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Abstract 

Background  The new-onset postoperative atrial fibrillation (NOPAF) following pulmonary resection is a com-
mon clinical concern. The aim of this study was to construct a nomogram to intuitively predict the risk of NOPAF 
and offered protective treatments.

Methods  Patients who underwent pulmonary resection between January 2018 and December 2020 were con-
secutively enrolled. Forward stepwise multivariable logistic regression analyses were used to screen independent 
predictors, and a derived nomogram model was built. The model performance was evaluated in terms of calibration, 
discrimination and clinical utility and validated with bootstrap resampling.

Results  A total of 3583 patients who met the research criteria were recruited for this study. The incidence of NOPAF 
was 1.507% (54/3583). A nomogram, composed of five independent predictors, namely age, admission heart rate, 
extent of resection, laterality, percent maximum ventilation volume per minute (%MVV), was constructed. The 
concordance index (C-index) was 0.811. The nomogram showed substantial discriminative ability, with an area 
under the receiver operating characteristic curve of 0.811 (95% CI 0.758-0.864). Moreover, the model shows promi-
nent calibration performance and higher net clinical benefits.

Conclusion  We developed a novel nomogram that can predict the risk of NOPAF following pulmonary resection, 
which may assist clinicians predict the individual probability of NOPAF and perform available prophylaxis. By using 
bootstrap resampling for validation, the optimal discrimination and calibration were demonstrated, indicating 
that the nomogram may have clinical practicality.
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Introduction
The patients with sinus rhythm before pulmonary resec-
tion, but with new-onset atrial fibrillation after pulmo-
nary resection are defined as NOPAF. NOPAF had no 
history of atrial fibrillation (AF), AF lasting > 30 sec-
onds captured on a standard 12-lead electrocardiogram 
or cardiac monitor, or paroxysmal AF or atrial flutter 
intervened with pharmacological therapy or electrical 
resuscitation [1]. NOPAF remains a recognized surgi-
cal complication following thoracic surgery that has a 
significant impact on patient recovery and short-term 
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or long-term outcomes [2]. The incidence of NOPAF in 
non-cardiac thoracic surgery was about 10%, which was 
most common on the second and third days after surgery 
[3]. Furthermore, NOPAF can seriously affect hemody-
namics and results in treatment-related adverse events, 
ultimately leading to hypotension, heart failure, bleeding, 
drug toxicity, stroke [4, 5] and myocardial infarction [6]. 
In addition, NOPAF may place a heavy burden on patient 
care due to increased length of stay and resource con-
sumption [7].

NOPAF is a sophisticated pathological reaction, and 
its specific mechanism has not yet been elucidated [8, 9]. 
However, a large amount of evidence currently suggested 
that NOPAF may be related to inflammation, myocar-
dial ischemia, sympathetic activation, and so on [10, 11]. 
Although there have been numerous studies exploring 
the exact mechanisms of NOPAF, these mechanisms are 
still far from being elucidated. Therefore, identification of 
independent risk factors of NOPAF and targeted preven-
tion are imperative to reduce the morbidity and mortality 
of NOPAF.

While there have been many reports regarding the 
predictive factors, prevention, and prognosis of NOPAF, 
there is still a lack of accurate predictive models for 
NOPAF after pulmonary resection. Some studies have 
found that the main risk factors of NOPAF include age 
increase, male, high body mass index (BMI), hyperten-
sion, diabetes, coronary artery disease and other basic 
diseases [12]. In addition, preoperative control of heart 
rate or rhythm seems to be an effective preventive meas-
ure for preventing NOPAF [13, 14]. Some studies have 
shown that changes in operation methods are also impor-
tant predictors for NOPAF. The surgical scope, minimally 
invasive or thoracotomy surgery were considered as 
important influencing factors for NOPAF in lung surgery 
[15, 16]. Furthermore, the extent of lung resection has 
also been related to NOPAF. The incidence of NOPAF in 
patients received pneumonectomy is higher than patients 
received lobar and sub-pulmonary lobe resections [17]. 
However, there is still controversy about the risk factors 
for the development of NOPAF after pulmonary resec-
tion, and there is a lack of an intuitive, simple, and prac-
tical method for predicting the probability of NOPAF in 
each patient.

