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Executive Summary

Today left atrial appendage closure (LAAC) is usually 
guided by complimentary imaging of transesophageal 
echocardiography (TEE) and fluoroscopy. A retrospective 
single center study of the Catholic Hospital “St. Johann 
Nepomuk”, Erfurt, Germany could demonstrate that fusion 
of TEE information and live fluoroscopy through syngo 
TrueFusion is effective in reducing procedure time and 
contrast medium in left atrial appendage closures (LAAC).

Complex structural heart interventions require guidance 
of more than one imaging modality. With a side by side 

Fusion imaging with syngo TrueFusion significantly reduced procedure time 
and the amount of contrast medium in patients undergoing LAAC.

Mean procedure time was 15 min shorter in the group of 
patients where fusion imaging was applied (p < 0.001). 
Additionally, the use of fusion imaging was associated 
with a significant reduction of contrast medium (20.6 ml 
less than in control; p < 0.045). Regarding the final 
position of the LAAC device, no relevant differences were 
found between the groups.

Study data published in Cardiovascular Drugs and Therapy.1

1  Ebelt, H. et al. Fusion Imaging of X-ray and Transesophageal Echocardiography Improves the Procedure of Left Atrial Appendage Closure. 
Cardiovasc Drugs Ther 34, 781–787 (2020). https://doi.org/10.1007/s10557-020-07048-z.

2  See page 6, table 2; contrast volume control group 69.3 ml compared to amount in Fusion group 48.7 ml.

display of these images, the interventionalist needs to 
mentally correlate the relative image orientation.  
Fusion imaging correlates the image information directly. 
As an example, fusion imaging can supply additional 
information of the localization and spatial orientation  
of the oval fossa on the fluoroscopic screen during 
transseptal puncture.

Procedure Time  33%

Contrast Media  30%2
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*  Boersma LV et al. Efficacy and safety of left atrial appendage closure with WATCHMAN in patients with or without contraindication  
to oral anticoagulation: 1-Year follow-up outcome data of the EWOLUTION trial. Heart Rhythm. 2017 Sep;14(9):1302-1308.

WATCHMAN Left Atrial Appendage Closure Device  
offers patients with non-valvular atrial fibrillation a 
potentially life-changing stroke risk treatment option 
which could free them from the burden of long-term  
oral anticoagulation. More than 100.000 patients  
have already benefited from this one-time therapy  
for stroke risk reduction with the WATCHMAN device.  
The implant success rate in a real life setting is 98.5%.*

Since 2019 the next generation LAA closure device 
WATCHMAN FLX is commercially available. It combines 
the experience of a clinically proven platform with a new, 
intuitive implantation technique for confident LAA 
closures of even challenging anatomies.

WATCHMAN™ LAA occluder

Developed by Siemens Healthineers, the advanced 
software application syngo TrueFusion enables the fusion 
of TEE information from the ACUSON SC2000 PRIME 
ultrasound system and Artis angiography systems. The 
software establishes a co-registration of both modalities 
by an automated detection of the TEE probe in 
fluoroscopy once the fusion workflow is started. By 
making use of machine learning algorithms, hardware 
markers on the TEE probe are localized in the field of 
view and matched with a system-internal model of the 

syngo TrueFusion

probe. Every subsequent fluoroscopic image 
automatically updates the established co-registration. 
Based on this information, anatomical markers can be 
placed in the TEE images directly at the ACUSON SC2000 
PRIME ultrasound system and sent for overlay on 
fluoroscopy. These TEE landmarks enable target-oriented 
navigation in fluoroscopy. In addition, the C-arm 
projection can be synchronized with the TEE orientation 
allowing an adjustment to the patient-specific landmarks 
without the need for fluoroscopy.
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According to local standards, patients were treated  
under conscious sedation . Venous access was 
established using the right femoral vein. Transseptal 
puncture (TSP) was performed under separate guidance 
of both fluoroscopy and TEE. Then an Amplatzer Super 
Stiff wire was placed into a left pulmonary vein and the 
TruSeal WATCHMAN sheath was brought into the left 
atrium. A 5F pigtail catheter was placed into the LAA  
and one angiographic projection of the LAA was 
perfomed under the angulation RAO 30° / Caudal 30°.  

If considered necessary by the implanting physician,  
an additional angiogram was taken. The dimension of 
the LAA ostium and the occluder landing zone was 
determined both by TEE (0°, 45°, 90°, and 135°) and by 
angiography. The size of the LAA occluder was selected 
according to the instructions for use. Before the LAA 
occluder was permanently delivered, all standard criteria 
(position, anchoring, sizing, seal) were checked by TEE. 
The final implantation result was documented by TEE  
and angiography.

Control group: LAA closure without fusion imaging 

The LAAC guided with syngo TrueFusion was modified  
at several steps in comparison with the control group 
according to local standards. At the beginning of the 
procedure the co-registration of the Artis angiography 
and TEE of the ACUSON SC2000 PRIME system got 
established with only 2 fluoro shots and the eSie Sync 
algorithm. After venous access, both the fossa ovalis 
(circle 1) and the LAA ostium (circle 2) were marked by 
TEE and then sent to the fluoroscopic imaging system. 

Transspeptal puncture (TSP) was performed as in control 
group but with the additional information of the oval 
fossa (circle 1) displayed on the fluoroscopic screen  
(page 5, image 3). After TSP, fusion imaging was used  
to find a patient-specific fluoroscopic projection at which 
the LAA ostium was visualized orthogonal (indicated 
through the corresponding circle 2 displayed as a line). 
Both the angiography of the LAA and all following steps 
were performed at this individualized, patient-specific 
C-arm angulation (page 5, image 5).

