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ABSTRACT

Background: Mitral regurgitation (MR) has a severe impact on hemodynamics and
induces severe structural changes in the left atrium. Atrial remodeling is known to
alter excitability and conduction in the atrium facilitating atrial fibrillation and atrial
flutter. PMVR is a feasible and highly effective procedure to reduce MR in high-risk
patients, which are likely to suffer from atrial rhythm disturbances. So far, electro-
anatomical changes after PMVR have not been studied.

Hypothesis: In the current study, we investigated changes in surface electrocardio-
grams (ECGs) of patients undergoing PMVR for reduction of MR.

Methods: We evaluated 104 surface ECGs from patients in sinus rhythm undergoing
PMVR. P wave duration, P wave amplitude, PR interval, QRS duration, QRS axis, and
QT interval were evaluated before and after PMVR and at follow-up.

Results: We found no changes in QRS duration, QRS axis, and QT interval after suc-
cessful PMVR. However, P wave duration, amplitude, and PR interval were signifi-
cantly decreased after reduction of MR through PMVR (P < .05, respectively).
Conclusion: The data we provide offers insight into changes in atrial conduction after

reduction of MR using PMVR in patients with sinus rhythm.

KEYWORDS
atrial conduction, atrial strain, electrocardiogram, mitral regurgitation, percutaneous mitral

valve repair, remodeling

1 | INTRODUCTION

Mitral valve regurgitation (MR) contributes significantly to morbidity
and mortality of heart failure and is the second most frequent indica-
tion for valvular repair.® With advances in catheter-based mitral valve

repair using an edge-to-edge repair strategy (PMVR), a nonsurgical
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treatment option has successfully been established in clinical practice
(MitraClip). While a reduction of MR has obvious hemodynamical
advantages by increasing the effective left ventricular stroke volume
and cardiac output,? other secondary effects have been described. In
a previous study, we have found that improved mitral valve coapta-
tion and improved mitral valve annular size correlates with residual
MR after PMVR using the MitraClip system.® Furthermore, a recent
study has found a significant decrease in left atrial operating chamber
stiffness after deployment of PMVR* Increased strain of the left
atrium through MR induces a significant remodeling of the affected
atrial myocardium, which is an ideal substrate for atrial rhythm distur-
bances, especially atrial fibrillation (AF).> With a reduction of MR, a
reverse remodeling of the left atrium could be beneficial to preserve
normal electrical conduction and hemodynamical function.

In the current study, we were therefore interested whether a
change in hemodynamics through PMVR alters electrical activation of
the atria. Thus, we performed an extensive analysis of patients under-
going PMVR to establish whether atrial unloading induces changes in

electrocardiogram (ECG) morphology.

2 | METHODS

2.1 | Study cohort

Of 233 patients undergoing PMVR using the MitraClip system
(Abbott Vascular, Chicago, lllinois) with MR grade 2+ to 4, patients

233 patients undergoing PMVR

129 patients excluded with no sinus
_’ rhythm at baseline and/or within the

first two days after PMVR

v

104 patients analyzed
with ECG in sinus rhythm at
baseline and within the first two days
after PMVR and/or at follow-up
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FIGURE 1 Flow chart of patient cohort and evaluation strategy.

Of 233 patients undergoing percutaneous mitral valve repair (PMVR),
104 patients were included in the study with electrocardiogram (ECG)
in sinus rhythm at baseline and within the first 2 days after PMVR
and/or at the follow-up visit to evaluate P wave characteristics (a).
Patients with a previous medical history of atrial fibrillation (AF) were
included in the analysis when ECGs at the specified timepoints
showed sinus rhythm. (b) illustrates obtained ECG measurements
including P wave amplitude (a), P wave duration (b), PR interval (c),
QRS duration (d), and QT interval (e) within the time course of PMVR

cvee: RWIESEES

were included in the study with ECG in sinus rhythm at baseline and
within the first 2 days after PMVR and/or at the follow-up visit to
evaluate P wave characteristics (n = 104, Figure 1a). Patients with a
previous medical history of AF were included in the analysis when
ECGs at the specified timepoints showed sinus rhythm. The mean
follow-up time was 6.95 months. Interdisciplinary decision to perform
PMVR was made based on the EuroSCORE (European System for Car-
diac Operative Risk Evaluation) and additional relevant risk factors for
poor surgical outcome. Adequate pharmacological heart failure treat-
ment, according to current guidelines, had to be established at least
3 months prior the intervention. Of the patients in the cohort on anti-
coagulation, 48% took NOACs, whereas 41% of patients took vitamin
K antagonists. Patients meeting predefined exclusion criteria® were
not treated with PMVR. The study was approved by the local ethics
committee (#260/2015R).

