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Introduction

According to the World Health Organization’s (WHO) 
reports, cardiovascular diseases (CVDs) cause one-third of 
all annual deaths around the world (1). Cardiac surgeries 
such as coronary artery bypass grafting (CABG) heart 
valve replacement are commonly used to treat CVDs to 
improve their outcomes and to decrease the incidence of 
mortality. Although the surgery is relatively mature, there 
are still risks and postoperative complications that need to 

be addressed (2). Postoperative arrhythmia (POA) is one of 
the common and serious postoperative complications (3,4), 
which may result in various impacts on patients, ranging 
from no clinical symptom to unstable hemodynamics, 
and complications such as cardiac function failure, renal 
failure, cerebral infarction and even death (5). The 
incidence of postoperative supraventricular arrhythmias is 
reported to be 11–54%, and the incidence of ventricular 
arrhythmia to be 1.8–13% following CABG (6). Different 
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studies have been performed to improve the management 
of these complications among the patients undergoing 
cardiopulmonary surgery (7,8). For example, magnesium 
sulphate and amiodarone were tested for treating POA that 
might occur following CABG operation and were found 
effective to prevent arrhythmia (7). Postoperative atrial 
fibrillation (POAF) is the most common perioperative 
cardiac arrhythmia (4). A major risk factor for POAF is 
advanced age. A study showed that a preoperative left atrial 
diameter of ≥58.0 mm was a risk factor for atrial fibrillation 
(AF) recurrence after heart surgery (9). Reliable models for 
prediction of POA are needed to provide recommendations 
such as prophylactic treatment of AF for a better outcome 
in cardiac surgical patients with high risk of developing 
POA. Three risk models were proposed for preoperative 
prediction of POAF in cardiac surgical patients: the POAF 
score, the CHA2DS2-VASC score, and the AF Risk Index. 
However, they have limited ability to predict POAF 
occurring in cardiac surgical patients.

A better understanding of what causes the development 
and progression of arrhythmia in postoperative patients 
may help reduce the use of pharmacological and electrical 
procedures aimed at reducing the ventricular rate or 
ensuring normal sinus rhythm. The aims of this study were 
to investigate the clinical features of arrhythmia after mitral 
valve repair and analyze the factors affecting the occurrence 
and prognosis of arrhythmia. The findings would help 
reduce the complications and improve the prognosis 
following valve repair surgery.

We present the following article in accordance with 
the STROBE reporting checklist (available at https://cdt.
amegroups.com/article/view/10.21037/cdt-21-400/rc).

Methods

Subjects

This study was a single-center retrospective cohort 
study. Patients undergoing selective mitral valve repair 
under cardiopulmonary bypass (CPB) in our hospital 
between January 2015 and November 2020 were included, 
irrespective of genders. The patients were included if 
they were aged 18 to 70 years, had body mass index 
(BMI) between 15 and 32 kg/m2, their New York Heart 
Association (NYHA) classes were II to IV, the American 
Society of Anesthesiologists (ASA) classes were II–IV. 
Patients were excluded if they underwent emergency 
operation, were clinically diagnosed severe coagulation, 

had severe dysfunction of brain, liver and kidney, endocrine 
system disease, serious infectious diseases, installed with 
pacemaker. Patients with incomplete clinical data were also 
excluded. Written informed consent was obtained from 
every patient and the study protocols were approved by the 
Ethics Committee of TEDA International Cardiovascular 
Hospital (Approval ID: TEDA-C1242). All methods were 
performed in accordance with the relevant guidelines and 
regulations and the study was conformed to the provisions 
of the Declaration of Helsinki (as revised in 2013). Several 
effects were made to minimize potential bias. Patients 
treated by the same team of surgeons were enrolled. CPB 
was preformed following standardized procedure and POA 
diagnosis was double-confirmed using ECG.

