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Periods in CRT therapy - outline 

before 1990  physiological a technological concepts 

 

1990 – 2000  development of CRT technique 

 

2000 – 2010  establishment of successful EB therapy 

 

2010 – 2019  optimization era (integration of knowledge) 

 

2019 –  4th revolution in device therapy 

 

 

 

 



Before 1990  

 

Physiological and technological 

concepts 



Birth of device cardiology 

Drs. Rune Elmqvist  Ake Senning 

1952 transcutaneous pacing (Paul M.  

Zoll, Boston) 

1956 endocardial temporary pacing 

(S. Furman, US) 

1958 implantable PM 

 

Zoll PM: Resuscitation of heart in ventricular standstill by external electrical 

stimulation. NEJM 247:768, 1952 

Furman S, Robinson G: Use of an intracardiac pacemaker in the correction 

of total heart block. Surg Forum 9:245, 1958 

 



First PM in former Czechoslovakia 

Jan Dufek, MD 

IKEM, 6. July 1962 

 

Dartmouth Medicine Winter 2005 



ICD 

1970-72: drs. Mower, Moss, Mirowski 

 



ICD – first implants in Europe 

1982  France -October 14 

1984  Germany – January 17  

 Switzerland  - March 6  

 Netherlands - April 4 

 Belgium – April 11 

 U.K. – April 27 

 Spain – June 16 

 Norway - August 7 

 Sweden – September 19 

 Italy – September 27    

 Czech Republic – Oct 31 – dr. Bytešník, dr. Náprstek 



Wiggers, C. (1925). "The muscular reactions of the mammalian ventricles 

to artificial surface stimuli."American Journal of Physiology73(2): 346-378. 



Harrison TR Am H. J 1965 



Grines, C. L., et al. (1989). Functional abnormalities in isolated left  

bundle branch block. The effect of interventricular asynchrony. 

Circulation79(4): 845-853. 

 



de Teresa E, Chamorro J, Pulpon L, et al. An even more physiological pacing: changing 

the sequence of ventricular activation. In: Steinbach K, Laskovics A, editors. Proceedings of 

the 7th World Symposium on Cardiac Pacing. Darmstadt, Germany: Steinkopff-Verlag, 1983: 

 395–401. 

 



1990-2000  

 

Development of CRT technique 



Historie 

Hochleitner M et al. Am J Cardiol. 1990 

 



Nishimura RA. JACC 1995 

 



První case report 

Cazeau ACE 1994; 17(Pt. II}:1974-1979) 

„We doubt that this technique will have an impact on long-term 

survival, but it could be of major importance to improve the 

patient's well-being and control heart failure..“. 



2000-2010  

 

Establishment of successful EB therapy 



CRT - EBM 

Brignole M et al. 2013 ESC Guidelines on cardiac pacing and cardiac resynchronization therapy 

Eur Heart J. 2013;34:2281-329. 

EBM - CRT 



CRT - EBM 

Brignole M et al. 2013 ESC Guidelines on cardiac pacing and cardiac resynchronization therapy 

Eur Heart J. 2013;34:2281-329. 

EBM - CRT 



CRT - EBM 

Eur Heart J. 2013 Dec;34(46):3547-56 

. 

EBM - CRT 



Long-term CRT effect 

Linde C et al. Long-term impact of cardiac resynchronization therapy in mild heart failure:  

5-year results from the REVERSE study. European heart journal. 2013;34:2592-9. 

 

Cleland JG et al. Long-term mortality in the CARE-HF trial. European journal of heart failure. 2012;14:628-34. 

 

REVERSE (5 yrs) CARE-HF  (9 yrs - mortality) 

0.77 (95% CI 0.63–0.93; P = 0.007 



EB HF therapy 



Principle of CRT 

Apex 

RV 

LV 

Electric activation in LBBB Biventricular pacing 

Peichl P, Kautzner J, 2006 

RV 

LV 



CRT is an electric therapy 



RAO LAO 

Lead system 



CRT guidelines 

2016 ESC Guidelines for the diagnosis and treatment of acute and 

chronic heart failure European Heart Journal (2016) 37, 2129–2200 



Subanalyses in patients with non-LBBB 

Sipahi I, et al. Am Heart J 2012;163:260-267.e3.) 

Non-LBBB 

LBBB 



CRT Trials: Effect of QRS Duration 

Tang et al. RAFT Trial. NEJM 2010 

Moss et al. MADIT-CRT Trial. NEJM 2009 



HR = 1.81 (1.11, 2.93) 

p=0.02  

Echo-CRT 



2010-2019  

 

Optimization era  -  

integration of knowledge 

 



Components of CRT benefit  

(integrative approach) 
Preimplant – patient selection  

• LBBB (true LBBB) and QRS width  

• Absence of scar/fibrosis/dilatation – TTE, CMR  

• Absence of end-stage renal disease 

• Absence of significant MR 

 

Intraimplant  

• LV lead position (all lead configuration) 

• Correct programming 

• Minimization of complications (infections) 

 

Postimplant 

• Pharmacotherapy optimization 

• AVN ablation in pts. with AFIB 

• Reprogramming  

• Remote monitoring 

• Device-based optimization 

• Management of complications 

 



2019-…. 

 

4th revolution in device cardiology 

 

 

 



EBM in HF 

BB, ACEI, 

MRA,Entresto, CRTD 

+ holy grail of CRT 

- 30 % ??? 



Hot topics in CRT 

Multisite pacing 

 

LV endocardial pacing 

 

Combined strategies for HF and MR 

o  CRT   

o  Surgery 

o  Mitra-clip 

o  Intra-CS therapies 

  



Direct conduction system pacing 

Case presentation 
• 36-year old man, previously healthy 

 

• Nov 2018 admitted for AVB 3° - discharged after AV conduction 

normalized (ABx therapy for suspected Lyme borreliosis, neg. 

serology) 

 

• June 2019 – admitted for AVB 3° recurrence 

 

• Normal TTE, normal CMR, neg. Serology 

 

• No significant family history 

  



Direct conduction system pacing 

Presenting ECG 

 

 

  



Direct conduction system pacing 

Selective transseptal LBB pacing 

 

 

  

• Threshold 0,5V/0,4ms 

• QRS 127 ms 

• LB-V 24 ms 

• Fluoro time 6 min 

• Procedure 93 min 

• Techs:  

    C315His 

    Select Secure lead 



Direct conduction system pacing 

Nonselective LBB pacing 

 

 

  



Conclusions 
 

CRT has evolved from sound physiological reasoning 

 

Not too many therapies have comparable evidence 

 

Technology has changed and currently meets implanters´ needs 

  

Response to CRT is a continuum between super-response and harm 

 

Comprehensive optimization of CRT delivery and follow-up may maximize benefit 

 

Conduction system pacing is the most important disruptive tech/concept 

 

 


