
Management of Non-Responders in 

CRT Therapy

Vanita Arora
Director & Head

Cardiac Electrophysiology lab & Arrhythmia Services
Max Healthcare Superspeciality Hospital

New Delhi, India





Defining non-responders to CRT

• Complex- no clear definitions

• No consensus on the optimal timeline of assessing CRT 
response
– Most published studies chose either 6 or 12 months

• Criteria defined according to 2 conditions:

Clinical response:

– Changes in NYHA functional class

– Exercise capacity

– Heart failure quality of life score

– No deterioration - ? response

– Prone to be affected by placebo effect

LV response:

– Improvement of LVEF

– LV reverse remodeling- reduction of LVESV

– More objective despite potential limitations of ECHO image quality, 
reproducibility in measurement and learning curve



Ypenburg C et al. J Am Coll Cardiol. 2009;53(6):483-90.

In a study (n=302), 43% of CRT patients could be classified as 

non-responders or negative-responders by LVESV after 6 months

PRIMARY CLINICAL ISSUE – CRT NON RESPONSE RATE



Mullens W, et al. JACC. 2009;53:765-773.

There are Many Drivers for CRT Non-Response

Achieving maximum CRT response requires a multi-disciplinary approach

Potential Reasons for Suboptimal CRT Response
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Magnitude of benefit from CRT

Indications for CRT in patients in NSR

European Heart Journal

2013; 34: 2281–2329

Europace

2013; 15: 1070-1118

Highest

(responders)

Lowest

(non-responders)

Wider QRS, LBBB, females, 

non-ischemic cardiomyopathy

Males, ischemic cardiomyopathy

Narrower QRS, non-LBBB



Pre- Implant Predictors

• QRS width is the best predictor with a reasonably linear 

relationship to response

• DCMP responds better to CRT than Ischemic CMP

• MRI scans can be helpful to identify the scar areas

especially in Ischemic CMP

• Posterolateral LV scar and Sr Creatinine are independent

pre-implant predictors of poor long term outcomes

• Advanced disease leading to RV dysfunction can identify

poor responders

• Very Advanced stage of disease respond poorly 

-NYHA IV

-Multiple Hospitalizations in last 6 months 



Guidelines for CRT in Heart Failure
LBBB QRS >150 ms, LVEF <35%, symptomatic HF despite Medical Therapy



Guidelines for CRT in Heart Failure

50 M, symptomatic bradycardia, LVEF <40%, Needs a Pacemaker



QRS >150 Vs <150









Selecting The Best Pacing Site

• Paces lateral segment of LV free wall

• Maximum separation between RV and 

LV Pacing site

• Stable lead position

• Acceptable pacing threshold (<2.0 V)

• Absence of phrenic nerve stimulation



Non-Responders to CRT: 

LV Lead Positioning

Multiple studies demonstrate that BiV pacing at the latest 
site of electrical activation significantly improves 
hemodynamic response

• Gold, M.: “Electrical dyssynchrony… was strongly and 
independently associated with reverse remodeling and QOL with 
CRT”

• Polasek, R.:“…LV lead position assessed by duration of the QLV* 
interval was found the strongest independent  predictor of 
beneficial clinical response to CRT”

• Pappone, C.: “BVP with LVP at the site of late electrical activation 
significantly improves acute hemodynamic response to CRT…”

Pacing at the site of latest activation (QLV) increases 
cardiac output (dP/dtmax) by 22% vs Bi Polar pacing 3

1. Gold MR et al.  The relationship between ventricular electrical delay and left ventricular remodeling with cardiac resynchronization therapy. Euro Heart J 2011; 32, 2516-2524

2. Polasek R et al.  Local electrogram delay recorded from left ventricular lead at implant predicts response to cardiac resynchronizaiton therapy; retrospective study with 1 year follow up.  

BMC Cardiovascular Disorders 2012; 12:34

3. Pappone C, et al.  Left ventricular pacing from a site of late electrical activation improves acute hemodynamic response to cardiac resynchronization therapy.  (Abstract) APHRS 2012



Ideal LV Lead Position

LV EGM should fall in terminal QRS

Q-LV



Ideal LV Lead Position 
Apical,Mid or Basal Ventricular?

