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Abstract

Background: Postoperative atrial fibrillation (POAF) commonly occurs following surgical repair of degenerative mitral regurgitation
(DMR) and is associated with unfavorable outcomes. This study aimed to identify preoperative risk factors for acute POAF in patients
undergoing mitral valve repair for DMR, with a specific focus on the role of preoperative echocardiography. Methods: A retrospective
study was conducted involving 1127 DMR patients who underwent mitral valve repair between 2017 and 2022. The primary endpoint
was the occurrence of acute POAF within 30 days after surgery. Univariate and multivariate logistic regression analyses were performed
to identify risk factors for POAF. Additionally, subgroup analyses were conducted to evaluate the predictive value of preoperative param-
eters for the development of acute POAF. Results: Acute POAF was observed in 152 patients (13.5%). After adjusting for covariates,
multivariate analysis revealed that age (odds ratio (OR) 1.05; 95% confidence interval (CI) 1.03–1.07, p < 0.001), hypertension (OR
1.50; 95% CI 1.03–2.21, p = 0.037), left ventricular ejection fraction (OR 0.95; 95% CI 0.92–0.98, p = 0.004), and left atrial enlarge-
ment (OR 1.03; 95% CI 1.00–1.06, p = 0.019) were independent predictors of acute POAF. The interventricular septum (IVS) thickness
demonstrated a strong association with acute POAF (OR 1.21; 95% CI 1.06–1.38, p = 0.005). The optimal cut-off value for the IVS
thickness in predicting acute POAF was 11.0 mm. The adjusted OR of association between an IVS thickness >11 mm and acute POAF
was 1.73 (95%CI 1.03–2.89, p = 0.037). The IVS thickness was consistently identified as a significant predictor of POAF in the subgroup
analyses. Conclusions: Preoperative assessment of clinical morbidity and echocardiographic parameters, particularly IVS thickness, can
be valuable in identifying high-risk patients for acute POAF and informing targeted strategies for prevention and management.
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1. Introduction

Degenerative mitral regurgitation (DMR) is a com-
mon valvular heart disease characterized by valvular or
chordal degeneration [1]. The core mechanism of DMR is
systolic excessive leaflet movement, which is defined by a
prolapse in the left atrium≥2mm and can affect one or both
leaflets and one or multiple scallops [1]. DMR continues
to be a common cause of increased morbidity and mortal-
ity, and mitral valve surgery is the standard treatment for
patients with symptomatic DMR. Surgical repair is gener-
ally preferred over replacement due to better outcomes and
long-term survival [2]. However, postoperative complica-
tions, such as atrial fibrillation, can occur and have been
associated with increased morbidity, mortality, and length
of hospital stay [3–6].

Postoperative atrial fibrillation (POAF) is the most
common postoperative cardiac arrhythmia and has been re-
ported to occur in up to 46.7% of patients after mitral valve
surgery [7]. The pathophysiology of atrial fibrillation (AF)

is complex and multifactorial, and several risk factors have
been identified, including age, hypertension, diabetes mel-
litus, and preoperative atrial enlargement [8]. However,
the risk factors for acute POAF specifically in patients with
DMR who undergo surgical repair of mitral valves are not
well understood. Therefore, the aim of this study is to in-
vestigate the risk factors for the occurrence of acute POAF
in patients with DMR following surgical repair of mitral
valves.

2. Methods
2.1 Study Participants

This retrospective cohort study enrolled patients with
DMR who underwent surgical mitral valve repair between
January 1, 2017, and December 31, 2022, and fulfilled the
eligibility criteria of being 18 years or older with a con-
firmed diagnosis of primaryDMRby transthoracic echocar-
diography. Exclusion criteria included: patients with a
prior history of atrial fibrillation defined as those who had
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Fig. 1. Flow diagram of selected patients.

a primary or secondary in-hospital or outpatient diagnosis
of AF or prescriptions for antiarrhythmic drugs [i.e., fle-
cainide, sotalol, amiodarone, or dronedarone] at any time
prior to hospitalization for cardiac surgery, significant con-
comitant aortic disease, mitral stenosis, and prior valve
surgery (Fig. 1). Out of the 1318 DMR patients initially
screened for eligibility, 191 were excluded as they had a
confirmed history of paroxysmal or persistent atrial fibril-
lation before cardiac surgery. A total of 1127 DMR patients
who underwent mitral valve repair were included in the fi-
nal analysis. The study protocol was approved by the in-
stitutional review board of our institute. Informed consents
were obtained from all included patients.

2.2 Clinical Characteristics

Patient demographics, including age, gender, body
mass index (BMI), body surface area, were collected
from electronic medical records. Preoperative echocardio-

graphic data were systematically collected to assess cardiac
structure and function. These echocardiographic parame-
ters include left atrium size, interventricular septum (IVS)
thickness, posterior wall thickness, left ventricular ejection
fraction (LVEF), left ventricular end-diastolic diameter, and
left ventricular end-diastolic volume. Left ventricular mass
index (LVMI) was calculated using a formula derived from
the measurements of IVS thickness, posterior wall thick-
ness, and left ventricular end-diastolic diameter [9]. Sever-
ity of mitral regurgitation and prolapse sites were evaluated
and recorded via Doppler echocardiography. All echocar-
diographic studies were performed by skilled cardiac sono-
graphers and interpreted by experienced cardiologists who
were blinded to other clinical data of the patients.

2.3 Surgical Techniques for Mitral Valve Repair

Patients were placed under general anesthesia and in
a supine position, after which a median sternotomy was
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performed. Cardiopulmonary bypass was established by
cannulating the ascending aorta, superior and inferior vena
cava. The mitral valve was examined through a right
atrial fossa ovalis or interatrial groove approach. Surgical
techniques, including valve annuloplasty, valve leaflet re-
pair, artificial chordae tendineae, chordae transfer, chordae
shortening, commissuroplasty, and the edge-to-edge tech-
nique, were selected based on the examination results. A
saline test was performed after the mitral valve repair, and if
there was no significant regurgitation, the clamp on the as-
cending aorta was removed. The efficacy of themitral valve
repair and the degree of residual regurgitation were evalu-
ated using transesophageal echocardiography. Information
on concomitant procedures such as tricuspid annuloplasty,
left atrium appendage closure, and coronary artery bypass
graft, as well as the cardiopulmonary bypass time (CPBT)
and aortic cross-clamping time (XCT), were recorded. The
study included operative outcomes data, such as length of
hospital stay, the length of stay in the intensive care unit,
and mechanical ventilation duration, from electronic med-
ical records. The surgical interventions were performed
by experienced cardiothoracic surgeons using established
methods [10].

