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GE Healthcare – CV-US Training #1

The Anatomy Lesson

• 1632, Rembrandt Harmenszoon van Rijn

• Direct visualization of internal structures 

by Surgical dissection

• Surgical treatment has been performed by 

direct manipulation of organs or mass

• Accompanies pain & complications

• Effectively remove disease (mass or fluid)

Open Surgery 
= Correct Targeting (Visualize) + Tx. Delivery
Transformed into Minimally Invasive Procedure 



Open Surgery Converted to 

Minimally Invasive Approach

• 1st thoracoscopic surgery in 1910

• CCD camera played a critical role

• Gas inflation & small sized camera   
provided surgical views of intra-abdominal 
organs

• Almost all manipulations can be performed 
by laparoscope, endoscope or robotics –
dissection, suture, hemostasis, etc. 



Heart & Vessels are Filled with BLOOD
•Ultrasound or X-ray can visualize 
cardiovascular system

•Fluoroscopy – most widely used X-ray guiding 
instrument

• Source: Ionizing radiation

• Prompt visualization

• Virtually all projection angles ON 2D

• Over the guidewire (OTW) system – anatomical 
translation by the wire location & bending

• Radiation hazards – direct or indirect, beyond 
dosage

Maria Sklodowska Curie

(1867~1934)

2 Nobel Prizes (Physics, 
Chemistry)

Died from unprotected 
radiation exposure (leukemia, 
aplastic anemia, myalgia, 
cataract, etc.)



How to Assess Procedural Outcomes by X-ray or US
Advantages & Limitations

• With X-ray

• Prolonged X-Ray exposure with higher resolution & power - helpful

• Repeated angiography with large amount of contrast media - helpful

• Indirect visualization, Imagine within operators’ imagination - limited values

• With Ultrasound (Echo – TTE, TEE, ICE)

• Direct visualization of structures within the US field – ‘out-of-field issue’

• Currently available 2D ICE requires substantial learning curves

• In conjunction with 3D navigation system, operators’ learning curves & understanding can be 

facilitated

• Eliminate or minimize direct / indirect hazards of ionizing radiation exposure



AF Ablation Guided by Fluoroscopy+3D Nav. vs. ICE 

INDIRECT visualization 
Detailed structures (valve leaflet, chordae, papillary 
muscle, atrial appendage, etc..) canNOT be 
visualized 
Anatomical background knowledge required

Direct visualization 
Detailed structures (valve leaflet, chordae, papillary 
muscle, atrial appendage, etc..) can be visualized 
Less anatomical background knowledge required

Same Procedure, Different Imaging Modality (X-ray vs Ultrasound)



#2 Example of Switching Imaging Modality from X-ray to US



Fluoroscopy Associated Hazards is Not only 
direct radiation hazards but also indirect hazards!

• Small survey in Korean Heart Rhythm Society (n = 36), April 2021

• Clinical experience as an EP physician: 11.1 years [5~29]

• Male: 80.6 %

• Annual case using X-ray: 101~200 (41.7%), >200 (36.1%)

• Minimize radiation exposure (55.6%)

• Willingness to alternative imaging tool (16.7%)

• Lead Apron (100%), Goggle (69.4%), Facial shield (5.6%)

• Radiation exposure dosage awareness rate: 16.7%

• Correct dosimeter usage: 27.8%

SY Shin, unpublished data



Radiation Hazards Already Began (Survey results - Cont’d)

• Musculoskeletal pain (88.2%)

• Began AFTER working as an EP physician (81.3%)

• Neck (51.5%), shoulder (57.6%), back (72.7%), knee (51.5%)

• Cataract (11.1%), Radiation dermatitis (15.4%)

• Zero-fluoroscopic procedure attempt: AF ablation (25%) 
• Success rate: 41.7%, continue to use zero-fluoroscopic strategy: 12.5%

• Reasons for NOT using zero-fluoroscopic procedural strategy
• Higher procedural complication rate

• Lower success rate…

SY Shin, unpublished data





Procedure Time & Lead Parameters

ICE (n=30) X-Ray 
(n=235)

P-value

Total procedure time (min) 73 ± 22 81 ± 29 0.177

Conversion to X-ray (n, %) 5 (16.1)

Lead Parameters

Atrial Sensing (mV) 2.5 ± 1.1 2.7 ± 1.5 0.385

Atrial Pacing Threshold (V) 0.8 ± 0.3 1.0 ± 0.5 0.214

Atrial Impedance (Ohm) 454 ± 57 533 ± 125 < 0.001

Ventricular Sensing (mV) 8.7 ± 3.2 9.1 ± 4.1 0.630

Ventricular Pacing Threshold (V) 0.6 ± 0.2 0.7 ± 0.4 0.453

Ventricular Impedance (Ohm) 650 ± 122 687 ± 168 0.245



Reasons for Conversion to X-Ray

No Age Sex Diag. Mode Reason for Conversion

1 82 M SSS DDDR Tortuous Subclavian vein (GW to jugular vein)

