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Aim. Assessment of the correlation between cardiac remodeling, functional status and electrical remodeling after cardiac resynchronisation therapy (CRT) in patients
with non-ischaemic cardiomyopathy.
Material and methods. A single center, prospective, observational study included 50 patients with non-ischaemic cardiomyopathy who were candidate for CRT
implantation. All patients prior to CRT and then 3 months after implantation had standard 12-lead surface ECGs to assess QRSd for assessment electrical response, for
assessment of left ventricular ejection fraction (LVEF) and volumes (left ventricular end diastolic and systolic volume, LVEDV and LVESV), mitral regurgitation (degree
of mitral regurgitation), pulmonary artery systolic pressure (for diagnosis of pulmonary hypertension), NYHA class and 6 minute walk test (6MWT) to assess patient’s
functional capacity.
Results. 50 patients with CRT were included (35 males and 15 females, mean age 54.88+7.48 years). All patients were in sinus rhythm with QRS duration (QRSd)
2120 ms, EF<35% and left bundle branch block. After 3 months; there was significant improvement in QRSd in 82% of the cases (145.3£16.3 msvs 133.3+17.2
ms, p<0.001). NYHA class improved at least one class in 78% and 6 min walk test improved in 80% (168.5[131.0; 181.0] m vs
280.0[237.0;297.0] m, p<0.001). LVEF increased significantly in 74% of study cases (28.6+2.7 vs 34.5+3.1, p value 0.001) also
there were statistically significant improvement in LVEDV (267.0+45.7 to 221.8+41.9 ml, p=0.002) and LVESV (137.43+47.19 E A EE
Jd

t0 105.03%42.7 ml, p=0.003). There was statistically significant correlation between QRSd and NYHA class (r=0.392, p=0.005), X
QRSd and 6MWT (r=0.323, p=0.022) and QRSd with LVEF (r=0.672 with p<0.001). Only seven patients showed improvement in o
the 3 parameters: LVESV, QRS duration and 6 min walk test. .r!
Conclusion. The CRT-pacemaker implantation was associated with significant improvement in QRSd, NYHA class, 6MWT and LV .

volumes in the short-term period. QRSd improvement was significantly correlated with functional status and LV EF.
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KnunHunyeckne, anekrpnyeckme n pyHKLNOHaNbHble U3MeHeHUs nocie nMmniaHTaumum CRT-P: kpaTkoBpeMeHHble pe3ynbTaThbl Y nauneH-
TOB C HeLLeMUYecKon Kapauommonarven

Mocraca LLI. A.7*, A6 AnbMoHryM A. M.T, PamaaaH X.2, dnbketuk 3. C.'

'YHuBepcuTeT bexa, beHxa, Apabckas Pecnybnvka Erunet

2HaloHanbHbIN KapaMonornieckmii MHCTuTyT, Kanp, Apabcekast Pecriybnvika Ervnet

Llenb. OueHUTb y NaLMEHTOB C HeMLIEMUYECKOW KapAMOMMONaTMeN B3aUMOCBA3b MeX/y peMofenvpoBaHueM cepila, MyHKLMOHaNbHbIM KNacCoM CepaeyqHOw
HELOCTAaTO4HOCTY 11 SNIEKTPUYECKM PEMOAENMPOBAHVEM NOCTE CEPAEYHON PECUHXPOHU3NPYIOLLEN Tepanim (CPT).