2.4 Outcome Assessment
The primary endpoint of the study was to determine

the incidence of acute POAF, which was defined as any
episode of atrial fibrillation lasting more than 30 seconds
within the first 30 days after mitral valve repair [11,12]. In
order to confirm the presence of acute POAF, electrocardio-
graphic data obtained from medical records were reviewed
by a cardiologist to ensure that the assessment was stan-
dardized. To validate the diagnosis of acute POAF, the car-
diologist thoroughly examined the electrocardiogram and
associated medical records to ensure accurate diagnosis. In
instances where the outcome was uncertain, an indepen-
dent assessment was sought from the Medical Outcome
Reviewer Committee (MORC), which was comprised of
two cardiologists and a cardiac electrophysiologist. The
MORC conducted a comprehensive review of the electro-
cardiographic data and medical records to provide a final
determination of the outcome. This approach ensured a
standardized and objective evaluation of outcomes, thereby
enhancing the reliability and validity of the study find-
ings. The primary endpoint of this study was the occur-
rence of AF within 30 days postoperatively. AF detection
was conducted exclusively during hospitalization, utilizing
continuous telemetry and scheduled 12-lead electrocardio-
grams (ECGs) throughout the inpatient period. The diagno-
sis of POAF was established solely based on arrhythmias
recorded during the hospital stay. Post-discharge, no im-
plantable loop recorder (ILR) or ambulatory ECG monitor-
ing was implemented.

2.5 Statistical Analysis
Continuous variables were presented as mean ± stan-

dard deviation ormedianwith interquartile range, while cat-
egorical variables were presented as frequencies and per-
centages. Logistic regression models were employed to
identify the risk factors associated with acute POAF in pa-
tients with DMR who underwent surgical repair of mitral
valves. Univariable logistic regression analysis was per-
formed to assess the association between each potential
risk factor and acute POAF. Multivariate logistic regres-
sion analysis was then conducted incorporating variables
that were statistically significant on univariate analysis (p<
0.05) or deemed clinically relevant to identify independent
predictors of acute POAF. Subgroup analyses were con-
ducted to identify potential effect modifiers of the relation-
ship between risk factors and acute POAF. Restriction cubic
splines were constructed to estimate the linear or non-linear
trend associations of potential predictor and POAF risk. A
receiver operating curve (ROC) analysis was performed to
determine the optimal cutoff value for IVS thickness to pre-
dict acute POAF. The significance level was set at p< 0.05.
The statistical analysis was conducted using R software ver-
sion 4.1.1 (R Foundation for Statistical Computing, Vienna,
Austria).

3. Results
3.1 Study Population

A total of 1127 individuals diagnosed with DMR who
underwent mitral valve repair surgery were enrolled in this
study. Acute POAF occurred in 152 patients, accounting
for 13.5% of the cohort. Table 1 summarizes the base-
line demographics, clinical profiles, and echocardiographic
findings. The average patient age was 50.7 years, with
males comprising 69.7% of the study population. Hyper-
tension was the most common comorbidity (36.6%), fol-
lowed by diabetes mellitus (5.3%) and chronic obstructive
pulmonary disease (COPD) (1.1%). Compared to DMR pa-
tients without POAF, those who developed acute POAF ex-
hibited several distinctive features, including an enlarged
ascending aorta (33.8 ± 4.8 mm vs. 31.9 ± 4.3 mm, p <

0.001), a larger left atrium (46.7 ± 7.6 vs. 44.8 ± 7.6, p =
0.003), and a thicker IVS (10.2 ± 1.7 vs. 9.7 ± 1.4, p <

0.001). Additionally, their LVEF was lower (63.7± 4.8 vs.
65.0 ± 5.0, p = 0.002).

Regarding the operative details and outcomes
(Supplementary Table 1), it was observed that patients
with POAF were less likely to have a lesion at P1 (17.0%
vs. 27.1%, p = 0.009). Notably, there was no difference
in the proportion of concomitant surgeries or surgical
techniques involved, such as artificial chords, mitral
annuloplasty, or mitral ring size. Patients with acute-onset
POAF had a longer duration of CPBT and mechanical
ventilation, as well as a prolonged hospital stay (16.2 ±
8.1 vs. 13.6 ± 4.6 days) and intensive care unit (ICU) stay.
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Table 1. Baseline characteristics of patients with DMR undergoing surgical repair.
Variables Total (n = 1127) No POAF (n = 975) POAF (n = 152) p value

Clinical characteristics
Age, years 50.7 ± 12.9 49.7 ± 13.0 56.6 ± 10.8 <0.001
Female 341 (30.3) 290 (29.7) 51 (33.6) 0.342
BMI, kg/m2 24.8 ± 3.8 24.7 ± 3.7 25.4 ± 4.0 0.042
SBP, mmHg 131.6 ± 16.8 131.3 ± 16.8 133.4 ± 16.9 0.155
DBP, mmHg 78.6 ± 12.1 78.6 ± 12.1 78.8 ± 12.0 0.839
NT-proBNP, pg/mL 949.2 ± 1376.3 924.2 ± 1396.6 1166.5 ± 1435.1 0.779
NYHA Class, III–IV 278 (24.7) 240 (24.6) 38 (25) 0.919

Medical comorbidities, n (%)
Diabetes mellitus 60 (5.3) 50 (5.1) 10 (6.6) 0.459
COPD 12 (1.1) 10 (1) 2 (1.3) 0.670
Hypertension 413 (36.6) 340 (34.9) 73 (48) 0.002