2 78 F SSS VVIR
Markedly enlarged Aortic Root & Aneurysm (max. 

diameter: 69 mm) compressed RA

3 83 F CAVB DDDR Tortuous Subclavian vein (GW to jugular vein)

4 80 F SSS VVIR Echogenic shadow d/t tricuspid annuloplasty

5 73 M CAVB DDDR Tortuous Subclavian vein

#1,3,5 cases were continued to perform ICE guided procedure after passing tortuous subclavian 
vein under fluoroscopic guidance (2~3 additional fluoroscopic usage) ➔ US-guided puncture!

#2 case: V lead implantation via PLSVC with ICE guided approach, but failed to implant RA lead 
because of collapsed RA compressed by aortic aneurysm

#4 case: RV lead was implanted under fluoroscopic guidance, then RA lead was implanted under 
ICE guidance 



Radiation Exposure 
ICE (n=30) X-Ray 

(n=235)
P-value

Fluoroscopic time (sec) 54 ± 93 566 ± 438 < 0.001

Dose Area Product (Gy-cm2) 2.3 ± 4.4 27.2 ± 50.5 < 0.001

Total Air Kerma (mGy) 15.8 ± 32.6 340.6 ± 705.2 < 0.001

X-ray conversion cases were included in ICE group

Less than 10 % in time & exposure dosage!

- Operator & workers’ direct exposure – ZERO!

- Enabled heavy protection wear free workplace!

- 2~4 fluoroscopy for lead redundancy & screw confirmation 

→ 5 ~ 10 sec in usual cases



Procedure Related Complications

ICE (n=30) X-Ray 
(n=235)

P-value

Death (n, %) 0 (0.0) 0 (0.0) 1.000

Pneumothorax (n, %) 0 (0.0) 2 (0.9) 1.000

Hemothorax (n, %) 0 (0.0) 0 (0.0) 1.000

Pocket infection (n, %) 0 (0.0) 0 (0.0) 1.000

Hematoma (n, %) 0 (0.0) 0 (0.0) 1.000

Cardiac perforation (n, %) 0 (0.0) 0 (0.0) 1.000

Atrial lead dislodgement (n, %) 0 (0.0) 1 (0.4) 1.000

Ventricular lead displacement (n, %) 0 (0.0) 2 (0.9) 1.000



Percutaneous Closure of LAA with X-Ray

Atriography Measure Land Lobe 

- Check anchoring

Expand disc  

- Tug test (3 times)

#3 Example of Switching Imaging Modality from X-ray to US



Intra-Procedural TEE & General Anesthesia → Fluoroscopy ONLY Feasible?

Without TEE, device implantation – Feasible, But Peri-device Leakage (PDL) can be missed!

1st Challenge in 2014~2016



If PDL is Small, Is it acceptable?

Wide anatomical variation & Circular device ➔ PDL!
STRUCTURAL HEART 2020, 4(6):475–481. https://doi.org/10.1080/24748706.2020.1817642



Clinical Impact of PDL

• FDA approved PDL < 5 mm accepted “sufficient LAA closure”

• Re-categorized PROTECT-AF, PREVAIL, CAP2 participants’ TEE at 45 days 

& 1 year ➔ Absence of PDL vs. PDL < 5 mm

• N = 1,054

• 404 (38.3%) PDL < 5 mm at 45 days TEE 

• 272 (27.7%) PDL < 5 mm at 1 year TEE  → increased 5 year stroke or 

SE risk (adjusted HR 1.94, 95% CI 1.15-3.29, P = 0.014)

• Mainly driven by Non-fatal stroke

J Am Coll Cardiol. 2022 Aug 2;80(5):469-483.



Peri-Device Leakage (PDL) is More Prevalent than Our Expectation

?
Post-LAAO Anti-thrombotic 
regimens are not standardized!

Should be individualized 
according to indication & 
procedural outcomes!

STRUCTURAL HEART 2020, 4(6):475–481. https://doi.org/10.1080/24748706.2020.1817642



Device Size Determination
• Every patient has his/her best fitting device 
(device size selection from pre-made device vs. 
manufactured device for his/her LAA anatomical 
characteristics)

• Repeated Trial increases Risk of 
Perforation/Embolization/Device damage

➔Discard or Disappoint?

2nd Challenge in 2016~2017

3D Printing model based Pre-procedural simulation can 

Reduce Risk and Improve Outcomes!