Martepuan n meToabl. B nccnenoaHve BktodeHbl 50 NaLMEHTOB C HeMLWEMUYeCKoV KapAavoMMonaTel, KOTopsIM NpoBeny nMnnaHTaumio CPT. Bcem nauveHTam
MCXOAHO 1 Yepe3 3 Mec nocne umnnanTaumm CRT nposoamunack craHaaptHas KT B 12 otBeaeHmsx Ans oueHkr QRSd (oueHku 3M1eKTPUYeCKoro oTBeTa), TpaHcTopa-
KarnbHasi 3xokapavorpacws Ans oLeHkM dhpakumum Bbiopoca (DB) 1 0ObeMoB neBoro kenynoyka (KOHeYHbIM AMacToNM4ecknin U CUCTONMHECKUI 0ObeM NIeBOTO XXeny-
no4ka, KOO JIX v KCO NTX), MuTpansHo perypritaumn (CreneHb MUATPaNbHOM perypriTaummn), CUCTONMHECKOro 1aBNeHUs B NEro4Horn aptepun (ans AnarHocTvkm
JIero4yHom rmnepTeHamm), oleHKa yHKLMOoHanbHOro knacca no NYHA 1 1ecT 6-MUHYTHOM XOAbObI (TLUX) ons oLeHku (YHKLIMOHaMbHbIX BO3MOXHOCTE NaLueHTa.
Pesynbratbl. CpefHuii BO3PACT NALMEHTOB (35 MyXUmH 11 15 XeHLLyuH) coctaBun 54,9+7,5 rofa. Y Bcex nauveHToB — CUHYCOBbIN pyTM (AnmTenbHocTb QRS >120 mc),
®B <35% 1 Griokaaa NeBoit HOXKWM Mydka Mca. Yepes 3 Mec nocre nmnnaxTauwmm CPT B 82% cryyaes Habnioaanock 3Ha4mmoe nameHeHre QRS (145,3+16,3 mc no
cpaBHeHuio ¢ 133,3£17,2 mc, p<0,001). Knacc NYHA yryswmncst no KpaiHei Mepe Ha oanH y 78 % nauvieHToB, a nokasatenu TLUX —y 80% (168,5[131,0; 181,0] m
npotus 280,0 [237,0; 297,0] M, p<0,001). ®B JIX cratcTvyeckm 3Ha4MMo yeenmimnnacs y 74% nauwentos (28,6+2,7 npotus 34,5+3,1, p<0,001), Takxe 3Ha41Mo
yny-wmances nokasatenu: KOO JIK (c 267,0+45,7 po 221,8+41,9 mn (p=0,002) n KCO JIX (c 137,4+47,2 0o 105,0+42,7 mn, p=0,003). Habnioganacs cratvctinye-
CKV 3Ha4VMast KOpPENALMA MeXAY NMPOAOMKUTENbHOCTBIO MHTepBana QRS 1 knaccom NYHA (r=0,392, p=0,005), QRS u pesyntatom TLLX (r=0,323, p=0,022) v gm-
TenbHoCTbio QRS ¢ ®B JIX (r=0,672 npu p<0,001). Tonbko y cemm NaLmMeHToB HabMoAaNoch yny4llieHve no Bcem Tpem napametpam: OB JIXK, anmrensHocts QRS v TLLIX.
3aknioueHue. [poseaerie CPT accoLmmpoBanach Co 3HaYUTENbHBIM YyYLeHeM nokasatenen: AnutensHocTs QRS, knacc NYHA, aucrarumm 8 TLUX 1 o6bem JIX
y>Xe B KpaTKOCPOYHOM nepuiofe. Yny4lueHvie 4anTensHoCTn nHTepBana QRS 3HaumnTenbHO KoppenvpoBano ¢ GyHKLVOHanbHbIM ctatycom 1 OB JIX.

KnioyeBsble cnosa: CRT, pemoaenmpoBaHye cepaLa, cepedHas HeloCTaToYHOCTb, knacc NYHA.
Ans untmpoBanus: Moctaca L. A., A6 Anbmornym A. M., Pamapan X., dnbkelwk 3. C. KnuHKYeckie, anekTprieckie 1 hyHKUMOHabHbIE M3MEHEeHVIS MOCTe NM-

nnaHTaLwmm CRT-P: KpaTkoBpeMeHHble pe3ynsraTbl y NaLMeHToB C HeULWeMUYECKo Kapavomuonatuen. PaumoHansHas @apmakotepanis 8 Kapanonornn. 2024;20(1):
13-18.DOI: 10.20996/1819-6446-2024-2571. EDN MJADZQ
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Introduction

Intraventricular conduction delays are associated
with dyssynchronous left ventricular (LV) contraction
caused by regional delays in the electrical activation of the
chamber. This phenomenon occurs in 15 to 30 percent of
patients with heart failure due to dilated cardiomyopathy
and reduced systolic function while increasing systolic
volume [1].

