clinics involved (Neurosurgery, Cardiology, 
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Orange: Patient table position for MRI 
Petrol square: Magnet positions 
Grey arrows: Position of sliding doors 
Dark grey arrows: Movement of 
patient or magnet

Technical room with 
entrance to second floor

equipment rooms

Cardiology EP CombiSuite with  
table that can transfer patient  

into MRI room

Radiology Room with MRI 
facing control room or turned 

for EP room transfer

Neuro OR with table. MRI 
turns and moves into this 
room with patient in situ

MRI control room –  
Neurosurgery

MRI control room –  
Radiology

Neuro  
patient  
entry

69siemens-healthineers.com/magnetom-world

MAGNETOM Flash SCMR Edition 2021 Interventional CMR · Clinical



3   MRI with CombiTable in position 0° from the same perspective.

Radiology, Neuroradiology and Anesthesia), and the  
Biomedical Engineering Service. Currently, the MRI  
installation is used two days/week for neurosurgery  
patients, two days/week for atrial fibrillation (AF) patients  
and one day/week by the radiology clinic.

From its conception, the objectives of such a device 
have been focused on better patient care, with: 
•  the possibility of having an MRI examination in situ,  

on the operating table, during the course of a neuro-
surgical procedure in order to evaluate residual  
pathology – without having to move the patient.  
This helps avoid the risk of infection and reduce the 
duration of anesthesia.  
For electrophysiologic cardiac interventions this allows 
for the evaluation of the efficacy of tissue lesions both 
during and directly after the procedure by a rapid  
table-top transfer to the adjacent MRI followed by a  
return to the interventional electrophysiology suite  
to continue the procedure, if necessary,

• a decrease in the number of reoperations in the  
fields of neurosurgery and cardiac electrophysiology 
intervention. 

GIBOR was officially inaugurated on 27 November 2019. 
The first neurosurgery operation, with MRI, was conducted 
on 7 October 2019 and the first cardiology patient with 
MRI was welcomed on 21 November 2019. However,  
since February 2020, the project has been suspended  
by the COVID-19 crisis due to internal reallocation of the 
resources. So far, 14 AF patients have been treated with 
this hybrid suite. When not coupled with MRI, both the  
operative room and the electrophysiological suite are fully 
used as standard standalone equipment. During the time 
without imaging of surgical and cardiac interventions,  
the MRI is used in a diagnostic mode for patients on the 
waiting list of the radiology clinic. This workflow allows  
an efficient use of all the devices.

2   MRI in diagnostic position 90° with conventional table. Neuro suite 
door can be seen to the left.

4   View towards MRI room doors showing position of table during  
EP procedure.

5   Connection of the two tables to transfer the patient on the  
table top.
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The cardiac project of the hybrid  
cardio-neuro MR suite
Aim
Atrial fibrillation (AF) is a serious health problem that is 
treated by medication as well as catheter ablation. Patients 
undergoing catheter ablation for AF have an improved 
quality of life. Recently evidence has shown reduced  
AF related morbidity-mortality in patients receiving  
ablation therapy, but also a 15–40% risk of arrhythmia  
recurrence. The factors associated with recurrence are  
not well known especially those related to the completion 
of the AF ablation procedure. Therefore, the aim of our 
project is to investigate if peroperative imaging can help  
to reduce AF recurrence. Multiple data including a  
multicentric study [1] suggested the utility of gadolinium  
delayed enhancement MRI (LGE-MRI) pre- operative MRI  
to evaluate patients being considered for AF ablation.  
The extent of left atrial uptake of contrast can identify  
patients that would not benefit from the RF procedure. 
However, LGE-MRI remains controversial in the electro- 
physiologic community mainly because of the technical 
difficulty in reproducing the results of delayed enhance-
ment of the atria.

