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Abstract
Background Postoperative atrial fibrillation (POAF) is a common complication after off-pump coronary artery bypass 
grafting (OPCABG), associated with increased morbidity and healthcare costs. Existing POAF prediction models, 
developed mainly for Western populations, may not account for genetic, lifestyle, and healthcare disparities in 
Chinese patients. This study aimed to develop and validate a Chinese-specific nomogram for POAF risk stratification in 
OPCABG patients.

Methods A retrospective cohort study was conducted at a single Chinese center, including 456 consecutive 
OPCABG patients (2018–2022). Patients were divided into a training set (2018–2021, n = 319) and validation set (2022, 
n = 137). Multivariable logistic regression with LASSO regularization identified predictors of POAF (occurrence within 
7 postoperative days). Model performance was evaluated using C-index, calibration curves, decision curve analysis 
(DCA), and clinical impact curves (CIC).

Results The final nomogram included five independent predictors: age (OR, 1.03), diabetes (OR, 1.85), hypertension 
(OR, 1.90), previous PCI (OR, 2.51) and last intraoperative blood potassium concentration (OR, 0.30). The model 
demonstrated excellent discrimination (C-index: 0.809 in training, 0.886 in validation) and good calibration. DCA and 
CIC showed superior clinical utility compared with existing scores (C2HEST, CHADS2, CHA2DS2-VASc).

Conclusions This OPCABG-specific nomogram outperforms conventional risk scores in predicting POAF in Chinese 
patients, enabling personalized prophylaxis and resource allocation. External validation in diverse populations is 
needed to confirm generalizability.
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Introduction
Postoperative atrial fibrillation (POAF) complicates 
20–40% of coronary artery bypass grafting (CABG) 
procedures [1], increasing stroke risk by 3-fold and hos-
pitalization costs by 8,000 − 8,000 − 12,000 per case [2, 
3]. While existing models like CHA2DS2-VASc [4] and 
C2HEST [5] demonstrate moderate discrimination in 
on-pump CABG cohorts, their performance deterio-
rates in off-pump (OPCABG) populations [6]. Current 
models derive from predominantly on-pump cohorts. 
When applied to OPCABG patients, these models exhibit 
poor calibration, reflecting unaddressed surgical modal-
ity effects. This discrepancy may stem from fundamen-
tal pathophysiological differences: OPCABG induces 
52% less systemic inflammation than on-pump surgery 
[7], potentially altering POAF risk profiles. Vogireddy R 
Krishna et al. confirms OPCABG reduces POAF inci-
dence, underscoring distinct risk profiles [8].

In China, the annual Coronary Artery Bypass Graft-
ing (CABG) volume exceeds 46,000 and OPCAB has 
become a common practice [9]. Compared with CABG 
under traditional cardiopulmonary bypass, OPCAB has 
the advantages of reducing stroke rate and decreasing the 
duration of hospital stay [10], reducing the demand for 
blood products, and decreasing renal dysfunction [11]. 
However, it is still controversial whether prognosis can 
be improved by OPCAB [12]. Therefore, the risk factors 
of post-operative atrial fibrillation after off-pump coro-
nary artery bypass grafting (OPCAB-POAF) need to be 
clarified.

Currently, most research on POAF (postoperative 
atrial fibrillation) prediction models mainly focuses on 
broader cardiac surgery populations or specific groups 
like on-pump CABG, but there hasn’t been much dedi-
cated exploration of OPCABG (off-pump coronary artery 
bypass grafting) patients. As a minimally invasive surgi-
cal approach, OPCABG involves unique hemodynamic 
changes, surgical stress patterns, and patient profiles 
compared to on-pump procedures [13]. Those existing 
POAF prediction models—designed for mixed surgical 
populations—completely overlook OPCABG-specific 
risk factors. This creates a problem in clinical practice: 
doctors lack a tailored tool to accurately predict POAF in 
OPCABG patients, making it tough to roll out preemp-
tive interventions.

In this work, we aimed to develop and validation 
a novel nomogram for OPCAB-POAF. We focus on 
OPCABG patients specifically to tackle this unsolved 
issue. We aim to build a precise risk stratification model 
that matches the unique physical and pathological traits 
of this patient group. Some scholars have tried to estab-
lish a prediction model of POAF after cardiac surgery to 
evaluate high-risk patients before surgery and administer 
personalized preventive treatment, but the prediction of 

POAF is not satisfactory [14]. This work not only fill a 
research gap— it also directly helps doctors make better 
decisions, letting them use personalized prevention strat-
egies to cut down on POAF-related complications (e.g., 
strokes and longer hospital stays) in OPCABG patients.

Methods
Data source
This retrospective observational study included 578 
patients diagnosed with coronary atherosclerotic heart 
disease from June 2018 to December 2020 and scheduled 
for OPCAB. Based on the 10:1 events-per-variable (EPV) 
rule [15] and 5 candidate predictors, a minimum of 50 
POAF events were required. Our cohort included 112 
POAF events, exceeding this threshold.

Patients were included if they were 18–85 years old, 
undergoing elective isolated OPCABG, without a pre-
operative history of atrial fibrillation (AF) confirmed 
by sinus rhythm on 12-lead ECG, with normal thyroid 
function (FT3, FT4, TSH), and no acute myocardial 
infarction within 4 weeks preoperatively. Exclusion cri-
teria included: [1] valvular/congenital heart disease or 
cardiomyopathy (altering atrial remodeling pathways); 
[2] conversion to on-pump CABG or prior cardiac sur-
gery (confounding POAF risk factors); [3] preoperative 
hyperthyroidism/hypothyroidism (independent AF risk, 
OR = 2.3); [4] ventricular arrhythmias/atrial flutter on 
preoperative ECG; [5] postoperative survival ≤ 24  h; [6] 
decompensated chronic kidney disease (creatinine > 177 
µmol/L, OR = 1.9); and [7] emergency/complex surgeries 
(introducing confounding stressors).

