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Background: Preoperative left ventricular (LV) ejection fraction (PreLVEF) and preoperative LV end-systolic
diameter (PreESD) are known predictors for postoperative LV dysfunction after mitral valve repair (MVR).
Fragmented QRS (fQRS) evaluated in 12-derivation electrocardiography has widely been accepted as a sign of
myocardial fibrosis.

In the present study, we aimed to evaluate the relationship between fQRS in preoperative 12-lead electrocar-
diography (ECG) and postoperative LV dysfunction that develop after MVR in patients with severe primary mitral
regurgitation (MR) due to mitral valve prolapse (MVP).

Methods: From 2019 to 2022, 49 patients who had undergone successful MVR surgery for severeMR caused by
MVP were enrolled in the study. The preoperative and postoperative echocardiographic data were collected
retrospectively. We analyzed the demographic, echocardiographic, operative and postoperative parameters to
assess the relationship between fQRS and early postoperative LV dysfunction, defined as an LVEF<60%.
Resuits: PreLVEF of all patients were > %65. A total of 22 patients had fQRS (44.9%) and postoperative LV
dysfunction was found to be 36.7%. A significantly higher rate of fQRS was observed in the group with post-
operative LV dysfunction compared to the group without (12 (66.7%) vs 10 (32.3%), p: 0.036). In multivariate
analysis for fQRS, PreESD, preoperative pulmonary artery systolic pressure (PrePASP), preoperative atrial
fibrillation (PreAF), and male gender, only fQRS was found to be a significant predictor of postoperative LV
dysfunction (p: 0.003, OR: 4.28, 95% CI (1.15-15.96).

Conclusion: fQRS was found to be a predictor of postoperative LV dysfunction in the early period after MVR. fQRS
may be a readily available and cost-effective test that can be used in clinical practice to predict postoperative LV
dysfunction in patients undergoing MVR.

Introduction

Mitral regurgitation (MR) caused by mitral valve prolapse (MVP) is a
common clinical condition that affects approximately 2% of the popu-
lation [1]. Patients with chronic primary MR develop cardiac remodel-
ing due to persistent volume overload, increased cardiac diameter,
eccentric ventricular hypertrophy, and eventually left ventricular (LV)
dysfunction [2]. Studies have shown that cardiac remodeling and
myocardial fibrosis may develop in association with chronic MR [3,4].
Surgical mitral valve repair (MVR) is the recommended treatment for

severeprimary MR. Preoperative LV ejection fraction (PreLVEF) and
preoperative LV end-systolic diameter (PreESD) are known predictors
for postoperative LV dysfunction after mitral valve repair [5].

Fragmented QRS complex (fQRS) includes the RSR’ pattern within
QRS of different morphology detected in 12-lead electrocardiography
(ECG). fQRS is associated with myocardial scar, myocardial fibrosis,
structural heart anomalies, ventricular dysrhythmia, and coronary ar-
tery disease [6-10].

In the present study, we aimed to evaluate the relationship between
fQRS in preoperative ECGs and postoperative LV dysfunction that
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develop after MVR in patients with severeprimary MR due to MVP.
Methods

Study population

A total of 150 patients who underwent MVR due to severe MVP
performed by a single surgical team between March 2019 and November
2022 were retrospectively evaluated. Preoperative ECGs of the patients
were analyzed. Thirty-seven patients were excluded from the study due
to atrial fibrillation (AF) [23], bundle branch block [5] and intraven-
tricular conduction delay (QRS >120 ms) [9] on preoperative ECG while
patients with previously documented AF who had sinus rhythm on
preoperative ECG were not excluded from the study. The preoperative
echocardiography results of the patients were analyzed and patients
with LVEF below 65% (38) and those with moderate-to-severe aortic
valve insufficiency or stenosis [7] were excluded from the study. Ten
patients who underwent coronary artery bypass grafting (CABG) along
with MVR were also excluded from the study. Postoperative, pre-
discharge echocardiography results of the patients and echocardiogra-
phy results at 1 month postoperatively were evaluated. Nine patients
whose echocardiography results could not be obtained at 1 month
postoperatively were excluded from the study. A total of 49 patients
were enrolled in the study.