In short-term studies, biventricular stimulation in the
form of cardiac-resynchronisation therapy (CRT) has
been shown to improve symptoms, enhance the quality
of life, increase exercise tolerance, and partially reverse
maladaptive remodeling [2].

When evaluating the responsiveness to CRT, it is
preferable to consider decreased end-systolic volume to
clinical parameters (such as New York Heart Association
(NYHA) class, 6-minute walking test (6MWT), and quality
of life score). Quality of life and reverse remodeling do not
always align, as patients may experience improvement
in one parameter without the other. Therefore, clinical
parameters should not be disregarded, as an increase in
quality of life or improvement in NYHA class can be just as
significant as patient survival [3].

So, we aimed to study the short-term response to CRT
regarding electrocardiography (ECG), cardiac remodeling
and functional status to evaluate the overlap or the gap
between these parameters which determine the response
after device implantation.

Material and methods

Assingle center, prospective, observational study included
50 patients with non-ischaemic cardiomyopathy who were
candidate for CRT implantation at National Heart Institute,
Egypt in the period from October 2017 to June 2019. All
patients had cardiac-resynchronisation therapy-pacemaker
(CRT-P) devices (St. Jude) (the only available device at
our institute). The study was approved by the local ethics
committee and all patients signed informed consent.

Inclusion criteria:

« Patients with NYHA functional class Ill;

« Ambulatory patients with NYHA class IV who are
heamodynamically stable for at least 4 weeks on optimal
medical treatment;

« Left ventricular ejection fraction (LVEF) <35%;

* Intraventricular conduction delay defined by a QRS
duration (QRSd >120 m sec if left bundle branch block or
>140 msec if non left bundle branch block;

« All patients were on optimal recommended
pharmacological heart failure therapy (angiotensin
converting enzyme inhibitors or angiotensin receptor
blockers, beta-blockers, aldosterone antagonists, and
diuretic).

Exclusion criteria:

* Presence of atrial fibrillation;

« Amiodarone therapy;

» Complicated procedure or device failure;

* Severe comorbidities.

ECG acquisition and analysis

All patients had standard 12-lead ECGs (paper speed
=25 mm/s, voltage gain =10 mm/mV) once prior to
CRT implantation to assess QRSd then 3 months after
implantation for assessment electrical response.

Echocardiography

All patients were examined using GE Vivid 7 machine
M4S matrix sector array probe with a frequency range
of 1.5 to 3.6 MHz (GE Vingmed Ultrasound, Horten,
Norway) with integrated ECG recording [4] mostly with
the patients lying in the left lateral decubitus position for
assessment of:

* LV EF and volumes (left ventricular end diastolic and
systolic volume, LVEDV and LVESV) were measured utilizing
modified Simpson’s equation (the endocardium of the
apical two and four chamber echocardiographic views in
systole and diastole is traced manually);

« Mitral regurgitation: degree of mitral regurgitation
assessment according to the American Society of Echo-
cardiography’s consensus statement on echocardio-
graphic quantification of valvular regurgitation and
classified into mild, moderate and severe according to
vena contracta,

» Pulmonary artery systolic pressure: for diagnosis
of pulmonary hypertension. Pulmonary artery systolic
pressure is estimated from the tricuspid regurgitant jet
velocity using the modified Bernoulli equation and adding
the estimated right atrial pressure on the basis of inferior
vena cava diameter and collapsibility.

6 min walk test

This is a simple objective measurement to assess
patient’s functional capacity.