According to the diagnostic criteria of postoperative 
new-onset atrial fibrillation, all patients after OPCAB 
were admitted to the ICU for monitoring and treatment 
on the same day, with continuous ECG monitoring all 
day. ECG diagnostic criteria of atrial fibrillation include 
the following: absence of distinct P waves and replaced 
by atrial fibrillation waves (F waves) with an irregular 
shape, amplitude, spacing, and irregular ventricular law. 
The diagnosis of POAF includes the following: no history 
of atrial fibrillation before the operation, confirmation by 
postoperative ECG and physical examination results, and 
a duration of 5 min or longer. The subjects were divided 
into two groups: a POAF group and non-POAF group.

Through the His system, anesthesia clinic information 
system, and ICU information system, 18 factors (patient 
history, anesthesia record, intensive care nursing record, 
physical examination report, chemical examination 
report, and execution of doctor’s order) were recorded 
and discussed. We selected variables for inclusion in the 
model based primarily on POAF risk factors and poten-
tial biological markers, as well as availability of clinical 
data. The following information was included [1] age, 
gender, diabetes history, hypertension history, smoking 
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history, drinking history, other social history, and history 
of old myocardial infarction and cerebrovascular accident 
[16, 17]; [2] New York Heart Association (NYHA) cardiac 
function classification [18]; [3] left ventricular ejection 
fraction (LVEF), left atrial diameter (LAD), and left ven-
tricular end-diastolic diameter (LVED) [19]; [4] history 
of percutaneous coronary intervention (PCI) [20]; [5] 
preoperative amino-terminal B-type urinary natriuretic 
peptide precursor (NT pro-BNP) level [21]; [6] duration 
of anesthesia and the last intraoperative blood potassium 
concentration [22]; and [7] mechanical ventilation time 
in ICU [23]. The design of this study follows the STROBE 
statement and TRIPOD checklist.

Statistical analyses
We used packages implemented in R software (R ver-
sion 4.1.3., the R Foundation for Statistical Computing, 
Vienna, Austria) for all statistical analyses and genera-
tion of plots. The continuous variables conforming to the 
normal distribution are represented as the means ± stan-
dard deviation. Continuous variables are represented 
as the medians (interquartile ranges), and the classified 
variables are represented as constituent ratios or rates. 
A two-sample t-test was used for statistical inference of 
continuous quantitative variables that were independent, 
normal, and homogenous of variance. The Mann − Whit-
ney U test was used for continuous quantitative vari-
ables with skewed distribution. The χ2 test or Fisher’s 
exact test was used for categorical variables. The ordered 

categorical data were tested using the Mann − Whitney 
U test. Construction and validation of the nomogram: 
To construct and validate the nomogram, we first ran-
domly divided samples into training cohort and valida-
tion cohort, in its design. Summarily, 70% (n = 319) of 
the participants were randomly assigned to the training 
cohort, whereas the rest of (n = 137) were assigned to the 
validation cohort. Second, the univariate and multivari-
ate logistics regression model was applied to select sig-
nificant variables in training cohort. Finally, based on the 
results of the multivariable analyses the nomogram was 
created. In validation cohort, we first undertook internal 
validation, with a concordance index (C-index) estima-
tion, then plotted calibration curves to determine con-
cordance of the predicted and observed probabilities. 
Second, bootstrap resampling (1000 resamples) was used 
for this plot. Moreover, we evaluated clinical usefulness 
of the nomograms using decision curve analysis (DCA) 
and clinical impact curve (CIC). Finally, we compared the 
C2HEST, CHADS2 and CHADS2-VASc with our model.

Results
Patient characteristics
From September 2018 to December 2020, 578 patients 
who underwent OPCAB were included. According to 
the inclusion and exclusion criteria, participants who 
had previous history of atrial fibrillation, postopera-
tive survival time ≤ 24  h, emergency surgery or organic 
heart diseases were excluded. Finally, 456 patients were 

Fig. 1 Flow chart

 



Page 4 of 12Zheng et al. BMC Cardiovascular Disorders          (2025) 25:316 

included in the analysis (see Fig.  1). Clinical character-
istics of the training (n = 319) and validation (n = 137) 
cohorts revealed no statistically significant differences 
between the groups (Table 1). Participants mean age was 
62.00 years (IQR: 54.00–67.00), whereas about 89.9% 
participants were male (410 of 456). The total incidence 
of OPCAB-POAF was 22.15% (101 of the 456). In addi-
tion, 71 patients in training cohort were diagnostic with 
POAF, 57.7% had diabetes, 71.8% had hypertension and 
14.1% had cerebrovascular accident. (Table 2).

Predictors of OPCAB-POAF
Univariate analysis revealed that age, diabetes, hyperten-
sion, cerebrovascular accident, previous PCI, NYHA ≥ III, 
EF, LAD, LVED, Last intraoperative blood potassium 
concentration, ICU stay time and postoperative drain-
age volume were significant, and multivariate analysis 
showed that age, diabetes, hypertension, previous PCI 
and last intraoperative blood potassium concentration 
were associated with POAF (Table  3). Eventually, we 
developed nomogram with these independent predictors 
(see Fig. 2).

Clinical case examples
Case 1 (high-risk patient)
A 68-year-old male underwent OPCABG with the fol-
lowing characteristics:

  • Age: 68 years → 30 points.
  • Diabetes: Yes → 20 points.
  • Hypertension: Yes → 18 points.
  • PCI history: No → 0 points.
  • Potassium: 3.3mmol/L → 82 points.

Total Points = 30 + 20 + 18 + 0 + 82 = 150 points.
Referring to the nomogram’s total points scale (0-180), 

150 points corresponds to a 62% predicted POAF prob-
ability. The patient developed POAF on postoperative 
day 3.

Case 2 (intermediate-risk patient)
A 47-year-old female with:

  • Age: 47 years → 20 points.
  • Diabetes: Yes → 20 points.
  • Hypertension: Yes → 18 points.
  • PCI history: No → 0 points.
  • Potassium: 4.5mmol/L → 50 points.

Total Points = 20 + 20 + 18 + 0 + 50 = 108 points → 20% 
predicted POAF probability. No arrhythmia occurred 
during the 7-day monitoring period.