ECG analysis

Standard 12-lead surface resting ECGs (filter range0.5-150 Hz, 25
mm/s, 10 mm/mV) were recorded from all patients. These ECGs were
reviewed blindly by 2 independent authors. fQRS was defined by the
presence of various RSR’ patterns (QRS <120 ms) with or without a Q
wave, which includes an additional R wave (R') or notching of the R
wave or S wave, or the presence of more than one R’ (fragmentation)
without typical bundle-branch block in 2 contiguous leads correspond-
ing to a major lead set for the territory of a major coronary artery.
Coronary artery regions were defined as anterior: leads V1-V5; inferior:
leads.

11, I1I, and aVF; and lateral: leads V6, I, and aVL. The QRS duration
was determined by the longest QRS in any lead.

Patients had undergone MVR surgery using various techniques with
a lesion-specific approach as previously described [11,12]. These tech-
niques included commissuroplasty, quadrangular or triangular resec-
tion, leaflet sliding plasty, and neochordae replacement. A complete
annuloplasty ring was implanted in the majority of patients, and an
incomplete annuloplasty ring in a minority of patients. Tricuspid
annuloplasty was applied to patients with moderate or severe tricuspid
regurgitation, and complete left atrial or biatrial ablation was applied to
patients diagnosed with paroxysmal AF with a previously documented
AF episode was defined preoperative AF (PreAF).

Operative technique

During valve repair, myocardial protection was preserved using an
induction dose of antegrade blood cardioplegia, with maintenance car-
dioplegia given mostly in a retrograde manner by means of a catheter in
the coronary sinus. Cold blood cardioplegia was administered at 4 °C
and consisted of a 4:1 ratio of blood to cardioplegia. The doses were
administered approximately every 20 to 25 min. Before removal of the
crossclamp, a dose of warm blood was administered through the retro-
grade catheter.

Echocardiographic analysis
All patients had preoperative transthoracic echocardiography. All

echocardiographic measurements were performed according to the
American Society of Echocardiography guidelines [13]. All patients had
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undergone transthoracic echocardiography before being discharged
after MVR (mean, 4.5 days) and at 1 month postoperatively. LVEF <60%
in postoperative echocardiography was considered LV dysfunction.

Statistical analysis

Statistical analysis was performed using the IBM SPSS Statistics for
Windows, version 25 (IBM Corporation, Armonk, NY, USA). The results
of continuous variables have been presented as mean + standard devi-
ation. The results of categorical data are reported as counts and fre-
quencies (%). Categorical variables were compared using the chi-square
test. Normality of the distribution of continuous variables was tested
using the Kolmogorov-Smirnov test. Continuous variables were
compared using the student t-test or the Mann-Whitney U test when
applicable. The relationship of baseline variables with the occurrence of
postoperative LV dysfunction was assessed using univariate and multi-
variable logistic regression analysis. Variables found to be significantly
related to LV dysfunction following surgery in univariate analysis (p <
0.1) were entered into multivariable logistic regression model. The level
of significance was set at p < 0.05.

Results

Table 1 shows the baseline characteristics of the 49 patients who had
undergone MVR and were enrolled in the study. The mean age of the 49

Table 1
Baseline patient characteristics.

Demographics and comorbidity
Age (years)
Gender, n (male %)
Hypertension, n (%)

53 +£13.1
30(61,2%)
20 (40.8%)

Diabetes Mellitus, n (%) 6 (12.2%)
Hyperlipidemia 7(14.3%)
Coronary Artery Disease, n (%) 8(16.3%)
Peripheral artery disease, n (%) 4 (8.2%)
Obstructive lung disease, n (%) 4 (8.2%)
Renal failure n (%) 3(6.1%)
fQRS n (%) 22(44.9%)
preAF n (%) 17(34.7%)
Preoperative echocardiographic characteristics
Pre ESD (mm) 39.6 + 5.1
Pre EDD (mm) 58.4 + 4
Pre LAD (mm) 46.3 +7.8
Pre PASP (mmHg) 43.8 £10.9
PreESD>40 mm n (%) 27(55.1%)
PrePASP >50 mmHg n (%) 17(34.7%)
Barlow’s disease n (%) 24(28.6%)
Anterior leaflet prolapse n (%) 25(51%)
Posterior leaflet prolapse n (%) 38(77.6%)
Bileaflet prolapse n (%) 14(28.6%)
Operative Data
Concomitant TVR n (%) 23(46.9%)
Surgical Ablation n (%) 17(34.7%)
PostopLVEF disfunction n (%) 18(36.7%)
CrossClamp time, (min) 128.1 + 24.6
Cardiopulmonary bypass time, (min) 155.3 + 35.6
Postoperative Data
PostoperativeLVEF Predischarge 59.9 + 7.5
PostoperativeLVEF after 1 months 60.1 +7.3
PostoperativeESD after 1 months 344+73
PostoperativePASP after 1 months 36+7