Therefore, identifying patients who are prone to 
NOPAF and implementing targeted prophylaxis may 
be cost-effective. Unfortunately, a simple, conveni-
ent and effective tool to predict NOPAF following lung 
resection has not yet been identified. The nomogram 
has been proved to be a reliable predictive tool with the 
ability to generate an individual probability of a clinical 
event by graphically representing the effect of each pre-
dictor on the outcome [18]. In this study, we employed a 

large dataset to investigate the clinical characteristics of 
patients with NOPAF and developed an efficient nomo-
gram to predict the risk of NOPAF probability.

Methods
This retrospective, observational study was approved by 
the Institutional Review Board of the First Affiliated Hos-
pital of University of Science and Technology of China 
(USTC) (registration number 2023-RE-187) and individ-
ual informed consent for this retrospective analysis was 
waived. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013).

Study population
This project was a cohort study of patients who under-
went lung resection at the First Affiliated Hospital of 
USTC from January 2018 to December 2020. The inclu-
sion criteria were as follows: patients with pulmonary 
malignancies or benign lesions underwent pulmonary 
resection; patients aged >18 years; preoperative electro-
cardiogram has been completed. The exclusion criteria 
were as follows: patients with incomplete perioperative 
data; preoperative diagnosis of AF or atrial flutter. Ulti-
mately, a total of 3583 patients were enrolled in the ret-
rospective study, which was approved by the Institutional 
Ethics Committee. All patients were used to develop the 
nomogram prediction model, while the bootstrap resam-
pling was applied to validate the model.

Data collection
Demographics including age, sex, BMI, cardiovascu-
lar disease (coronary heart disease, heart valve disease, 
etc.), hypertension, diabetes, cerebral infarction, smok-
ing history (past or current smoker and never smoker) 
and drinking history, were retrospectively documented 
from electronic medical records. Preoperative labora-
tory data for all patients were the last recorded data 
before surgery. Data of preoperative evaluations includ-
ing electrocardiogram (heart rate and rhythm), percent 
forced expiratory volume in 1 second (%FEV1), %MVV, 
left ventricular ejection fraction (LVEF), left atrial anter-
oposterior diameter (LAD), left ventricular end-diastolic 
volume (LVEDV), left ventricular end-systolic volume 
(LVESV), preoperative potassium ion, preoperative 
sodium ion, preoperative calcium ion, preoperative mag-
nesium ion, percent preoperative neutrophils (%), per-
cent preoperative lymphocytes (%), preoperative platelet 
count, preoperative hemoglobin, and New York Heart 
Association (NYHA) classification were also recorded. 
Perioperative surgical data were also collected including 
invasiveness (thoracotomy or video-assisted thoracic sur-
gery (VATS)), surgical duration, resected segment (upper, 
middle, lower, others), laterality (right, left, right and 
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Table 1  Patient characteristics compared by presence and absence of NOPAF

Characteristic Without NOPAF (N=3529) With NOPAF (N=54) P

Sex 0.011

  Female 1693 (48%) 16 (29.6%)

  Male 1836 (52%) 38 (70.4%)

Age (years), Mean ± SD 57.4 ± 12.3 66.0 ± 8.6 < .001

BMI (kg/m2), Mean ± SD 23.4 ± 3.3 22.6 ± 3.7 0.068

NYHA classification 0.112

  1 857 (24.3%) 7 (13%)

  2 2561 (72.6%) 44 (81.5%)

  3 111 (3.1%) 3 (5.6%)

Admission heart rate (beats/min), Mean ± SD 76.1 ± 10.5 72.2 ± 10.9 0.008

Current smoking 0.338

  No 3158 (89.5%) 51 (94.4%)

  Yes 371 (10.5%) 3 (5.6%)

