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Abstract

Aims: Cardiac resynchronization therapy (CRT) was shown to improve left atrial (LA) size and function within months
after the procedure. We aimed to assess the impact of CRT on left atrial (LA) size and function within days after the procedure.
Materials and methods: Twenty-eight consecutive patients with CRT were evaluated before the procedure and within 3 days
afterwards, and 25 of them were also examined at three months. Echocardiography was performed to assess LA size and func-
tion: LA volumes indexed to body surface (LAVIs) were measured at different moments during the cardiac cycle: ventricular
end-systole — maximum LAVI (LAVImax), before atrial systole (LAVIpreA), and at ventricular end-diastole — minimum LAVI
(LAVImin). These measurements were further used to calculate LA function parameters: LA total emptying fraction, active
emptying fraction and passive emptying fraction. Results: LAVImax decreased within days after the procedure — 45.5 mL/
m? (38.2-56.7) vs. 42.9 mL/m? (32.1- 56.2), p <0.05, as did LAVImin — 27.1 mL/m? (22.9-41.9) vs. 25.9 mL/m? (17.8-38.1), p
<0.05, and LAVIpreA — 40.0 mL/m? (31.3-53.0) vs. 35.5 mL/m? (25.8-49.1), without significant changes in functional param-
eters. All LAVIs were correlated to the diastolic filling time/RR interval ratio after CRT, but not before. Conclusions: LAVIs
may be reduced within days after the implant procedure in responders to CRT, while atrial functional parameters remain un-
changed. Correlations beween LAVIs and the diastolic filling time/RR interval ratio after CRT suggest that early optimization
of atrio-ventricular and ventriculo-ventricular delays may have a positive and immediate impact on LA size.
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Introduction

During the last decade, left atrium indexed volumes
(LAVIs) and LA function parameters assessment by
echocardiography gained interest as markers of diastolic
dysfunction and increased left ventricular (LV) filling
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pressures [1-2], and as predictors of outcome in patients
with heart failure [3-6].

Current techniques for assessing LA size include
two- or three-dimensional measurements of LAVI at dif-
ferent moments during the cardiac cycle, which can also
be used for quantifying the reservoir, conduit, and pump
function of the LA. Atrial strain assessment by either tis-
sue Doppler or speckle tracking has also been proposed
for quantifying LA function.

Lately, there has been a growing interest for assess-
ing LA size and function in patients with heart failure
who undergo cardiac resynchronization therapy (CRT).
Increased maximum LA indexed volume (LAVImax)
emerged as a reliable predictor of heart failure and death,
or all-cause mortality, in the The Multicenter Automatic
Defibrillator Implantation Trial — Cardiac Resynchroni-
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zation Therapy (MADIT-CRT) trial [5] and in smaller
studies focused on patients with CRT [6]. In addition, in a
recently published research, LA reverse-remodeling, de-
fined as a reduction of >10% in LAVImax at six months
follow-up, was a reliable predictor of cardiovascular out-
comes [7]. Moreover, in this study, patients who exhib-
ited LA reverse-remodeling without LV reverse-remode-
ling had similar outcomes to those who had both LA and
LV reverse-remodeling [7], which seems to suggest that
LA size assessment is as valuable if not even more valu-
able than the study of LV size.

Several studies evaluated the correlation between
LA function and clinical improvement at three and six
months after CRT. LA size and function were quantified
by conventional B-mode methods and the assessment of
LA strain by tissue Doppler [8] and speckle tracking, re-
spectively [9]. CRT responders exhibited LA size reduc-
tion and LA functional improvement.

Although data has begun to pool regarding the chang-
es in LA size and function in CRT patients, to our knowl-
edge, there is currently no published research on the early
impact of CRT on the LA. In the current study, we aimed
to explore the immediate changes, within 3 days after the
implant procedure, on LA size and function, assessed by
conventional, widely available, two-dimensional echo-
cardiography parameters in patients with heart failure
and CRT.

Material and methods

Patients

We examined 28 consecutive patients who were hos-
pitalized in our institution between February 2014 and
February 2016. Of the 28 patients, 25 were enrolled in
the study, as three of the patients did not attend all the
programmed visits, due to non-medical issues.

Patients were enrolled provided they had sympto-
matic heart failure >NYHA II despite optimal tolerated
medical therapy, left ventricular ejection fraction (LVEF)
of <35%, left bundle branch block (LBBB) with QRS
width of at least 120 msec or right bundle branch block
with a QRS duration of at least 150 msec, with indica-
tion for CRT according to the 2013 European Society of
Cardiology guidelines [10]. Patients who had permanent
or persistent atrial fibrillation at any visit, before or after
CRT, those who had primary mitral valve disease, as well
as patients with a life expectancy of less than a year due
to either heart failure or other terminal disease, or poor
echocardiographic window were excluded. Patients who
refused to take part in the research were not enrolled.