Echocardiography data
Ascending aorta, mm 32.1 ± 4.4 31.9 ± 4.3 33.8 ± 4.8 <0.001
Left atrium, mm 45.0 ± 7.6 44.8 ± 7.6 46.7 ± 7.6 0.003
IVS, mm 9.8 ± 1.5 9.7 ± 1.4 10.2 ± 1.7 <0.001
LVPW, mm 9.2 ± 0.7 9.2 ± 0.7 9.2 ± 0.8 0.145
LVEDD, mm 57.5 ± 6.2 57.5 ± 6.1 57.8 ± 6.5 0.575
LVEDV, mL 163.7 ± 39.2 163.8 ± 39.1 163.3 ± 40.1 0.923
LVMI, g/m2 133.3 ± 30.0 132.5 ± 29.9 138.4 ± 30.4 0.026
LVEF, % 64.9 ± 4.9 65.0 ± 5.0 63.7 ± 4.8 0.002

Abbreviations: BMI, body mass index; COPD, chronic obstructive pulmonary disease; DBP, diastolic blood
pressure; DMR, degenerative mitral regurgitation; IVS, interventricular septum; LVEDD, left ventricular
end-diastolic diameter; LVEDV, left ventricular end-diastolic volume; LVEF, left ventricular ejection frac-
tion; LVMI, left ventricular mass index; LVPW, left ventricular posterior wall; NT-proBNP, N-terminal pro
b-type natriuretic peptide; NYHA, NewYork Heart Association; POAF, postoperative atrial fibrillation; SBP,
systolic blood pressure.

3.2 Risk Factors of Acute POAF in Patients With DMR

Univariable logistic regression analysis (Table 2) was
conducted and showed that age, hypertension, diameter of
ascending aorta, left atrium size, IVS, LVEF, CPBT, du-
ration of mechanical ventilation, length of hospital stay,
and ICU stay time were significantly associated with an
increased risk of POAF. Specifically, for every one-year
increase in age, the odds of developing acute POAF in-
creased by 5% (odds ratio (OR) 1.05; 95% confidence inter-
val (CI) 1.03–1.07, p < 0.001). Patients with hypertension
had 1.73 times higher odds of developing acute POAF (OR
1.73; 95%CI 1.22–2.44, p = 0.002) compared to those with-
out hypertension. After adjusting for covariates, multivari-
ate analysis revealed that hypertension (OR 1.50; 95% CI:
1.03–2.21, p = 0.037) and left atrial enlargement (OR 1.03;
95% CI: 1.00–1.06, p = 0.019) were independent predictors
of acute POAF. IVS thickness demonstrated a strong asso-
ciation with acute POAF (OR 1.21; 95% CI: 1.06–1.38, p
= 0.005) (Supplementary Table 2). Ventilation duration,
length of hospital stay, and ICU stay were also identified
as significant risk factors, with odds ratios of 1.02 (95%
CI 1.01–1.03, p = 0.001), 1.08 (95% CI 1.05–1.11, p <

0.001), and 1.47 (95% CI 1.32–1.64, p < 0.001), respec-
tively, per 1-unit change. Among the echocardiographic pa-
rameters assessed, IVS was found to have the highest odds

ratio for acute POAF, with an OR of 1.22 (95% CI 1.09–
1.37), indicating its potential usefulness as a predictor of
acute POAF. Upon adjusting for age, gender, BMI, hyper-
tension, and length of ICU stay, it was observed that IVS ex-
hibited the strongest correlation with POAF and remained
independently associated with POAF (OR 1.18, 95% 1.04–
1.35, p = 0.012; Table 3). Through the utilization of restric-
tive cubic splines, a distinct linear correlation between IVS
and the risk of POAF was established, exhibiting a consis-
tent trend where an increment in IVS thickness corresponds
to an elevated likelihood of POAF, even after adjusted for
confounders of age, gender, BMI, hypertension and length
of ICU stay (Supplementary Fig. 1).

The optimal cutoff value, 11 mm, was chosen based
on the point that maximized the balance between sensitivity
and specificity, yielding a sensitivity of 90.1% and a speci-
ficity of 69.3%. Patients were categorized into two groups
based on the optimal IVS cutoff value of 11 mm. The crude
odds ratio (OR) for the association between IVS >11 mm
and POAF was 1.84 (95% CI: 1.13–3.00, p = 0.014). After
adjusting for age, gender, diabetes, and hypertension, the
adjusted OR was 1.73 (95% CI: 1.03–2.89, p = 0.037), in-
dicating a persistent, albeit slightly attenuated association
between IVS >11 mm and acute POAF.
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Table 2. Associations of clinical parameters and
perioperative onset acute atrial fibrillation.

Variables OR 95% CI p value

Age 1.05 (1.03, 1.07) <0.001
Female 1.19 (0.83, 1.72) 0.342
Diabetes mellitus 1.30 (0.65, 2.63) 0.460
COPD 1.29 (0.28, 5.93) 0.746
Hypertension 1.73 (1.22, 2.44) 0.002
SBP 1.01 (1.00, 1.02) 0.155
DBP 1.00 (0.99, 1.02) 0.839
NT-proBNP 1.00 (1.00, 1.00) 0.771
Ascending aorta 1.11 (1.06, 1.15) <0.001
Left atrium 1.03 (1.01, 1.05) 0.004
IVS 1.22 (1.09, 1.37) 0.001
LVPW 1.17 (0.94, 1.46) 0.149
LVEDD 1.01 (0.98, 1.04) 0.575
LVEDV 1.00 (0.99, 1.01) 0.923
LVMI 1.01 (1.00, 1.01) 0.026
LVEF 0.95 (0.92, 0.98) 0.002
Tricuspid valvuloplasty 1.10 (0.77, 1.58) 0.577
Anterior leaflet prolapse 1.10 (0.76, 1.58) 0.622
Posterior leaflet prolapse 0.88 (0.58, 1.35) 0.570
Bi-leaflet prolapse 0.91 (0.49, 1.70) 0.765
Barlow’s 0.39 (0.14, 1.09) 0.073
Artificial chord 1.26 (0.87, 1.83) 0.229
Mitral annuloplasty ring 1.48 (0.70, 3.13) 0.307
CPBT 1.01 (1.00, 1.01) 0.012
XCT 1.01 (1.00, 1.01) 0.082
Hospital stay 1.08 (1.05, 1.11) <0.001
Ventilation duration 1.02 (1.01, 1.03) 0.001
ICU Stay 1.47 (1.32, 1.64) <0.001
Abbreviations: CI, confidence interval; COPD, chronic ob-
structive pulmonary disease; CPBT, cardiopulmonary bypass
time; DBP, diastolic blood pressure; ICU, intensive care unit;
IVS, interventricular septum; LVEDD, left ventricular end-
diastolic diameter; LVEDV, left ventricular end-diastolic vol-
ume; LVEF, left ventricular ejection fraction; LVMI, left ven-
tricular mass index; LVPW, left ventricular posterior wall;
NT-proBNP, N-terminal pro b-type natriuretic peptide; OR,
odds ratio; SBP, systolic blood pressure; XCT, aortic cross-
clamping time.

