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Medical Radiation 

Picano E et al.  The appropriate and justified use of medical radiation in cardiovascular imaging : a position document of the ESC Associations 

of Cardiovascular Imaging, Percutaneous Cardiovascular Interventions and Electrophysiology.  Eur Heart J 2014;35:665-72 



Radiation Dose Parameters 

Williams MC et al.  Using radiation safely in cardiology: what imagers need to know.  Heart 2019;105:798-806 



Health Hazard of Ionizing 

Radiation 

Picano E et al.  The appropriate and justified use of medical radiation in cardiovascular imaging : a position document of the ESC Associations 

of Cardiovascular Imaging, Percutaneous Cardiovascular Interventions and Electrophysiology.  Eur Heart J 2014;35:665-72 



Deterministic Effect-Absorbed Dose 

Threshold 

Williams MC et al.  Using radiation safely in cardiology: what imagers need to know.  Heart 2019;105:798-806 



Radiation Dose in Terms of DAP and 

Fluoroscopy Time 

Williams MC et al.  Using radiation safely in cardiology: what imagers need to know.  Heart 2019;105:798-806 



Linear No-Threshold Model for 

Stochastic Effect 

Picano E et al.  The appropriate and justified use of medical radiation in cardiovascular imaging : a position document of the ESC Associations 

of Cardiovascular Imaging, Percutaneous Cardiovascular Interventions and Electrophysiology.  Eur Heart J 2014;35:665-72 



Standard Average Radiation Doses 

of Common Cardiac Procedures 

Picano E et al.  The appropriate and justified use of medical radiation in cardiovascular imaging : a position document of the ESC Associations 

of Cardiovascular Imaging, Percutaneous Cardiovascular Interventions and Electrophysiology.  Eur Heart J 2014;35:665-72 



Principles of Radiation Protection 

and Regulations 

• ALARA: As low as reasonably achievable 

• ALARP: As low as reasonably practicable 



Protection From Radiation 

• Radiation dose reduction techniques including 

patient tailored imaging, good operator technique, 

hardware and software improvements 

• Personal protective equipment 



Bismuth-

containing 

Radiation-

absorbing Drape 



Bismuth-containing Radiation-

absorbing Drape 

Jones MA et al.  The benefits of using a bismuth-containing, radiation-absorbing drape in cardiac resynchronization implant procedures.  PACE 

2014;37(7):828-33 



Contrast Venography-guided Axillary Vein Puncture 

Chan NY et al.  Venous access and long-term pacemaker lead failure: comparing contrast-guided axillary vein puncture with subclavian 

puncture and cephalic cutdown.  Europace 2017;19(7):1193-7 



USG-guided Axillary Vein Puncture 



USG-guided Axillary Vein Puncture 



USG-guided Axillary Vein Puncture 



USG-guided vs Fluoroscopic-guided Axillary 

Vein Puncture 

Migliore F et al.  Axillary vein access for permanent pacemaker and implantable cardioverter defibrillator implantation: fluoroscopy compared 

to ultrasound.  PACE 2020;43:566-572 

Success rates: 92 vs 91% (USG vs fluoroscopy groups) 

No acute or long-term complication in both groups 



Ensite-guided EP Catheter Placement 



Ensite-guided Catheter Ablation 



Catheter Localization by Ensite NavX Technology 



Catheter Localization by Ensite NavX Technology 



Cable Connection for 3D Mapping-guided CIED 

Implantation 



1st Patient 

• F/53 

• SSS s/p DDDR pacing in 2000 

    Developed AF and right MCA infarct in 2011 

    Menorrhagia and diverticulosis with Fe def anaemia 

    Pancytopenia pending workup 

• Recurrent heart failure hospitalization since January 

this year 

• Echo: Dilated RA, RV, severe TR; severe 

impairment in LV systolic function  





Guidewire Mapping of Cardiac Veins 



Activation Time of Posterolateral Cardiac Vein 



Activation Time of Anterior Cardiac Vein 



Propagation Map 







RV Pacing-induced Cardiomyopathy 



Reverse Remodelling of LV After Ensite-guided 

CRT 



ESC Guidelines on CRT Optimization 

Brignole M et al.  2013 ESC guidelines on cardiac pacing and cardiac resynchronization therapy.  European Heart Journal 2013;34:2281-2329 