6MWT was performed indoors in a long, flat, straight,
enclosed corridor with a hard surface. The walking course
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was 30 m in length. The length of the corridor is marked
every 3 m. The turnaround point is marked with a cone.
A starting line, which marks the beginning and end, is
marked on the floor using brightly colored tape.

Reasons for immediately stopping a 6MWT include the
following: chest pain, intolerable dyspnea, leg cramps,
staggering, diaphoresis, and pale or ashen appearance. If
a test is stopped for any of these reasons, the patient sits
or lie supine as appropriate depending on the severity or
the event and the technician’s assessment of the severity
of the event and the risk of syncope [5].

CRT implantation data

All patients had CRT-P devices (St. Jude medical,
PM3140 DDDRV S/N 123456). Pacing leads were
inserted through standard subclavian vein approach.
Direct puncture of the subclavian vein was performed
(Seldinger technique) with separate puncture for each
lead (3 puncturesintotal). Dilators and peel-away sheaths
were used to advance all pacing and defibrillation leads.
Operators implanted right ventricle (RV) lead (pacing or
implantable cardioverter-defibrillator) first, then the LV
lead and finally the right atrium lead.

Device implantation

The generator was positioned over or under the
pectoral muscle in CRT-P patients. The RA lead was
placed in RA appendage, The RV lead tip was placed
in the apex of the right ventricle. The LV lead tip was
placed in the postero-lateral cardiac vein when possible
or in an alternative posterior or lateral vein. The location
chosen for LV lead was that giving the greatest spatial
separation from the tip of the RV lead, with stable LV
capture and without diaphragmatic capture at four times
threshold voltage. Device programming using Merline
St.Jude was done during follow up of the patients in
the outpatient clinic to assess lead impedances, pacing,
sensing thresholds, optimisation of AV and VV delays and
detection of device malfunction [6].

We included only de novo implantation of devices
and did not include generator changes, redo procedures,
revisions.

Criteria of CRT response

All patients were evaluated after one month for device
programming and after 3 months for evaluation of the
response to CRT.

The response to CRT can be divided into 2 main
categories:

1. Clinical endpoints indicating improved clinical
status (NYHA functional class improvement by >1 class,
exercise capacity expressed as 6MWT)

2. Echocardiographic endpoints indicating improved
LV systolic function or reversed LV remodeling (decrease
in LVESV by >15%) [6].

The improvement in 6MWT and NYHA class were
considered as improved functional status.

Statistical analysis

Continuous variables were expressed as mean =+
standard deviation. Paired and unpaired and Student's
t-test and nonparametric tests were used for comparisons

between baseline and follow up. Categorical variable were
expressed as numbers or percentages were analyzed with
the chi-square test. D'Agostino-Pearson test for normal
distribution was done and accordingly, non-parametric
test was chosen when distribution was non-normal.
Comparison between continuous data before and after
CRT was done using paired t-test. Comparison between
continuous data in responders and non-responders
was done using unpaired t-test or Mann-Whitney test
as appropriate. Correlations were made using Pearson
correlation coefficient or Spearman r (S) as appropriate.
P value was considered significant if <0.05.

Results

All patients were evaluated before CRT implantation
and 3 months afterforassessment of electrical remodeling,
cardiac remodeling and functional status. All patients
were in sinus rhythm, mean age was 54.88+7.48 years,
35 males (70%) and 15 female (30%), 24 patients
(48%) were hypertensive, 22 patients (44%) had
diabetes mellitus, 30 patients (60%) had dyslipidemia
and 10 patients (20%) were smokers, all patients had
DCM of non-ischaemic etiology.

ECG response to CRT

There was statistically significant improvement in QRS
duration 3 months after CRT implantation in 41 patients
(82%); where duration improved from 145.33+16.29
msto 133.33+17.15 ms, P<0.001.

NYHA class improvement

Before CRT implantation; 72% of the patients were
NYHA class lll and 28% were NYHA class IV. After 3
months of CRT; 78% showed increase in NYHA by at least
one class (fig. 1).