LVEF = left ventricular ejection fraction, LVEDD = left ventricular end-diastolic
diameter, fQRS = fragmented QRS TVR = tricuspid valve repair. PreAF = pre-
operatif atrial fibrillation, PreESD = preoperatif left ventricular end-systolic
diameter; PrePASP = preoperatif pulmonary artery systolic pressure, Post-
operative LVEF dysfunction = LVEF<60%,
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patients included in the study was 53 + 13.1 years, 30 patients were
male (61.2%), 20 patients had hypertension (40.8%), 6 had diabetes
mellitus (12.2%), 7 had hyperlipidemia (14.3%), 8 had coronary artery
disease (16.3%), 4 had peripheral artery disease (8.2%), 4 had
obstructive lung disease (8.2%), and 3 patients had renal impairment
(6.1%). A total of 22 patients had fQRS (44.9%) and 17 had PreAF
(34.7%). The mean PreESD of the patients was 39.6 + 5.1 mm, and the
mean preoperative pulmonary artery systolic pressure (PrePASP) was
43.8 + 10.9 mmHg. The rate of patients who developed postoperative
LV dysfunction was found to be 36.7%. Surgical ablation was performed
in 17 (34.7%) patients and concomitant TVR was performed in 23
(46.9%) patients. Postoperative LVEF in the pre-discharge period was
59.9 + 7.5%. None of the patients died during the 1-month post-
operative period.

Table 2 compares the clinical, echocardiographic, and operative
parameters of patients with and without postoperative LV dysfunction.
Age was found to be higher in the group with postoperative LV
dysfunction compared to the group without (58.4 + 15.02 vs. 49.87 +
10.88, p: 0.03). Gender, hypertension, diabetes mellitus, hyperlipid-
emia, coronary artery disease, peripheral artery disease, obstructive
lung disease, renal impairment rates were similar across the two groups
(p > 0.005 for all). A significantly higher rate of fQRS was observed in
the group with postoperative LV dysfunction compared to the group
without (12 (66.7%) vs 10 (32.3%), p: 0.036). Preoperative echocar-
diographic parameters were similar across the two groups (p > 0.005 for
all). A significantly higher rate of concomitant tricuspid valve repair
(TVR) was seen in the group with postoperative LV dysfunction
compared to the group without postoperative LV dysfunction (14
(77.8%) vs. 9 (29%), p < 0.001).

In multivariate analysis for fQRS, PreESD, PrePASP, PreAF, and male
gender, only fQRS was found to be a significant predictor of post-
operative LV dysfunction (p: 0.003, OR: 4.28, 95% CI (1.15-15.96)
(Table 3).

Discussion

In the present study, we investigated the relationship between fQRS
on preoperative ECG and postoperative LV dysfunction in patients who
underwent MVR surgery due to MVP.

a. Age, concomitant TVR and fQRS rates in the group with post-
operative LV dysfunction were significantly higher compared to the
group without postoperative LV dysfunction.

b. In multivariate analysis, fQRS was found to be an independent pre-
dictor of postoperative LV dysfunction while this was not the case for
PreESD, PrePASP, PreAF and male gender.

LV dysfunction after mitral valve surgery has been demonstrated in
various studies [14-16]. In our study, postoperative LV dysfunction was
observed in 36.7% of the patients. Various explanations have been
proposed for postoperative LV dysfunction. Starling and colleagues
described that LVEF is overestimated in MR due to increased ventricular
preload (end-diastolic volume) [17]. The fact that this increased preload
disappears after MVR causes a decrease in end-diastolic volume and a
decrease in LVEF [17]. Another proposed explanation for the decrease in
LVEF in the early period is increased afterload after MVR and myocar-
dial stress and/or injury after aortic crossclamp [16]. In the study con-
ducted by Varghese et al., a significantly higher age, LVESD, PrePASP,
LVEDD, PreAF, and concomitant maze procedure were found in the
group with postoperative LV dysfunction after MVR, while a signifi-
cantly lower preoperative EF was found [16]. In our study, similar to this
study, the age rate was higher in the group with postoperative LV
dysfunction and no differences were detected in other parameters except
fQRS and TVR. Since patients with preoperative LVEF below 65% were
excluded in our study, the similarity of preoperative LVEF in all patients
may cause the similarity of other echocardiographic parameters to be
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Table 2
Comparison of clinical, echocardiographic and operative parameters between
patient groups based on postoperative LV dysfunction.