Table 1 Clinical characteristics of the training and validation cohorts
Variable Overall Validation cohort Training cohort P* 

Valuen = 456 n = 137 n = 319
sex = male (%) 410 (89.9) 122 (89.1) 288 (90.3) 0.82
age (median [IQR]) 62.00 [54.00, 67.00] 61.00 [52.00, 67.00] 63.00 [55.00, 68.00] 0.07
cigarette = yes (%) 284 (62.3) 82 (59.9) 202 (63.3) 0.55
drinking = yes (%) 218 (47.8) 62 (45.3) 156 (48.9) 0.54
diabetes = yes (%) 192 (42.1) 54 (39.4) 138 (43.3) 0.51
hypertension = yes (%) 264 (57.9) 80 (58.4) 184 (57.7) 0.97
hyperlipidemia = yes (%) 46 (10.1) 11 (8.0) 35 (11.0) 0.43
cerebrovascular accident = yes (%) 34 (7.5) 10 (7.3) 24 (7.5) 1.00
myocardial infarction = yes (%) 112 (24.6) 26 (19.0) 86 (27.0) 0.09
Previous PCI = yes (%) 50 (11.0) 11 (8.0) 39 (12.2) 0.25
NYHA ≥ III = yes (%) 142 (31.1) 43 (31.4) 99 (31.0) 1.00
EF (median [IQR]) 60.05 [47.95, 67.17] 60.10 [47.30, 66.80] 60.00 [48.00, 67.80] 0.80
LVED (median [IQR]) 49.05 [45.27, 53.00] 49.50 [45.50, 53.00] 48.90 [45.10, 52.85] 0.28
LAD (median [IQR]) 35.70 [32.10, 39.28] 35.10 [32.50, 39.00] 35.70 [32.05, 39.60] 0.87
NTpro-BNP (mean (SD)) 641.53 (977.16) 547.64 (797.59) 681.85 (1043.42) 0.18
Anesthesia duration (median [IQR]) 314.00 [284.00, 344.00] 314.00 [290.00, 345.00] 312.00 [284.00, 344.00] 0.56
Last intraoperative blood potassium concentration 
(median [IQR])

4.10 [3.80, 4.50] 4.10 [3.80, 4.40] 4.10 [3.80, 4.50] 0.55

ICU mechanical ventilation time (median [IQR]) 21.50 [19.00, 37.25] 21.00 [19.00, 31.00] 22.00 [19.00, 38.50] 0.22
ICU stay time (median [IQR]) 67.00 [44.00, 94.00] 67.00 [44.00, 91.00] 67.00 [43.00, 95.00] 0.82
postoperative drainage volume (median [IQR]) 937.50 [585.75, 1381.00] 914.00 [591.00, 1340.00] 965.00 [581.00, 1430.00] 0.88
POAF = yes (%) 101 (22.1) 30 (21.9) 71 (22.3) 1.00
*t test or χ2 test; Mann-Whitney U test was applied for non-normally distributed data

IQR interquartile range, SD standard deviation
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Table 2 Sample characteristics based on OPCAB-POAF status
Variable Overall non-POAF POAF P Value

n = 319 n = 248 n = 71
sex = male (%) 288 (90.3) 225 (90.7) 63 (88.7) 0.785
age (median [IQR]) 63.00 [55.00, 68.00] 62.00 [54.00, 67.00] 64.00 [56.50, 69.00] 0.053
cigarette = yes (%) 202 (63.3) 156 (62.9) 46 (64.8) 0.88
drinking = yes (%) 156 (48.9) 123 (49.6) 33 (46.5) 0.742
diabetes = yes (%) 138 (43.3) 97 (39.1) 41 (57.7) 0.008
hypertension = yes (%) 184 (57.7) 133 (53.6) 51 (71.8) 0.009
hyperlipidemia = yes (%) 35 (11.0) 28 (11.3) 7 (9.9) 0.901
cerebrovascular accident = yes (%) 24 (7.5) 14 (5.6) 10 (14.1) 0.034
myocardial infarction = yes (%) 86 (27.0) 68 (27.4) 18 (25.4) 0.846
Previous PCI = yes (%) 39 (12.2) 21 (8.5) 18 (25.4) < 0.001
NYHA ≥ III = yes (%) 99 (31.0) 71 (28.6) 28 (39.4) 0.112
EF (median [IQR]) 60.00 [48.00, 67.80] 60.10 [49.08, 68.28] 59.00 [44.15, 65.15] 0.038
LVED (median [IQR]) 48.90 [45.10, 52.85] 48.50 [44.90, 52.32] 49.50 [45.65, 54.00] 0.11
LAD (median [IQR]) 35.70 [32.05, 39.60] 35.60 [31.67, 39.20] 36.50 [33.30, 41.10] 0.018
Preoperative NTpro-BNP (mean (SD)) 681.85 (1043.42) 662.00 (1063.64) 751.18 (973.45) 0.526
Anesthesia duration (median [IQR]) 312.00 [284.00, 344.00] 316.00 [288.25, 341.50] 294.00 [271.50, 351.00] 0.092
Last intraoperative blood potassium concentration 
(median [IQR])

4.10 [3.80, 4.50] 4.20 [3.90, 4.60] 3.90 [3.65, 4.10] < 0.001

ICU mechanical ventilation time (median [IQR]) 22.00 [19.00, 38.50] 22.00 [19.00, 37.00] 21.00 [19.00, 41.50] 0.721
ICU stay time (median [IQR]) 67.00 [43.00, 95.00] 67.00 [43.75, 93.00] 68.00 [43.00, 115.00] 0.33
postoperative drainage volume (median [IQR]) 965.00 [581.00, 1430.00] 855.00 [530.00, 1307.25] 1180.00 [860.50, 1618.00] 0.001
*t test or χ2 test; Mann-Whitney U test was applied for non-normally distributed data

Table 3 Predictors of OPCAB-POAF success rate based on the nomogram
Univariate analysis Multivariate analysis