Our project will investigate the added advantage of  
an optimized pre-operative combined with a pre-operative 
MRI. We are currently evaluating the immediate effect of  
MR imaging in situ catheter ablation, so that catheter  
ablation can be performed and its efficacy evaluated while  
the patient is still in the operating room. It is not intended 
to serve as a post-operative follow-up, but to monitor the 
initial effect of the actual ablation procedure. This includes 
pre-intervention screening, intervention planning assis-
tance images that will be completed immediately prior to 
the procedure, and use of the (up to one hour) surveillance 
time for conduction recovery after the procedure (catheter 

ablation) to evaluate the success of the procedure and  
to allow additional catheter ablation with the patient still  
in electrophysiologic room. Unlike the removal of a brain  
tumor, where the remaining contrast absorption indicates 
whether additional ablation is required, the area of RF- 
atrial ablation is less well defined. Significant enhancement  
on the LGE prior to the procedure may indicate that an  
intervention would not provide the desired improvement  
in arrhythmia outcomes. However, LGE-MRI uptake may 
also provide additional targets beyond isolation of the  
pulmonary veins. In addition, the distribution and extent  
of contrast uptake immediately after a standardized or  
routine catheter ablation procedure may provide useful 
prognostic information to indicate an incomplete proce-
dure (see Fig. 7). 

Extra-cardiac soft tissue effects may also provide early 
warning of collateral damage and potential complications. 
Native T1 and T2 imaging as well as atrial and ventricular 
function and flow can also be obtained, to bring comple-
mentary information to the fibrosis and scar assessment by 
LGE without repeated contrast injection. The correlation of 
the electrophysiological findings before and after ablation 
with the corresponding MR images in terms of contrast and 
signal intensity can be also performed allowing calibration 
of delivered ablation parameters in terms of tissue effects. 
The correlation of myocardial MR characteristics with  
electrophysiological findings before ablation may allow  
an improved understanding of the electropathology of  
atrial fibrillation and other arrhythmias such as ventricular 
tachycardia.

Similarly, anatomical as well as fibrosis and scar assess-
ment of ventricular myocardium can be readily obtained,  
in order to allow detailed planning and targeting of the 
electrophysiology procedure. In-silico simulation based  
on MR scar models may allow the choice of the optimal  
ablation strategy from amongst multiple different options. 
Recently developed wide-band imaging sequences facili-
tate acquisition of useful information even from patients 
with intracardiac electrodes including defibrillator coils.

Advantage of the hybrid suite
There is no compromise on the MR system which is a  
standard fully operational MRI. Thanks to a strong and  
efficient support of both IMRIS and Siemens, all the  
available MR sequences for the MAGNETOM Skyra 3T  
MR systems, including prototypes and C2P, are available  
for an enhanced image quality.

An anatomical road map as well as complete function-
al and morphological assessment of the LA can be easily 
obtained just before the intervention in the same patient 
position to ease image registration. This could be especially 
relevant when esophagus modelling is integrated in the 
therapy planning. LAA thrombus can also be evaluated  
before the intervention.

6   CombiTable moving into the MRI room.
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7   Comparison of late gadolinium delayed 
enhancement before and 1 hour after  
FA ablation with a 3D inversion recovery 
prepared GRE prototype sequence1 
featuring an incoherent Cartesian 
sampling pattern (VD CASPR) [2, 3],  
Dixon fat water separation and image 
based respiratory motion compensation 
with a non rigid iterative reconstruction 
[4]. Hyper signal around the ostia of the 
pulmonary veins is visible (yellow arrows) 
after the intervention. Small structures 
like the esophagus (red arrow) can be 
clearly identified with this sequence  
to attest the absence of iatrogenic  
complications. Acquired Resolution  
1.25 x 1.25 x 1.3 mm.

Pre- and post-procedural MRI is easily acquired thanks  
to the CombiTable shift option. The close proximity of  
the two rooms and the fast transfer between them allows 
optimal comparison of physiological parameters measured 
by catheters and MRI like flow and pressure measured in 
the same patient state.