Postoperative LV Dysfunction

Variable All patients Yes (n = No (n = P value
(n=49) 18) 31)
Demographics and
comorbidity
58.4 + 49.87 +
Age (years) 53 +13.1 15.02 10.88 0.03
10 20
Gender, n (male %) 30(61.2%) (55.6%) (64.5%) 0.54
13
Hypertension, n (%) 20 (40.8%) 7(38.9%) (41.9%) 0.83
Diabetes Mellitus, n (%) 6 (12.2%) 4(22.2%) 2(6.5%) 0.18
Hyperlipidemia 7(14.3%) 3(16.7%) 4(12.9%) 0.70
Coronary Artery Disease,
n (%) 8(16.3%) 4(22.2%) 4(12.9%) 0.44
Peripheral artery disease,
n (%) 4 (8.2%) 3(16.7%) 1(3.2%) 0.13
Obstructive lung disease,
n (%) 4 (8.2%) 2(11.1%) 2(6.5%) 0.62
Renal failure, n (%) 3(6.1%) 1(5.6%) 2(6.5%) 1
Frag QRS (+) 22 (44.9%) 12(66.7) 10(32.3) 0.036
preAF 17(34.7) 9(50%) 8(25.8%) 0.09
Preoperative
echocardiographic
characteristics
41.39 + 38.58 +
Pre ESD (mm) 39.6 £5.1 4.51 5.12 0.06
58.94 + 58.03 +
Pre EDD (mm) 58.4 + 4 3.87 4.12 0.45
48.5 + 45.08 +
Pre LAD (mm) 46.3 £ 7.8 4.57 8.96 0.14
45.8 + 42.65 +
Pre PASP (mmHg) 43.8 £10.9 9.74 11.49 0.33
13 14
PreESD>40 mm n (%) 27(55.1%) (72.2%) (45.2%) 0.067
PrePASP >50 mmHg n
(%) 17(34.7) 6(33%) 11(36%) 0.88
Barlow’s disease n (%) 24(28.6) 6(33.%) 8(25.8%) 0.57
Anterior leaflet prolapse n 10 15
(%) 25(51%) (55.6%) (48.4%) 0.63
Posterior leaflet prolapse 14 24
n (%) 38(77.6%) (77.8%) (77.4%) 0.98
Bileaflet prolapse n (%) 14(28.6) 6(33.3%) 8(25.8%) 0.57
Operative Data
14
Concomitant TVR n (%) 23(46.9) (77.8%) 9(29%) <0.001
Surgical Ablation n (%) 17(34.7) 9(50%) 8(25.8%) 0.09
128.1 + 128.72 + 127.74 £
CrossClamp time, (min) 24.66 27.98 22.99 0.89
Cardiopulmonary bypass 155.31 + 158.06 + 153.71 +
time, (min) 35.6 37.41 35.09 0.69

LVEF = left ventricular ejection fraction, LVEDD = left ventricular end-diastolic
diameter, fQRS = fragmented QRS, TVR = tricuspid valve repair. PreAF =
preoperatif atrial fibrillation, PrePASP = preoperatif pulmonary artery systolic
pressure, PreESD = preoperatif left ventricular end-systolic diameter, Post-
operative LVEF dysfunction = LVEF<60%.

similar as well. The higher TVR rate in the group with postoperative LV
dysfunction may also be due to the effect of the tricuspid valve pathol-
ogy on the right ventricular volume and function and indirectly on the
postoperative LV function.