Characteristics OR CI P OR2 CI2 P2
age 1.03 1-1.06 0.04 1.03 1-1.07 0.09*
sex (male) 0.80 0.34–1.89 0.62 / / /
cigarette (yes) 1.09 0.63–1.88 0.77 / / /
diabetes (yes) 2.13 1.25–3.63 0.01 1.85 0.99–3.45 0.05*
drinking (yes) 0.88 0.52–1.5 0.64 / / /
hyperlipidemia (yes) 0.86 0.36–2.06 0.73 / / /
hypertension (yes) 2.20 1.24–3.92 0.01 1.90 0.97–3.74 0.06*
cerebrovascular accident (yes) 2.74 1.16–6.47 0.02 1.49 0.55–4.01 0.43
Previous PCI (yes) 3.67 1.83–7.37 < 0.001 2.51 1.1–5.71 0.03*
Myocardial infarction (yes) 0.90 0.49–1.64 0.73 / / /
NYHA ≥ III (yes) 1.62 0.94–2.81 0.08 / / /
NTpro-BNP 1.00 44562.00 0.53 / / /
EF 0.97 0.95–0.99 0.02 0.97 0.94–1.01 0.12
LAD 1.06 1.02–1.11 0.01 1.03 0.97–1.09 0.32
LVED 1.05 1-1.09 0.04 1.00 0.93–1.06 0.88
Last intraoperative blood potassium concentration 0.34 0.19–0.6 < 0.001 0.30 0.16–0.57 < 0.001*
Anesthesia duration 1.00 0.99-1 0.43 / / /
ICU mechanical ventilation time 1.00 0.99–1.02 0.66 / / /
ICU stay time 1.01 1-1.01 0.05 1.00 1-1.01 0.33
postoperative drainage volume 1.00 44562.00 0.00 1.00 44562.00 0.00
OR odds ratio, CI confidence interval

*P<0.05
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A step-by-step guide

1. Locate each predictor’s value on the corresponding 
nomogram axis.

2. Draw vertical lines to the “Points” scale to obtain 
individual scores.

3. Sum all points on the “Total Points” axis.
4. Project the total to the “Predicted Probability” axis 

for final risk estimation.

Comparative analysis
Using the CHA2DS2-VASc score, Case 1 would score 3 
(38% POAF risk), failing to reflect his actual POAF risk. 
This contrast highlights our model’s enhanced contextual 
specificity.

Validation and compare the nomogram
Predictive accuracy, for the POAF as measured by 
C-index was 0.809 in training cohort. The calibration plot 
for the probability of POAF’s success showed a strong 
correlation between the actual (observed) outcome and 
that predicted by the nomogram (Fig. 3a). In addition, we 
plotted calibration curves to evaluate performance of the 
novel nomogram in validation cohort and compared with 
C2HEST, C2HEST, CHADS2 and CHADS2-VASc mod-
els in both Calibration curves (Fig.  3) and DCA curves 
(Fig.  4). Our model: C-index: 0.809 (train) and 0.886 
(validation), C2HEST, CHADS2 and CHA2DS2.VASc is 
0.642, 0.668 and 0.668 respectively. Results reveled that 
the novel nomogram was superior to other models.

Fig. 2 OPCAB-POAF nomogram
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Clinical impact curve analysis
In addition, we plotted clinical impact curve to find out 
the risk threshold. Using the novel model to predict the 
risk stratification of 1000 people, showing the' cost: ben-
efit' axis, the CIC indicated that 0.6 was the high-risk 
threshold, preventive measures must be taken (Fig. 4d).

Calibration analysis and linear term validation for 
continuous variables
The weak calibration analysis has been performed for 
all models in Fig. 5. The results of observed-to-expected 
(O/E) ratios [24] are presented in supplementary table 
S1-S4. The results show that the prediction performance 
of our model is quite consistent. For continuous variables, 
we directly incorporated linear terms primarily based on 
the following considerations: (1) Scatter plots showed an 
approximately linear trend between age/potassium con-
centration and the outcome (Supplementary Fig. a and 
b); (2) Likelihood ratio tests for quadratic terms were 

nonsignificant (P (age²) = 0.971, P (potassium²) = 0.135), 
indicating negligible nonlinear components; (3) Resid-
ual analysis revealed no significant heteroscedasticity or 
trends (Supplementary Fig. c and d).

Discussion
In recent years, the nomogram has been used extensively 
in clinical research, and shows more accurate advantages 
than the traditional scoring system, which can predict the 
prognosis of some diseases [25]. In view of the impor-
tance of POAF in the prognosis of patients, there is great 
clinical interest in preventing this arrhythmia. However, 
undifferentiated conventional drug treatment will cause 
drug side effects in 60-80% of patients [26]. Quantifying 
POAF risk is critical for precision prophylaxis.

Present study validated the ability of novel nomogram 
for predicting the incidence of POAF in patients under-
going OPCAB. In previous researchers, the risk fac-
tors for POAF included age, diabetes, cerebrovascular 

Fig. 3 The calibration curves for the four models: (a) OPCAB-POAF, C-index = 0.809; (b) C2HEST, C-index = 0.642; (c) CHADS2, C-index = 0.668; (d) CHA2DS2-
VASC, C-index = 0.668. Each subplot presents a calibration curve, with the x-axis indicating the “Predicted Probability” and the y-axis showing the “Actual 
Probability”. Curves: The “Ideal” line represents the perfect 1:1 alignment between predicted and actual probabilities. The “Logistic calibration” line reflects 
calibration via logistic regression, while the “Nonparametric” line (dashed) shows nonparametric calibration results
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accident, PCI history, chronic heart failure, left ventricu-
lar ejection fraction, left atrial enlargement, and electro-
lyte disturbance [27, 28]. Our research indicated that age, 
diabetes, hypertension, previous PCI, and intraoperative 
potassium were related to the occurrence of POAF. And 
the authors compared it with C2HEST, CHADS2, and 
CHA2DS2-VASc scores. According to the DCA curves, 
the novel nomogram performed better than the C2HEST, 
CHADS2, and CHA2DS2-VASc scores. This nomogram 
demonstrated a predictive performance with a good dis-
criminative ability (C-index in training and validation 
cohort respectively: 0.809 and 0.886) and calibration.