Drinking 0.908

  No 3353 (95%) 52 (96.3%)

  Yes 176 (5%) 2 (3.7%)

Hypertension 0.752

  No 2915 (82.6%) 46 (85.2%)

  Yes 614 (17.4%) 8 (14.8%)

Diabetes 1

  No 3309 (93.8%) 51 (94.4%)

  Yes 220 (6.2%) 3 (5.6%)

Heart disease 1

  No 3490 (98.9%) 53 (98.1%)

  Yes 39 (1.1%) 1 (1.9%)

Cerebral infarction 0.094

  No 3471 (98.4%) 51 (94.4%)

  Yes 58 (1.6%) 3 (5.6%)

FEV1 (%), Mean ± SD 78.2 ± 13.9 71.7 ± 19.7 0.018

MVV (%), Mean ± SD 99.5 ± 20.2 93.4 ± 19.2 0.026

LVEF, Mean ± SD 68.3 ± 12.9 65.7 ± 9.4 0.051

Left Atrial Diameter (mm) 0.291

  ≥ 40 506 (14.3%) 11 (20.4%)

  < 40 3023 (85.7%) 43 (79.6%)

LVEDV (ml), Mean ± SD 117.2 ± 24.8 123.4 ± 24.8 0.066

LVESV (ml), Mean ± SD 37.7 ± 11.8 38.1 ± 18.4 0.888

Kalium (mmol/L), Mean ± SD 4.3 ± 6.8 4.2 ± 0.4 0.529

Sodium (mmol/L), Mean ± SD 145.6 ± 234.6 141.0 ± 3.1 0.25

Calcium (mmol/L), Mean ± SD 2.3 ± 0.1 2.3 ± 0.2 0.836

Magnesium (mmol/L), Mean ± SD 1.0 ± 3.5 0.9 ± 0.1 0.042

% neutrophils, Mean ± SD 65.4 ± 95.9 63.6 ± 13.4 0.455

% lymphocytes, Mean ± SD 26.5 ± 11.8 25.6 ± 13.0 0.586

Hemoglobin (g/L), Mean ± SD 134.9 ± 27.2 140.3 ± 33.8 0.244

Platelet count (109/L), Mean ± SD 215.0 ± 87.9 217.9 ± 99.9 0.814

Surgical duration (min), Mean ± SD 133.8 ± 75.4 162.2 ± 62.1 0.006

Invasiveness < .001

  VATS 3358 (95.2%) 43 (79.6%)

  Thoracotomy 171 (4.8%) 11 (20.4%)

Resected segment 0.244
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left), extent of resection (pneumonectomy, lobectomy, 
lobectomy combined with segmentectomy or wedge 
resection(complex resection), minor resection), histolog-
ical type (adenosquamous carcinoma, adenocarcinoma, 
squamous carcinoma, others), diameter of lesion, length 
of hospital stay, number of lymph node dissected, intra-
operative blood loss.

Developing the nomogram
The data of NOPAF and non-NOPAF were compared 
in our cohort, and the screening criterion for risk fac-
tors for NOPAF was P value < 0.1 in univariable analy-
sis. All potential variables included in the multivariable 
analysis were subjected to a correlation matrix for anal-
ysis of multicollinearity. Subsequently, multivariate 
logistic stepwise regression (likelihood ratio) analysis 
was performed to further screen for significant risk fac-
tors for NOPAF using a P-value < 0.05 as the standard. 
Based on the multivariate analysis results, a nomogram 
was established using the rms package in R. Bootstrap 
resampling was performed to validate the accuracy of the 
nomogram model. The area under the receiver operating 

characteristic (ROC) curve (AUC) was used to assess the 
discriminative ability of the model. The calibration evalu-
ated how close the predicted probabilities agree with the 
actual results [19]. Decision curve analysis (DCA) shows 
the standardized net benefit relative to the risk threshold 
probability and is used to assess the clinical utility of the 
model [20].