3.3 Sensitivity Analyses for IVS as a Risk Predictor of
POAF

To explore the relationship between IVS and POAF in
diverse patient populations, subgroup analyses were con-
ducted based on age, gender, NYHA classification, hyper-
tension, left appendage closure, and concomitant tricuspid
valve repair (Fig. 2). The findings revealed a significant as-
sociation between IVS and POAF, indicating that IVS con-
sistently predicts POAF across different patient subgroups
(all p for interaction >0.05). Sensitivity analyses were ad-
ditionally performed to assess the influence of missing data
and outliers on our results. Notably, these analyses yielded
consistent outcomes with our primary analysis and did not
impact our conclusions.

4. Discussion
This study has identified the occurrence and risk fac-

tors associated with acute POAF in a large population of
patients undergoing mitral valve repair for DMR. Our co-
hort showed an incidence of POAF of 13.5%, which aligns
with previously reported rates. The results indicated that
advanced age, hypertension, longer length of stay in the
ICU, and various echocardiographic parameters were sig-
nificant risk factors for POAF in this patient population.
The correlation between IVS thickness and POAF empha-
sizes its potential as a valuable predictor of this complica-
tion. These findings provide clinicians with valuable in-
formation to identify high-risk patients who could bene-
fit from increased monitoring and preventive interventions
to mitigate the occurrence of this commonly encountered
complication after surgery. Although the absolute differ-
ence in IVS thickness between the POAF and non-POAF
groups was modest (0.5 mm), this difference reached sta-
tistical significance and was consistently associated with
POAF in multivariate and subgroup analyses. Moreover,
a cutoff of 11 mm yielded high sensitivity (90.1%), indi-
cating that even subtle increases in IVS thickness may be
clinically meaningful when evaluated alongside other risk
factors.

The present study support previous research that has
identified an increased risk of POAF in patients undergoing
mitral valve surgery. Our study revealed age, hypertension,
and left atrial enlargement were independent risk factors for
POAF, consistent with findings from other studies [3,13–
17]. Lee et al. [14] reported that age and left atrial en-
largement were significant risk factors for POAF in cardiac
surgery patients. Similarly, several studies [16–18] found
that hypertension was a significant risk factor for POAF in
cardiac surgery patients. Various risk scoring systems have
been developed to predict the development of POAF. These
include several risk stratification tools: the POAF score,
the HATCH score—which incorporates factors such as hy-
pertension, age, prior transient ischemic attack or stroke,
chronic obstructive pulmonary disease, and heart failure—
the CHA2DS2-VASc score, which evaluates congestive
heart failure, hypertension, age ≥75 years (weighted dou-
ble), diabetes, prior stroke or TIA (also weighted double),
vascular disease, age between 65 and 74, and female sex;
and the COM-AF score, which considers variables such as
age, heart failure, female sex, hypertension, diabetes, and
history of stroke [19–22]. Among these risk scores, chronic
heart failure (CHF) is consistently included as a predictive
factor for POAF. However, in our study, CHF was not in-
corporated into the multivariate analysis, leaving it uncer-
tain whether IVS thickness would maintain its predictive
value for POAF when CHF is considered. This gap war-
rants further investigation to better understand the interplay
between these variables. While existing scoring systems
are widely utilized for POAF risk stratification, they do
not comprehensively account for echocardiographic param-
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Table 3. Multivariable analysis of echocardiographic factors associated with POAF.
Model 1∗ Model 2† Model 3‡

Variable OR (95% CI) p OR (95% CI) p OR (95% CI) p

Left atrium 1.02 (1.00–1.05) 0.089 1.02 (1.00–1.05) 0.081 1.02 (0.99–1.04) 0.206
IVS 1.16 (1.02–1.32) 0.024 1.15 (1.01–1.31) 0.033 1.18 (1.04–1.35) 0.012
LVPW 1.12 (0.89–1.40) 0.334 1.11 (0.88–1.38) 0.380 1.13 (0.90–1.43) 0.286
LVEDD 1.02 (0.99–1.05) 0.307 1.02 (0.99–1.05) 0.258 1.01 (0.98–1.04) 0.526
LVEDV 1.00 (0.99–1.01) 0.857 1.00 (0.99–1.01) 0.565 1.00 (0.99–1.01) 0.595
LVMI 1.01 (1.00–1.01) 0.050 1.01 (1.00–1.01) 0.050 1.01 (1.00–1.01) 0.067
LVEF 0.95 (0.92–0.98) 0.005 0.95 (0.92–0.98) 0.004 0.96 (0.93–0.99) 0.018
∗Model 1 adjusted for age, gender (female), and BMI; †Model 2 adjusted for age, gender (female),
BMI, and hypertension; ‡Model 3 adjusted for age, gender (female), BMI, and hypertension, and
length of ICU stay. Abbreviations: BMI, body mass index; CI, confidence interval; ICU, intensive
care unit; IVS, interventricular septum; LVEDD, left ventricular end-diastolic diameter; LVEDV, left
ventricular end-diastolic volume; LVEF, left ventricular ejection fraction; LVMI, left ventricular mass
index; LVPW, left ventricular posterior wall; OR, odds ratio; POAF, postoperative atrial fibrillation.

eters such as IVS thickness. Although we did not directly
compare our findings with these established risk models,
our results suggest that IVS thickness, a readily accessible
echocardiographic parameter, may offer incremental value
in refining risk prediction.