All patients were submitted to a thorough investiga-
tion protocol including history, physical examination,

complete blood count and standard serum biochemis-
try, 12-lead ECG, chest X-ray, the 6-minute walk test,
the Minnesota Living with Heart Failure Questionnaire,
echocardiography, and CRT-P/CRT-D device follow-up.
The atrio-ventricular and ventriculo-ventricular delays
were adjusted using a standard protocol in order to en-
sure a physiological depolarization pattern of the endo-
cardium. Adjustments were guided by atrio-ventricular
and ventriculo-ventricular intervals recorded using right
atrial (RA), right ventricular (RV) and LV leads, stand-
ard 12-leads electrocardiograms and pulsed-wave Dop-
pler assessment of the mitral flow on echocardiography,
avoiding E and A wave fusion and truncated A waves.
The iterative method was used to adjust atrio-ventricular
delays, as previously described [11]. Echocardiograph-
ic measurements reported in this study were only per-
formed after optimal ECG and transmitral flow patterns
have been achieved, at the first examination after CRT.
At three months, examinations were performed with the
same atrio-ventricular and ventriculo-ventricular delays.

The same investigation protocol was applied three
times: first — one day before CRT (baseline assessment),
second — within 3 days after the procedure, third — at
three months. The latter visit was required for assess-
ing response to CRT, which was defined as NYHA class
improvement and a reduction in LV end-systolic volume
>15% by comparison with pre-CRT values [12-14]. At
the baseline assessment, all enrolled patients were on
optimal medical therapy, in maximum tolerated doses,
which remained unchanged until the second evaluation,
performed within 3 days after the procedure.

All patients signed an informed consent form. The
study was conducted according to the principles of the
Declaration of Helsinki and approved by the Research
Ethics Committee of the University.

Echocardiography methods

Echocardiographic examinations were performed us-
ing a Vivid S5, BT 10, GE Medical Systems echocardio-
graph with a 2.5 MHz transducer. The ECG trace was
simultaneously recorded using lead II for dyssynchrony
parameters assessment and a Lewis lead to help guide LA
volumes measurement.

Left atrial volumes and function assessment

LA size was quantified based on the LA diameter
measured from the parasternal long axis view. The maxi-
mum LAVI (LAVImax) was measured at ventricular
end-systole. LAVI before atrial systole LAVIpreA was
measured before the P wave on the ECG and minimum
LAVI (LAVImin) was measured at the end of ventricular
diastole, immediately after mitral valve closure, as previ-
ously described [15]. Based on these volumes, functional
parameters were derived to assess the reservoir, conduit
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a) b)

Fig 1. Measurements of left atrial volumes by two dimensional echocardiography: a) maximum left atrial volume, at ventricular end-
systole: b) preA left atrial volume, measured before the P wave on the ECG; ¢) minimum left atrial volume, at ventricular end-diastole,

immediately after mitral valve closure.

and pump function of the LA. For the reservoir function
the total emptying fraction was calculated as (LAVImax—
LAVImin)/LAVImax x 100. For the conduit function the
passive emptying fraction was calculated as (LAVImax —
LAVIpreA)/LAVImax x 100. For the pump function, the
active emptying fraction was calculated as (LAVIpreA—
LAVImin/LAVIpreA) x 100 [15]. LAVI measurements
are represented in figure 1.

Left ventricular systolic and diastolic function

assessment

Left ventricular volumes were measured from the
apical 4-chamber view and indexed to body surface.
LVEF was determined based on Simpson’s modified rule.
Diastolic function was assessed by transmitral flow pa-
rameters — maximum velocities of E and A waves, E/A
ratio and E wave deceleration time (EDT). The transmi-
tral flow was recorded from the apical 4-chamber view
by placing a 2 mm sample volume at the tip of the mitral
leaflets, at a sweep speed of 100 cm/sec on three distinct
cardiac cycles, during postexpiratory apnoea. Diastolic
dysfunction severity was graded as mild for E/A <0.8 and
E wave velocity <50 cm/s, moderate (pseudonormal pat-
tern) for E/A <0.8 and E >50 cm/s or 0.8< E/A <2, or se-
vere (restrictive pattern) if E/A >2. Filling pressures were
assessed by the E/E’ ratio and were considered normal
for an E/E’ ratio <8, and elevated for an E/E’ ratio >8
[16]. To calculate E/E’ we used the average of E’ values
measured on the interventricular septum and lateral wall.