Statistical analysis
Measurement data were expressed as mean ± standard 
deviation (SD) or median (25th, 75th percentiles) in case 
of normal or non-normal distribution. Student’s t-test or 
Mann-Whitney U-test were employed to compare the 
differences between two groups. Categorical variables 
were reported as counts (percentage) and compared with 
Pearson chi-square test or Fisher exact test. Univariate 
logistic regression analysis was used to identify potential 
predictors of NOPAF. All variables with p < 0.1 in univar-
iate analysis were included in the multivariable logistic 
analysis. Variables with P < 0.05 in multivariable analysis 
were selected into the final nomogram model. Statisti-
cal analyses were performed with SPSS software, version 

Table 1  (continued)

Characteristic Without NOPAF (N=3529) With NOPAF (N=54) P

  Middle 308 (8.7%) 2 (3.7%)

  Upper 1960 (55.5%) 37 (68.5%)

  Others 64 (1.8%) 1 (1.9%)

  Lower 1197 (33.9%) 14 (25.9%)

Laterality < .001

  Right 2104 (59.6%) 24 (44.4%)

  Left 1393 (39.5%) 25 (46.3%)

  Right and left 32 (0.9%) 5 (9.3%)

Extent of resection < .001

  Minor resection 1584 (44.9%) 5 (9.3%)

  Complex resection 54 (1.5%) 1 (1.9%)

  Lobectomy 1858 (52.6%) 42 (77.8%)

  Pneumonectomy 33 (0.9%) 6 (11.1%)

Histological type < .001

  Others 884 (25%) 13 (24.1%)

  Squamous carcinoma 344 (9.7%) 15 (27.8%)

  Adenocarcinoma 2296 (65.1%) 26 (48.1%)

  Adenosquamous 5 (0.1%) 0 (0%)

Diameter of lesion (cm), Mean ± SD 2.3 ± 2.8 3.3 ± 2.1 0.001

Number of lymph nodes dissected, Mean ± SD 9.1 ± 9.9 16.1 ± 10.2 < .001

Length of hospital stay (days),
Mean ± SD

9.6 ± 5.0 15.4 ± 8.7 < .001

Blood loss (ml), Mean ± SD 54.2 ± 118.3 73.3 ± 110.7 0.237

BMI body mass index, NYHA New York Heart Association, %FEV1 percent forced expiratory volume in 1 second, %MVV percent maximum ventilation volume per 
minute, LVEF left ventricular ejection fraction, LVEDV left ventricular end-diastolic volume, LVESV left ventricular end-systolic volume, VATS video-assisted thoracic 
surgery, NOPAF new-onset postoperative atrial fibrillation
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26.0 (SPSS Inc., Chicago, IL, USA) and R language (ver-
sion 4.1.3). A two-tailed P < 0.05 indicated statistical 
significance.

Results
Demographics and clinical characteristics
From January 2018 to December 2020, A total of 6412 
patients received thoracic surgery in the First Affiliated 
Hospital of University of Science and Technology. Of 
these patients, 1566 patients were excluded for undergo-
ing non-pulmonary resection surgery, 163 patients under 
the age of 18 years were also excluded, 13 patients with 
a history of preoperative atrial fibrillation were excluded, 
and 1081 patients were also excluded due to incomplete 
perioperative data. Finally, 3583 eligible patients were 
enrolled, of whom 54 (1.507%) suffered from NOPAF.

The majority of patients (3401) underwent VATS, 
and 182 patients received thoracotomy. These patients 
were divided into two groups (patients without NOPAF 
and patients with NOPAF) according to the presence or 
absence of NOPAF. Clinical characteristics of both with 
NOPAF and without NOPAF were demonstrated in 

Table 2  Univariate logistic regression of NOPAF presence

BMI body mass index, NYHA New York Heart Association, %FEV1 percent forced 
expiratory volume in 1 second, %MVV percent maximum ventilation volume per 
minute, LVEF left ventricular ejection fraction, LVEDV left ventricular end-diastolic 
volume, LVESV left ventricular end-systolic volume, VATS video-assisted thoracic 
surgery, NOPAF new-onset postoperative atrial fibrillation