Anesthesia and surgery

Before surgery, general anesthesia was induced and patients 
were given tracheal intubation and mechanical ventilation. 
Intraoperative anesthesia was maintained using combined 
intravenous and inhalation anesthesia. Myocardium was 
protected with cardioplegia and hypothermia during the 
surgery. CPB was performed as previously described (10).  
Heparin 3 mg/kg IV was administered before arterial 
cannulation with a target activated clotting times (ACTs) 
of more than 480 seconds. During the arterial cannulation, 
systolic pressure was maintained at 90–100 mmHg and 
heart rate was maintained at 50–90 beats/min. The 
aortic cannulation was inserted first followed by venous 
cannulation to establish full CPB. The aorta was clamped 
and cardioplegia was in intermittent antegrade and 
retrograde. The leaflet was primarily repaired by resection. 
The size and shape of resection were determined by the 
operating surgeon. Ring annuloplasty was performed in 
case of need. The size of ring was determined based on the 
area of leaflet of interest using prosthetic aortic valve sizers. 
Prosthetic ring annuloplasty was performed with a  
24–36 mm Carpentier-Edwards Physio ring.

Observation indicators

Clinical data of the included patients were retrieved from 
the hospital electronic database, including gender, age 
and body surface area (BSA), BMI, NYHA class, ASA 
class, concomitant diseases [pulmonary hypertension, 
coronary heart disease, arrhythmia, diagnosed previously 
or by electrocardiography (ECG) after admission]. 
Preoperative data including preoperative medication and 
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echocardiography, intraoperative data such as vital signs, type 
of operation, number of repaired leaflets, valve adaptation, 
CPB and myocardial protection measures, and postoperative 
data such as arrhythmia, electrolyte acid-base imbalance, 
hypoxia, hyperthermia, pain, biochemical indicators, and 
use of vasoactive drugs were collected. Prognosis was 
measured based on the time of vasoactive drug use, intensive 
care unit (ICU) stay, hospital stay and other postoperative 
complications such as heart failure (HF), hypotension, 
pericardial tamponade, permanent pacemaker implantation 
and cerebral infarction. All patients were routinely monitored 
with ECG, blood pressure (BP) and SpO2.

POA was diagnosed with ECG monitoring and confirmed 
with ECG reexaminations. The POA included AF, atrial 
premature beat, ventricular premature beat, conduction 
block, ventricular tachycardia, and sinus bradycardia. 
Atrial premature beat and ventricular premature beat were 
frequent premature beat (attack times >5/min). For patients 
with multiple arrhythmias, the types of arrhythmias were 
recorded separately but were counted as arrhythmia once.

Statistical analysis

SPSS 20.0 statistical software was used for statistical 
analysis. The measurement data of normal distribution 
were presented as mean ± standard deviation (x ± SD). 
The independent sample t-test was used for group 
comparison, and the measurement data of non-normal 
distribution were expressed as median (m) and interquartile 
interval (IQR), and compared using the Mann-Whitney 
U test. Enumeration data were expressed as number and 
percentage, and compared using χ2 test or Fisher exact 
probability test. Variables that had P<0.05 in univariate 
analysis were included for multiple logistic regression 
analysis, and the results were presented as odds ratio (OR) 
and 95% confident interval (CI). P<0.05 was considered 
statistically significant. No patient with missing data was 
included in the analysis.

Results

A total of 835 patients undergoing selective mitral valve 
repair under CPB at our hospital during the study period 
were eligible for this study. 217 were excluded from the 
study because they did meet the inclusion criteria (n=79), 
had other diseases (n=83) or had incomplete clinical data, 
including loss of follow-up (n=55) before the analysis. A 
total of 618 patients were analyzed in this study, including 

318 males and 300 females. The average age was 53.9 
±9.3 years and BSA was 1.6±0.2 m2. Preoperative arrhythmia 
was recorded in 289 patients, 139 and 135 of them had 
pulmonary hypertension or coronary heart diseases (Table 1).

After mitral valve repair, 372 (60.2%) patients were 
diagnosed as having arrhythmia. Among them, 234 (62.9%) 
patients had preoperative arrhythmia, the rest [138 (37.1%) 
cases] occurred as new cases. Two hundred and sixty-four 
(40.0%) cases did not have arrhythmia, although 55 of them 
had preoperative arrhythmia. In the POA patients, 164 
(44.2%) cases had only one type of arrhythmia, 52 (14.1%) 
cases had two types of arrhythmias, 9 (2.4%) had three types 
of arrhythmias and 7 (0.5%) had four types of arrhythmias. 
AF was observed in 216 (35.0%) patients and other 
arrhythmias included atrial premature beat [20 (3.2%)], 
ventricular premature beat [18 (2.9%)], atrioventricular 
block [44 (7.1%)], bundle branch block [33 (5.3%)], and 
sinus bradycardia [23 (3.7%)].

