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kground Right ventricular apical (RVA) pacing is related to adverse left ventricular (LV) remodelling. This study

assessed changes in global longitudinal strain (GLS) after permanent RVA pacing, and investigated whether

GLS at one month can predict later LV ejection fraction (LVEF) decline.

thods The study enrolled 68 patients with normal LVEF (�50%) who underwent dual chamber pacemaker

implantation for third-degree atrioventricular block. Global strains and LVEF were assessed using three-

dimensional (3D) speckle tracking strain echocardiography (STE).

ults At one month, GLS was significantly lower in those patients who developed pacing-induced LV dysfunc-

tion (PIVD), which was defined as a reduction in LVEF �5 percentage points at 12 months, than those who

did not (-14.9 � 1.8 vs -16.1 � 1.7, p = 0.014), although GLS was similar at baseline. In patients who devel-

oped PIVD, only GLS was significantly reduced at one month compared to baseline (-14.9 � 1.8 vs

-16.6 � 1.2, p = 0.022) whereas LVEF was not. Global longitudinal strain at one month was the only inde-

pendent predictor for PIVD at 12 months on multivariate analysis (OR, 1.623; 95% CI, 0.986–2.210; p = 0.009).

Receiver operating characteristic (ROC) analysis showed that GLS at one month had a high predictive

accuracy for the development of PIVD at 12 months, with an area under curve (AUC) of 0.88, 94% sensitivity,

and 70% specificity.

nclusions Global longitudinal strain at one month after pacemaker implantation had high predictive accuracy for

identifying subsequent development of PIVD. Global longitudinal strain may be an invaluable parameter to

predict LV adverse remodelling following permanent RVA pacing.

words Global longitudinal strain � Right ventricular apical pacing � Three-dimensional echocardiography
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Introduction
Right ventricular apical (RVA) pacing is widely used in bra-

dyarrhythmia therapy around the world. Previous studies

have demonstrated that RVA pacing may cause mechanical

dyssynchrony and heart failure (HF) [1–3]. Development of HF

after RVA pacing seems to be an individual and multifactorial

process. Some patients with normal cardiac function prior to

pacemaker implantation may also have a reduction in left

ventricular (LV) systolic function after RVA pacing [4]. How-

ever, cardiologists have major concerns about how to identify

patients with normal left ventricular ejection fraction (LVEF)

and at risk of developing HF after pacemaker implantation.

Early detection of the subtle signs of LV systolic dysfunction

can lead to early clinical treatment and better prognosis. A

single, easily available, non-invasive test that is able to identify

such individuals is most desirable in clinical practice. Three-

dimensional (3D) speckle tracking strain echocardiography

(STE) has been proven to detect early signs of mild systolic

impairment in a range of cardiac diseases before a measurable

reduction in LVEF [5,6]. The deterioration of global longitudi-

nal strain (GLS) might be an early manifestation in the devel-

opment of HF. Patients with abnormal GLS after permanent

RVA pacing may benefit from upgrading to biventricular

pacing at a very early phase with more intensive clinical fol-

low-up and echocardiographic surveillance.

The current study sought to characterise GLS that might be

used to clarify patients with normal LVEF who are more

likely to undergo subsequent deterioration of LVEF during

permanent RVA pacing for atrioventricular (AV) block.
Methods

Study Subjects
Between January 2012 and December 2014, 105 patients

with persistent third-degree AV block were screened for

the study. The study only enrolled eligible patients with a

normal left ventricular function (LVEF �50%) and who

were scheduled to undergo dual chamber pacemaker

implantation. Exclusion criteria were: heart failure, sig-

nificant ischaemic and valvular heart disease, hypertro-

phic cardiomyopathy, dilated cardiomyopathy, atrial

fibrillation (AF), significant respiratory disease, and renal

insufficiency..

Study Design
The investigation protocol was approved by the Institu-

tional Review Board and the Ethic Committee of Huai’an

First People’s Hospital. Written informed consent was

obtained from all study participants. All clinical investiga-

tions were conducted in accordance with the Declaration of

Helsinki. All patients enrolled into the study received RVA

pacing and underwent clinical and echocardiography

assessments before pacemaker implantation. Serial pace-

maker check-ups, echocardiography and clinical
assessments were performed at 1 and 12 months after pace-

maker implantation. N-terminal pro-brain natriuretic pep-

tide (NT-proBNP) was measured by Elecsys

electrochemiluminescence immunoassay (Roche Diagnos-

tics Corporation, Indianapolis, IN, USA).