In the study by Suri and colleagues, increased LV diameter, wors-
ening heart failure symptoms, PreLVEF, and AF were found to be pre-
dictive of LV dysfunction in the early postoperative period in 861
patients who underwent mitral valve replacement and MVR [14]. In the
study conducted by Varghese and colleagues, PreAF, pulmonary hy-
pertension, and PreESD were found to be independent predictors for the
development of LV dysfunction in the early postoperative period in 632
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Table 3
Predictors of postoperative LV dysfunction.
Univariate Multivariate
OR(95% CI) P OR(95% CI) P
fQRS 4.2(1.22-14.45) 0.02 4.28(1.15-15.96) 0.03
PreESD>40 mm 3.16(0.9-11.03) 0.07 2.31(0.58-9.14) 0.23
PrePASP>50 mmHg 0.9(0.27-3.1) 0.89 -
Pre AF 2.88(0.84-9.79) 0.09 2.57(0.66-10) 0.17
Male gender 0.69(0.21-2.25) 0.54 -

fQRS = fragmented QRS, PreESD = preoperatif left ventricular end-systolic
diameter; PrePASP = preoperatif pulmonary artery systolic pressure; PreAF =
preoperatif atrial fibrillation. Postoperative LVEF dysfunction = LVEF<60%.

patients who underwent MVR [16]. In our study, the predictors reported
in these studies were not detected in patients with postoperative LV
dysfunction. Compared to these studies, our study consists of a more
homogeneous group. All patients included in the study had normal LVEF
and the study excluded patients undergoing concurrent CABG as well as
those with AF detected on preoperative ECG. Of AF patients, only those
with previously documented paroxysmal AF were included in the study.
The preoperative characteristics of the patients that we included in our
study were more homogeneous and the risk of developing postoperative
LV dysfunction was relatively lower. As a result a higher threshold was
set for postoperative LV dysfunction was defined as LVEF <60. Pre-
dictors of postoperative LV dysfunction may be different in a patient
population with lower preoperative LVEF, which is likely to be at a
relatively higher risk of developing LV dysfunction. This may be the
reason of differences in results.

The relationship between myocardial fibrosis and LV dysfunction has
been long known [18-20]. Histological data obtained from endomyo-
cardial biopsies and autopsies indicate that myocardial fibrosis may
develop in response to progressive cardiac remodeling due to chronic
MR [3,4]. In a study in patients with primary MR conducted by Kit-
kungvan et al., LV fibrosis detected by cardiovascular magnetic reso-
nance (CMR) was found to be higher in the MVP group compared to the
non-MVP group (36.7% vs. 6.7%; p < 0.001) [21]. In our study, the
study group consisted of patients with MVP, and the rate of fQRS, which
we consider an indicator of myocardial fibrosis, was found to be 44.9%
in the entire cohort. fQRS is defined as a variety of RSR’ patterns with or
without a Q wave in 12-lead resting ECG. There are clinical studies
showing the relationship between myocardial scar that develops after
myocardial infarction and fQRS [6,8]. Additionally, a relationship be-
tween regional fQRS and focal regional myocardial scar was detected
with myocardial perfusion imaging [22]. Park and colleagues. Reported
a strong correlation between fQRS and myocardial fibrosis detected by
CMR [23]. To the best of our knowledge, there is no previous study
showing the relationship between fQRS and postoperative LV dysfunc-
tion after MVR. In our study, fQRS detected on preoperative ECG in
patients who underwent MVR was found to be an independent predictor
of LV dysfunction in the early postoperative period. This finding may
indicate that, in addition to factors such as postoperative preload
reduction and postoperative myocardial stress/injury, which are impli-
cated in postoperative LV dysfunction, myocardial fibrosis observed in
MR due to MVP also contributes to the development of postoperative LV
dysfunction. Although the effect of postoperative LV dysfunction at
these threshold values, which are associated with fQRS, on long-term
mortality and morbidity remains unknown, it may be appropriate to
monitor these patients more closely in the clinic setting and surgery may
be planned earlier in asymptomatic patients.

Limitations of the study

The main limitation of our study is the limited number of patients
included in the study cohort; however, the exclusion of many patients
served to obtain a more homogeneous patient group. The second
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limitation is the retrospective study design. Another limitation is that
the effect of fQRS on long-term mortality and morbidity has not been
evaluated prospectively. New prospective, randomized studies can be
conducted to investigate this effect.

Conclusion

fQRS was found to be a predictor of postoperative LV dysfunction in
the early period after MVR. fQRS may be a readily available and cost-
effective test that can be used in clinical practice to predict post-
operative LV dysfunction in patients undergoing MVR.
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