2.2 | Electrocardiogram analyses

Standard 12-lead ECGs with a paper speed of 50 mm/s were obtained
before and within 2 days after PMVR, as well as at follow-up. A man-
ual analysis of all ECGs was performed by an investigator blinded to
the PMVR results, evaluating mean P wave duration, P wave ampli-
tude, PR interval, QRS duration, and QT interval in three consecutive
complexes in lead Il. For analyses of P wave duration and amplitude,
no fusion with a QRS complex or T wave was allowed and a stable iso-
electric line had to be present. P wave duration was measured
between the junctions of the P wave with the isoelectric line; P wave
amplitude was measured from the peak/nadir of the P wave to the
isoelectric line. Length of PR interval was determined from the junc-
tion of the P wave with the isoelectric line to the onset of the QRS
complex. Length of the QRS interval was measured from its earliest
deflection from the isoelectric line to its offset. Length of the QT
interval was measured from the beginning of the QRS complex to the
end of the following T wave. (Figure 1b) QRS axis was obtained by
automated analysis of extremity leads. Evaluation of all ECGs was per-

formed by an experienced investigator, blinded to clinical parameters.

2.3 | Echocardiographic assessment

MR severity, left ventricular function, and left atrial diameter
(LA diameter) were evaluated by standard evaluation methods, using
Philips CX 50 or iE 33 cardiovascular ultrasound machines with trans-
thoracic and transesophageal probes (Philips HealthCare, Hamburg,
Germany). Severity of MR was determined according to the guidelines
of the European Association of Echocardiography at baseline and at
follow-up.” MR severity after the intervention was assessed using a

method described by Foster et al.8

2.4 | Statistical analysis

Statistical analysis was performed using GraphPad Prism (Ver. 8, Gra-
phPad Software, La Jolla, California) and SPSS (Ver. 24, IBM Deutsch-

land GmbH, Ehningen, Germany). Categorical variables are expressed
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as absolute numbers or as percentage, continuous variables as mean
+ SEM, or mean + SD were specified. Paired t test was used to com-

pare means, and P < .05 was considered statistically significant.

3 | RESULTS

3.1 | Baseline characteristics

The baseline characteristics of the patient cohort are summarized in
Table 1. The reduction of MR after PMVR is illustrated in Figure 2.

3.2 | P wave duration and P wave amplitude are
decreased after PMVR

At baseline, patients undergoing PMVR showed a mean P wave dura-
tion of 113.8 £2 ms before the intervention. In the ECG control
shortly after the intervention, a reduction of the P wave duration to
103.3 £+ 2 could be observed (P < .0001). At follow-up, no significant
change compared to post-PMVR was apparent (106.4 + 3 ms, P > .05
compared to post-PMVR), as shown in Figure 3. Similar to the short-
ening of the P wave duration, patients undergoing PMVR showed a
decrease of the P wave amplitude compared to the preinterventional
results (0.104 + 0.004 mV vs 0.088 + 0.004 mV, P < .001). At follow-
up, no significant change of amplitude was found (0.094 + 0.005 mV,
P > 0.05 compared to post-PMVR), as illustrated in Figure 3.

3.3 | PRinterval shortens after PMVR

Furthermore, we observed a decrease in PR interval from 176.3 £ 4.5 ms
to 169.8 + 4 ms after PMVR (P < .05). Similar to the other atrial parame-
ters, the mean PR interval did not change significantly during follow-up
compared to post-PMVR (166 + 6.7 ms, P > .05, Figure 3).

3.4 | Ventricular excitation is unchanged by PMVR

PMVR had no effect on QRS duration, neither after the procedure,
nor did it induce changes at follow-up (1209 +34 ms vs
122.5+ 4.8 ms [P > .05] vs 124.2 + 4.8 ms [P > .05], Figure 4).

The QT interval was unchanged after the procedure and did not
change during the follow-up period (421.3 + 5.1 ms vs 424.1 + 5.6 ms
[P >.05] vs 421.9 + 6.9 ms [P > .05]).