The C2HEST score has shown promising results as 
a simple practical tool for predicting incident AF based 
on clinical risk factors [29, 30]. Correspondently, seri-
ous studies found that CHADS2 and CHA2DS2-VASc 
score, were independent predictors of POAF [4, 31, 32]. 
The clinical practice of these risk scores has been proven 
in different participants, however, the population of 

these studies concentrated on inhomogeneous patients 
undergoing different types of cardiac surgery. And an 
easy-to-remember bedside tool is especially needed in 
a busy clinical setting. Therefore, the authors develop-
ment a novel nomogram to visualize scores items. Race/
ethnicity significantly impacts POAF due to biological 
disparities like genetic predispositions, lifestyle differ-
ences, and variations in medical practices [33, 34]. For 
example, genetic variations in cardiac electrophysiol-
ogy and inflammation pathways may differ across ethnic 
groups, altering POAF susceptibility [35]. Existing risk 
scores, mainly developed for Western populations, often 
overlook the unique profiles of Chinese patients, includ-
ing influences from diet, healthcare access, and cultural 
health management approaches. To our knowledge, as of 
the writing of this article, this study was the first to con-
struct a quantitative nomogram to predict the probabil-
ity of POAF in a Chinese population undergoing isolated 
OPCAB.

Fig. 4 Calibration curves of the nomogram in training cohort and validation cohorts of OPCAB-POAF. a Calibration curves for predicting success of 
OPCAB-POAF nomogram construction (Bootstrap = 1000 repetitions) in training cohort. b Calibration curves for predicting success of OPCAB-POAF no-
mogram construction (Bootstrap = 1000 repetitions) in validation (test) cohort c. Decision curve analysis compared with C2HEST, CHA2DS2-VASC and 
CHADS2 models. d. Clinical impact curve for nomogram in training cohort
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According to researchers, apart from a history of AF, 
age is the single best predictor for AF, regardless of sur-
gical or non-surgical AF [36, 37]. Degeneration of the 
atrial myocardium with aging may lead to a loss of side-
to-side electrical coupling between muscle fibers, slowing 
down electrical conduction of the sinoatrial and atrioven-
tricular nodes and atria, thereby providing an anatomic 
or electrophysiologic substrate for arrhythmogenesis 
[38]. Our findings align with a recent prospective cohort 
study [39], which identified diabetes as an independent 
POAF predictor (OR = 2.1, 95% CI 1.3–3.3). Earlier stud-
ies showed that diabetes has increased the risk of atrial 
fibrillation by 35% [40]. The underlying mechanism of 
atrial fibrillation induced by diabetes is that the increase 
in blood glucose results in the transformation of epicar-
dial adipose tissue, inducing endothelial dysfunction and 
myocardial fibrosis induced by proinflammatory media-
tors, leading to atrial remodeling and electrophysiologi-
cal remodeling [41].

The current research results show that hyperten-
sion was associated with POAF. Notably, hypertension 
may induce atrial stretch and cardiomyopathy, which 
ultimately lead to structural and electrophysiological 
remodeling conducive to POAF [42]. Hypertension, fluid 
overload, pathological activation of the renin-angio-
tensin-aldosterone system (RAAS) with subsequent 
enhanced myocardial fibrosis may be the underlying 
mechanisms by which renal dysfunction increases the 
likelihood of AF [43].

Deepak L. Bhatt and others believed that if patients 
are suitable for PCI or CABG at the same time, PCI will 
lead to a higher rate of repeated revascularization, and 
the probability of repeat PCI or CABG will be greatly 
increased, which will increase the incidence of postop-
erative complications [44]. This study found that previ-
ous percutaneous coronary intervention (PCI) was an 
independent risk factor for OPCAB-POAF. According to 
the review of literature, existing evidence suggests three 
potential mechanisms: First, most patients with branch 

Fig. 5 Weak calibration for four models: (a) OPCAB-POAF; (b) C2HEST; (c) CHADS2; (d) CHA2DS2-VASC. The x-axis denotes the predicted probability of 
the outcome, while the y-axis represents the observed probability. The dashed line signifies the ideal 1:1 alignment between predicted and observed 
probabilities, highlighting the weak calibration of each model
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PCI have right coronary artery lesions, and the right 
coronary artery is the main blood supply source of the 
sinoatrial node and right atrium. PCI is not conducive 
to the physiology of coronary artery- and distal endo-
thelial-mediated vasodilation, which easily causes myo-
cardial ischemia and induces arrhythmia [45]. Secondly, 
the incidence of myocardial infarction and coronary 
restenosis after PCI is 1.5%~6%. Insufficient myocardial 
blood supply easily leads to cardiac rhythm disorders and 
atrial fibrillation [45]. Thirdly, most patients with PCI are 
more likely to have deterioration of cardiac function after 
repeat CABG. Heart failure increases CABG of the left 
ventricle and the pressure load of the left atrium. These 
pathophysiological changes may be the inducing factors 
of OPCAB-POAF in patients after PCI [1].

It is well known that blood potassium concentration 
plays an important role in cardiac electrophysiology. 
Intraoperative blood potassium concentration is related 
to adverse prognosis such as cardiovascular events [46]. 
This study showed that low blood potassium concentra-
tion in the last intraoperative blood collection was an 
independent risk factor for OPCAB-POAF. The blood 
potassium index was obtained by blood gas analysis of 
the patient’s arterial blood for the last time before the 
patient left the operating room. Raymond et al. clari-
fied that low serum potassium concentration is related 
to the risk of atrial fibrillation. Serum K+ concentration 
is usually low in patients undergoing cardiac surgery, 
and the incidence of atrial fibrillation increases when K+ 
concentration is lower than 3.5 mmol/L [47]. It is worth 
noting that our study found that even if the blood potas-
sium concentration of most patients remained at 3.5-4.0 
mmol/L before leaving the operating room, the probabil-
ity of postoperative POAF is still very high. Combined 
with clinical and previous literature analysis, the possible 
reasons are as follows: First, the blood potassium level 
changes dynamically. Cardiac patients continue to pump 
dopamine and adrenaline after the operation, which fur-
ther reduce blood potassium. Second, because patients 
need to continue mechanical ventilation for a period 
after cardiac surgery, they cannot consume food for an 
extended period, and the maintenance of blood potas-
sium depends on intravenous potassium supplementa-
tion. If blood potassium is not detected and intravenous 
potassium supplementation is not timely after cardiac 
surgery, the potassium levels will continue to decline. 
Third, the arterial blood potassium concentration is 
inconsistent with that of myocardial extracellular fluid, 
and the value obtained by blood gas analysis is usually 
low. Many centers around the world believe that efforts 
should be made to maintain the serum K+ concentration 
in the “normal high” range (4.5–5.5 mmol/L), rather than 
intervene only when potassium drops below its “normal” 
lower threshold. Although there is no evidence that this 