The primary objective of the trial was to investigate

whether 3D STE can be used to predict the development

of pacing-induced LV dysfunction (PIVD) after pacemaker

implantation. Pacing-induced LV dysfunction was defined as

an absolute decline in LVEF by �5 percentage points at 12

months. All implantations were performed by experienced

operators. The right atrial and right ventricular leads were

positioned in the right atrial appendage and RVA, respec-

tively, via a transvenous route. Fluoroscopy and x-ray were

used to confirm the anatomical location of the RV lead in each

case. The QRS complex in V1-V6 leads showed left bundle

branch block and left axis deviation was designated as RVA

pacing in the pacing electrocardiography (ECG). Pacemakers

were programmed to DDDR mode according to the man-

ufacturers’ algorithms.
Echocardiography
Standard transthoracic echocardiography was performed on

an iE-33 ultrasound machine (Philips Medical Systems,

Bothell, WA, USA). Real-time 3D image was performed using

the same ultrasound machine equipped with X3-1 – a fully

sampled matrix array transducer. Conventional two-dimen-

sional, M-mode, Doppler measurements were performed

according to the American Society of Echocardiography

guidelines [7]. End-diastolic volume (EDV), end-systolic vol-

ume (ESV), and LVEF were manually measured using the

biplane Simpson’s method in the 2D mode. Left ventricular

mass was calculated using the Devereux formula [8].

Three-dimensional images were taken for all subjects and

were then digitally stored for off-line analysis by Qlab 3DQA

software (Philips Medical Systems). The software automati-

cally and simultaneously tracked the endocardial and epicar-

dial contours through the entire cardiac cycle in three

different vectors. The 3D images of LV walls were automati-

cally divided into 17 segments. Left atrial volume (LAV),

EDV, ESV, LVEF were measured. Volume parameters were

standardised by body surface area (BSA). The GLS, global

circumferential strain (GCS), and global radial strain (GRS)

were measured using the speckle tracking method by the

software from the single full-volume acquisition. Two con-

secutive beats data were digitally stored to ensure optimal

data quality. The LV dyssynchrony was evaluated by stan-

dard deviation index of 3D strain (SDI), which calculated

standard deviation of time to the minimum regional volume

of 16 segments related to the cardiac cycle. The LV mass

index (LVMI) was LV mass indexed to BSA.

Baseline and follow-up echocardiographic examinations

were performed using the same machine. All echocardio-

graphic examinations for each patient were performed and

evaluated by two independent experienced echocardiogra-

phers under blinded conditions.



1782 H. Xu et al.
Reproducibility
Intra-observer and inter-observer variability of both strain

measurements and LVEF were examined, by two investiga-

tors, in 10 randomly selected patients. The same primary

operator analysed selected data twice at intervals of >2

weeks. Both operators were blinded to the results of the first

measurement and from each other. Intra-observer and inter-

observer variability of 3D STE data were calculated as intra-

class correlation coefficients (ICCs). The inter-observer ICCs

for LVEF, GLS, and SDI were 0.84, 0.87, and 0.81, respec-

tively. Similarly, intra-observer measurement showed ICCs

of 0.86 for LVEF, 0.90 for GLS, and 0.82 for SDI, indicating

satisfactory reproducibility of LV measurements by 3D STE.

Statistical Analysis
Continuous data were presented as mean � standard devia-

tion (SD). Categorical data were summarised as frequencies

and percentages. Normally distributed variables were com-

pared using Student’s unpaired t-test. Non-normally distrib-

uted data were compared using the Mann–Whitney U test or

Kruskall–Wallis test, as appropriate. Categorical variables

were compared by Chi-squared test or Fisher’s exact test.

The relationships between 3D STE strain parameters and

LVEF, SDI, PIVD were assessed using Spearman’s correla-

tion. Univariate and multivariate logistic regression analyses

were used to explore the independent factors of PIVD.