Mechanical dyssynchrony assessment

We assessed mechanical dyssynchrony by the follow-
ing parameters: 1) for atrio-ventricular dyssynchrony —
the diastolic filling time/RR interval ratio; the diastolic
filling time was measured from the beginning to the end
of the transmitral flow, recorded by pulsed wave Dop-
pler from the apical 4-chamber view; atrio-ventricular
dyssynchrony was considered present for a duration of

diastole/duration of cardiac cycle ratio <40% [14,17]; 2)
for inter-ventricular asynchrony — the inter-ventricular
motion delay (IVMD), calculated as the difference be-
tween the aortic (APT) and pulmonary pre-ejection times
(PPT); the pre-ejection times were measured from the
beginning of the QRS complex to the beginning of the
LV and right ventricular outflows, respectively, recorded
by pulsed wave Doppler; interventricular dyssynchrony
was considered present at an IVMD >40 msec [14,20]; 3)
for intra-ventricular asynchrony — the septal to posterior
wall motion delay (SPWMD), recorded by color tissue
Doppler and M-mode, combined; values of >130 msec
were considered indicative of intraventricular dyssyn-
chrony; the delay between the maximum posterior wall
contraction (time from QRS onset to maximum posterior
wall contraction, recorded by color tissue Doppler and
M-mode from the parasternal long axis view) and the be-
ginning of diastole (time from QRS onset to transmitral
flow onset, recorded by pulsed wave Doppler); positive
differences were considered an indicator of intraventricu-
lar dyssynchrony; presence of apical rocking and septal
flash, as previously described [14,18].

All recordings for time measurements were per-
formed at a sweep speed of 100 cm/sec.

Additional echocardiographic parameters

Mitral regurgitation was classified as mild, moderate
or severe according to the recommendations of the Eu-
ropean Association of Cardiovascular Imaging [19]. The
probability of pulmonary hypertension and the estimat-
ed systolic pulmonary artery pressure were assessed by
measuring maximal tricuspid regurgitation velocity and
inferior vena cava diameter and inspiratory collapse, as
previously recommended. The probability of pulmonary
hypertension was considered low for a maximum tricus-
pid regurgitation velocity <2.8 m/sec, in the absence of
other echocardiographic signs of pulmonary hyperten-
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sion; intermmediate for maximum tricuspid regurgitation
velocities <2.8 m/sec, with other signs of pulmonary hy-
pertension, or without such signs and maximum veloci-
ties between 2.9-3.4 m/sec, and high, if maximum tricus-
pid regurgitation velocities were >3.4 m/sec, or between
2.9-3.4 m/sec if additional signs of pulmonary hyperten-
sion were present [20].

Statistical analysis

Data were tested for normality using the Shapiro-
Wilk test. Variables with normal distribution were report-
ed as mean value + standard deviation (SD), while data
with non-gaussian distribution were reported as median
and interquartile range. Considering the low number of
patients and the fact that most variables had non-gauss-
ian distribution, non-parametric tests were further used.
Comparisons were made using Wilcoxon’s and McNe-
mar’s tests, according to the type of data (continuous or
dichotomial), while correlations were assessed by the
Spearman’s test. Linear regression analysis was also per-
formed. Results were considered statistically significant
for p <0.05. All statistical analysis was performed using
the MedCalc software, version 14.8 (MedCalc Software
bvba, Ostend, Belgium).

Results

Twenty-eight patients were enrolled, but three were
excluded, as they did not attend the three months visit,
due to non-medical issues. The final study group con-
sisted of 25 patients.

At the baseline evaluation, 24 out of the 25 patients
(96%) had LBBB, 23 of which had a QRS duration >130
msec. A single patient had right bundle branch block with
a QRS width of 180 msec. Most patients had echocardio-

graphic evidence of ventricular dyssynchrony; the median
value of IVMD was 66 (48.8-75.8) msec, and most pa-
tients had apical rocking (n=23, 92%) and/or septal flash
(n=21, 84%). Median SPWMD values were 270 (185-
315) msec. Few patients had ischaemic dilated cardiomy-
opathy (DCM) (n=2, 8%) and/or increased probability of
pulmonary hypertension, as assessed by echocardiogra-
phy (n=3, 12%). All baseline data are recorded in Table I.

Based on the final evaluation at three months after the
implant procedure, all patients were considered respond-
ers to CRT, according to the previously described criteria.
The LV end-systolic volume indexed diminished from
174 (136.5-199.0) ml/m? before the procedure to 122
(103.0-161.0) ml/m? at the three months visit, p=0.0001.
There was also a significant improvement in NYHA class
(p=0.0001).

The comparative analysis of clinical and paraclini-
cal data collected before and within 3 days after the pro-
cedure revealed statistically significant improvements,
regarding the NYHA class and 6-minute walk test dis-
tances, which increased from 410 m (363.5-477.5) be-
fore CRT to 500 m (430.0-527.5) after the procedure. The
comparative analysis of echocardiography-derived data
yielded significant changes early after CRT. There was a
reduction in end-systolic and end-diastolic left ventricu-
lar diameters and volumes, and improved LVEF — 22.0
(19.5-25.0) vs 28.0 (26.0-30.5), p=0.0001. Moreover, mi-
tral regurgitation severity regressed after CRT.