Treatment group: LAA closure under guidance of fusion imaging

Patients and methods

A total of 75 patients were included in the study, which 
was conducted at the Catholic Hospital “St, Johann 
Nepomuk” in Erfurt/Germany and assigned to two groups 
in which a LAA closure was performed.

Control Group:  LAA Closure in 50 patients without 
fusion imaging  
performed between November 
16,2016 and January 29, 2019

Treatment Group:  LAA Closure in 25 patients under 
guidance of fusion imaging  
performed between October 28, 
2018 and November 05, 2019

Inclusion criteria were defined as age > 18 years  
and completion of an LAAC procedure, defined as 
deployment and release of an LAA occluder. The only 
exclusion criterium was the use of another LAA occluder 
than WATCHMAN in order to allow a standardized 
echocardiographic quantification and comparison of the 
implantation result. Measuring points of the study were: 
procedure time, amount of used contract medium, 
radiation dose, final position of the occluder in TEE 
(deviation from ideal positioning) and clinical endpoints. 
All cases were done by the same team of experienced 
operators performing LAAC since 2014.
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Step 1: Co-registration of angiography 
and TEE automated probe detection 
with eSie Sync algorithm

Step 2: Delineation of fossa ovalis 
(circle 1) and LAA ostium (circle 2); 
transfer of these labels from  
ACUSON SC2000 to Artis fluoroscopy

Step 3: Transseptal puncture 
according to standard techniques 
using guidance of fused 
TEE-landmark (circle 1)

Step 4: syngo TrueFusion guidance 
during occluder implantation: 
Placement of 5F pigtail catheter  
into the LAA (circle 2)

Step 5: Identification of optimal 
patient-specific C-arm angulation 
(orthogonal projection of LAA 
ostium, circle 2)

Step 6: Verification of correct 
occluder positioning during  
release procedure (circle 2)

Step 7: Completion of LAAC according 
to standard procedures using  
syngo TrueFusion as supporting 
guidance tool

syngo TrueFusion protocol for fusion imaging-guided closure  
of the left atrial appendage
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“An explanation for these improvements 
can be seen in the fact that the use of 
fusion imaging leads to an individualized, 
patient-specific fluoroscopic imaging  
so that a number of additional X-ray 
projections are dispensable which are 
otherwise often necessary to find the 
“optimal” C-arm position.”

Prof. Henning Ebelt, MD  
Department for Medicine II, Catholic Hospital “St. Johann Nepomuk”
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Table 2: Procedural parameters of interventional left atrial appendage closure  
depending on the use of fusion imaging

Parameter Control (N=50) Fusion imaging (N=25) p-value

Procedure time [min] 45.2 ± 19.9 30.2 ± 9.1 <0.001

Contrast volume [ml] 69.3 ± 42.0 48.7 ± 30.6 0.03

Radiation dose [Gycm2] 27.6 ± 57.8 14.0 ± 7.9 0.25

Number of devices used 1.1 ± 0.4 1.1 ± 0.4 0.87

Number of complete device recaptures 1.1 ± 1.5 0.4 ± 0.9 0.01

Size of implant [mm] 26.9 ± 3.5 26.6 ± 3.6 0.73

Device compression in fluoroscopy [%] 11.6 ± 8.2 10.6 ± 7.8 0.65

Table 1: TEE evaluation of final result of left atrial appendage closure  
depending on the use of fusion imaging

Parameter (TEE) Control (N=50) Fusion imaging (N=25) p-value

Max. protrusion towards LA [mm] 9.6 ± 4.8 10.3 ± 2.9 0.44

Max. deviation of device from LAA ostium plane 
[degree]

13.1 ± 11.5 16.0 ± 4.9 0.13

Device compression [%]

TEE 0° 24.3 ± 11.1 20.7 ± 9.8 0.24

TEE 45° 24.5 ± 9.1 23.1 ± 9.1 0.55

TEE 90° 25.0 ± 8.1 19.8 ± 13.1 0.08

TEE 135° 24.2 ± 8.0 22.4 ± 11.8 0.54

Any paradevice leak 2 (4%) 1 (4%) 1.00

Leak < 3mm 2 (4%) 1 (4%) 1.00

Leak ≥ 3mm 0 (0%) 0 (0%) NA
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Conclusion

The study done at the Catholic Hospital “St, Johann 
Nepomuk” in Erfurt/Germany indicates that the 
integration of fusion imaging into a standardized 
workflow can lead to reduced procedure time and a 
reduction of X-ray contrast medium in LAAC which is of 
clinical relevance both from the patients and from the 
interventionalist’s perspective.

As seen in Table 2, several differences regarding 
procedural parameters could be found between the
groups. Mean procedure time was 15 min shorter in  
the group of patients where fusion imaging was applied  
(p < 0.001). In line with this finding, the number of 
complete recapturing maneuvers of the LAA occluder 
was also significantly reduced in the fusion imaging 
group. Additionally, the use of fusion imaging was 

associated with a significant reduction of contrast 
medium (20.6 ml less than in control; p < 0.045). 
Regarding the final position of the WATCHMAN occluder, 
no relevant differences were found between the groups.

Results

“Adverse events were numerically 
lower in the group that underwent 
LAAC with FI. Although this 
difference did not reach statistical 
significance, there are several 
arguments suggesting that  
the use of fusion imaging could 
increase the safety of LAAC.”
Prof. Henning Ebelt, MD  
Department for Medicine II,  
Catholic Hospital “St. Johann Nepomuk”

Cardiovascular Drugs and Therapy
 https://doi.org/10.1007/s10557-020-07048-z
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