– Apical placement has 
significant increased risk 
of  HF /Death P=0.019 as 
compared to Basal & Mid 
location

– Cardiac synchronization similar 
in Anterior, Lateral and 
Posterior But Different in 
Apical
Circulation.2011:123:1159-1166 

Arrhythmia /electrophysiology

– When lead is closer to the 
base than apex

• Symptomatic improvement

• Lower death and 
hospitalization rates

• Improvement in ECHO 
parameters

Merchant F M; Heart and Rhythm 2010



LV Lead Position & MADIT-CRT
Singh J et al Circ 2011; 123:1159-66

The response of CRT-D to Death or HFH were prospectively 
evaluated as a 2˚ endpoint in MADIT-CRT in 799 pts

Conclusion: Apical position of LV lead worsens HF 
hospitalization & death



From Bipolar to Quadripolar 
Lead

LV Ring to RV Coil LV Tip to RV Coil LV Tip to LV Ring



Can Quadripolar lead obviate PNS
Multicenter European Study

• 75 Patients enrolled

• 97% of Patients had 

Vectors with no PNS &

LV threshold <2.5V in 

Quadripolar Pacing

• 86% of Patients had 

Vectors with no PNS &

LV Threshold <2.5 V 

in Conventional Pacing

Dr.Johannes Sperzesl, Europace  October II, 2011



• Limited venous options

• Difficulties with precise placement

• Dislodgement and implant unpredictability

• Phrenic nerve stimulation

LV Lead Challenges

No stable target location No stability in desired target 

location



Attain Stability
Active Fixation LV Lead



Dislodgement
One year minimum follow-up

Performance
Unique Design Enhances Stability & 
Safety 

Highly-rated handling and trackability

Helix positioned on the side 

rather than at the tip for better 

handling and trackability

Simple and safe lead extraction

Helix straightens with .5 kg of force, 

enabling easy removal from vein

Helix Post extraction







Hemoglobin

Electrolytes

Blood pressure

Anemia

Arrhythmias like APC’s,VPC’s, bigeminy or Trigeminy should be 

controlled as they can tilt the patient into intractable CHF

CHF medications must be regularly reviewed and optimized



Confirm Left Ventricular Pacing

• Ensure that the LV pacing is happening

• Compare Pre and Post Implant ECG

– RBBB Pattern in V1

– Change of polarity in lead I

• CxR to see the position of the LV Lead

• Upper tracking rate should be appropriately 
programmed in patients 
(keep it at a higher level to avoid inhibition of 
pacing during sinus tachycardia) 



Optimize AV and VV timings

• Automated timings can be 

the initial strategy for all 

patients

• For Non-Responders, 

‘manual adjustment’ 

• Can be done using ECHO & 

BP monitoring

• Time consuming and not 

always effective

• Ensure maximum AV synchrony

• Leads to significant improvement in VTI

• Short AV delay(~100ms) for A sensed so 

ensure ventricular capture

• Longer AV delays approaching the pR 

interval cause septal activation from His 

bundle causing ‘triple fusion’ 

complexes

• AS is better than AP

• Optimization of V-V delay leads to improvement of intraventricular & 

interventricular synergy and minimizes MR

• Small but Significant improvement in Aortic and Pulmonary VTI

• Various ECHO guided parameters are available

• Preferably <40ms 





Lead Reimplant

• Last resort

• Considered when response seems unlikely on 
clinical parameters & Lead placement is clearly sub-
optimal
– Lead is too apical

– Lead is close to RV apical lead

– High threshold or LOSS OF CAPTURE

– PNS 

• Options
– Reposition of existing CS lead

– Endocardial Lead via septal puncture

– Surgically positioned lead

– Two RV leads and 2 LV leads are innovative options



Ideal LV Lead Position

Maximum RV-LV Tip Separation in Lateral View

Ellenbogen Copyright © 2007 by Saunders







MultiPoint Pacing
MultiPoint pacing delivers two pulses from the 

Quadripolar LV lead per pacing cycle, resulting in a 

more uniform ventricular contraction

• Allows LV first or RV first

• Delays between pulses are programmable

The dual pulses from MultiPoint pacing Capture a larger area of the myocardium

Improve transventricular activation time

Improve hemodynamics

Offer resynchronization throughout the LV





McAlister FA et al. JAMA. 2007;297:2502–14.

Reasons for CRT Non Response

CRT pacing (activation) site is a key factor 
in patient hemodynamic response



MultiPoint Pacing Improves Hemodynamics

Improved Acute Hemodynamics and Contractility

At implant, 88% of patients had at least one MultiPoint pacing 

configuration that produced an increase in LV dP/dtmax when compared 

to pacing from a single BiV vector

Reduced LV Dyssynchrony

In 67% of patients, at least one MultiPoint pacing intervention exhibited a 

significant improvement in acute mechanical dyssynchrony compared to 

standard BiV pacing
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Objectives

 To characterize acute hemodynamics with MultiPoint™ pacing vs. single-

site LV BiV pacing

 To assess echocardiographic outcome of MultiPoint™ pacing compared to 

single-site  LV BiV pacing after 3 mo and 12 mo

Design

n=44, single center, 12-mo f/u, single-center feasibility, randomized

Evaluation

LV hemodynamic assessment: CD Leycom INCA PV loop system

Echo outcome assessment (baseline vs. 3- and 12-mo f/u’s)