Furthermore, we found no shift in the QRS axis after PMVR and, sim-
ilarly to the aforementioned ventricular parameters illustrated in
Figure 4, during the follow-up period (=15.2° + 6.1 vs -9.5° + 6 [P > .05]
vs-16.9° + 8 [P > 0.05]).

4 | DISCUSSION
PMVR is now a widely used approach to reduce MR in patients
unsuitable for surgical repair of the mitral valve. With MR being a

well-established risk factor for severe left atrial remodeling, PMVR

TABLE 1

Variable

Age

Female gender

LV function

< 35%

36-50%

> 50%

NYHA class pre

NYHA class FU
EuroSCORE Il

Chronic renal failure
Coronary artery disease
Hypertension
Pulmonary hypertension
Diabetes mellitus

Insulin dependent diabetes
Previous cardiac surgery
Chronic lung disease

Recent myocardial
infarction

Extracardiac arteriopathy

Hyperlipoproteinemia

MR preintervention (grades)

MR postintervention
(grades)

MR at follow-up (grades)
MR genesis functional

6 min walk test
preintervention (m)

6 min walk test
at follow-up (m)

Average number of
rehospitalizations for
heart failure within
6 mo post intervention

Atrial fibrillation
LA diameter

Heart rate preintervention

Heart rate postintervention

Betablockers
ACE/AT1-inhibitors
Aldosterone antagonist
Diuretics

Digitalis

Calcium antagonist

Anticoagulation

Baseline characteristics

Study cohort
(n =104)

72.8 +10.8 (104)
43.3% (45/104)

52.0% (54/104)
24.0% (25/104)
24.0% (25/104)
3.2+0.6(101)
2.1+0.6(65)
8.6 + 6.9 (104)
51.0% (53/104)
81.7% (85/104)
69.2% (72/104)
57.3% (59/103)
29.8% (31/104)
12.5% (13/104)
28.8% (30/104)
7.7% (8/104)
14.4% (15/104)

24.0% (25/104)
47.1% (49/104)
3.5+ 0.6 (104)
1.3+ 0.7 (103)

1.7 £ 0.6 (71)
45.1% (46/102)
158 £ 124

260 + 133

0.21 £ 0.48 (66)

35.6% (37/104)
38.7 £9.3(87)
71+ 15 (69)
70 = 21 (60)
89.1% (90/101)
82.2% (83/101)
51.5% (52/101)
91.1% (92/101)
2.0% (2/101)
15.3% (15/98)
45.1% (46/102)

Variables are expressed as mean + SD.
Abbreviations: bpm, beats per minute; FU, follow-up; LV, left ventricular;
MR, mitral regurgitation; NYHA: New York Heart Association; y, years.

All screened
patients (n = 233)

75.8 + 9.3 (233)
49.8% (117/233)

50.2 (117/233)
25.3 (59/233)
24.5% (57/233)
3.1+0.6(228)
2.3+1.2(151)
9.7 + 8.8 (232)
51.5% (120/233)
75.5% (176/233)
73.4% (171/233)
61.9% (143/231)
29.2% (68/233)
10.7 (25/233)
30.0% (70/233)
6.0% (14/233)
12.4% (29/233)

22.7% (53/233)
47.6% (111/233)
3.5+0.5(233)
1.3+0.7 (232)

1.7 £ 0.6 (161)
46.9% (107/228)
145 + 114 (142)

265 + 135 (127)

0.25 £ 0.53(153)

65.2% (152/233)
41.3 + 10.4 (200)
70 £ 16 (156)

71 £ 19 (145)
90.0% (207/230)
81.1% (185/228)
50.9% (116/228)
88.6% (203/229)
9.6% (22/228)
18.3% (41/224)
68.3% (157/230)
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might be a tool to reduce atrial strain and have a beneficial effect on
atrial conduction.

In this study, we describe for the first time distinct changes of
atrial conduction found in surface ECGs of patients undergoing
PMVR: (a) after PMVR, P wave duration PR interval, and P wave
amplitude showed a strong decrease compared to baseline, (b) at
follow-up, P wave duration, PR interval, and P wave amplitude
remained unchanged compared to post-PMVR values, (c) QRS dura-
tion, QRS axis, and QT interval were not affected by PMVR.

In our cohort, patients undergoing PMVR experienced a significant

reduction of MR, illustrated in Figure 2.

100 .