Among LA size parameters, all recorded LAVIs were
significantly reduced, as was maximum LA area — 20.5
(16.4-24.3) cm? vs. 18.8 (15.3-23.4) cm?, p<0.05, despite
the fact that changes in minimum and preA LA areas did
not reach statistical significance. LA function parameters
did not improve within days after the procedure (Table II).

Table I. Demographical, clinical and electrocardiographic characteristics at the baseline visit

Parameter CRT patients
N=25

Demographical and clinical data
Age (SD), years 60+12
Gender, female, n% 5(20%)
Weight (SD), kg 80+15
Body surface area (SD), m? 1.90+0.1
Functional NYHA class > III, n (%) 14 (56%)
CRT-D, n (%) 9 (36%)
Ischemic DCM, n (%) 2 (8%)
High probability of pulmonary hypertension, n (%) 3 (12%)

ECG parameters
QRS duration (IQR), msec
LBBB, n (%)
RBBB, n (%)

160 (160 — 180)
24 (96%)
1 (4%)

SD, standard deviation; NYHA, New York Heart Association; CRT-D, Cardiac Resynchronization Therapy Defibrillator; DCM, dilated cardio-
myopathy; IQR, interquartile range; LBBB, left bundle branch block; RBBB, right bundle branch block; IVMD, interventricular motion delay
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Table II. Comparative analysis of clinical and echocardiographic data before and within days (early) after CRT

Parameter Pre-CRT Days after CRT ]
(n=25) (n=25)
Weight, kg 80+15 79+15 NS
Body surface area, m? 1.940.1 1.9+0.1 NS
Functional NYHA class (/IV/III/IV), n 0/11/11/3 1/20/4/0 0.0001
QRS duration, msec 160 (160-180) 140 (137-160) 0.0001
6MWTD, m 410 (363.5-477.5) 500 (430.0-527.5) <0.001
Echocardiography
LVEDD, mm 70 (65-76) 69 (65-74,3) <0.01
LVESD, mm 63.5 (56.5-68.5) 60.0 (53.5-65.5) <0.01
LVEDV indexed, ml/m? 111.5 (89.9-138.8) 106.4 (81.7-132.2) <0.01
LVESV indexed, ml/m? 83.9 (64.5-111.0) 78.1 (53.9-95.1) <0.0001
LVEEF, % 22.0 (19.5-25.0) 28.0 (26.0-30.5) 0.0001
LA diameter, mm 47 (46.0-51.3) 46 (41.5-49.3) <0.001
LAVImax, ml/m? 45.5 (38.2-56.7) 42.9 (32.1-56.2) <0.05
LAA max, cm? 25.3(22.1-29.8) 23.4 (20.4-28.9) NS
LAVImin, ml/m? 27.1(22.9-41.9) 25.9 (17.8-38.1) <0.05
LAAmin, cm? 20.5 (16.4-24.3) 18.8 (15.3-23.4) NS
LAVIpreA, ml/m? 40.0 (31.3-53.0) 35.5(25.8-49.1) <0.05
LAApreA, cm? 24.0 (20.1-26.9) 20.4 (18.0-26.5) <0.05
Total emptying fraction, % 34.3 (28.0-41.2) 34.0 (28.2-44.2) NS
Passive emptying fraction, % 15.5 (11.2-19.0) 15.4 (10.8-19.5) NS
Active emptying fraction, % 22.5(6.1-31) 25.7 (13.4-34.6) NS
Mitral E/A 0.77 (0.6-1.33) 0.68 (0.55-1.17) NS
Mitral E/E’ 10.3 (8.9-14) 10.6 (8.9-12.6) NS
EDT, msec 147 (117-235) 216 (161-244) NS
Degree of diastolic dysfunction (mild/moderate/severe) 11/3/7* 14/4/3 NS
Mitral regurgitation severity (none/mild/moderate/severe) 3/5/13/4 5/10/10/0 0.001
RAVI, ml/m? 25.9 (21.3-29.7) 25.4(22.0-29.4) NS
RAA, cm? 17.0 (15.3-19.9) 17.2 (15.3-19.0) NS
sPAP, mmHg 36.5 (18.0-53.0) 22.5(17.0-38.0) <0.01
APT, msec 163 (141.3-180.8) 148 (118-175.5) <0.05
IVMD, msec 66 (48.8-75.8) 14 (5.3-29.3) <0.0001
SPWMD, msec 270 (185-315) 45 (40-95) <0.0001
(Q-PP) — (Q-Mi), msec -90.5 (-147.5/-33.5) -141.5 (-254.5/-104.5)  <0.01
Diastolic filling time/RR interval, % 42 (38.8-49.8) 50 (41.0-53.33) <0.05
Apical rocking, n (%) 23 (92%) 10 (40%) <0.001
Septal flash, n (%) 21 (84%) 9 (36%) <0.001