1.8 
devices/patient 
in PROTECT-AF 



Presented in ESC 2019, published in Scientific Report in 2022



CHORUS Minimalist Approach (MA)
•Comprehensive

•Hybrid

•Organized

•Resources

•Utilization 

•Strategy

More efficient ways using ICE?

* Key Components for CHORUS MA

- Pre-procedural device size determination ➔ 3DP Simulation

- ICE guide device delivery & verify PDL

- No or minimized Intra-procedural LAA angiography & no touch device 

delivery (minimize the risk of (micro) thromboembolism)

- By using ICE, general anesthesia becomes unnecessary

- Intra-procedural steps are minimized

* Advantages of CHORUS style minimalist approach

- Harmony of improved efficiency & minimized risk

- Minimize redundant (imaging tools/personnel, other personnel –

anesthesiologist and accompanying personnel, etc.)



Minimalist approach vs. Conventional approach
CAUH’s Experience

Minimalist 

approach

(n = 28)

Conventional 

approach

(n = 53)

P value

Age (years) 74.8 ± 9.5 75.4 ± 11.4 0.815

Male (n, %) 14 (50.0 %) 28 (52.8 %) 0.993

CHA2DS2-VASc score (pts) 4.5 ± 1.4 4.1 ± 1.6 0.500

Prior Ischemic Stroke 14 (50.0 %) 21 (39.6 %) 0.509

HAS-BLED score (pts) 3.9 ± 0.6 3.9 ± 0.8 0.751

Procedure-Related Outcomes

Success rate 28 (100 %) 52 (98.1 %) 0.455

Poster Presentation in HRS 2023



HM Kim et al. unpublished 

CAUH’s Experience Minimalist 

approach

(n = 28)

Conventional 

approach

(n = 53)

P value

Procedure-Related Outcomes

Procedure duration (min) 88.7 ± 62.1 108.0 ± 37.6 0.141

Fluoroscopy time (min) 10.2 ± 4.8 20.6 ± 9.8 < 0.001

Radiation exposure (DAP) 44.0 ± 48.3 131.9 ± 128.8 0.001

Contrast (mL) 150.9 ± 73.2 296.5 ± 155.8 0.002

Device size (mm) 26.8 ± 3.0 27.9 ± 3.7 0.443

# of Implantation Attempt 1.6 ± 0.9 2.8 ± 2.1 < 0.001

# of Angiography 2.0 ± 1.3 5.7 ± 4.7 < 0.001

Pericardial effusion 1 (14.3 %) 3 (6.8 %) 1.000

Peri-device leakage 0.935

Insignificant (< 3mm) 11 (39.2 %) 28 (59.6 %)

Significant (≥ 3mm) 0 3 (5.7 %)

Device embolization 0 1 (1.9 %) * 0.455

Peri-procedural Stroke 0 1 (1.9%) ** 0.455



Improper Aiming vs. Correct Aiming
• Nearest puncture crossing point between IAS and ideal 
delivery path (straight line to the center of LAA ostium)

Perform another septal puncture without removing the 1st puncture

Low TSP!
Pointing LA free 
wall below LAA 
ostium 

X-Ray Guided TSP



Guide Aiming on Target

Trans-septal puncture (TSP) is 
NOT merely entering LA 

BUT a way to correct delivery!!



Target of TSP: Fossa Ovalis (FO*)
Wide Anatomical Variations

Crevices

Small FO
Muscular rim is 
not distinctive

Muscular rim is 
promi-nent

Large & Thin FO
Muscular rim is 
well defined

Aneurysmal FO, 
herniated into 
RA



Is TEE Sufficient? 

T
E
E

X-Plane in TEE Straignt Line to Target



4D ICE (Real-time + 
3D visualization)

Brysiewicz et al. JACC imaging 2014:7; 97 - 100

short elevation angle (maximum 90° x 24°), 
which limits its ability to view complete 
cardiac structures or devices. ACUSON SC200 ultrasound system (Siemens 

Healthineers, Erlangen, Germany), the ACUSON AcuNav
Volume ICE technology is a 12.5-Fr catheter, capable of 
obtaining a volume of 90° x 50° with a volume frame 
rate of 16 volumes per second.Narrow width → Improving!

90° x 24° 90° x 50°



Role of ICE in EP Domain

•Direct & real-time visualization of internal structures 

•Higher resolution (similar level to optical imaging 

with CCD) is necessary

• Ideally, real-time 3D visualization – available soon

(fast moving structures i.e. valve leaflet)



Thank you 
for 

Your Attention
E-mail: theshin04@cau.ac.kr

theshin04@naver.com
+82 - 10-8863-1078