80 1 MR grade

LY
1]
I
|

u0

60 -

40 -

% cohort

20 1

post

pre follow-up

FIGURE 2 Reduction of mitral regurgitation (MR) using
percutaneous mitral valve repair (PMVR). MR grades of patients
undergoing PMVR are illustrated pre- and post-PMVR, as well as at
follow-up. Grading was performed according to the guidelines of the
European Association of Echocardiography

2

1501

100

FIGURE 3 Reduction of mitral
regurgitation using percutaneous
mitral valve repair induces changes
in atrial conduction. Surface ECGs of
104 patients with severe mitral
regurgitation (MR) undergoing
percutaneous mitral valve repair
(PMVR) were analyzed. P wave
duration in ms (a), P wave amplitude
in mV (b), and PR interval in ms

(c) are illustrated as mean + SEM. Al
three parameters showed a
significant decrease after reduction
of MR. Parameters did not show
significant changes during follow-up.
*indicates P < .05 compared to
baseline; n.s. indicates P > .05
compared to post-PMVR

501

P wave width in ms
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Atrial enlargement has been found to be an independent predictor
for onset of AF after mitral valve repair, with atrial remodeling being the
major culprit of electrical instability and susceptibility for AF.” We and
others have observed that PMVR results in significant geometrical
changes, especially of the left atrium.>° On the cellular level, Foglieni
et al. have shown enhanced cardiomyocyte hypertrophy and higher
intracytoplasm cytochrome c levels, as well as increased myocardial
fibrosis in atria of patients with severe MR, illustrating the substrate
changes that occur with prolonged atrial strain.®> With increased
mechanical strain of the left atrium, several mechanisms have been elu-
cidated that increase susceptibility to supraventricular rhythm distur-
bances. Ravelli and Allessie published findings in Langendorff-perfused
rabbit hearts, where an experimental increase in atrial pressure resulted
in an increased susceptibility to AF that correlated with a shortening of
atrial effective refractory periods (AERP).X! In line with our findings,
Soylu et al. have reported an increase of AERP and their dispersion after
percutaneous mitral balloon commissurotomy in patients with mitral ste-
nosis.}? Although no follow-up data were presented, the authors found
convincing evidence that acute relief of chronic strain results in distinct
improvement of atrial conduction. Weinsaft et al. found that patients
with severe MR and LA dilation show an increased P wave amplitude
and duration.*® Furthermore, Kamphuis et al. found a significant
decrease of P wave amplitude directly after percutaneous closure of
atrial septum defects, resulting in an acute reduction of atrial strain.**

With a reduction of MR through PMVR, a similar effect could be
observed in our patient cohort, resulting in a reduction of P wave
amplitude and duration immediately after the procedure. As the short-
ening of P wave duration and P wave amplitude, as well as the
decrease in PR interval was apparent immediately after the reduction

of MR, changes in atrial strain resulting in cellular excitability could be

P wave amplitude

C:

S 0.15+
n.s. E
':':, n.s.
0.10-
! —_
2
§
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3
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the primary underlying mechanism. Several ion channels have been
found to be susceptible to atrial stretch in a fashion that alters suscepti-
bility to atrial rhythm disturbances.'®>” Especially in terms of AF, this
might be of significance, as Doi et al. have recently found a correlation
between an increased P wave duration and higher recurrence rates in
patients with AF.*® Similar results have been published based on cohorts
of the Framingham Heart Study and Atherosclerosis Risk in Communities
Study participants for increased P wave duration and PR interval.*® Fur-
thermore, a decrease of P wave amplitude is associated with lower recur-
rence rates after cryoballoon ablation of AF.2° It is therefore stimulating
to speculate whether the observed changes in atrial conduction and exci-
tation have a clinically relevant impact on the occurrence of atrial rhythm
disturbances, especially AF. The combination of reverse atrial remodeling
regarding electromechanical and geometrical changes and reduced atrial
strain through a reduction of regurgitation could stabilize the atrial sub-
strate, reducing new onset of AF.

We did not see changes of atrial conduction during the follow-up
period, which could be due to the fact that PMVR is usually per-
formed in patients with a protracted history of myocardial and cardio-
vascular disease promoting atrial remodeling. Furthermore, the
follow-up period might have been too short to see long-term effects
of atrial reverse remodeling after initial unloading of the left atrium
has equilibrated. Interestingly, we did not observe significant changes
in ventricular conduction, although PMVR increases the effective left

ventricular stroke volume through reduction of MR.