Variable OR(95% CI) P

Sex, male vs. female 2.19 (1.22-3.94) 0.009

Age, years 1.07 (1.05 -1.11) <.001

BMI, kg/m2 0.92 (0.84 -1.00) 0.063

NYHA classification

  2 vs. 1 2.10 (0.94 - 4.69) 0.069

  3 vs. 1 3.31 (0.84 -12.98) 0.086

Admission heart rate, beats/min 0.96 (0.94 - 0.99) 0.008

Surgical duration, min 1.00 (1.00 -1.01) 0.009

Resected segment

  Upper vs. middle 2.91 (0.70 -12.12) 0.143

  Others vs. middle 2.41 (0.22 - 26.94) 0.476

  Lower vs. middle 1.80 (0.41-7.97) 0.438

Invasiveness, thoracotomy vs. VATS 5.02 (2.55 - 9.91) < .001

Extent of resection

  Complex resection vs. minor resection 5.87 (0.67 - 51.08) 0.109

  Lobectomy vs. minor resection 7.16 (2.83 -18.14) < .001

  Pneumonectomy vs. minor resection 57.60 (16.74 - 198.22) < .001

Laterality

  Left vs. right 1.57 (0.90 - 2.77) 0.115

  Right and left vs. right 13.70 (4.92 - 38.17) < .001

Diameter of lesion, cm 1.03 (1.00 -1.06) 0.061

Number of lymph nodes dissected 1.06 (1.03 - 1.08) < .001

Blood loss, ml 1.00 (1.00 -1.00) 0.249

Current smoking, yes vs. no 0.50 (0.16 -1.61) 0.246

Drinking, yes vs. no 0.73 (0.18 - 3.03) 0.668

Hypertension, yes vs. no 0.83 (0.39 - 1.76) 0.619

Diabetes 0.89 (0.27 - 2.86) 0.838

Heart disease 1.69 (0.23 - 12.52) 0.608

Cerebral infarction 3.52 (1.07 - 11.61) 0.03

% FEV1 0.97 (0.96 - 0.99) < .001

% MVV 0.98 (0.97 - 1.00) 0.026

LVEF 0.95 (0.92 - 0.98) 0.002

Left Atrial Diameter,  more than 40 vs. 
less than 40, mm

0.65 (0.34 -1.28) 0.214

LVEDV, ml 1.01 (1.00 -1.02) 0.066

LVESV, ml 1.00 (0.98 - 1.03) 0.828

Kalium, mmol/L 1.00 (0.93-1.07) 0.935

Sodium, mmol/L 1.00 (0.96 - 1.03) 0.887

Calcium, mmol/L 1.27 (0.20 - 8.12) 0.804

Magnesium, mmol/L 0.51 (0.03 - 9.72) 0.650

% Neutrophils 1.00 (0.98 - 1.02) 0.902

% Lymphocytes 0.99 (0.97 - 1.02) 0.586

Hemoglobin, g/L 1.00 (1.00 - 1.01) 0.215

Platelet count, 109/L 1.00 (1.00 - 1.00) 0.814

Table 3  Multivariable logistic regression of NOPAF presence

BMI body mass index, NYHA New York Heart Association, %FEV1 percent forced 
expiratory volume in 1 second, %MVV percent maximum ventilation volume per 
minute, LVEF left ventricular ejection fraction, LVEDV left ventricular end-diastolic 
volume, LVESV left ventricular end-systolic volume, VATS video-assisted thoracic 
surgery, NOPAF new-onset postoperative atrial fibrillation