Key Finding

MultiPoint™ pacing in a single CS branch significantly improves LV 

hemodynamics relative to single site LV pacing

CRT with MultiPoint™ Pacing Improves Acute Hemodynamic Response Asses with PV Loop 3

Improved CRT Response 

After 3 months, 73% of traditional CRT patients and 89% of patients treated with 

MultiPoint pacing were classified as responders

1. Thibault B et al. Multisite Pacing with a Quadripolar 
Left Ventricular Lead Improves Acute 
Hemodynamics.  Abstract HRS 2011.

2. Rinaldi CA et al. Multisite left ventricular pacing 
improves acute mechanical dyssynchrony in heart 
failure patients.  Abstract ACC 2012.

3. Pappone C et al. HRS 2013 Poster Session PO02. 
May 9, 2013.



AdaptivCRT Algorithm

Intrinsic As-RVs normal 

AND

HR<=100 bpm? 

Regular rhythm?

A

RVs

LVp

no

Evaluate intrinsic

conduction

yes

yes

Adaptive LV pacing*

AV from intrinsic AV

no

BiV pacing

AV from intrinsic AV and P-wave**

VV from intrinsic AV and QRS*

** Determined 

from far-field 

electrograms 

(Leadless ECG)

Krum H.  Am Heart J 2012 ; 163: 747-752
* Adaptive LV pacing is suspended if a tachyarrhythmia or incompatible 

device operation occurs.

The AV delay is 

adjusted to pace 

about 30 ms after the 

end of the P-wave but 

at least 50 ms before 

the onset of the 

intrinsic QRS



Patients with Higher Percentage Synchronized LV Pacing in the aCRT 

Arm had a lower rate of death and HF hospitalizations

Adaptive LV Pacing Analysis

All AdaptivCRT Patients



Adaptive LV Pacing Analysis

1. Martin, et al. Investigation of a Novel Algorithm for Synchronized Left-ventricular Pacing and Ambulatory Optimization of Cardiac 

Resynchronization Therapy: Results of the Adaptive CRT Trial. Heart Rhythm 2012; 9:1807-14.

• 47% of subjects received at least 50% Adaptive LV pacing1

• 44% reduction in RV pacing compared to control arm1



Pacing Percentage



• One of the most important aspects of the CRT non-

response protocol is the final step: “don’t wait” 

• This step should even apply to patients prior to 

confirming their non-response, because preventing 

patient disease progression is paramount

• After CRT is initiated, if a degradation in symptoms, 

health, or quality of life occurs, this can accelerate 

quickly in these patients

• Assessment and action in the optimization of patients 

should be done at each healthcare interaction





Local Electrogram Delay Recorded From Left Ventricular Lead At Implant

Predicts Response To Cardiac Resynchronization Therapy:

Retrospective Study With 1 Year Follow Up

• Single–centre analysis of 161 
consecutive patients with heart failure 
and LBBB or nonspecific intraventricular 
conduction delay (IVCD) treated with 
CRT.

• Intension to implant the LV lead in a 
region with long Q-LV.

• Q-LV was correlated with
– Clinical response to CRT

– LV end-systolic diameter 
reduction(LVESD ≥10%)

– Reduction in plasma level of NT-
proBNP

• Analyzed association between pre-
implant variables and the study 
endpoints

Rostislav Polasek et al BMC Cardiovasc Disord 2012;12, 34



Local Electrogram Delay Recorded From Left Ventricular Lead At Implant 

Predicts Response To Cardiac Resynchronization Therapy: 

Retrospective Study With 1 Year Follow Up
Rostislav Polasek et al BMC Cardiovasc Disord 2012;12, 34

CONCLUSION: LV lead position assessed by duration of the QLV interval was found the strongest 

independent predictor of beneficial clinical response to CRT



Claudia Ypenburg et al. J Am Coll Cardiol 2008;52:1402–9

244 CRT candidates

Site of latest mechanical activation was determined by speckle tracking 

radial strain analysis and related to the LV lead position on chest X-ray. 

Echocardiographic evaluation was performed after 6 months. 

Long-term follow-up included all-cause mortality and hospitalizations for 

heart failure.



Claudia Ypenburg et al. J Am Coll Cardiol 2008;52:1402–9



Defining Scar with MRI 
• Evaluation of transmural 

myocardial scar with contrast-

enhanced magnetic resonance.