This study encompassed a large sample size compared
to previous investigations, thereby potentially enhancing
the generalizability of our findings. These findings suggest
that a comprehensive assessment of various preoperative
clinical indicators, including interventricular septum thick-
ness, may offer improved predictive accuracy for POAF
compared to focusing solely on individual factors. Our re-
search adds to the existing body of literature by providing
additional evidence on the risk factors for POAF in patients
with DMR undergoing mitral valve surgical repair. By
identifying these risk factors, healthcare professionals can
more effectively predict which patients are at a higher risk
of developing POAF and implement appropriate preventive
measures. Importantly, the results of subgroup analyses
consistently demonstrated a significant association between
IVS and POAF, indicating that IVS is a reliable predictor of
POAF across diverse patient subgroups. This suggests that
the predictive value of IVS thickness for POAF is not in-
fluenced by patient characteristics or comorbidities within
these subgroups.

Numerous hypotheses have been proposed for the
mechanisms underlying the observed associations between
the identified risk factors and POAF. One theory sug-
gests that age-related alterations in the autonomic nervous
system may contribute to the onset of POAF by disrupt-
ing atrial electrophysiology and fostering arrhythmogenesis
[23]. Additionally, modifications in the renin-angiotensin-
aldosterone system and oxidative stress pathways associ-
ated with hypertension may prompt atrial remodeling and
fibrosis, which, in turn, can lead to conduction anoma-
lies and arrhythmias [24,25]. Mechanical stress exerted on
atrial tissue due to left atrial enlargement may also trigger

changes in atrial electrophysiology and structural remodel-
ing [23,26]. The findings of this study suggest that an IVS
measurement greater than 11 mm is associated with an in-
creased risk of POAF. The adjusted odds ratio suggests that
this association remains statistically significant even after
accounting for potential confounding variables such as age,
gender, diabetes mellitus (DM), and hypertension. These
results align with previous research highlighting the poten-
tial utility of IVS measurements as a predictive marker for
POAF. IVS thickness has been suggested as a marker of ele-
vated left ventricular filling pressure [27], which may cause
left atrial dilation and, consequently, POAF. Therefore, IVS
thickness should be considered a significant factor when
evaluating the risk of POAF in patients undergoing mitral
valve repair for DMR. These mechanisms are intricate and
potentially interdependent, and more extensive research is
required to fully comprehend these intricate mechanisms
and to identify potential targets for therapeutic intervention.

IVS thickness has been widely used as a predictor
for cardiovascular events in several diseases. Park SK et
al. [28] demonstrated that IVS thickness was associated
with an elevated risk of developing hypertension among in-
dividuals without prior hypertension, with a significantly
higher area under the curve (AUC) compared to left ven-
tricular mass (LVM). Similarly, IVS thickness proved to
be a valuable prognostic indicator for all-cause mortality in
Chinese patients with coronary artery disease, even among
those with normal LVM values [29]. Even though IVS has
been identified as a regular echocardiographic parameter,
its role as a predictive factor for cardiovascular events has
been controversial in previous study. In the Atrial Fibrilla-
tion Follow-up Investigation of RhythmManagement (AF-
FIRM) Trial, patients with mildly, moderately, and severely
abnormal IVS thickness had risk ratios of 2.33 (95% CI
1.34–4.06, p = 0.003) and 3.00 (95% CI 0.92–9.71, p =
0.06) for all-cause mortality over 2.5 years [30]. However,
these associations were no longer statistically significant af-
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Fig. 2. Subgroup analyses of IVS thickness and POAF. Abbreviations: CI, confidence interval; IVS, interventricular septum; LAA,
left atrial appendage; NYHA, New York Heart Association; OR, odds ratio; POAF, postoperative atrial fibrillation; TVP, tricuspid
valvuloplasty.

ter controlling for factors such as age, sex, LVEF, presence
of atrial fibrillation, valvular heart disease, and left ventric-
ular wall motion score index. Findings from the Pressioni
Arteriose Monitorate E Loro Associazioni (PAMELA) co-
hort indicated that IVS thickness did not remain an indepen-
dent predictor of cardiovascular outcomes after adjustment
for relevant clinical variables, such as the difference in risk

between individuals in the lowest and highest IVS thickness
quintiles [31]. Population heterogenieity, different criteria
for classifying abnormal IVS thickness and choice of ad-
justing variants might have led to the negative results from
the study [29]. The underestimated predicting value of IVS
thickness should be re-evaluated from the results of more
recent studies.
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The identification of age, hypertension, left atrial en-
largement, and interventricular septum thickness as signif-
icant risk factors for POAF in patients with DMR undergo-
ing mitral valve repair has important clinical implications.
These findings emphasize the importance of considering
these risk factors when assessing the likelihood of POAF
in this patient population and highlight the need for tai-
lored strategies in risk stratification and management. For
patients with multiple risk factors, more aggressive pro-
phylactic measures, such as beta-blockers or amiodarone,
may be warranted. The role of IVS thickness in predicting
POAF should also be acknowledged in clinical practice, as
it emerges as a novel and significant risk factor in this pop-
ulation. Future studies should investigate the pathophys-
iological processes associated with increased IVS thick-
ness and how they contribute to atrial electrophysiologi-
cal changes and arrhythmogenesis. Studies should also de-
termine whether interventions targeting these risk factors,
such as lifestyle modifications or medications, can effec-
tively reduce the incidence of POAF in patients with DMR
undergoing mitral valve repair. These findings have the
potential to inform clinical decision-making and enhance
outcomes for patients undergoing surgical repair of mitral
valves for DMR.