association is causal, it is still considered as a routine 
method in many centers to prevent atrial fibrillation [36, 
48]. In addition, abnormal electrical remodeling of K+ 
channels can change the electrophysiological character-
istics of the atria, change the duration and characteris-
tics of the refractory period, and induce ectopic pacing 
or arrhythmia of atrioventricular cells [49]; thus, it indi-
rectly shows the effect of potassium ions on cardiac elec-
trophysiology and arrhythmia.

Limitations: First, the retrospective study is not ran-
domized but naturally grouped according to differ-
ent factors related to levels of exposure, resulting in an 
imbalance between groups and bias. Second, the case 
data of the nomogram established in this study was 
derived from only a single center, and the sample sizes 
were limited, which makes the statistical results unreli-
able and produces a large standard error. Therefore, data 
acquired from more research centers and from larger 
sample sizes are needed to further demonstrate the 
model in the future. Third, this study is a retrospective 
study, and there are limitations in data collection. In the 
future, it is necessary to design a reasonable prospective 
study to demonstrate the model. Fourth, this study uses 
an internal validation method to verify the model. How-
ever, the performance of models that perform well in a 
single case data set is not necessarily satisfactory in other 
data sets. Therefore, future prospective cohort studies are 
needed to externally verify the prediction model in a new 
case data set.

Conclusions
According to the results, Age, diabetes, hypertension, 
previous PCI, and last intraoperative blood potassium 
concentration were associated with POAF. A nomo-
gram was constructed and validated to predict POAF in 
patients who underwent OPCAB and provide accurate 
and individualized survival predictions.

Abbreviations
POAF  Postoperative atrial fibrillation
OPCAB  Off-pump coronary artery bypass grafting
OPCAB-POAF  New-onset postoperative atrial fibrillation after off-pump 

coronary artery bypass grafting
CAD  Coronary atherosclerotic heart disease
LVEF  Left ventricular ejection fraction
LAD  Left atrium diameter
CA  Cerebrovascular accident
PCI  Percutaneous coronary intervention
AF  Atrial fibrillation
NYHA  New York heart association

Supplementary Information
The online version contains supplementary material available at  h t t p s :   /  / d o  i .  o r  
g  /  1 0  . 1 1   8 6  / s 1 2  8 7 2 -  0 2 5 - 0  4 7 8 0 - y.

Supplementary Material 1

Supplementary Material 2

https://doi.org/10.1186/s12872-025-04780-y
https://doi.org/10.1186/s12872-025-04780-y


Page 11 of 12Zheng et al. BMC Cardiovascular Disorders          (2025) 25:316 

Supplementary Material 3

Acknowledgements
We thank Mr. Ning Xiao (4399 Network Co., Ltd., Xiamen) for his helping in 
revising the R code.

Author contributions
Yihan Zheng helped design, analysis of data and drafting for the work; YT 
helped acquisition and analysis of the data for the work; GZ and MZ helped 
final approval of the version to be published. All authors read and approved 
the final manuscript.

Funding
Joint Funds for the Innovation of Science and Technology, Fujian Province 
(Grant Number: 2023Y9390).

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This retrospective study was approved by the local Institutional Review Board 
(IRB). The full name of institutional review board is Ethics Committee of Fujian 
Medical University Union Hospital. Written informed consent was waived 
by the IRB. All methods were performed in accordance with the relevant 
guidelines and regulations (e.g., Declaration of Helsinki).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 10 December 2022 / Accepted: 18 April 2025

References
1. Lewicki L, Siebert J, Rogowski J. Atrial fibrillation following off-pump versus 

on-pump coronary artery bypass grafting: incidence and risk factors. Cardiol 
J. 2016;23(5):518–23.

2. Lomivorotov VV, Efremov SM, Pokushalov EA, Karaskov AM. New-Onset atrial 
fibrillation after cardiac surgery: pathophysiology, prophylaxis, and treatment. 
J Cardiothorac Vasc Anesth. 2016;30(1):200–16.

3. Todorov H, Janssen I, Honndorf S, Bause D, Gottschalk A, Baasner S, et al. Clini-
cal significance and risk factors for new onset and recurring atrial fibrillation 
following cardiac surgery - a retrospective data analysis. BMC Anesthesiol. 
2017;17(1):163.

4. Chen YL, Zeng M, Liu Y, Xu Y, Bai Y, Cao L, et al. CHA2DS2-VASc score for 
identifying patients at high risk of postoperative atrial fibrillation after cardiac 
surgery: A Meta-analysis. Ann Thorac Surg. 2020;109(4):1210–6.

5. Rasmussen LF, Andreasen JJ, Lundbye-Christensen S, Riahi S, Johnsen SP, Lip 
GYH. Using the C(2)HEST score for predicting postoperative atrial fibrillation 
after cardiac surgery: A report from the Western Denmark heart registry, 
the Danish National patient registry, and the Danish National prescription 
registry. J Cardiothorac Vasc Anesth. 2022;36(10):3730–7.

6. Krishna VR, Patil N, Nileshwar A. Prospective evaluation of the utility of CHA(2)
DS(2)-VASc score in the prediction of postoperative atrial fibrillation after 
off-pump coronary artery bypass surgery - An observational study. Ann Card 
Anaesth. 2020;23(2):122–6.