• Example of a patient with 

ischaemic heart failure and 

extensive transmural 

myocardial scar located at the 

infero-postero-lateral segments 

of the left ven- tricle

Bax JJ et al J Am Coll Cardiol 2005;46:2168 – 82 



Electroanatomical Mapping

• Electrical activation and voltage mapping within the coronary sinus

• Activation map delineating the extent of delay within the three branches of the coronary 

sinus (using the NaVx system). The most delayed activation can be seen in the lateral 

and posterolateral branches

• Voltage mapping shows the presence of scar in the posterolateral segment, suggesting 

that the best location for the left ventricular lead is in the lateral mid-ventricular region

Ryu K et al J Cardiovasc Electrophysiol 2010;21:219 – 22. 



Europace (2015) 17,84-93

25 consecutive CRT candidates with left bundle-branch block 

underwent intra-procedural coronary venous EAM using 

EnSite NavX. 

The latest activated region, defined as the region with an 

electrical delay >75% of total QRS duration, was located 

anterolaterally in 18 and inferolaterally in 6

A concordant LV lead position was achieved in 18 of 25 

patients. 

In six patients, this was hampered by PNS (n = 4), lead 

instability (n = 1), and coronary vein stenosis (n = 1).

CONCLUSION: Coronary venous EAM can be used 

intraprocedurally to guide LV lead placement to the latest 

activated region free of PNS



Percentage of Biventricular 

Pacing  
• Background - Benchmark of biventricular pacing burden

• A cut-off value of biventricular percentage of 93% to improve the patients’ outcome in 
CRT patients with permanent atrial fibrillation or stable sinus rhythm

• Greater than 92%  biventricular pacing, the heart failure hospitalization and mortality 
rate was significantly lower

• While receiving 100% BiV pacing had the best outcome1

J Am Coll Cardiol 2009;53:355–360



Percentage of Biventricular 

Pacing
• Background - Benchmark of biventricular pacing burden

• Another study showed that the greatest magnitude of reduction in mortality 
was observed with a biventricular pacing achieved in excess of 98% of all 
ventricular beats1

Heart Rhythm 2011;8:1469-1475



Ensure Biventricular Capture

• Shorten AV delay

• Use Rate adaptive AV Delay

• Program ‘Upper Tracking Rate’ high 
enough to track sinus rate

• Shorten PVARP to achieve higher Upper 
Tracking Rate

• Program Auto PVARP

• Minimise Fusion



Loss of Ventricular Capture

• Atrial arrhythmias with high VR

• High threshold

• Lead dislodgement

• AR-VS sequences



Atrial Fibrillation And CRT 

Strategies to maximize biventricular 

pacing
• Rhythm Control

– Cardioversion

– Antiarrhythmic Drugs

– Catheter ablation

• Rate control

– Drugs (betablockers, digoxin, calcium 

antagonists)

– AV Node modification

– AV Node ablation



Catheter Ablation of AV Node To Ensure 

Biventricular Capture



AV Junctional Ablation

• A 59-year-old female with 
permanent AF treated with a 
CRT-D device, AVJ ablation

• Better functional status as 
shown by the number of 
hours of, activity per day

• Maximization of BVP%

• Improvement of heart rate 
variability profile

Gasparini et el Europace (2009) 11, v82–v86



CRT in AF: Role of AV Junction Ablation



Algorithms To Maximize CRT Delivery

• Managing non-capture during Atrial 

Fibrillation

– Conducted AF Response

– Ventricular Sense Response

• CAFR + VSR =  > 90% CRT pacing 

during AT/AF



Maximize Delivery of Resynchronization

• CAFR = ON/OFF

• CAFR UR = 80 – 130  
pm

 Modes:  VVI and VVIR

 Modes:  DDD and DDIR 

(with M/S = ON)

Beat-to-Beat

Adjustment

sensing pacing

Pacing Rate Pacing Rate



Conducted AF Response

Ventricular Sense Response

VSR CAFR



Algorithms To Prevent Atrial 

Fibrillation

• Atrial rate Stabilization

• Atrial Preference Pacing

• NCAP (Non-Competetive Atrial Pacing)

• PMOP (Post Mode Switch Pacing)



Quadripolar LV Lead Technology



Quadripolar LV Lead

• Apical Pacing is not as 

beneficial as basal

• Basal positions can be 

unstable, prone to 

dislodgement

• Quadripolar leads allow 

good stability as well as 

avoid apical pacing





MultiPoint™ Pacing Potential 
Benefits

• Pacing from TWO LV sites 
(“Multipoint LV stimulation”)

– Capture a larger area
(Can engage areas around scar tissue)

– Improved pattern of 
depolarization and 
repolarization

– Improve hemodynamics
– Improve resynchronization 

LVp

LVd



Device Optimization

Optimization Of A-V Delay