In light of the findings in this study, several potential
avenues for future research can be identified. One crucial
area is exploring interventions aimed at modifying the iden-
tified risk factors to reduce the risk of POAF in patients
with DMR undergoing mitral valve repair. Antihyperten-
sive medications or lifestyle modifications, such as exer-
cise and dietary changes, could be studied for their poten-
tial benefit. Further research could also be conducted to
identify additional risk factors for POAF in this population,
such as genetic factors or comorbidities that may contribute
to atrial remodeling or electrophysiological changes. Lon-
gitudinal studies could evaluate the long-term outcomes of
patients who develop POAF following mitral valve repair
and determine whether this arrhythmia is associated with
an increased risk of morbidity or mortality. Continued re-
search in this area is critical for improving our understand-
ing of the pathophysiology of POAF in this population and
developing more effective strategies for the prevention and
management of this common postoperative complication.

Several limitations should be considered when inter-
preting these results. First, due to the retrospective design,
there is a risk of selection bias, which limits the ability to in-
fer causality. Second, as the study was conducted at a single
institution, the applicability of the outcomes to broader pa-
tient populations or different clinical environments may be
restricted. The prediction of POAF was hindered by the un-
availability of distinctmeasures of cardiac geometry such as
left ventricular sphericity index, which may have the poten-
tial to offer valuable insights. Furthermore, the assessment
of IVS thickness via echocardiography may be susceptible
to measurement error or variability, potentially impacting

the accuracy of the results. This limitation may have led
to underestimation of the true incidence of POAF within
30 days, particularly for asymptomatic or late-onset cases
occurring after discharge. Additionally, the lack of data
on certain confounding factors, such as smoking or alco-
hol consumption, hinders the ability to fully adjust for these
variables. Further research is needed to clarify the under-
lying mechanisms and causality between the identified risk
factors and POAF, as well as to explore potential interven-
tions for reducing the risk of POAF in patients with DMR
undergoing mitral valve repair.

5. Conclusion
In conclusion, POAF is a common complication in

patients with DMR who undergo surgical repair of mitral
valves, with age, hypertension, left atrial enlargement, and
IVS thickness identified as significant risk factors. Pre-
operative assessment of clinical morbidity and echocardio-
graphic parameters, particularly the IVS thickness, may be
beneficial in identifying patients at a high risk of POAF and
in the development of targeted strategies for its prevention
and management. Future research should explore whether
interventions targeting these identified risk factors can re-
duce the incidence of POAF in this population.

Availability of Data and Materials
The data that support the findings of this study are

available from the corresponding author upon reasonable
request.

Author Contributions
HX and XX had the main responsibility for data anal-

ysis and writing the manuscript. XX and ZZ collected data.
JM, SZ, WS and ZZ critically reviewed and provided sub-
stantial revisions to the manuscript. SL designed the study
and revised the manuscript. All authors contributed to the
conception and editorial changes in the manuscript. All au-
thors approved the final version of the manuscript for sub-
mission. All authors have participated sufficiently in the
work and agreed to be accountable for all aspects of the
work.

Ethics Approval and Consent to Participate
The study was approved by the Fuwai Hospital Ethics

Committee in 2022, ID: 2021-1451. This retrospective
analysis was based on anonymized data collected for rou-
tine clinical care and administrative purposes; written in-
formed consents were obtained from all included patients.
The study was carried out in accordance with the guidelines
of the Declaration of Helsinki.

Acknowledgment
Not applicable.

8

https://www.imrpress.com


Funding
This study was funded by Capital Science

and Technology Program, Beijing, Grant number:
Z201100005520005.

Conflict of Interest
The authors declare no conflict of interest.

Supplementary Material
Supplementary material associated with this article

can be found, in the online version, at https://doi.org/10.
31083/RCM38938.

References
[1] Antoine C, Mantovani F, Benfari G, Mankad SV, Maalouf JF,

Michelena HI, et al. Pathophysiology of Degenerative Mitral
Regurgitation: New 3-Dimensional Imaging Insights. Circula-
tion. Cardiovascular Imaging. 2018; 11: e005971. https://doi.or
g/10.1161/CIRCIMAGING.116.005971.

[2] Chikwe J, Goldstone AB, Passage J, Anyanwu AC, Seeburger
J, Castillo JG, et al. A propensity score-adjusted retrospective
comparison of early and mid-term results of mitral valve repair
versus replacement in octogenarians. European Heart Journal.
2011; 32: 618–626. https://doi.org/10.1093/eurheartj/ehq331.

[3] Mathew JP, FontesML, Tudor IC, Ramsay J, Duke P,Mazer CD,
et al. A multicenter risk index for atrial fibrillation after cardiac
surgery. JAMA. 2004; 291: 1720–1729. https://doi.org/10.1001/
jama.291.14.1720.

[4] Phan K, Ha HSK, Phan S, Medi C, Thomas SP, Yan TD.
New-onset atrial fibrillation following coronary bypass surgery
predicts long-term mortality: a systematic review and meta-
analysis. European Journal of Cardio-thoracic Surgery: Offi-
cial Journal of the European Association for Cardio-thoracic
Surgery. 2015; 48: 817–824. https://doi.org/10.1093/ejcts/ez
u551.

[5] Sigurdsson MI, Longford NT, Heydarpour M, Saddic L, Chang
TW, Fox AA, et al. Duration of Postoperative Atrial Fibrillation
After Cardiac Surgery Is AssociatedWithWorsened Long-Term
Survival. The Annals of Thoracic Surgery. 2016; 102: 2018–
2026. https://doi.org/10.1016/j.athoracsur.2016.05.016.

[6] Greenberg JW, Lancaster TS, Schuessler RB, Melby SJ. Postop-
erative atrial fibrillation following cardiac surgery: a persistent
complication. European Journal of Cardio-thoracic Surgery: Of-
ficial Journal of the European Association for Cardio-thoracic
Surgery. 2017; 52: 665–672. https://doi.org/10.1093/ejcts/ez
x039.

[7] Butt JH, Olesen JB, Gundlund A, Kümler T, Olsen PS, Havers-
Borgersen E, et al. Long-term Thromboembolic Risk in Pa-
tients With Postoperative Atrial Fibrillation After Left-Sided
Heart Valve Surgery. JAMA Cardiology. 2019; 4: 1139–1147.
https://doi.org/10.1001/jamacardio.2019.3649.