Six minutes walk test

The mean 6MWT distance at baseline was 168.5
meters reaching 280.0 meters 3 months after CRT
implantation (p-value <0.001) (fig. 2). The improvement
in the distance was detected in 40 cases (80%) that was
considered as clinical response.

Cardiac remodeling and transthoracic echocar-
diographic response to CRT

There was statistically significant improvement
in LVEF in 37 patients (74%), where EF% increased
from 28.6+2.7 to 34.5+£3.1 (p value <0.001). There
was statistically significant improvement in LVEDV
(267.0£45.7 to 221.8%+41.9 ml, p=0.002), and
LVESV (137.4£47.2 t0 105.0£42.7 ml, p=0.003). The
improvement occurred in 39 patients representing 78%
of study cases.

Mitral regurgitation severity as assessed by vena
contracta improved by one class (from moderate to mild)
in 29 patients which represents 58% of study cases.

The correlation analysis between all parameters
(ECG, echocardiographic and functional status)

Correlations between ECG parameter (QRSd) and
changes in NYHA class, 6MWT and echocardiographic
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NYHA score improvement
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Figure 1. Bar chart showing NYHA class distribution among patients before and after CRT implantation
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Figure 2. Box plot showing six-minute walk distance before Figure 3. Diagram showing discrepancy in improvement
and after CRT of left ventricle end systolic volume (LV ESV), QRS

duration and six-minute walk test

Table 1. Correlations between improvement in ECG parameters and changes in NYHA class, 6 min walk test and
echocardiographic parameters

NYHA EF improvement LV EDV LV ESV Six-minute
improvement improvement improvement walk distance
improvement
QRS improvement r(S) 0.392 0.672 0.025 0.216 0.323
P value 0.005 0.0001 0.864 0.131 0.022

LVESV — left ventricular end systolic volume, LVEDV — left ventricular end diastolic volume, LVEF — left ventricular ejection fraction, QRSD — QRS
duration, r (S) — Spearman correlation coefficient

parameters revealed that; There was statistically it was insignificant for LVEDV and LVESV (table 1). Only
significant correlation between changes in QRSd with seven patients showed improvement in the 3 parameters:
NYHA class, QRSd with 6MWT and QRSd with LVEF, but LVESV, QRS duration and 6MWT (fig. 3).
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Discussion

LV desynchrony was initially recognized as
a phenomenon related to electrical conduction delay in
patient with systolic heart failure with wide QRS complexes
which is associated with worsening of symptoms and poor
prognosis so; CRT is an important non-pharmacological
therapy in end-stage heart failure if optimal heart failure
therapy failed [7].

All patients in the present study had CRT-P according
to the device availability and data available as it not clear
whether adding implantable cardioverter-defibrillator
as prophylactic therapy would be beneficial in patients
who have advanced heart failure with severe left
ventricular dysfunction or in those with non-ischaemic
cardiomyopathies. Nor is it clear that in these settings,
any benefit would be additive to those of CRT. According
to COMPANION trial, the addition of a defibrillator to
CRT did not appreciably affect the combined outcomes
of death from or hospitalisation for any cause, which are
heavily influenced by the hospitalisation components [8].

The researchers of COMPANION trial concluded that
the decision of which of these two therapeutic options is
appropriate for a particular setting is best determined on
an individual basis by patients and their physicians [8].

Y.Liang et al., conducted a survey study where majority
of CRT implantations were CRT-D, which occupied over 70-
80% of all CRT devices in developed countries. However,
this wide clinical application of CRT-D was not supported
by solid evidence showing its superiority over CRT-P [9].

The present study included 50 patients referred for CRT
implantation who were evaluated twice (before CRT and
3 months after) to evaluate cardiac remodeling, factional
status and electrical remodeling after CRT implantation.