NYHA, New York Heart Association; CRT-D, cardiac resynchronization therapy defibrillator; LBBB, left bundle branch block; 6MWTD,
six minute walk test distance; LVEDD, left ventricle end-diastolic diameter; LVESD, left ventricle end-systolic diameter; LVEDV, left
ventricle end-diastolic volume indexed; LVESYV, left ventricle end-systolic volume indexed; LVEF, left ventricle ejection fraction; LA, left
atrium; LAVI max, maximum left atrium volume indexed; LAA max, maximum left atrial area; LAVI min, minimum left atrium volume
indexed; LAA min, minimum left atrial area; LAVI preA, left atrial volume indexed before atrial systole; LAA preA, left atrium area before
atrial systole; EDT, E wave deceleration time; RAVI, right atrium volume indexed; RAA, right atrium area; sPAP, systolic pulmonary artery
pressure; APT, aortic pre-ejection time; IVMD, interventricular motion delay; Q-PP, time from onset of QRS complex to maximum left
ventricular posterior wall contraction; Q-Mi, time from QRS onset to mitral valve opening; SPWMD, septal to posterior wall motion delay.
*In 4 patients, E and A wave were fused at the baseline evaluation; therefore they were excluded from the analysis of diastolic function

parameters.

Correlations between echocardiographic LA size or
function parameters, and LV function parameters were
further tested, revealing a specific trend: before CRT, all

of mitral regurgitation; after CRT, the correlations of all
three volumes to EDT and the severity of mitral regurgi-
tation were lost, while a new one, between maximum and

LAVIs (minimum, maximum and preA) were signifi-
cantly correlated with the severity of diastolic dysfunc-
tion, the EDT and the E/E’ ratio, as well as the severity

minimum LAVT and the diastolic filling time/RR interval
ratio emerged. All significant correlations were moderate
(Table III). None of the analyzed parameters correlated
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Table III. Univariate analysis — correlations between morphological and functional parameters of the left atrium with clinical and
echocardiographic parameters before and early after CRT

LAVImax Pre- CRT Post-CRT

Spearman’s rho P Spearman’s rho P
Diastolic dysfunction degree 0.512 <0.01 0.459 <0.05
EDT -0.575 <0.01 -0.353 NS
E/E' ratio 0.594 <0.01 0.518 <0.05
LVEF -0.055 NS -0.248 NS
Diastolic filling time/RR interval 0.218 NS 0.441 <0.05
Mitral regurgitation degree 0.479 <0.01 0.389 NS
6MWTD 0.188 NS -0.274 NS
LAVIpreA
Diastolic dysfunction degree 0.458 <0.05 0.408 <0.05
EDT -0.547 <0.01 -0.240 NS
E/E' ratio 0.519 <0.01 0.462 <0.05
LVEF -0.081 NS -0.242 NS
Diastolic filling time/RR interval 0.175 NS 0.350 NS
Mitral regurgitation degree 0.420 <0.05 0.358 NS
6MWTD 0.070 NS 0.358 NS
LAVImin
Diastolic dysfunction degree 0.594 <0.01 0.511 <0.01
EDT -0.628 0.001 -0.379 NS
E/E' ratio 0.462 <0.05 0.460 <0.05
LVEF -0.242 NS 0.074 NS
Diastolic filling time/RR interval 0.209 NS 0.417 <0.05
Mitral regurgitation degree 0.499 <0.01 -0.348 NS
6MWTD -0.229 NS 0.102 NS
Total emptying fraction (Left atrial expansion index)
Diastolic dysfunction degree -0.596 <0.01 -0.582 <0.01
EDT 0.612 <0.01 0.366 NS
E/E' ratio -0.229 NS -0.209 NS
LVEF 0.074 NS 0.073 NS
Diastolic filling time/RR interval -0.138 NS -0.338 NS
Mitral regurgitation degree -0.348 NS -0.217 NS
6MWTD 0.102 NS 0.088 NS
Active emptying fraction
Diastolic dysfunction degree -0.813 <0.0001 -0.553 <0.01
EDT 0.473 <0.05 0.473 <0.01
E/E' ratio -0.240 NS -0.240 NS
LVEF 0.217 NS 0.203 NS
Diastolic filling time/RR interval -0.126 NS -0.284 NS
Mitral regurgitation degree -0.508 <0.01 -0.258 NS
6MWTD 0.082 NS 0.163 NS
Passive emptying fraction
Diastolic dysfunction degree 0.237 NS -0.127 NS
EDT -0.156 NS -0.042 NS
E/E' ratio 0.067 NS -0.201 NS
LVEF -0.126 NS 0.053 NS
Diastolic filling time/RR interval 0.033 NS -0.078 NS
Mitral regurgitation degree 0.280 NS -0.192 NS
6MWTD 0.177 NS 0.043 NS