In comparison with the non-arrhythmia patients, the 
arrhythmia patients had significantly older age, higher 
NYHA and ASA class, more frequent preoperative 
arrhythmia, more frequent preoperative use of diuretics, 
larger preoperative size of the left atrium, higher ejection 
fraction and fractional shortening, longer CPB time, longer 
aortic cross-clamping time, more surgically repaired leaflets, 
more postoperative hypokalemia, more hypoxemia, more 
hyperthermia, more pain, higher postoperative B-type brain 
natriuretic peptide and lower hemoglobin concentration 
(P<0.05; Table 1). However, surgical procedures had not 
significant impact of post-operative arrhythmia.

Logistic regression analysis showed that preoperative 
arrhythmia (OR =9.17; 95% CI: 4.49–18.10), postoperative 
pain (OR =4.70; 95% CI: 1.55–6.12) and postoperative 
hypoxemia (OR =3.25;  95% CI:  1 .04–6.28)  were 
independently associated with arrhythmias following the 
surgery (Table 2).

Compared with the non-arrhythmic patients, the 
arrhythmic patients used vasoactive drugs for longer time 
(4.4 vs. 2.1 days) and had significantly longer ICU stay (27.9 
vs. 21.5 hours) and hospitalization time (17.8 vs. 13.2 days; 
P<0.05; Table 3). They also had significantly higher heart 
failure rate (17.7% vs. 7.6%; Table 3).

Discussion

Occurrence of POA is influence by a number of factors, 
such as race, comorbidity, operation methods, monitoring 
and diagnosis methods. The incidence of POA occurs in 
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Table 1 Clinical data of patients with and with arrhythmia after mitral valve repair

Variables Arrhythmia (n=372) Non-arrhythmia (n=264) P value

Female/male (n) 183/189 117/129 0.887

Age (year), x ± SD 54.9±8.5 52.8±10.3 0.037

BSA (m2), x ± SD 1.6±0.2 1.6±0.2 0.981

BMI (kg/m2), x ± SD 23.2±2.7 23.7±3.0 0.204

NYHA II/III/IV (n) 90/276/4 96/144/6 0.045

ASA II/III/IV (n) 84/276/12 96/147/3 0.011

Comorbidity, n (%)

Pulmonary hypertension 90 (24.2) 49 (20.0) 0.262

Coronary heart disease 86 (23.1) 49 (19.9) 0.861

Arrhythmia 234 (62.9) 55 (22.3) 0.000

Preoperative medication, n (%)    

Digitalis 132 (35.5) 88 (35.7) 0.568

Non-digitalis 16 (4.3) 19 (0.7) 0.406

Iuretics 315 (84.7) 135 (54.9) 0.011

β-receptor blockers 81 (21.8) 35 (22.8) 0.342

ACEI/ARB 59 (15.8) 32 (13.0) 0.444

Calcium channel blockers 12 (4.8) 16 (6.5) 0.108

Preoperative echocardiography, x ± SD    

Left atrium (mm) 52.2±12.2 46.0±10.2 0.001

Right atrium (mm) 54.8±8.6 55.2±8.8 0.267

Left atrial posterior wall (mm), x 9.2 9.1 0.857

Ejection fraction (%) 59.9±6.9 54.5±6.2 0.015

Fractional shortening (%) 29.2±4.4 34.5±4.7 0.006

Intraoperative hypotension, n (%)    

Prior to CPB 123 (33.1) 78 (31.7) 0.273

During CPB 145 (38.9) 72 (29.3) 0.334

After CPB 29 (5.4) 15 (6.1) 0.284

CPB duration (min), x ± SD 138.0±44.9 110.9±43.4 0.013

Aortic cross-clamping time (min), x ± SD 95.3±35.9 83.8±33.7 0.036

Heart-beat after multiple defibrillations (>5), n (%) 56 (15.1) 33 (13.4) 0.463

Number of valve repaired, n (%)     <0.001

One 62 (16.7) 45 (18.3)

Two 180 (50.8) 120 (48.8)

Three 121 (32.5) 81 (32.9)

Table 1 (continued)
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Table 1 (continued)

Variables Arrhythmia (n=372) Non-arrhythmia (n=264) P value

Prosthesis-patient match, x ± SD    

Aortic valve EOAI 1.28±0.26 1.21±0.21 0.557

Mitral valve EOAI 1.76±0.46 1.73±0.47 0.927

Patients with postoperative, n (%)    

