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EDITORIAL COMMENT
Does the Right Go Wrong During
Cardiac Resynchronization Therapy?*

Joost Lumens, PHD,a Erik Willemen, MSC,a Frits W. Prinzen, PHDb
A bout 1 in 3 patients with chronic heart failure
(HF) has left bundle branch block (LBBB) (1),
a ventricular conduction disorder causing a

distinct pattern of electromechanical polarization in
the left ventricular (LV) wall, characterized by a
decrease of work load in the early activated septum
and an increase of work load in the late activated LV
lateral wall (2–4). Many clinical studies have shown
that LBBB is associated with increased morbidity
and mortality (5,6). The introduction of cardiac
resynchronization therapy (CRT) has significantly
improved the prognosis of patients with HF with
reduced LV ejection fraction and hallmarks of LBBB
on 12-lead electrocardiogram (i.e., widening and
LBBB configuration of the QRS complex) (7). The
most popular working mechanism attributed to CRT
is its instantaneous recoordinating effect on LV elec-
tromechanical function. Through biventricular pac-
ing, CRT can (partially) repair the LV mechanical
imbalance by inter- and intraventricular resynchroni-
zation of the electric activation (8).
ISSN 1936-878X/$36.00

*Editorials published in JACC: Cardiovascular Imaging reflect the views of

the authors and do not necessarily represent the views of iJACC or

the American College of Cardiology.

From the aDepartment of Biomedical Engineering, CARIM School for

Cardiovascular Diseases, Maastricht University Medical Center,

Maastricht, the Netherlands; and the bDepartment of Physiology,

CARIM School for Cardiovascular Diseases, Maastricht University

Medical Center, Maastricht, the Netherlands. Dr. Lumens has received

support from the Dr. Dekker Program of the Dutch Heart Foundation

(grant 2015T082), the Netherlands Organisation for Scientific Research

(ZonMw, VIDI grant 016.176.340), and the ERA-Net ERACoSysMed

program (PUSHCART). Dr. Lumens has received research grants from

Medtronic. Dr. Prinzen has received research grants from Abbott,

Microport CRM, Biotronik, Medtronic, and EBR Systems. Dr. Willemen

has reported that he has no relationships relevant to the contents of

this paper to disclose.

The authors attest they are in compliance with human studies

committees and animal welfare regulations of the authors’ institutions

and Food and Drug Administration guidelines, including patient

consent where appropriate. For more information, visit the JACC:

Cardiovascular Imaging author instructions page.
A CALL FOR FOCUS ON RIGHT VENTRICULAR

MECHANICAL FUNCTION

It is important to realize that the vast majority of the
studies investigating LBBB and its treatment with CRT
has focused on LV mechanics and pump function. The
right ventricle, however, is often disregarded in these
studies, although it has been known for a long time that
a change in the loading condition of either ventricle
directly influences the pump function of the other
ventricle. Also, several studies have identified right
ventricular (RV) systolic dysfunction as an indepen-
dent predictor of nonresponse to CRT (9). For this
reason, the publication of Storsten et al. (10) in this
issue of iJACC is important, as it provides mechanistic
insight into the effects of both LBBB and CRT on RV
mechanical function. The work is composed of an
elegant combination of animal experimental and hu-
man measurements. Echocardiographic longitudinal
strain analysis in a group of patients with LBBB with
nonischemic cardiomyopathy and normal RV function
revealed an abnormal contraction pattern in the RV
free wall, characterized by premature systolic short-
ening before RV ejection. In most patients, this early-
systolic RV free wall shortening was significantly
reduced or entirely abolished by CRT.

Storsten et al. (10) observed the same premature
RV systolic shortening in an animal model as soon as
LBBB was induced by radiofrequency ablation of the
left bundle branch. Because the intrinsic His-Purkinje
conduction of the right ventricle was maintained in
this acute model of LBBB, it was concluded that the
RV contraction abnormality was a result of a change
in direct LV-RV interaction. Interestingly, they also
investigated what this change of ventricular interac-
tion means for the distribution of work load over the
ventricular walls.

MYOCARDIAL UNLOADING AND RELOADING

DURING LBBB AND CRT

By combining LV and RV pressure measurements
with myocardial deformation analysis using
https://doi.org/10.1016/j.jcmg.2020.01.009
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FIGURE 1 Simulations of Myofiber Strain
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Simulations of myofiber strain in the 3 ventricular walls during left bundle branch block (LBBB) (top row) and cardiac resynchronization therapy (CRT ON) (middle row)

in a heart with left ventricular (LV) failure (left column) and in a heart with both LV and right ventricular (RV) failure (right column). Simulations were performed with

the CircAdapt model of human cardiovascular system dynamics (11). LBBB was simulated by delaying mean LV free wall activation time 60 ms relative to mean septal

and RV free wall activation times. CRT was simulated by acutely synchronizing mean activation times of all 3 ventricular walls at an atrioventricular delay of 132 ms.