LAVImax, maximum left atrial volume indexed; LAVIpreA, left atrial volume indexed before atrial systole; LAVI min, minimum left atrial
volume indexed; EDT, E wave deceleration time; LVEF, left ventricular ejection fraction; 6MWTD, 6 minute walk test distance; RR, RR
interval on the electrocardiogram.



368 Silvia Lupu et al

Changes in left atrial size and function early after cardiac resynchronization therapy

to the LVEF, 6-minute walk test distance, NYHA class or
the quality of life score.

Linear regression analysis yielded significant corre-
lations between LAVIs and the degree of diastolic dys-
function before and after CRT, independently of mitral
regurgitation severity and the diastolic filling time/RR
interval ratio. Moreover, LAVI max, min and preA corre-
lated to the degree of diastolic dysfunction independently
of mitral regurgitation severity before CRT (p<0.0001)
and of the diastolic filling time/RR interval ratio after the
procedure (p<0.0001).

Discussions

In the current study, LA volumes reduced significant-
ly within days after CRT, without major changes in LA
volumes-derived functional parameters. Clinical status,
assessed by the NYHA functional class and 6-minute
walk test distance, was also improved. Moreover, sta-
tistically significant improvements were recorded in LV
size and systolic function parameters, mitral regurgita-
tion severity, and dyssynchrony parameters, while dias-
tolic dysfunction parameters, other than LAVIs, were not
significantly changed.

All 25 patients were considered responders to CRT
when reassessed at three months, which is not surpris-
ing considering the fact that, overall, patients in the study
group had favorable characteristics for becoming respond-
ers. Most of the patients had LBBB QRS morphology
at baseline, with fairly wide QRS (median value of 160
msec); as previously shown by other studies, including the
EchoCRT trial, decreased QRS width is associated with
poor outcomes after CRT [20-21]. Only a single patient in
the study group had a QRS width of 120 msec, and favour-
able anatomy, allowing the insertion of the coronary sinus
lead into a postero-lateral vein; this patient was also a re-
sponder to CRT according to previously described criteria.

Also, most enrolled patients had mechanical dyssyn-
chrony on echocardiography. For instance, the median
values of IVMD were quite high in the study group, and
increased [IVMD was previously shown to associate with
response to CRT [22] and predict good outcomes [23].
In addition to that, previous studies have shown that the
presence of apical rocking and septal flash before CRT
was associated with better response to the procedure
[24,25], and these features occurred in most patients of
our study group. Moreover, few patients had poor predic-
tors of response to CRT, such as ischemic DCM [23] and
increased probability of pulmonary hypertension [26], as
assessed by echocardiography.

The main purpose of the current study was, however,
to assess the changes in LAVIs and LA function imme-

diately after CRT and to explore the pathophysiological
background of these changes. A couple of factors have
previously been shown to contribute to reduce LAVI in
CRT patients, such as LV diastolic function improvement
[27], the regression of LV filling pressures or diminished
mitral regurgitation [28]. However, neither the transmi-
tral flow-derived diastolic function parameters, nor the
E/E’ ratio improved significantly within days after CRT,
while the severity of mitral regurgitation was significant-
ly reduced, but no longer correlated to LAVI after the
implant procedure.

The lack of improvement in LV diastolic function pa-
rameters within days after CRT may be justified by the
fact that, within such a short period of time, the intrinsic
properties of the myocardium did not change significant-
ly. Currently, data regarding the molecular mechanisms
behind reverse remodeling are scarce; however, one study
showed a significant increase in messenger RNA levels of
a-myosin and in the ratio of a-/-f myosin heavy chains
in responders to CRT, who also exhibited increased sar-
coplasmic reticulum calcium ATP-ase 20 messager RNA
levels and elevated SERCA/phospholamban ratio [29].
These mechanisms have been proposed for justifying
myocardial reverse remodeling in responders to CRT and
are unlikely to occur at such an early stage. Moreover, this
phenomenon could also explain the lack of early improve-
ment in LA function that we observed in our research.

