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Standard cardiac pacing



Sinus rhythm -> Pacing rhythm 



Sinus rhythm -> Pacing rhythm 



Pacing induced cardiomyopathy (PICM)

◆Standard cardiac pacing means fixing a pacing lead 

into the muscle of the right ventricle

◆From that spot, conduction spreads via slower 

muscle to muscle conduction, 

⚫ which leads to a wide QRS complex 

⚫ and the right ventricle contracts before the left ventricle

(dyssynchrony)



Epidemiology 

1. Retrospective analysis of patients with long term RV 
pacing

2. Echocardiography within 12 months of device 
implantation and at least one follow-up echocardiogram

3. 118 patients, the mean time was 3.5 + 1.4 years

4. Definition 1; follow-up LVEF of ≤40% if baseline LVEF was 
≥50%, or an absolute reduction in LVEF ≥5% if baseline 
LVEF was <50%

5. Definition 2; follow-up LVEF of ≤40% if baseline LVEF was 
≥50%, or an absolute reduction in LVEF ≥10% if baseline 
LVEF was ≤50%

6. Definition 3; an absolute reduction in LVEF ≥10% 
irrespective of baseline LVEF



The prevalence ranged from 5.9 to 39% depending on 
PICM definition
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1. 26 studies (6 prospective studies) with a total of 57,993 

patients were included in the final analysis

2. 15 unique definitions of PICM were reported

3. Risk factors; 

4. Managements; heart failure medications, biventricular 

CRT, conduction system pacing



Epidemiology 

◆The overall pooled prevalence of PICM was 
12%(95% CI 11~14%)

◆The individual study prevalence ranged from 6 to 
25%

◆Six studies reported time from implantation to PICM

⚫ The shortest onset time was 1 month

⚫ The longest was 16.9 years

⚫ The median time ranged from 13 months to 5.2 years
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Risk factors            ≈           pathophysiology
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Pathophysiology

◆Not fully understood, 

◆but it is thought to be related to the deleterious 
effects of chronic RV pacing on LV function

◆Chronic RV pacing can lead to LV dyssynchrony, 
which can cause LV remodeling and dysfunction

◆Other proposed mechanisms include 

⚫ mechanical stress on the LV due to RV pacing-induced 
septal motion abnormalities, 

⚫ neurohormonal activation

⚫ inflammation
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Clinical implications

◆ PICM can lead to heart failure symptoms and reduced 

quality of life

◆ Patients with PICM may require additional medical 

therapy, such as diuretics and beta-blockers, to manage 

heart failure symptoms

◆ Biventricular CRT and conduction system pacing have 

been shown to improve echocardiographic and clinical 

outcomes in patients with PICM

◆ Early recognition and management of PICM is important 

to prevent irreversible LV dysfunction and heart failure
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Case 1



M/72

◆PPM d/t CAVB (June 27,2005)

◆LVEF 30% (November 23,2011)

◆LVEF 29% (May 29, 2013)

◆ ICD upgrade (Aug 16,2013)

I have no idea
I don’t know the reason 

why…



July 25, 2012





November 23, 2011, TTE





August 17, 2013



I have consistently prescribed HF medications 
for years

◆LVEF 37 (May 5, 2016)

◆LVEF 40% (May 13, 2020)

◆LVEF 50% (December 26, 2022)

Add 
sacubitril/valsartan 50mg bid



December 26, 2022



Case 2

◆F/68

◆2:1 AV block

◆LVEF 39%

◆Normal CAG

◆Conduction system pacing



ECG after implantation





Summary 

◆ The epidemiology of PICM
⚫ The prevalence ranged from 5.9 to 39% depending on PICM 

definition
⚫ There is no one internationally accepted definition of PICM
⚫ The overall pooled prevalence of PICM was 12%(95% CI 

11~14%) 

◆ The pathophysiology
⚫ Standard RV pacing makes paced QRS duration wider and RV 

contracts before the LV
⚫ Patient’s substrate

• male sex, h/o MI, CKD, AF, baseline LVEF, native QRS 
duration

⚫ PPM itself problems
• RV pacing percentage, paced QRS duration

◆ Clinical implications
⚫ Early recognition and management, including HF medications 

and biventricular CRT or conduction system pacing, could 
reverse LVEF



Thank you for your attention





◆ PiCM is a condition where chronic RV pacing can lead to HF

⚫ Electromechanical dyssynchrony, which means that the electrical and 

mechanical functions of the heart rate are not coordinated properly.

⚫ This can lead to a decrease in LVEF and overall heart function

◆ Upgrading to CRT can improve heart function in pts with PiCM

by attenuating electromechanical dyssynchrony.

◆ CRT devices deliver electrical impulses to both ventricles of the 

heart, which can synchronize the electrical and mechanical 

functions of the heart and improve LVEF.

◆ The study found that upgrading to CRT can lead to near-

complete resolution of RV PiCM in 9 of 10 cases of severe PiCM