Hypokalemia 144 (38.7) 66 (26.8) 0.025

Hypomagnesemia 21 (5.6) 11 (4.4) 0.383

Acidosis 68 (18.3) 60 (24.4) 0.500

Hypoxemia 79 (21.2) 41 (16.7) 0.017

CO2 retention 76 (20.4) 45 (18.2) 0.157

Hyperthermia 122 (32.8) 54 (21.9) 0.039

Pain 167 (44.9) 66 (26.8) 0.001

Hyperglycemia 76 (20.4) 41 (16.7) 0.218

Biochemical findings, x ± SD  

Type B brain natriuretic peptide (pg/mL) 2,271±453 1,629±335 0.011

Troponin-I (ng/mL) 0.58±0.11 0.53±0.12 0.470

C-reactive protein (mg/L) 90.2±52.6 79.8±37.5 0.109

Procalcitonin (ng/mL) 3.6±1.2 3.7±1.3 0.737

Hemoglobin (g/L) 95.5±17.5 101.3±18.1 0.024

Creatinine (pmol/L) 83.5±4.5 79.9±5.1 0.128

Vasoactive drug, n (%)    

Milrinone 133 (62.6) 144 (58.5) 0.183

Dopamine 315 (84.7) 211 (85.8) 0.469

Noradrenaline 199 (53.4) 149 (60.6) 0.532

Adrenaline 35 (9.4) 32 (13.0) 0.327

Surgical procedure, n (%)    

MV 251 (67.5) 186 (70.4) 0.123

MV + maze 49 (13.2) 27 (10.2) 0.261

MV + TV 38 (10.2) 31 (11.7) 0.262

MV + TV + maze 34 (9.1) 20 (7.5) 0.127

SD, standard deviation; BSA, body surface area; BMI, body mass index; NYHA, New York Heart Association; ASA, American Society of 
Anesthesiologists; ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin II receptor blocker; CPB, cardiopulmonary bypass; 
EOAI, effective orifice area index; MV, mitral valve; TV, tricuspid valve; AV, aortic valve; maze, the Cox-Maze III procedure.

10% to 70% patients (11). Echahidi et al. showed that the 
occurrence of AF is about 30% after cardiac surgery and 
about 40% after valvular surgery (12). In this study, the 
overall incidence of POA was 60.2% and the most frequent 

type was AF (35.0%), followed by conduction block (5.3%). 
22.3% of POA were new-onsets.

The occurrence of POA is related to many factors 
(13,14). In this study, the preoperative, intraoperative and 
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Table 2 Risk factors of POA after mitral valve repair

Variables β Wald OR 95% CI P value

Preoperative arrhythmia 0.26 16.32 9.17 4.49–18.10 <0.001

Postoperative pain 1.22 18.33 4.70 1.55–6.12 <0.001

Hypoxemia 0.667 6.34 3.25 1.04–6.28 0.040

POA, postoperative arrhythmia; OR, odds ratio; CI, confident interval.

Table 3 Prognosis of patients with and without POA after mitral valve repair

Variables Patients with POA (n=372) Patients without POA (n=264)

Usage time of vasoactive drugs (d), x ± SD 4.4±1.2 2.1±1.1a

ICU stay time (h), x ± SD 27.9±3.2 21.5±2.2a

Length of hospital stay (d), x ± SD 17.8±4.2 13.2±4.2a

Other postoperative complications, n (%)

Heart failure 66 (17.7) 20 (7.6)a

Hypotension 41 (11.4) 11 (13.4)

Pericardial tamponade 2 (0.5) 2 (0.8)

Permanent pacemaker implantation 5 (1.3) 4 (2.5)

Delirium 4 (1.1) 4 (1.5)

Cerebral infarction 3 (0.8) 1 (0.4)

Massive pleural effusion (closed-suction drainage) 2 (0.5) 2 (0.8)

Unplanned ICU readmission 3 (0.8) 3 (1.3)
a, P<0.05 vs. patients with POA. POA, postoperative arrhythmia; SD, standard deviation; ICU, intensive care unit.

postoperative factors were analyzed. For preoperative 
conditions, the history of arrhythmia is the most important 
factor, which is consistent with previous conclusion that the 
history of AF increases the risk of POAF (15).