Receiver operating characteristic (ROC) analysis was per-

formed to determine the accuracy of GLS at one month to

predict PIVD. A two-sided p-value <0.05 was considered to
Table 1 Clinical characteristics of patients with and without 

Variables Overall (n = 68) 

Age 68.9 � 7.7 

Male (%) 46 (67.6) 

Hypertension (%) 32 (47.1) 

Diabetes mellitus (%) 17 (25.0) 

Coronary heart disease (%) 14 (20.6) 

BMI, kg/m2 24.1 � 2.3 

ACE inhibitor/ARB (%) 14 (20.6) 

Beta blockers (%) 16 (23.5) 

Calcium channel antagonist (%) 16 (23.5) 

Statins (%) 23 (33.8) 

Pre-pacing QRS duration, ms 103.9 � 13.8 

Paced QRS duration, ms 151.0 � 13.1 

Mean Cum%AP at 12 mo 20.3 � 12.7 

Mean Cum%VP at 12 mo 90.9 � 8.6 

AF during follow-up (%) 6 (8.8) 

LVEF (%) 61.5 � 4.8 

NT-proBNP at baseline (pg/mL) 224 (135,309) 

NT-proBNP at 12 mo (pg/mL) 246 (160,340) 

Abbreviations: PIVD, pacing-induced left ventricular dysfunction; BMI, body mas

proBNP, N-terminal pro-brain natriuretic peptide; Cum%AP, cumulative percenta

ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker.
be statistically significant. Statistical analysis was performed

by SPSS 16.0 (SPSS, Inc., Chicago, IL, USA) and GraphPad

Prism 6.0 (GraphPad Software, San Diego, CA, USA).
Results

Clinical Characteristics
Seventy (70) patients were recruited into the study. Two (2)

patients were excluded because of poor images. No patients

were lost during the 1 year of follow-up after implantation.

Therefore, 68 patients were finally included in the statistical

analysis. At one month, PIVD was observed in 7/68 (10.3%)

patients. Pacing-induced LV dysfunction occurred in 16/68

(23.5%) patients at 12 months. Three (3) patients had HF with

LVEF <45% at 12 months.

Clinical characteristics for the study participants are summar-

ised in Table 1. There was no significant difference in clinical

parameters at 12 months between the two groups of patients who

developed PIVD or did not develop PIVD. New-onset AF was

observed in six of 68 (8.8%) patients. There was one patient who

hadnew-onsetAFinthePIVDgroup.However,fivepatientswith

new-onset AF were observed in the no PIVD group.

Echocardiography Parameters
At one month following pacemaker implantation, the

patients who developed PIVD had significantly greater

LVEDVI (45.7 � 6.5 vs 44.5 � 6.9, p = 0.007), LVESVI

(20.3 � 5.6 vs 17.4 � 6.0, p = 0.011) and SDI (8.0 � 1.7 vs
pacing-induced left ventricular dysfunction.

PIVD (n = 16) No PIVD (n = 52) P-value

70.1 � 7.9 68.5 � 7.7 0.493

10 (62.5) 36 (69.2) 0.615

5 (31.3) 27 (51.9) 0.147

3 (18.8) 14 (26.9) 0.743

4 (25.0) 10 (19.2) 0.726

23.8 � 2.0 24.1 � 2.4 0.565

3 (18.8) 11 (21.2) 1.000

4 (25.0) 12 (23.1) 1.000

3 (18.8) 13 (25%) 0.744

5 (31.3) 18 (34.6) 0.804

105.0 � 16.3 103.6 � 13.1 0.718

154.0 � 13.7 150.1 � 12.9 0.302

22.4 � 15.8 19.7 � 11.7 0.465

92.6 � 6.1 90.4 � 9.3 0.390

1 (6.3) 5 (9.6) 1.000

60.7 � 5.4 61.8 � 4.7 0.438

161 (124,281) 230 (148,324) 0.225

186 (139,261) 264 (168,374) 0.093

s index; LVEF, left ventricular ejection fraction; AF, atrial fibrillation; NT-

ge of atrial pacing; Cum%VP, cumulative percentage of ventricular pacing;



Table 2 Comparison of three dimensional echocardiographic parameters in patients with and without pacing-induced
left ventricular dysfunction.

Variables PIVD (n = 16) No PIVD (n = 52) P-value

LVEDVI (mL/m2)

Baseline 42.4 � 5.3 43.2 � 6.2 0.660

1 month 45.7 � 6.5 44.5 � 6.9 0.007

12 months 50.3 � 7.8* 46.1 � 7.4 <0.001

LVESVI (mL/m2)

Baseline 16.6 � 3.5 16.7 � 3.1 0.959

1 month 20.3 � 5.6 17.4 � 6.0 0.011

12 months 24.1 � 7.5* 18.4 � 8.4 <0.001

LVEF (%)