Variable OR(95% CI) P

Sex, male vs. female 1.71 (0.77 - 3.81) 0.188

Age, years 1.04 (1.00 -1.08) 0.046

BMI, kg/m2 0.93 (0.85 -1.03 ) 0.166

NYHA classification

  2 vs.1 1.48 (0.63 - 3.45) 0.369

  3 vs.1 1.74 (0.41 -7.34) 0.453

Admission heart rate, beats/min 0.97 (0.94 -1.00) 0.043

Surgical duration, min 1.00 (1.00 -1.00) 0.542

Invasiveness, thoracotomy vs. VATS 1.87 (0.73 - 4.76) 0.190

Extent of resection

  Complex resection vs. minor resection 4.68 (0.49 - 44.98) 0.182

  Lobectomy vs. minor resection 5.41 (1.90 -15.43 ) 0.002

  Pneumonectomy vs. minor resection 22.97 (4.73 -111.62) < .001

Diameter of lesion, cm 0.99 (0.85 - 1.15) 0.894

Laterality

  Left vs. right 1.54 (0.83 - 2.83) 0.169

  Right and left vs. right 30.07 (8.02 -112.75) < .001

Number of lymph nodes dissected 1.02 (0.99 -1.04 ) 0.242

Cerebral infarction, yes vs. no 2.88 (0.82 -10.17) 0.100

% FEV1 0.98 (0.97-1.00) 0.086

% MVV 0.98 (0.96 - 1.00) 0.028

LVEF 0.97 (0.93 -1.01) 0.114

LVEDV, ml 1.00 (0.99 - 1.02) 0.602
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Table  1. Patients with NOPAF were significantly older 
than patients without NOPAF (p < 0.001). The age of 
NOPAF group was 66.0 ± 8.6 years, and 1709 (47.697%) 
were female patients, 61(1.702%) patients with cerebral 
infarction. Of these patients, 2128 underwent right pul-
monary resection, 1418 underwent left pulmonary resec-
tion, and 37 received bilateral pulmonary resection. 
Patients in the NOPAF group had a significantly longer 
hospital stay compared to the non-NOPAF group (p < 
0.001). Compared with the NOPAF group, the admis-
sion heart rate in the non-NOPAF group significantly 
increased (p = 0.008). The number of lymph nodes dis-
sected was significantly higher in the NOPAF group (16.1 
± 10.2) compared to the non-NOPAF group (9.1 ± 9.9) (p 
< 0.001). The %MVV was significantly higher in the non-
NOPAF group than in the NOPAF group (p = 0.026).

Predictors of NOPAF
The univariate analysis identified the following vari-
ables associated with NOPAF (P<0.1): sex, age, BMI, 
NYHA classification, admission heart rate, surgical dura-
tion, invasiveness, extent of resection, laterality, diam-
eter of lesion, number of lymph node dissected, history 
of cerebral infarction, %FEV1, %MVV, %LVEF, LVEDV 
(Table  2). Furthermore, using multivariable logistic 

regression analysis, the results showed that 5 variables: 
age (OR, 1.04; 95% CI, 1.00-1.08; P < 0.05), admission 
heart rate (OR, 0.97; 95% CI, 0.94-1.00; P < 0.05), extent 
of resection-lobectomy (OR, 5.41; 95% CI, 1.90-15.43; P 
< 0.05), extent of resection-pneumonectomy (OR, 22.97; 
95% CI, 4.73-111.62; P < 0.001), laterality (right and left) 
(OR, 30.07; 95% CI, 8.02-112.75; P < 0.001), and %MVV 
(OR, 0.98; 95% CI, 0.96-1.00; P < 0.05) were independent 
predictors of NOPAF after pulmonary resection (P< 0.05; 
Table 3).

Building the nomogram
A nomogram was established with the 5 independent 
predictors described above for predicting the probability 
of NOPAF after pulmonary resection (Fig. 1). In the nom-
ogram, each variable was assigned to a point between 0 
and 100, and the higher the total score, the higher the 
probability of NOPAF after pulmonary resection.