A number of studies have shown that advanced age is a 
risk factor for POA (14). In our study, compared with non-
arrhythmia patients, the average age of patients with POA 
was significantly greater. However, the age was not found 
to be associated with POA. This might be attributed to 
relatively narrow range of ages in the patients included in 
the study. Race, gender, history of myocardial infarction, 
obesity, metabolism syndrome, left atrial enlargement  
(>45 mm) were previously identified as risk factors for 
POA (16-18). However, in our analysis, gender, pulmonary 
hypertension, history of coronary heart disease, BMI and 
BSA are not related to POA, suggesting that the risk factors 
for POA may vary among different patient populations.

On other hand, we found that patients with poor cardiac 

function and high ASA grade and large left atrium have 
higher risk of POA. In addition to enlarged left atrium, 
reduced diastolic function of the left ventricle is shown to 
be a potential risk factor (19).

Almassi et al. found that that the prophylactic use of beta 
blockers in the perioperative period reduces the incidence 
of POA (20). However, we did not observe such reduction. 
The intraoperative risk factors associated with POA include 
myocardial ischemia and hypoxia, aortic occlusion and atrial 
damage (21) and hemodynamic fluctuation (22). In our 
multivariate analysis, although none of these variables is 
identified to be associated with POA, POA patients appear 
to have longer CPB and longer aortic clamping time with 
more leaflets repaired or replaced in the surgery.

Cardiac surgery often causes vasospasm, systemic 
inflammation, excessive release of catecholamine, changes 
in the sympathetic and parasympathetic nerves, and 
the activation of neurohumoral systems (23). These 
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are potential factors that lead to POA (12). Systemic 
inflammatory response generates oxidative tissue damage 
through the release of oxygen free radicals, which reduce 
effective refractory period that generates action potential to 
induce arrhythmia (24-26). A number of studies have shown 
that the new onset of AF is related to the inflammatory 
response with high C-reactive protein concentration (27,28). 
In our study, the level C-reactive protein is higher in POA 
patients but not statistically different between the two 
groups, suggesting that it is still important to play attention 
to the inflammation in the perioperative period.

The main postoperative independent risk factors 
associated with POA are pain and hypoxemia. Pain may 
stimulate the sympathetic nerves, leading to ectopic atrial 
rhythms and triggering arrhythmia (29,30). Hooten et al. 
found that sufficient postoperative analgesia can effectively 
reduce POA (31). Pain can be managed via blocking the 
paravertebral nerves during the operation, use of analgesia 
pump, or intermittent use of analgesics after the operation. 
Hypovolemia, anemia, hypoxia and carbon dioxide 
retention can over-activate the sympathetic nervous system, 
leading to massive release of endogenous catecholamine and 
arrhythmia (32). Our results also showed that hypoxemia 
has a significant effect on POA. Electrolyte disorders can 
cause abnormal activation of cardiac myocytes, increase the 
sensitivity of the heart muscle and generate arrhythmia (20).  
In addition, Hernández-Leiva et al. showed that high 
preoperative B-type natriuretic peptide is an indicator of 
poor postoperative prognosis (33), which is consistent with 
our results, although we analyzed the postoperative level of 
B-type natriuretic peptide.

A large number of studies have shown that POA is 
associated with acute renal damage, risk of heart failure 
and stroke, ICU stay and hospital time (34), long-term  
mortality (35), and patient’s treatment cost. This study 
also showed that POA patients were associated with longer 
duration of vasoactive drugs use, longer ICU stay and longer 
hospital stay. They also had higher postoperative heart 
failure. Although the incidence of stroke in this study is not 
associated with POA, it is still higher in POA than non-POA 
patients. This disassociation might be due to relatively short 
observation period for postoperative complications in this 
study.

There are some limitations in the study. As a single 
center and retrospective study, the sample size was relatively 
small, the study population was highly selected and had 
a narrow range of age. The follow-up time was relatively 
short and important variables such as mortality were unable 

to be included for analysis. The conclusions of this study, 
therefore, need to be validated with large perspective 
multiple-center studies.

Conclusions

Our study demonstrates that the incidence of arrhythmia 
is relatively high after mitral valve repair and the incidence 
of POA is associated with preoperative arrhythmia, 
postoperative pain and postoperative hypoxemia. 
Furthermore, arrhythmia patients also had longer vasoactive 
drug use, longer ICU stay, longer hospitalization time and 
higher heart failure rate.
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