[8] Echahidi N, Pibarot P, O’Hara G, Mathieu P. Mechanisms, pre-
vention, and treatment of atrial fibrillation after cardiac surgery.
Journal of the American College of Cardiology. 2008; 51: 793–
801. https://doi.org/10.1016/j.jacc.2007.10.043.

[9] O’Brien C, Britton I, Karur GR, Iwanochko RM, Morel CF,
Nguyen ET, et al. Left Ventricular Mass and Wall Thickness
Measurements Using Echocardiography and Cardiac MRI in
Patients with Fabry Disease: Clinical Significance of Dis-
crepant Findings. Radiology. Cardiothoracic Imaging. 2020; 2:
e190149. https://doi.org/10.1148/ryct.2020190149.

[10] Coutinho GF, Antunes MJ. Mitral valve repair for degenerative
mitral valve disease: surgical approach, patient selection and

long-term outcomes. Heart (British Cardiac Society). 2017; 103:
1663–1669. https://doi.org/10.1136/heartjnl-2016-311031.

[11] Gaudino M, Di Franco A, Rong LQ, Piccini J, Mack M. Post-
operative atrial fibrillation: from mechanisms to treatment. Eu-
ropean Heart Journal. 2023; 44: 1020–1039. https://doi.org/10.
1093/eurheartj/ehad019.

[12] Lin MH, Kamel H, Singer DE, Wu YL, Lee M, Ovbiagele B.
Perioperative/Postoperative Atrial Fibrillation and Risk of Sub-
sequent Stroke and/or Mortality. Stroke. 2019; 50: 1364–1371.
https://doi.org/10.1161/STROKEAHA.118.023921.

[13] Funk M, Richards SB, Desjardins J, Bebon C, Wilcox H. Inci-
dence, timing, symptoms, and risk factors for atrial fibrillation
after cardiac surgery. American Journal of Critical Care: an Offi-
cial Publication, American Association of Critical-Care Nurses.
2003; 12: 424–433; quiz 434–435.

[14] Lee SH, Kang DR, Uhm JS, Shim J, Sung JH, Kim JY, et al.
New-onset atrial fibrillation predicts long-term newly developed
atrial fibrillation after coronary artery bypass graft. American
Heart Journal. 2014; 167: 593–600.e1. https://doi.org/10.1016/
j.ahj.2013.12.010.

[15] Steinberg BA, Zhao Y, He X, Hernandez AF, Fullerton DA,
Thomas KL, et al. Management of postoperative atrial fibril-
lation and subsequent outcomes in contemporary patients un-
dergoing cardiac surgery: insights from the Society of Thoracic
Surgeons CAPS-Care Atrial Fibrillation Registry. Clinical Car-
diology. 2014; 37: 7–13. https://doi.org/10.1002/clc.22230.

[16] Aranki SF, Shaw DP, Adams DH, Rizzo RJ, Couper GS, Van-
derVliet M, et al. Predictors of atrial fibrillation after coronary
artery surgery. Current trends and impact on hospital resources.
Circulation. 1996; 94: 390–397. https://doi.org/10.1161/01.cir.
94.3.390.

[17] Miller JM, Kowal RC, Swarup V, Daubert JP, Daoud EG,
Day JD, et al. Initial independent outcomes from focal impulse
and rotor modulation ablation for atrial fibrillation: multicen-
ter FIRM registry. Journal of Cardiovascular Electrophysiology.
2014; 25: 921–929. https://doi.org/10.1111/jce.12474.

[18] Shen J, Lall S, Zheng V, Buckley P, Damiano RJ, Jr, Schuessler
RB. The persistent problem of new-onset postoperative atrial
fibrillation: a single-institution experience over two decades.
The Journal of Thoracic and Cardiovascular Surgery. 2011; 141:
559–570. https://doi.org/10.1016/j.jtcvs.2010.03.011.

[19] de Vos CB, Pisters R, Nieuwlaat R, Prins MH, Tieleman RG,
Coelen RJS, et al. Progression from paroxysmal to persistent
atrial fibrillation clinical correlates and prognosis. Journal of
the American College of Cardiology. 2010; 55: 725–731. https:
//doi.org/10.1016/j.jacc.2009.11.040.

[20] Chua SK, Shyu KG, Lu MJ, Lien LM, Lin CH, Chao HH, et al.
Clinical utility of CHADS2 and CHA2DS2-VASc scoring sys-
tems for predicting postoperative atrial fibrillation after cardiac
surgery. The Journal of Thoracic and Cardiovascular Surgery.
2013; 146: 919–926.e1. https://doi.org/10.1016/j.jtcvs.2013.03.
040.

[21] Mariscalco G, Biancari F, Zanobini M, Cottini M, Piffaretti G,
Saccocci M, et al. Bedside tool for predicting the risk of postop-
erative atrial fibrillation after cardiac surgery: the POAF score.
Journal of the American Heart Association. 2014; 3: e000752.
https://doi.org/10.1161/JAHA.113.000752.

[22] Burgos LM, Ramírez AG, Seoane L, Furmento JF, Costabel JP,
Diez M, et al. New combined risk score to predict atrial fibrilla-
tion after cardiac surgery: COM-AF. Annals of Cardiac Anaes-
thesia. 2021; 24: 458–463. https://doi.org/10.4103/aca.ACA_
34_20.