Baseline 60.7 � 5.4 61.8 � 4.7 0.438

1 month 55.5 � 6.0 60.9 � 5.1 0.004

12 months 52.1 � 6.6* 60.2 � 5.2 <0.001

LVMI (g/m2)

Baseline 100.1 � 18.1 94.7 � 21.6 0.363

1 month 108.5 � 22.3 102.6 � 25.1 0.467

12 months 120.6 � 27.8* 108.5 � 26.5 0.018

LAVI (mL/m2)

Baseline 24.6 � 4.0 23.4 � 5.8 0.472

1 month 26.2 � 5.7 24.7 � 6.0 0.549

12 months 28.5 � 7.6* 25.9 � 6.3 0.006

GLS (%)

Baseline �16.6 � 1.2 �16.9 � 1.3 0.373

1 month �14.9 � 1.8* �16.1 � 1.7 0.014

12 months �12.6 � 2.2# �14.9 � 2.2 <0.001

GRS (%)

Baseline 28.6 � 2.2 29.5 � 2.7 0.198

1 month 27.1 � 2.9 28.0 � 3.1 0.116

12 months 24.5 � 3.4* 27.3 � 3.5 0.027

GCS (%)

Baseline �22.1 � 1.5 �22.9 + 2.1 0.139

1 month �21.3 � 2.0 �22.3 � 2.5 0.332

12 months �18.9 � 2.4* �21.5 � 2.8 0.036

SDI (%)

Baseline 6.4 � 1.0 6.2 � 1.2 0.514

1 month 8.0 � 1.7 6.9 � 1.4 0.041

12 months 11.4 � 2.6* 7.8 � 2.0 <0.001

Abbreviations: PIVD, pacing-induced left ventricular dysfunction; LVEDVI, left ventricular end-diastolic index; LVESVI, left ventricular end-systolic index; LVMI,

left ventricular mass index; LAVI, left atrial volume index; GLS, global longitudinal strain; GCS, global circumferential strain; GRS, global radial strain; SDI,

standard deviation index of three-dimensional strain.
*p < 0.05.
#p < 0.001.
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6.9 � 1.4, p = 0.041) compared with those who did not. Both

LVEF (55.5 � 6.0 vs 60.9 � 5.1%, p = 0.004) and GLS

(-14.9 � 1.8 vs -16.1 � 1.7, p = 0.014) were significantly

reduced in these patients who developed PIVD (Table 2).

However, there were no significant between-group differ-

ences in LVMI, LAVI, GRS, and GCS.

Further analysis demonstrated that, in patients who devel-

oped PIVD, there was a decrease in LVEF (60.7 � 5.4 vs
52.1 � 6.6%, p = 0.026) and increase in SDI (6.4 � 1.0 vs

11.4 � 2.6, p = 0.015) from baseline to 12 months. Those

who had PIVD had a dramatic reduction in GLS from base-

line to 12 months (-16.6 � 1.2 vs -12.6 � 2.2, p < 0.001). How-

ever, only GLS was significantly reduced at one month in

patients who developed PIVD compared to baseline

(-14.9 � 1.8 vs -16.6 � 1.2, p = 0.022). Moreover, from base-

line to 12 months, the deterioration of GLS showed high
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correlation with LVEF reduction (r = �0.68, p < 0.001) and

SDI increase (r = 0.55, p < 0.001). Change in GLS also had a

high correlation with change in log (NT-proBNP) (r = 0.52,

p = 0.048, Figure 1). In the patients without PIVD, GLS, SDI

and LVEF were similar from baseline to 12 months.

Predictors of Left Ventricular
Dysfunction
Table 3 shows the results of univariate and multivariate

logistic regression analyses of predictors of PIVD (defined

as reduction in ejection fraction �5%) at 12 months in the

total study population. On univariate analysis, GLS, LVEF,

and SDI at one month correlated with the deterioration of

LVEF. By multivariate analysis, one month GLS was the only

independent predictor for PIVD at 12 months (OR, 1.623; 95%

CI, 0.986-2.210; p = 0.009).

Receiver operating characterstic analysis displayed that one

monthGLShadahighpredictiveaccuracyfor thedevelopmentof

PIVD, with an AUC of 0.88, 94% sensitivity and 70% specificity

(Figure 2). A GLS value of less than -14.5 was the optimal cut-off

value. At 12 months, LVEF was significantly higher in patients

with GLS less than -14.5 (60.3 � 4.8 vs 50.2 � 5.3, p < 0.001).