The bottom row presents CRT response for both LBBB hearts. CRT response is defined as the acute pacing-induced change of cardiac output relative to the baseline

cardiac output of 4.1 l/min in the LBBB simulations. Heart rate was kept constant at 80 beats/min during all simulations. LVEF ¼ left ventricular ejection fraction;

LVFW ¼ left ventricular free wall; RVEF ¼ right ventricular ejection fraction; RVFW ¼ right ventricular free wall.

Lumens et al. J A C C : C A R D I O V A S C U L A R I M A G I N G , V O L . 1 3 , N O . 7 , 2 0 2 0

Editorial Comment J U L Y 2 0 2 0 : 1 4 8 5 – 8

1486
sonomicrometric crystals, the distribution of
myocardial work across the ventricular walls was
determined during LBBB and CRT. These experi-
mental data corroborate previous experimental and
clinical studies (3,12) by showing that LBBB increases
myocardial work load in the late activated LV lateral
wall and decreases work load in the early activated
septum and that CRT (partially) restores the distri-
bution of myocardial work load. Furthermore, the
animal experimental data validate previous computer
simulation work showing that LBBB reduces work
load in the RV free wall and that CRT reverts this
unloading effect (3). In other words, CRT instantly
increases the work load of the RV myocardium in a
patient with HF with LBBB. Therefore, as Storsten
et al. (10) suggest, their study raises the important
question whether this pacing-induced change in RV
work load can explain the association between base-
line RV dysfunction and worse outcome after CRT.

IS RV WORK LOAD THE LINK BETWEEN

RV FAILURE AND NONRESPONSE TO CRT?

For this editorial, we have performed computer sim-
ulations to test this hypothesis. We have used the
well-established CircAdapt model of the human heart
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and circulation (CircAdapt, Maastricht University,
Maastricht, the Netherlands), which has been
extensively used for simulation of mechanics and
hemodynamic status in the failing heart with LBBB
and during its treatment with CRT (3,13). Figure 1
shows the simulated strain patterns of the 3 ventric-
ular walls during LBBB (Figure 1, top row) and
during CRT (Figure 1, middle row) in a heart with LV
failure and normal RV function (Figure 1, left column)
and in a heart with both LV and RV failure (Figure 1,
right column). The LBBB simulation with LV failure
shows the same early systolic RV and septal
shortening and LV pre-stretch as observed by Stors-
ten et al. (10) in dogs and HF patients with LBBB. In
addition, the simulations predict that RV failure
significantly reduces the amount of early systolic RV
shortening and LV pre-stretch in LBBB. In the simu-
lations of CRT (Figure 1, middle row), the 3 ventricular
walls are synchronously activated. As expected, CRT
made the strain patterns of the 3 ventricular walls
rather uniform in the heart with LV failure alone.
Interestingly, CRT did not lead to such mechanical
equilibration in the heart with additional RV failure.
Instead, the LV free wall strain pattern showed early
systolic shortening, and the RV free wall and septum
were stretched before the onset of LV ejection. Given
the synchronous electric activation of the 3 ventric-
ular walls during CRT, this mechanical imbalance can
be explained only by a marked interventricular dif-
ference in contractile strength during early systole,
which is due to the pacing-induced redistribution of
myocardial work load in the LBBB heart from the LV
free wall to the RV free wall. The failing right ventricle
cannot handle this acute increase in mechanical
work load. The bottom panel of Figure 1 illustrates the
effect of RV failure on hemodynamic response to CRT,
in terms of acute change of cardiac output relative to
baseline LBBB conduction. The simulations predict
that RV contractile failure significantly reduces the
potential for acute CRT response.
RV DEFORMATION PATTERN AS A

PREDICTIVE BIOMARKER

In an earlier study, Van Everdingen et al. (14) showed
that conventional LV mechanical dyssynchrony in-
dexes (i.e., time to peak strain between the septum
and LV lateral wall, interventricular mechanical
delay, and septal systolic rebound stretch) do not
reflect the negative impact of RV contractile
dysfunction on CRT response. The data published by
Storsten et al. (10) and the simulations presented in
this editorial suggest that the early systolic RV
shortening can be of prognostic value, given its
sensitivity to the electromechanical LBBB substrate
that is amenable to CRT and to the contractile func-
tion of the RV free wall, which seems to be a strong
determinant of CRT response.

GOING THE RIGHT WAY WITH CRT

Taking all these data together, we strongly support
the notion by Storsten et al. (10) that the diagnostic
work-up of patients with HF who are candidates for
CRT should include the assessment of baseline RV
function. Their combination of patient and animal
experimental data as well as the aforementioned
computer simulations indicate that the RV free wall,
which is mechanically spared in the LBBB heart,
should be strong enough to bear the sudden increase
in work load imposed by CRT. Future studies are
needed to determine how much of the current prob-
lem of nonresponse to CRT is due to a lack of RV
contractile reserve.

ADDRESS FOR CORRESPONDENCE: Dr. Joost Lu-
mens, Department of Biomedical Engineering,
CARIM School for Cardiovascular Diseases, Maas-
tricht University, P.O. Box 616, 6200 MD Maas-
tricht, the Netherlands. E-mail: joost.lumens@
maastrichtuniversity.nl.
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