5 | LIMITATIONS

This study retrospectively evaluated 104 patients undergoing PMVR
due to severe MR regarding changes in atrial conduction. Out of
233 patients undergoing PMVR, 104 patients were in sinus rhythm

follow-up

FIGURE 4 Ventricular excitation
in surface electrocardiogram (ECG)
ns. ns. does not change after PMVR. A total
e of 104 patients undergoing
percutaneous mitral valve repair
(PMVR) were analyzed regarding
changes in QRS duration in ms (a),
QT interval in ms (b), and QRS axis in
degree (c). Reduction of mitral
regurgitation using PMVR showed
no significant change in ventricular
excitation, neither shortly after the
procedure nor at follow-up. All
parameters are shown as mean

+ SEM, n.s. indicates P > .05

QT interval

post follow-up

upon ECG evaluation, which was necessary to determine atrial param-
eters. The mean follow-up duration of 6.95 months is a possible limi-
tation of the study, as long-term remodeling effects on the one hand
and gradual increase of MR after PMVR on the other could affect out-
come and secondary comorbidities, especially AF. Although there is
strong evidence that prolonged P wave duration over 120 ms results
in a higher risk of AF recurrence,?! the clinical implications of the
demonstrated reduction in P wave duration from 113 to 106 ms in
combination with reduced MR and subsequently reduced strain of the
left atrium remain to be elucidated.

CONCLUSION

In the current study, we provide data illustrating a decrease of P wave
duration and amplitude, as well as a reduction of PR interval through
reduction of MR using PMVR.

ACKNOWLEDGMENTS

the Deutsche
Forschungsgemeinschaft (DFG, German Research Foundation, TRR
240 and KFO 274), the Volkswagen foundation (Lichtenberg pro-
gram), the German Heart Foundation, the Open Access Publishing

This study was supported by grants from

Fund of the University of Tubingen, and by the research fund of
“Sonderlinie Hochschulmedizin” an initiative of the Ministry of Sci-
ence, Research and Arts, Baden-Wiirttemberg, Germany. J. Schreieck
has received speaker fees from Medtronic and St. Jude Medical. H.F.
Langer and P. Seizer were reimbursed for training courses by Abbott
Vascular. [Correction added on 14 October 2019, after first online
publication: This section has been updated.].



BO, HEINZMANN €T AL.

ORCID

David Heinzmann

https://orcid.org/0000-0003-1419-6801

REFERENCES

1.

10.

11.

lung B, Baron G, Butchart EG, et al. A prospective survey of patients
with valvular heart disease in Europe: the Euro Heart Survey on Val-
vular Heart Disease. Eur Heart J. 2003;24(13):1231-1243.

Patzelt J, Zhang Y, Magunia H, et al. Immediate increase of cardiac
output after percutaneous mitral valve repair (PMVR) determined by
echocardiographic and invasive parameters: Patzelt: increase of car-
diac output after PMVR. Int J Cardiol. 2017;236:356-362.

Patzelt J, Zhang Y, Magunia H, et al. Improved mitral valve coaptation
and reduced mitral valve annular size after percutaneous mitral valve
repair (PMVR) using the MitraClip system. Eur Heart J Cardiovasc
Imaging. 2018;19(7):785-791.

Avenatti E, Little SH, Barker CM, Nagueh SF. Changes in left atrial
function after transcutaneous mitral valve repair. Am J Cardiol. 2018;
122:1204-1209.

Foglieni C, Rusconi R, Mantione ME, Fragasso G, Alfieri O, Maisano F.
Early left atrial tissue features in patients with chronic mitral regurgi-
tation and sinus rhythm: alterations of not remodeled left atria. Int J
Cardiol. 2016;219:433-438.

Patzelt J, Zhang Y, Seizer P, et al. Effects of mechanical ventilation on
heart geometry and mitral valve leaflet coaptation during percutane-
ous edge-to-edge mitral valve repair. JACC Cardiovasc Interv. 2016;9
(2):151-159.

Lancellotti P, Moura L, Pierard LA, et al. European Association of
Echocardiography recommendations for the assessment of valvular
regurgitation. Part 2: mitral and tricuspid regurgitation (native valve
disease). Eur J Echocardiogr. 2010;11(4):307-332.

Foster E, Wasserman HS, Gray W, et al. Quantitative assessment of
severity of mitral regurgitation by serial echocardiography in a multi-
center clinical trial of percutaneous mitral valve repair. Am J Cardiol.
2007;100(10):1577-1583.