Validation and calibration of the nomogram
Calibration curve of nomogram was employed 
to provide the agreement between the predicted 
and observed results. The calibration curve of our 
model demonstrated a good agreement between 

Fig. 1  Nomogram predicting the risk of NOPAF after pulmonary resection. The different values of each variable correspond to different positions 
in the nomogram. Draw a line from the position of each variable to its corresponding point axis to obtain the point value of that variable. Calculate 
the number of points for different variables and sum them to obtain the total score. Based on the total score axis, the total score can be converted 
into the prediction probability of NOPAF. NOPAF, new-onset postoperative atrial fibrillation
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the nomogram prediction and actual observation 
(Fig.  2). The discriminant degree of the nomogram 
was appraised by the ROC curve (AUC=0.811, 95% CI 
0.758-0.864) (Fig. 3). DCA was applied in this study to 
evaluate the clinical utility of the nomogram (Fig.  4). 
This figure indicated that using this model to predict 
NOPAF and implementing appropriate interventions 
may be more beneficial than the initial treatment strat-
egy. Construct a radar chart to determine the impor-
tance of the 5 predictive variables (Fig. 5).

Discussion
An effective method for identifying high-risk patients 
with NOPAF can achieve targeted prevention strategies 
and avoid the risk of drug side effects and extra costs for 
the pulmonary resection population. In this situation, we 
developed a simple intuitive statistical prediction model 
that quantified the risk of NOPAF following pulmonary 
resection, which may help  clinician making treatment 
recommendations. By incorporating five independent 
variables provided by multivariate logistic regression, 
namely age, admission heart rate, extent of resection, 

laterality, and %MVV, the nomogram showed well cali-
bration, discrimination, and clinical utility.

AF often occurs following pulmonary resection and is 
generally referred to as postoperative atrial fibrillation 
(POAF) [21]. POAF may remarkably increase morbidity, 
mortality and hospital costs following thoracic surgery 
in the short and long term [22]. Our total incidence of 
NOPAF is 1.507% (54/3583), slightly lower than the inci-
dence reported in previous studies, which estimated the 
incidence rate to be between 4% and 37% [22, 23]. The 
main reason for this situation may be due to, on the one 
hand, the high proportion of minimally invasive surger-
ies, on the one hand, and the large number of minor 
resections such as wedge resections and segmental resec-
tions in our cohort.

Our findings reaffirmed the importance of increasing 
age [24], extent of resection and pneumonectomy in the 
development of NOPAF after pulmonary resection. Simi-
lar to us, Ziad Mansour et al reported that the extent of 
pulmonary resection has also been related to NOPAF, 
and the incidence of NOPAF in patients with pneumo-
nectomy has been higher than that with lobectomy or 

Fig. 2  The calibration curves for the nomogram. The X-axis represents the predicted probability of NOPAF and the Y-axis represents the actual 
probability of NOPAF. Perfect prediction corresponds to the diagonal
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sublobectomy [25]. This conclusion is consistent with 
our results. Our analysis suggested that the incidence of 
NOPAF was significantly higher with pneumonectomy 
and lobectomy compared with minor resection. Recent 
researches with relatively large sample have demon-
strated advanced age [26] and postoperative infection 
were independent predictors of NOPAF following pul-
monary resection [17]. Advanced age may lead to remod-
eling of cardiac structures that initiate and maintain the 
atrial fibrillation re-entry circuit [27]. Our findings also 
suggested that advanced age is an independent risk fac-
tor for NOPAF according to multivariable logistic regres-
sion analysis. Unlike previous studies, however, some risk 
parameters, such as male, ischemic heart disease, extent 
of resection, and surgical approach, were not significantly 
associated with NOPAF [25].