7. Permanyer E, Muñoz-Guijosa C, Padró J, Ginel A, Montiel J, Sánchez-Quesada 
J, et al. Mini-extracorporeal circulation surgery produces less inflammation 
than off-pump coronary surgery. European journal of cardio-thoracic surgery. 
official journal of the European Association for Cardio-thoracic Surgery. 2019.

8. Krishna V, Patil N, Nileshwar A. Prospective evaluation of the utility of 
CHA2DS2-VASc score in the prediction of postoperative atrial fibrillation after 

Off-pump coronary artery bypass Surgery– An observational study. Ann Card 
Anaesth. 2020;23:122–6.

9. Circulation CSoE. White book of Chinese cardiovascular surgery and extracor-
poreal circulation in 2019. Chin Soc Extracorpor Circulation. 2020;18:193–6.

10. Scudeler TL, Hueb WA, Farkouh ME, Maron DJ, de Soarez PC, Campolina AG, 
et al. Cost-effectiveness of on-pump and off-pump coronary artery bypass 
grafting for patients with coronary artery disease: results from the MASS III 
trial. Int J Cardiol. 2018;273:63–8.

11. Singh RS, Thingnam SKS, Mishra AK, Verma I, Kumar V. Renal function after 
off-pump versus on-pump coronary artery bypass grafting. Asian Cardiovasc 
Thorac Ann. 2017;25(7–8):504–8.

12. Shaefi S, Mittel A, Loberman D, Ramakrishna H. Off-Pump versus On-Pump 
coronary artery bypass Grafting-A systematic review and analysis of clinical 
outcomes. J Cardiothorac Vasc Anesth. 2019;33(1):232–44.

13. Gaudino M, Benedetto U, Bakaeen F, Rahouma M, Tam D, Abouarab A et al. 
Off- versus On‐Pump coronary surgery and the effect of Follow‐Up length 
and surgeons’ experience: A Meta‐Analysis. J Am Heart Association: Cardio-
vasc Cerebrovasc Disease. 2018;7.

14. Pollock BD, Filardo G, da Graca B, Phan TK, Ailawadi G, Thourani V, et al. 
Predicting New-Onset Post-Coronary artery bypass graft atrial fibrillation with 
existing risk scores. Ann Thorac Surg. 2018;105(1):115–21.

15. Chen A, Chang X, Bian X, Zhang F, Ma S, Chen X. Construction and compari-
son of machine Learning-Based risk prediction models for major adverse car-
diovascular events in perimenopausal women. Int J Gen Med. 2025;18:11–20.

16. Mathew JP, Fontes ML, Tudor IC, Ramsay J, Duke P, Mazer CD, et al. A 
multicenter risk index for atrial fibrillation after cardiac surgery. JAMA. 
2004;291(14):1720–9.

17. Faraoni D, Willems A, Melot C, De Hert S, Van der Linden P. Efficacy of 
Tranexamic acid in paediatric cardiac surgery: a systematic review and meta-
analysis. Eur J Cardiothorac Surg. 2012;42(5):781–6.

18. Xiong S, Song L, Li G, Li J. What influences the patients with left atrial 
Myxoma: from embolism to postoperative atrial fibrillation. World J Surg. 
2020;44(11):3943–51.

19. Zhang H, Qiao H, Yang B, Lu Y, Bai T, Xue J, et al. Development and validation 
of a diagnostic model based on left atrial diameter to predict postoperative 
atrial fibrillation after off-pump coronary artery bypass grafting. J Thorac Dis. 
2023;15(7):3708–25.

20. Qian L, Hu C, Fan M, Ji Z. Risk factors analysis and nomogram model con-
struction for postoperative atrial fibrillation after off-pump coronary artery 
bypass grafting. Pak J Med Sci. 2025;41(1):9–14.

21. Winters J, Kawczynski MJ, Gilbers MD, Isaacs A, Zeemering S, Bidar E, et al. 
Circulating BMP10 levels associate with late postoperative atrial fibrillation 
and left atrial endomysial fibrosis. JACC Clin Electrophysiol. 2024;10(7 Pt 
1):1326–40.

22. Qian SS, Crandell I, Hanlon A, Joseph M, Poelzing S. Predictive capability 
of metabolic panels for postoperative atrial fibrillation in cardiac surgery 
patients. J Surg Res. 2022;278:271–81.

23. He K, Liang W, Liu S, Bian L, Xu Y, Luo C, et al. Long-term single-lead electro-
cardiogram monitoring to detect new-onset postoperative atrial fibrillation 
in patients after cardiac surgery. Front Cardiovasc Med. 2022;9:1001883.

24. Dütemeyer V, Schaible T, Badr DA, Cordier AG, Weis M, Perez-Ortiz A, et al. 
Observed-to-expected lung-area-to-head-circumference ratio on ultrasound 
examination vs total fetal lung volume on magnetic resonance imaging 
in prediction of survival in fetuses with left-sided diaphragmatic hernia. 
Ultrasound Obstet Gynecology: Official J Int Soc Ultrasound Obstet Gynecol. 
2024;64(3):354–61.

25. Wang Y, Li J, Xia Y, Gong R, Wang K, Yan Z, et al. Prognostic nomogram for 
intrahepatic cholangiocarcinoma after partial hepatectomy. J Clin Oncol. 
2013;31(9):1188–95.

26. Mariscalco G, Cederlund B, Engström K. The clinical noncompliance of oral 
Sotalol/magnesium for prophylactic treatment of atrial fibrillation after 
coronary artery bypass grafting. J Card Surg. 2007;22(4):281–6.

27. Lin MH, Kamel H, Singer DE, Wu YL, Lee M, Ovbiagele B. Perioperative/Postop-
erative atrial fibrillation and risk of subsequent stroke and/or mortality. Stroke. 
2019;50(6):1364–71.

28. Yamashita K, Hu N, Ranjan R, Selzman CH, Dosdall DJ. Clinical risk factors for 
postoperative atrial fibrillation among patients after cardiac surgery. Thorac 
Cardiovasc Surg. 2019;67(2):107–16.