Interestingly, in our study, mitral regurgitation severi-
ty reduced significantly after CRT, but no longer correlat-
ed to LAVIs, despite statistically significant correlations
before CRT. Considering these facts, we hypothesized
that, in our study group, reductions in LAVIs after CRT
did not depend much on intrinsic myocardial changes,
and did not correlate linearly with the severity of mitral
regurgitation, but must have been triggered by another
acutely modified parameter. Accordingly, we tested the
correlations between LAVIs and atrio-ventricular dys-
synchrony, as assessed by the diastolic filling/RR interval
ratio, which were statistically significant, suggesting that
this parameter is more likely to influence LAVIs in acute
settings than the decreased severity of mitral regurgita-
tion. This is an important finding that seems to suggest
the importance of prolonging the diastolic filling time
by reducing the heart rate with medication and adjusting
atrio-ventricular delays while preserving a favourable
transmitral flow pattern, without E and A wave fusion
and truncated A waves. Such an approach would contrib-
ute to reducing LAVIs, thus improving outcomes in CRT
patients. Moreover, the results of our study seem to sug-
gest that the assessment of LA volumes by conventional
echocardiography could be a simple and widely available
technique for assessing the early impact of CRT.
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The main limitation of the study is the low number of
enrolled patients and the short follow-up time. Also, atrial
strain quantification would have been of interest, but the
appropriate software was not available and measurements
could not be performed. All recruited patients were clinical
responders to CRT and had echocardiographic evidence of
early LV reverse remodeling. As a consequence, we could
not test the ability of the studied parameters for predicting
the response to CRT. Further research, on a larger number
of patients that would also include non-responders, could
endorse or reject the study of LA size and function varia-
tions within days after the implant procedure.

Conclusions

The results of the current study suggest that, within
days after the implant procedure, LAVIs may undergo
significant changes, and that these changes are correlated
to the reduction in atrio-ventricular dyssynchrony, rather
than the diastolic function, which remains unchanged,
and the acute reduction in mitral regurgitation.

Conflicts of interest: no competing interests.

References

1. Teo SG, Yang H, Chai P, Yeo TC. Impact of left ventricular
diastolic dysfunction on left atrial volume and function: a
volumetric analysis. Eur J Echocardiogr 2010;11:38-43.

2. Moya-Mur JL, Garcia-Martin A, Garcia-Lled6 A, et al. In-
dexed left atrial volume is a more sensitive indicator of fill-
ing pressures and left heart function than is anteroposterior
left atrial diameter. Echocardiography 2010;27:1049-1055.

3. Patel DA, Lavie CJ, Milani RV, Ventura HO. Left atrial vol-
ume index predictive of mortality independent of left ven-
tricular geometry in a large clinical cohort with preserved
ejection fraction. Mayo Clin Proc 2011;86:730-737.

4. Lim TK, Dwivedi G, Hayat S, Majumdar S, Senior R. Inde-
pendent value of left atrial volume index for the prediction
of mortality in patients with suspected heart failure referred
from the community. Heart 2009;95:1172-1178.

5. Kuperstein R, Goldenberg I, Moss AJ, et al. Left atrial vol-
ume and the benefit of cardiac resynchronization therapy
in the MADIT-CRT trial. Circ Heart Fail 2014;7:154-160.

6. Shen X, Nair CK, Holmberg MJ, et al. Impact of left atrial
volume in prediction of outcome after cardiac resynchroni-
zation therapy. Int J Cardiol 2011;152:13-17.

7. Kloosterman M, Rienstra M, Mulder BA, Van Gelder
IC, Maass AH. Atrial reverse remodeling is associated with
outcome of cardiac resynchronization therapy. Europace
2016;18:1211-1219.

8. Yu CM, Fang F, Zhang Q, et al. Improvement of atrial
function and atrial reverse remodeling after cardiac resyn-

10.

11.

12.

15.

16.

17.

chronization therapy for heart failure. J Am Coll Cardiol
2007;50:778-785.

. D’Andrea A, Caso P, Romano S, et al. Different effects

of cardiac resynchronization therapy on left atrial function
in patients with either idiopathic or ischaemic dilated car-
diomyopathy: a two-dimensional speckle strain study. Eur
Heart J 2007;28:2738-2748.

European Society of Cardiology (ESC); European Heart
Rhythm Association (EHRA), Brignole M, et al. 2013 ESC
guidelines on cardiac pacing and cardiac resynchronization
therapy: the task force on cardiac pacing and resynchro-
nization therapy of the European Society of Cardiology
(ESC). Developed in collaboration with the European Heart
Rhythm Association (EHRA). Europace 2013;15:1070-
1118.

Cleland JG, Daubert JC, Erdmann E, et al. The effect of
cardiac resynchronization on morbidity and mortality in
heart failure. N Engl J Med 2005;352:1539-1549.

Chung ES, Leon AR, Tavazzi L, et al. Results of the Pre-
dictors of Response to CRT (PROSPECT) trial. Circulation
2008;117:2608-2016.