Q-LV Interval and Acute Haemodynamics in CRT 

Zanon F et al.  Determination of the longest intrapatient left ventricular electrical delay may predict acute hemodynamic improvement in 

patients after cardiac resynchronization therapy.  Circ Arrhythm Electrophysiol 2014;7:377-83) 

N=32 patients underwent CRT 

All available cardiac veins tested, Q-LV interval measured at each pacing site, LV dP/dtmax measured at 

baseline and during pacing 

In 31 out of 32 patients, highest LV dP/dtmax correlated with maximum Q-LV interval 

Q-LV interval >95ms corresponded to >10% ↑ in LV dP/dtmax  



LV Lead Location and CRT Response 

Kandala J et al.  QRS morphology, left ventricular lead location, and clinical outcome in patients receiving cardiac resynchronization therapy.  

Eur Heart J 2013;34:2252-62 

N=144 patients underwent CRT 

Left ventricular lead electrical delay (LVLED)=interval between QRS onset on ECG to the peak of sensed LV 

electrogram and corrected for QRS width 

Time to 1st heart failure hospitalization 

Composite outcome of all-cause mortality, HFH, LVAD implantation and cardiac transplantation at 3 years 

Cox regression model, long LVLED predicts improved outcome 



Ensite NavX-guided CRT Implantation 

Greco MD et al.  Three-dimensional electroanatomic mapping system-enhanced cardiac resynchronization therapy device implantation: results 

from a multicenter registry.  J Cardiovasc Electrophysiol 2017;28:85-93 

Ensite-guided group 

(n=125) 

Conventional group 

(n=250) 

P-value 

LV lead placement success 

rate 

122 (98%) 242 (97%) 0.76 

Median fluoroscopic time 

(minutes) 

4.1 (0.3-10.4) 16 (11-26) <0.001 

CS angiography 33 (26%) 208 (83%) <0.001 

Complication rate 5 (4%) 17 (7%) 0.28 



2nd Patient 

• F/83 

• History of HT, DM, hyperlipidaemia, right 

basal ganglia infarct and bilateral DMR 

• Presented with syncope 

• ECG showed 2 to 1 AVB 



RA and RV Geometry 



Ensite-guided RV Lead Placement 



RA Lead Advancement  



RA Lead Placement in RAA 





Ensite-guided Pacemaker Implantation 

Qiu J et al.  Progress in zero-fluoroscopy implantation of cardiac electronic device.  PACE 2020;3:609-17 



3rd Patient 

• M/60 

• History of COPD, HT and ischaemic 

cardiomyopathy with heart failure 

• Presented syncope, developed pulseless VT in A&E 

and successfully resuscitated 

• Echo: dilated LV, severe impairment in LV systolic 

function, wall thinning and akinesia over inferior and 

posterior segments, hypokinesia over lateral wall 



His Mapping With SelectSecure (3830) Lead 











Extensive His Bundle Area Mapping 



4th Patient 

• M/91 

• Known DM, HT, hyperlipidaemia, old bilateral 

BG infarcts and heart failure 

• Presented with decrease in general condition 

• ECG showed complete AV block 



LB Area Mapping With SelectSecure (3830) Lead 















Conclusions 

• Cardiac procedures contribute over 40% of medical 

radiation and every effort should be put to limit 

radiation dose to both patients and operators 

• Use of bismuth-containing radiation absorbing drape 

can significantly reduces the radiation exposure of 

operators 

 



Conclusions 

• USG-guided axillary vein puncture can eliminate the use of 

contrast and reduce fluoroscopic exposure for venous 

access 

• 3D electroanatomic mapping system can guide various 

CIED implantation and reduce radiation exposure 

• CRT guided by 3D electroanatomic mapping system may 

improve response rate  

 