Additionally, the ROC curves also showed the ability of LVEF

and SDI at one month to predict the development of PIVD. The

areas under the ROC curves were 0.76 and 0.69, respectively.
Discussion
Chronic RVA pacing may have detrimental effects on LV func-

tion [9–11]. However, how to predict which patients with nor-

mal LV ejection fraction will have heart failure (HF) remains a

big clinical challenge. Global longitudinal strain has emerged as

a potentially useful tool for risk stratification of these patients

[12–14]. The present study showed that GLS is independently

correlated with PIVDinpatientswith preservedejectionfraction

undergoing RVA pacing. Early change in GLS after RVA pacing

has been shown to be predictive of later LVEF decline.
Figure 1 Relation between global longitudinal strain (GLS)
and log (HT-proBNP). GLS, global longitudinal strain; NT-
proBNP, N-terminal pro-brainnatriuretic peptide.
Accurate quantification of LV function is vital for risk

evaluation and management of cardiovascular diseases.

Serial assessment of LVEF has become widely used as a

research tool for measuring LV mechanical dyssynchrony

and systolic function. However, it may be somewhat insuffi-

cient in detecting early signs of cardiac dysfunction. In com-

parison, strain, as a parameter displaying myocardial tissue

deformation in any direction within a cardiac cycle, has been

clearly demonstrated to be more accurate, reproducible, and

sensitive for early detection of myocardial dysfunction than

LVEF [5,15,16]. Recently, two-dimensional speckle-tracking

echocardiography (2D STE) was validated to be an effective

method to quantify myocardial strain. Many previous stud-

ies have demonstrated that 2D STE provides incremental

prognostic information beyond traditional LVEF in assess-

ment of various cardiac diseases, including heart failure

[5,17], chemotherapy [18,19], and ischaemic heart disease

[20]. Two-dimensional speckle-tracking imaging may be

affected by out-of-plane motion, which may lead to noise

and reduced accuracy, which is its main limitation [21]. The

newly-developed 3D STE tracks speckle movements of LV

endocardial borders through the entire cardiac cycle and

relies on 3D data sets, while overcoming the limitations of

2D-based speckle-tracking strain [22–24]. It has also been

reported to be able to provide accurate and reproducible

ejection fraction and myocardial strain values that are com-

parable with cardiac magnetic resonance (CMR) [25,26].

Left ventricular strain and function may be altered by RVA

pacing [11,12]. The EF is a strong predictor of outcome in

patients with clearly reduced myocardial systolic function.

However, the measurement of EF may heavily rely on load,

heart rate, observer experience, and be relatively insensitive

to subtle abnormalities of LV function [27,28]. In the current

study, both global strain (GLS, GCS, GRS) and LVEF at 12

months following RVA pacing were significantly lower com-

pared with pre-pacemaker implantation in the group that
Figure 2 ROC curve of the ability of one-month GLS to
predit PIVD. ROC, Receiver operating characteristic;
GLS, global longitudinal strain.
Abbreviations: GLS, global longitudinal strain; ROC,
receiver operating characteristic; PIVD, pacing-induced
LV dysfunction.



Table 3 Univariate and multivariate logistic regression analyses of predictors of pacing-induced left ventricular dys-
function (defined as reduction of ejection fraction �5%) at 12 months.

Variables Univariate Multivariate

OR (95% CI) P-value OR (95% CI) P-value

Age 1.005 (0.749–1.462) 0.544 – –

Male 0.814 (0.478–1.186) 0.709 – –

History of hypertension 1.023 (0.900–1.165) 0.302 – –

History of diabetes mellitus 1.136 (0.961–1.343) 0.160 – –

History of coronary heart disease 1.294 (0.916–1.829) 0.731 – –

BMI 0.714 (0.446–1.412) 0.160 – –

NT-proBNP 1.784 (1.003–2.966) 0.128

Paced QRS duration 1.157 (0.998–1.342) 0.065 – –

LAVI 1.079 (0.594–1.958) 0.803 – –

LVMI 0.965 (0.800–1.164) 0.709 – –

LVEF 0.842 (0.745–1.198) 0.351 – –

GLS 1.612 (0.966–2.857) 0.141 – –

GRS 0.652 (0.222–1.917) 0.437 – –

GCS 1.149 (0.493–3.553) 0.476 – –

SDI 1.104 (0.278–2.469) 0.415 – –

One month GLS 2.012 (0.960–3.680) <0.001 1.623 (0.986–2.210) 0.009

One month LVEF 0.688 (0.556–0.935) 0.008 0.981 (0.960–1.003) 0.087

One month SDI 1.214 (0.906–3.173) 0.012 1.058 (0.379–2.957) 0.109

Abbreviations: BMI, body mass index; LAVI, left atrial volume index; LVMI, left ventricular mass index; LVEF, left ventricular ejection fraction; GLS, global