The relationship between lung function (%MVV) 
and NOPAF has not been clearly defined in pulmonary 

resection patients. Lung function (%MVV), in our study, 
is one of the prominent protective factors for the develop-
ment of NOPAF, and epidemiological studies have dem-
onstrated a progressive increase in the prevalence of AF 
with reduced FEV1 and MVV. The relationship between 
pulmonary function and atrial fibrillation has been stud-
ied in the atherosclerosis risk community cohort [28]. In 
the Atherosclerosis Risk in Communities (ARIC) study, 
reduced FEV1 and obstructive airway disease were asso-
ciated with a higher incidence of AF. A prospective study 
including 13,430 patients demonstrated that reduced 
FEV1 was an independent predictor of new onset atrial 
fibrillation [29]. These findings are very similar to our 
conclusions and support the association between poor 
lung function and high incidence of AF. Although %FEV1 
(OR, 0.98; 95% CI, 0.97-1.00; p=0.086) did not enter the 
final prediction model in our study, its difference between 
the two groups was still statistically significant (P< 0.05).

Fig. 3  ROC for discrimination of the nomogram. The area under the ROC curve (AUC) was 0.811 (95% CI 0.758-0.864). ROC, receiver operating 
characteristic
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Fig. 4  Decision curve for prediction of NOPAF for pulmonary resection. Decision Curve Analysis (DCA) is used to predict and estimate clinical 
usefulness and net benefits

Fig. 5  Radar charts were used to determine the importance of the 5 predictor variables
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The specific mechanism of decreased lung function 
and increased incidence of AF is still unclear. The ectopic 
beats that cause AF are more likely to originate from 
the pulmonary vein wall, where they are integrated with 
the atrium. This ectopic beat may be caused by changes 
in gas composition or pulmonary hypertension [30, 31], 
which leads to elevated atrial pressure, altering the elec-
trophysiological properties of atrial tissues and then 
initiating atrial fibrillation [32]. Emphysema generally 
affects right ventricular function, but some studies have 
suggested that emphysema can also affect left ventricular 
function, which is mainly associated with left ventricu-
lar hypertrophy [33], diastolic dysfunction [34], narrow-
ing of pulmonary vein diameter, and structural/electrical 
abnormalities in pulmonary vein region [35]. Pulmonary 
vein fibrosis [36] and pulmonary vein stretch caused by 
increased atrial pressure might also have an impact on 
new-onset atrial fibrillation in patients with reduced pul-
monary function [37]. The above mechanisms are still 
theoretical speculations and need to be explored and ver-
ified by further molecular biological experiments.

Of note, this study found that laterality (right and 
left) was a prominent risk factor for the development of 
NOPAF. Bilateral lung surgery (laterality: right and left) 
(OR, 30.07; 95% CI, 8.02-112.75; P<0.001) significantly 
increased the incidence rate of NOPAF. We speculated 
that laterality (right and left) may lead to increased pain-
related sympathetic stimulation, extensive local tissue 
trauma and an enhanced inflammatory response from 
bilateral skin incisions and intercostal muscle injury, 
which ultimately leads to a significant increase in the 
incidence of NOPAF. The specific pathogenesis requires 
further research and exploration. In addition, we found 
an interesting phenomenon that admission heart rate 
(OR, 0.97; 95% CI, 0.94-1.00; P < 0.05) is a protective 
factor of NOPAF, which differs from previous literature 
reports and deserves further research.

To the best of our knowledge, this study was the first 
nomogram model to predict NOPAF in patients under-
went pulmonary resection. However, our results also have 
obvious limitations. First, our model based on retrospec-
tive data is susceptible to biases. Second, since this was 
a single institution clinical study with only 54 NOPAF 
cases, hence, the outcomes of the research are not repre-
sentative of the general population. Third, given that we 
could not determine the duration of NOPAF episodes, 
therefore, underestimation is possible. In addition, cases 
of subclinical or paroxysmal AF may be misreported at 
clinical visits due to the lack of typical clinical symptoms. 
Consequently, it is acceptable to underestimate the true 
incidence of NOPAF. Last, the failure to detect statistical 
significance of FEV1, number of lymph nodes dissected 

and LVEF may be due to the relatively small number of 
cases in each subgroup.

Conclusion
In summary, A nomogram, composed of five independ-
ent predictors, namely age, admission heart rate, extent 
of resection, laterality, %MVV, was constructed, which 
may assist clinicians predict the individual probability of 
NOPAF and perform available prophylaxis.
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