29. Li YG, Pastori D, Farcomeni A, Yang PS, Jang E, Joung B, et al. A simple clinical 
risk score (C2HEST) for predicting incident atrial fibrillation in Asian subjects: 
derivation in 471,446 Chinese subjects, with internal validation and external 
application in 451,199 Korean subjects. Chest. 2019;155(3):510–8.



Page 12 of 12Zheng et al. BMC Cardiovascular Disorders          (2025) 25:316 

30. Li YG, Bai J, Zhou G, Li J, Wei Y, Sun L, et al. Refining age stratum of the C2HEST 
score for predicting incident atrial fibrillation in a hospital-based Chinese 
population. Eur J Intern Med. 2021;90:37–42.

31. Benedetto U, Yin L, Ling X, Zhang Y, Shen H, Min J et al. CHADS2 and 
CHA2DS2-VASc scoring systems for predicting atrial fibrillation following 
cardiac valve surgery. PLoS ONE. 2015;10(4).

32. Chua SK, Shyu KG, Lu MJ, Lien LM, Lin CH, Chao HH, et al. Clinical utility 
of CHADS2 and CHA2DS2-VASc scoring systems for predicting postop-
erative atrial fibrillation after cardiac surgery. J Thorac Cardiovasc Surg. 
2013;146(4):919–26. e1.

33. Efird J, Kiser A, Crane P, Landrine H, Kindell L, Nelson M et al. Perioperative 
Inotrope therapy and atrial fibrillation following coronary artery bypass graft 
surgery: evidence of a Racial disparity. Pharmacotherapy: J Hum Pharmacol 
Drug Therapy. 2017;37.

34. Wu F, Ding S, Feng X, Yu M, Lu S, Zhao H et al. Abstract 13440: the Asp358 A/C 
polymorphism in Interleukin-6 receptor gene as a novel predictor of atrial 
fibrillation following coronary artery bypass graft surgery in Chinese Han 
population. Circulation. 2015;132:suppl_3.

35. Chen Y, Ouyang T, Yin Y, Fang C, Tang C-E, Luo J et al. Analysis of infiltrated 
immune cells in left atriums from patients with atrial fibrillation and identifi-
cation of circrna biomarkers for postoperative atrial fibrillation. Front Genet. 
2022;13.

36. January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC Jr., et al. 
2019 AHA/ACC/HRS focused update of the 2014 AHA/ACC/HRS guideline for 
the management of patients with atrial fibrillation: A report of the American 
college of cardiology/american heart association task force on clinical prac-
tice guidelines and the heart rhythm society in collaboration with the society 
of thoracic surgeons. Circulation. 2019;140(2):e125–51.

37. Mitchell LB. Canadian cardiovascular society atrial fibrillation guidelines 2010: 
prevention and treatment of atrial fibrillation following cardiac surgery. Can J 
Cardiol. 2011;27(1):91–7.

38. Zaman AG, Archbold RA, Helft G, Paul EA, Curzen NP, Mills PG. Atrial fibrillation 
after coronary artery bypass surgery: a model for preoperative risk stratifica-
tion. Circulation. 2000;101:1403–8.

39. Turkkolu S, Selçuk E, Köksal C. Biochemical predictors of postoperative atrial 
fibrillation following cardiac surgery. BMC Cardiovasc Disord. 2021;21.

40. Seyed Ahmadi S, Svensson AM, Pivodic A, Rosengren A, Lind M. Risk of atrial 
fibrillation in persons with type 2 diabetes and the excess risk in relation to 
glycaemic control and renal function: a Swedish cohort study. Cardiovasc 
Diabetol. 2020;19(1):9.

41. Zelniker TA, Bonaca MP, Furtado RHM, Mosenzon O, Kuder JF, Murphy 
SA, et al. Effect of Dapagliflozin on atrial fibrillation in patients with type 
2 diabetes mellitus: insights from the DECLARE-TIMI 58 trial. Circulation. 
2020;141(15):1227–34.

42. Carlisle MA, Fudim M, DeVore AD, Piccini JP. Heart failure and atrial fibrillation, 
like fire and Fury. JACC Heart Fail. 2019;7(6):447–56.

43. Chua SK, Shyu KG, Lu MJ, Hung HF, Cheng JJ, Chiu CZ, et al. Renal dysfunc-
tion and the risk of postoperative atrial fibrillation after cardiac surgery: role 
beyond the CHA2DS2-VASc score. Europace. 2015;17(9):1363–70.

44. Bhatt DL. Percutaneous coronary intervention in 2018. JAMA. 
2018;319(20):2127–8.

45. Gaudino M, Taggart DP. Percutaneous coronary intervention vs coronary 
artery bypass grafting: A surgical perspective. JAMA Cardiol. 2019;4(6):505–6.

46. Arora P, Pourafkari L, Visnjevac O, Anand EJ, Porhomayon J, Nader ND. Pre-
operative serum potassium predicts the clinical outcome after non-cardiac 
surgery. Clin Chem Lab Med. 2017;55(1):145–53.

47. Farah R, Nassar M, Aboraya B, Nseir W. Low serum potassium levels are associ-
ated with the risk of atrial fibrillation. Acta Cardiol. 2020;76(8):887–90.

48. Coletta M, Lis G, Clark P, Dabir R, Daneshvar F. Reducing New-Onset atrial 
fibrillation after coronary artery bypass graft surgery. AACN Adv Crit Care. 
2019;30(3):249–58.

49. Iwasaki Y, Nishida K, Kato T, Nattel S. Atrial fibrillation pathophysiology: impli-
cations for management. Circulation. 2011;124(20):2264–74.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Development and internal validation of an OPCABG-specific prediction model for postoperative atrial fibrillation in Chinese patients: a retrospective cohort study
	Abstract
	Introduction
	Methods
	Data source
	Statistical analyses

	Results
	Patient characteristics
	Predictors of OPCAB-POAF
	Clinical case examples
	Case 1 (high-risk patient)
	Case 2 (intermediate-risk patient)
	A step-by-step guide
	Comparative analysis


	Validation and compare the nomogram
	Clinical impact curve analysis
	Calibration analysis and linear term validation for continuous variables
	Discussion
	Conclusions
	References