longitudinal strain; GRS, global radial strain; GCS, global circumferential strain; SDI, standard deviation index of three-dimensional strain; NT-proBNP, N-

terminal pro-brain natriuretic pep- tide.
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went on to develop PIVD. At one month, only GLS was

significantly reduced in these patients. The deterioration of

GLS showed high correlation with LVEF reduction. Further-

more, on multivariate analysis, GLS at one month was an

independent predictor for deterioration of LVEF at 12

months. These data demonstrate that LV GLS at one month

has a high predictive accuracy (AUC, 0.88) in patients with

PIVD at 12 months following RVA pacing. The optimal

threshold for LV GLS at one month to predict development

of PIVD was -14.5%, yielding a sensitivity of 94% and a

specificity of 70%. Global longitudinal strain has the ability

to identify subclinical LV dysfunction. The mechanism of

abnormal GLS in HF patients has not been fully clarified.

Reduced longitudinal function could identify subclinical LV

dysfunction because subendocardial fibres are most suscep-

tible to injury [29]. Another mechanism of subclinical LV

impairment is systolic dyssynchrony, which is defined as

uncoordinated regional wall motion leading to decreased

LVEF. Real-time 3DE is feasible for assessing LV mechanical

dyssynchrony [30]. Left ventricular SDI assessed by 3D STE

has been reported, in previous studies, as a potentially more

reliable index [31]. The current results showed that the

patients who developed PIVD had significantly greater

SDI compared with those who did not at 12 months.

Consistent with previous studies, the present study found

deterioration of GLS after RVA pacing in serial assessment
of GLS compared to baseline. Saito et al. evaluated the

effects of RVA pacing on synchrony, efficiency, and regional

function at 2 years [12]. Global longitudinal strain was

significantly impaired by RVA pacing compared to controls.

Right ventricular apical pacing was also independently

correlated with change in GLS over 2 years. However, this

study did not yield information regarding the temporal

changes from baseline to 2 years. Ahmed et al. reported

that GLS rather than LVEF at one month was significantly

reduced compared with baseline in the PIVD group [13].

Global longitudinal strain at one month had high predictive

accuracy for determining subsequent development of PIVD,

but global strain and LVEF were analysed by semi-auto-

mated non-contrast 2D methods. The present study showed

a decline in GLS alone at one month in those who developed

PIVD at 12 months following RVA pacing using 3D echo-

cardiography. The data further suggest the importance of

GLS in identifying this patient group at an early stage of

subsequent development of PIVD.

NT-proBNP is an excellent and easy to perform biomarker

in patients with established HF, but has limited ability to

assess HF in patients with normal EF [32,33]. In another

study, 29% of outpatients with HF with preserved ejection

fraction (HFpEF) had normal BNP levels [34]. Recent data

suggest that LV GLS is abnormal in patients with HFpEF and

that impaired LV GLS is associated with higher NT-proBNP
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values [35]. The present study found a linear correlation

between GLS and log-transformed NT-proBNP in PIVD

patients.

Limitations
The present study had some limitations. First, it was a single

centre study with a small sample size. Three patients had HF,

with LVEF <45% at 12 months following RVA pacing. A

study with more patients and longer follow-up would be

needed to confirm the findings. Furthermore, this study

lacked a comparison with cardiac MRI, which is the nonin-

vasive gold standard for LVEF and strain by tagging. How-

ever, the results showed that good reproducibility of LV

measurements by 3D STE, and 3D STE has already been

validated in recent studies. Finally, alternative pacing sites

were not examined in the current study. It would be desirable

for future studies to show the difference of GLS at one month

between RVA and non-RVA pacing sites.
Conclusions
Global longitudinal strain is a significant predictor of LV

adverse remodelling following RVA pacing. Global longitu-

dinal strain at one month after pacemaker implantation has

high predictive accuracy for identifying subsequent devel-

opment of PIVD. In patients with preserved EF after perma-

nent RVA pacing, GLS may have the potential to identify

subtle LV dysfunction that is not detected by LVEF in the

early stages of myocardial dysfunction.
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