All CRT responders in this study had significant
reduction in LVESV and LVEDV which is considered the
hallmark of LV reverse remodeling, improved functional
status (NYHA functional class, 6 min walk test) which
was correlated with ECG changes (QRSd).

The results of our study are in agreement with
C.Ypenburg et al. [10] who evaluated the clinical
response to CRT where there was about 57% of the
patients improved by one NYHA functional classand 12%
showed an improvement of two NYHA functional classes
while 31% remained unchanged for 6 months follow-up
after CRT. The reason for unresponsiveness to CRT in this
study was attributed to presence of a large percentage of
ischaemic patients in the whole study which accounted
for 68 % compared to non-ischaemic patients.

C.Stellbrink et al. [11] studied 25 patients with
advanced heart failure for 6 months follow up after CRT
implantation with echocardiographic measurements of
both dimensions and volumes, they found that the mean
LVESV and LVEDV were significantly reduced after CRT.
They concluded that spherical shape in dilated hearts was
associated with increased wall stress, and that a change
in LV sphericity have been correlated to an increase in
exercise capacity and may involve a reduction in regional

wall stress, myocardial oxygen demand and functional
mitral requrgitation.

Mitral regurgitation is one of the echocardiographic
changes that predict CRT reverses remodeling and clinical
improvement. This improvement in mitral regurgitation
could be explained by the effect of resynchronisation
on the papillary muscles and the better coaptation of
the leaflets. Also, the decrease in the contraction time
possibly leads to a decrease in the degree of mitral
regurgitation. The reverse remodeling and reduction of
the LV dimensions can explain further improvement at
follow-up [3].

In the present study clinical responders show
corresponding increase in 6MWT coinciding with
functional class improvement. The study of C.M. Yu [12]
was in concordant to our study, where echocardiography
show improvement in LVESV and LVEDV and improved
6MWT distance after pacing for 3 months that was
associated with objective measurement of clinical
improvement.

Our results agreed with the study of S.Cazeau et
al. [13] who studied 100 patients with successful CRT
implantation, they found that 63 patients had a decrease
in QRS complex post CRT implantation and as the
percentage of decrease in QRS width after implantation
increased; there was an improvement in LVEF and clinical
outcome post implantation.

Also, in a recent study by T.Nakai et al. [14] who
studied 260 patients with a QRS duration >120 ms and
a LVEF <35% with follow up for 6 months, they found
that after CRT implantation, the functional response
definition of CRT response is associated with a higher
response rate and better clinical outcomes than that of
the echocardiographic response definition, and therefore
it is reasonable to use the functional definition to assess
CRT response.

A recent study examined the degree of agreement
between echocardiographic and patient-reported health
status response to CRT 6 months after implantation in 109
patients, and evaluated the differences in pre-implantation
characteristics of patients with concordant and discordant
echocardiographic and health status responses. They found
that 25 (22.9%) had an echocardiographic response but
no health status response and 29 (26.6%) had a health
status response but no echocardiographic response [15].
Results of the PSYHEART-CRT study found that there
is large discrepancy between echocardiographic and
patient-reported health status response to CRT. The most
important predictor of health status response was the pre-
implantation health status score. These results emphasize
that disease-specific health status measures may have
additional value over ‘objective’ measures of CRT response
and should be incorporated in clinical practice [15].

Clinical implication

The nonresponse rate for CRT is a significant concern.
However, depending on the definition of response, there
might not be as many non-responders as expected. In
addition, functional responders can correctly predict
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better prognoses. So, we should evaluate the response to
CRT regarding functional class improvement in association
with ECG and echocardiography parameters.

Study limitation

Single center study that was conducted on small
number of patients and the study was also limited by
short term follow up.

Conclusion

The implantation of CRT-P was associated with
significant improvement in QRSd, NYHA class, 6MWT
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nogmepXxke YHumBepcuteta beHxa u HaumoHanbHOro
Kapanonormndeckoro nHctntyta (Apabckas Pecnybnvika
Ervner).
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