Magruder JT, Collica S, Belmustakov S, et al. Predictors of late-onset
atrial fibrillation following isolated mitral valve repairs in patients with
preserved ejection fraction. J Card Surg. 2016;31(8):486-492.

Altiok E, Hamada S, Brehmer K, et al. Analysis of procedural effects
of percutaneous edge-to-edge mitral valve repair by 2D and 3D echo-
cardiography. Circ Cardiovasc Imaging. 2012;5(6):748-755.

Ravelli F, Allessie M. Effects of atrial dilatation on refractory period
and vulnerability to atrial fibrillation in the isolated Langendorff-
perfused rabbit heart. Circulation. 1997;96(5):1686-1695.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

cvees RWIESEEE

Soylu M, Demir AD, Ozdemir O, et al. Evaluation of atrial refractori-
ness immediately after percutaneous mitral balloon commissurotomy
in patients with mitral stenosis and sinus rhythm. Am Heart J. 2004;
147(4):741-745.

Weinsaft JW, Kochav JD, Kim J, et al. P wave area for quantitative
electrocardiographic assessment of left atrial remodeling. PloS One.
2014;9(6):99178.

Kamphuis VP, Nassif M, Man SC, et al. Electrical remodeling after per-
cutaneous atrial septal defect closure in pediatric and adult patients.
Int J Cardiol. 2019;285:32-39.

Ninio DM, Saint DA. The role of stretch-activated channels in atrial
fibrillation and the impact of intracellular acidosis. Prog Biophys Mol
Biol. 2008;97(2-3):401-416.

Zhang YH, Youm JB, Earm YE. Stretch-activated non-selective cat-
ion channel: a causal link between mechanical stretch and atrial
natriuretic peptide secretion. Prog Biophys Mol Biol. 2008;98(1):
1-9.

Liu X, Huang H, Wang W, Wang J, Sachs F, Niu W. Stretch-activated
potassium channels in hypotonically induced blebs of atrial myocytes.
J Membr Biol. 2008;226(1-3):17-25.

Doi A, Takagi M, Katayama H, et al. Diagnostic value of electrocardio-
graphic P-wave characteristics in atrial fibrillation recurrence and
tachycardia-induced cardiomyopathy after catheter ablation. Heart
Vessels. 2018;33:1381-1389.

Magnani JW, Zhu L, Lopez F, et al. P-wave indices and atrial fibrilla-
tion: cross-cohort assessments from the Framingham Heart Study
(FHS) and Atherosclerosis Risk in Communities (ARIC) study. Am
Heart J. 2015;169(1):53-61 e51.

Kizilirmak F, Demir GG, Gokdeniz T, et al. Changes in electrocardio-
graphic P wave parameters after cryoballoon ablation and their asso-
ciation with atrial fibrillation recurrence. Ann Noninvasive
Electrocardiol. 2016;21(6):580-587.

Pranata R, Yonas E, Vania R. Prolonged P-wave duration in sinus
rhythm pre-ablation is associated with atrial fibrillation recurrence
after pulmonary vein isolation-a systematic review and meta-analysis.
Ann  Noninvasive  Electrocardiol. ~ 2019;e12653.  https://doi:
10.1111/anec.12653.

How to cite this article: Bo H, Heinzmann D, Grasshoff C,
et al. ECG changes after percutaneous edge-to-edge mitral
valve repair. Clin Cardiol. 2019;42:1094-1099. https://doi.
org/10.1002/clc.23258



https://orcid.org/0000-0003-1419-6801
https://orcid.org/0000-0003-1419-6801
https://doi.org/10.1002/clc.23258
https://doi.org/10.1002/clc.23258

	ECG changes after percutaneous edge-to-edge mitral valve repair
	1  INTRODUCTION
	2  METHODS
	2.1  Study cohort
	2.2  Electrocardiogram analyses
	2.3  Echocardiographic assessment
	2.4  Statistical analysis

	3  RESULTS
	3.1  Baseline characteristics
	3.2  P wave duration and P wave amplitude are decreased after PMVR
	3.3  PR interval shortens after PMVR
	3.4  Ventricular excitation is unchanged by PMVR

	4  DISCUSSION
	5  LIMITATIONS
	  CONCLUSION

	ACKNOWLEDGMENTS
	REFERENCES