[23] Maesen B, Nijs J, Maessen J, Allessie M, Schotten U. Post-
operative atrial fibrillation: a maze of mechanisms. Europace:
European Pacing, Arrhythmias, and Cardiac Electrophysiology:
Journal of theWorking Groups on Cardiac Pacing, Arrhythmias,

9

https://doi.org/10.31083/RCM38938
https://doi.org/10.31083/RCM38938
https://doi.org/10.1161/CIRCIMAGING.116.005971
https://doi.org/10.1161/CIRCIMAGING.116.005971
https://doi.org/10.1093/eurheartj/ehq331
https://doi.org/10.1001/jama.291.14.1720
https://doi.org/10.1001/jama.291.14.1720
https://doi.org/10.1093/ejcts/ezu551
https://doi.org/10.1093/ejcts/ezu551
https://doi.org/10.1016/j.athoracsur.2016.05.016
https://doi.org/10.1093/ejcts/ezx039
https://doi.org/10.1093/ejcts/ezx039
https://doi.org/10.1001/jamacardio.2019.3649
https://doi.org/10.1016/j.jacc.2007.10.043
https://doi.org/10.1148/ryct.2020190149
https://doi.org/10.1136/heartjnl-2016-311031
https://doi.org/10.1093/eurheartj/ehad019
https://doi.org/10.1093/eurheartj/ehad019
https://doi.org/10.1161/STROKEAHA.118.023921
https://doi.org/10.1016/j.ahj.2013.12.010
https://doi.org/10.1016/j.ahj.2013.12.010
https://doi.org/10.1002/clc.22230
https://doi.org/10.1161/01.cir.94.3.390
https://doi.org/10.1161/01.cir.94.3.390
https://doi.org/10.1111/jce.12474
https://doi.org/10.1016/j.jtcvs.2010.03.011
https://doi.org/10.1016/j.jacc.2009.11.040
https://doi.org/10.1016/j.jacc.2009.11.040
https://doi.org/10.1016/j.jtcvs.2013.03.040
https://doi.org/10.1016/j.jtcvs.2013.03.040
https://doi.org/10.1161/JAHA.113.000752
https://doi.org/10.4103/aca.ACA_34_20
https://doi.org/10.4103/aca.ACA_34_20
https://www.imrpress.com


and Cardiac Cellular Electrophysiology of the European Society
of Cardiology. 2012; 14: 159–174. https://doi.org/10.1093/euro
pace/eur208.

[24] Alexandre J, Saloux E, Chequel M, Allouche S, Ollitrault P,
Plane AF, et al. Preoperative plasma aldosterone and the risk of
atrial fibrillation after coronary artery bypass surgery: a prospec-
tive cohort study. Journal of Hypertension. 2016; 34: 2449–
2457. https://doi.org/10.1097/HJH.0000000000001105.

[25] Chequel M, Ollitrault P, Saloux E, Parienti JJ, Fischer
MO, Desgué J, et al. Preoperative Plasma Aldosterone Lev-
els and Postoperative Atrial Fibrillation Occurrence Follow-
ing Cardiac Surgery: A Review of Literature and De-
sign of the ALDO-POAF Study (ALDOsterone for Predic-
tion of Post-Operative Atrial Fibrillation). Current Clinical
Pharmacology. 2016; 11: 150–158. https://doi.org/10.2174/
1574884711666160714162128.

[26] Al-Khatib SM, Hafley G, Harrington RA, Mack MJ, Ferguson
TB, Peterson ED, et al. Patterns of management of atrial fibrilla-
tion complicating coronary artery bypass grafting: Results from
the PRoject of Ex-vivo Vein graft ENgineering via Transfection
IV (PREVENT-IV) Trial. American Heart Journal. 2009; 158:
792–798. https://doi.org/10.1016/j.ahj.2009.09.003.

[27] Alnabhan N, Kerut EK, Geraci SA, McMullan MR, Fox E. An

approach to analysis of left ventricular diastolic function and
loading conditions in the echocardiography laboratory. Echocar-
diography (Mount Kisco, N.Y.). 2008; 25: 105–116. https://doi.
org/10.1111/j.1540-8175.2007.00542.x.

[28] Park SK, Jung JY, Kang JG, Chung PW, Oh CM. Left ventricu-
lar geometry and risk of incident hypertension. Heart (British
Cardiac Society). 2019; 105: 1402–1407. https://doi.org/10.
1136/heartjnl-2018-314657.

[29] Huang BT, Peng Y, Liu W, Zhang C, Huang FY, Wang PJ, et
al. Increased interventricular septum wall thickness predicts all-
cause death in patients with coronary artery disease. Internal
Medicine Journal. 2015; 45: 275–283. https://doi.org/10.1111/
imj.12667.

[30] Apostolakis S, Sullivan RM, Olshansky B, Lip GYH. Left ven-
tricular geometry and outcomes in patients with atrial fibrilla-
tion: the AFFIRM Trial. International Journal of Cardiology.
2014; 170: 303–308. https://doi.org/10.1016/j.ijcard.2013.11.
002.

[31] Cuspidi C, Facchetti R, Bombelli M, Sala C, Grassi G, Man-
cia G. Differential value of left ventricular mass index and wall
thickness in predicting cardiovascular prognosis: data from the
PAMELA population. American Journal of Hypertension. 2014;
27: 1079–1086. https://doi.org/10.1093/ajh/hpu019.

10

https://doi.org/10.1093/europace/eur208
https://doi.org/10.1093/europace/eur208
https://doi.org/10.1097/HJH.0000000000001105
https://doi.org/10.2174/1574884711666160714162128
https://doi.org/10.2174/1574884711666160714162128
https://doi.org/10.1016/j.ahj.2009.09.003
https://doi.org/10.1111/j.1540-8175.2007.00542.x
https://doi.org/10.1111/j.1540-8175.2007.00542.x
https://doi.org/10.1136/heartjnl-2018-314657
https://doi.org/10.1136/heartjnl-2018-314657
https://doi.org/10.1111/imj.12667
https://doi.org/10.1111/imj.12667
https://doi.org/10.1016/j.ijcard.2013.11.002
https://doi.org/10.1016/j.ijcard.2013.11.002
https://doi.org/10.1093/ajh/hpu019
https://www.imrpress.com

	1. Introduction
	2. Methods
	2.1 Study Participants
	2.2 Clinical Characteristics
	2.3 Surgical Techniques for Mitral Valve Repair 
	2.4 Outcome Assessment
	2.5 Statistical Analysis

	3. Results
	3.1 Study Population 
	3.2 Risk Factors of Acute POAF in Patients With DMR 
	3.3 Sensitivity Analyses for IVS as a Risk Predictor of POAF

	4. Discussion
	5. Conclusion
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Supplementary Material