. Yu CM, Fung WH, Lin H, Zhang Q, Sanderson JE, Lau

CP. Predictors of left ventricular reverse remodeling after
cardiac resynchronization therapy for heart failure second-
ary to idiopathic dilated or ischemic cardiomyopathy. Am J
Cardiol 2003;91:684-688.

. Pitzalis MV, lacoviello M, Romito R, et al. Cardiac re-

synchronization therapy tailored by echocardiographic
evaluation of ventricular asynchrony. J Am Coll Cardiol
2002;40:1615-1622.

Blume GG, Mcleod CJ, Barnes ME, et al. Left atrial func-
tion: physiology, assessment, and clinical implications. Eur
J Echocardiogr 2011;12:421-430.

Nagueh SF, Smiseth OA, Appleton CP, et al. Recommenda-
tions for the Evaluation of Left Ventricular Diastolic Func-
tion by Echocardiography: An Update from the American
Society of Echocardiography and the European Associa-
tion of Cardiovascular Imaging. J Am Soc Echocardiogr
2016;29:277-314.

Cleland J, Freemantle N, Ghio S, et al. Predicting the Long-
Term Effects of Cardiac Resynchronization Therapy on
Mortality From Baseline Variables and the Early Response.
J Am Coll Cardiol. 2008;52:438-445.

. Goresan J 3rd, Abraham T, Agler DA, et al. Echocardiog-

raphy for cardiac resynchronization therapy: recommen-
dations for performance and reporting--a report from the
American Society of Echocardiography Dyssynchrony
Writing Group endorsed by the Heart Rhythm Society. J
Am Soc Echocardiogr 2008;21:191-213.

. Lancellotti P, Tribouilloy C, Hagendorff A, et al; Scien-

tific Document Committee of the European Association of
Cardiovascular Imaging. Recommendations for the echo-
cardiographic assessment of native valvular regurgitation:
an executive summary from the European Association of
Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging
2013;14:611-644.



370 Silvia Lupu et al

Changes in left atrial size and function early after cardiac resynchronization therapy

20.

21.

22.

23.

Gali¢ N, Humbert M, Vachiery JL, et al. 2015 ESC/ERS
Guidelines for the diagnosis and treatment of pulmonary
hypertension: The Joint Task Force for the Diagnosis and
Treatment of Pulmonary Hypertension of the European So-
ciety of Cardiology (ESC) and the European Respiratory
Society (ERS): Endorsed by: Association for European
Paediatric and Congenital Cardiology (AEPC), Internation-
al Society for Heart and Lung Transplantation (ISHLT). Eur
Heart J 2016;37:67-119.

Ruschitzka F, Abraham WT, Singh JP, et al; EchoCRT
Study Group. Cardiac-resynchronization therapy in
heart failure with a narrow QRS complex. N Engl J Med
2013;369:1395-1405.

Maffe S, Paffoni P, Dellavesa P, et al. Role of echocardio-
graphic dyssynchrony parameters in predicting response to
cardiac resynchronization therapy. J Cardiovasc Med (Hag-
erstown) 2015;16:725-735.

Goldenberg I, Moss AJ, Hall WJ, et al; MADIT-CRT Ex-
ecutive Committee. Predictors of response to cardiac resyn-
chronization therapy in the Multicenter Automatic Defibril-
lator Implantation Trial with Cardiac Resynchronization
Therapy (MADIT-CRT). Circulation 2011;124:1527-1536.

24.

25.

26.

27.

28.

29.

Ghani A, Delnoy PP, Smit JJ, et al. Association of apical
rocking with super-response to cardiac resynchronisation
therapy. Neth Heart J 2016;24:39—46.

Gabrielli L, Marincheva G, Bijnens B, et al. Septal flash
predicts cardiac resynchronization therapy response
in patients with permanent atrial fibrillation. Europace
2014;16:1342-1349.

Chatterjee NA, Upadhyay GA, Singal G, et al. Pre-capillary
pulmonary hypertension and right ventricular dilation pre-
dict clinical outcome in cardiac resynchronization therapy.
JACC Heart Fail 2014;2:230-237.

Waggoner AD, Faddis MN, Gleva MJ, et al. Cardiac resyn-
chronization therapy acutely improves diastolic function. J
Am Soc Echocardiogr 2005;18:216-220.

Breithardt OA, Sinha AM, Schwammenthal E, et al. Acute
effects of cardiac resynchronization therapy on functional
mitral regurgitation in advanced systolic heart failure. ] Am
Coll Cardiol 2003;41:765-770.

Vanderheyden M, Mullens W, Delrue L, et al. Myocardial
gene expression in heart failure patients treated with car-
diac resynchronization therapy responders versus nonre-
sponders. J Am Coll Cardiol 2008;51:129-136.