In comparison to an MRI-only guided AF ablation  
approach with MR compatible ablation catheters in a  
standard MRI room, the hybrid suite while providing similar 
information, does not require specific training to master 
catheter manipulation under MRI guidance. As a result,  
the learning curve is mainly focused on patient transfer  
between the electrophysiology and the MRI rooms with  
the main concerns related to security during transfer and 
MR imaging. All the clinical tools for the AF ablation in  
the electrophysiology room are available including high 
resolution 12 channels ECG monitoring system, TEE or  
intra-cardiac echocardiography, the CARTO® mapping  
system (Biosense Webster, Diamond Bar, CA, USA) or  
the Rythmia (Boston Scientific, MA, USA) or the EnSite™ 
NavX™ mapping systems (Abbott Laboratories, Chicago,  
IL, USA). In addition, faster transfer of the patient outside 
the magnet room can be achieved in case of resuscitation  
by comparison with conventional MR systems. This hybrid 
suite benefits from an increased SNR of a 3T magnet by 
comparison to MR systems for cardiac intervention that  
are mostly running at 1.5T. Finally, the cost effectiveness 
of such an approach – allowing scanning of additional  
patients during most of the AF procedure time – deserves 
further study.

Challenges
One of the main issues is related to the patient and  
team safety as most of the collaborators involved in the  
intervention are not familiar with the particularities of 
working in an MR environment. This can be solved by  
extensive and systematic training of the involved teams, 
with the establishment of detailed procedures.

The set-up, and team training, allows very fast  
(< 2 min) transfer from MRI to the CombiSuite, with the  
patient on a sliding transfer table.

Education and cooperation of a multidisciplinary  
team is needed to ensure MRI safety. The patient needs  
to be carefully prepared and the monitoring equipment 
and personnel screened before patient transfer (not as 
complex as the neuro side where the magnet comes in  
to the operating theatre). We have multiple safety check-
lists in place and careful selection of material that is used  
in the cardio room.

Multi-lead wireless ECG monitoring allows continuous 
real-time rhythm monitoring of patients, which is  
particularly important for the cardiac electrophysiology  
interventions. In case of a need for defibrillation, a risk  
that is not negligible after an EP procedure, the patient  
can be transferred very rapidly back to the EP room to 
avoid damage to the MRI table. Intensive simulation drills 
for emergency transfer have been conducted along with 
periodic reinforcement and re-familiarization to ensure 
benchmark performance.

1 Work in progress: the product is currently under development and is not for sale in the U.S. and in other countries. Its future availability cannot be ensured.
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Sharing the infrastructure with neurosurgery improved the 
training of all the teams involved as well as the capability 
of ensuring optimal safety of the procedure. 

The 3T field strength may induce severe susceptibility 
artifacts especially in patients with intracardiac electrodes, 
but advanced MR sequences facilitating a wide-band  
inversion for delayed enhancement sequences1 [5–8]  
and motion correction [9] enabling free-breathing exams 
may reduce the artifact.

Another challenge is related to the whole procedure 
duration (AF ablation + pre- and postprocedural MRI)  
that may result in patient discomfort and prolonged  
sedation/anesthesia protocols. Faster MR sequences,  
using compressed sensing, and optimization of the  
protocols are therefore an important area of research.

Outlook
The hybrid EP-MR suite offers significant investigational  
opportunities with direct therapeutic implications. 3D time 
and respiratory resolved MR sequences for pulmonary vein 
anatomy are currently under development. When per-
formed at the time of the AF ablation with the CombiSuite, 
such MR sequences may reduce the registration errors with 
the angio data related to variation of the LA filling pressure 
and size. Such a high-resolution mapping procedure can  
be used to significantly reduce radiation exposure for  
AF ablation and allow better individual anatomy tailored 
ablation solutions.

In the electrophysiology field, ventricular arrhythmias 
(ventricular premature beats, ventricular tachycardia  
and even ventricular fibrillation) ablation assessment  
is certainly the next step once our team have gained  
experience in patient monitoring inside the MR scanner.

In addition, when RF ablation catheters are available 
for a magnetic field strength of 3T, this hybrid suite will  
be set up to perform complex ablation, such as AF ablation, 
under MRI guidance with the safety backup of the  
angiographic suite; when needed the patients could be 
transferred very rapidly to an environment familiar to the 
electrophysiologist to deal with complications.

Other types of cardiac intervention that are beginning 
to be developed under MRI guidance will benefit from  
a safe and accessible backup of the CombiSuite. Combined 
coronary artery catheterization with MRI may be particular-
ly relevant to assess coronary stenosis significance as well 
as myocardial viability during the intervention. For the  
diagnosis of pulmonary hypertension coupling invasive 
pressure measurement to MRI derived flow measurement 
is especially important to estimate pulmonary resistance.
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