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Background: Neoadjuvant therapy following minimally invasive
esophagectomy is recommended as the standard treatment for locally
advanced esophageal squamous carcinoma cells (ESCC). Postoperative atrial
fibrillation (POAF) after esophagectomy is common. We aimed to determine
the risk factors and construct a nomogram model to predict the incidence
of POAF among patients receiving neoadjuvant therapy.
Methods: We retrospectively included patients with ESCC receiving
neoadjuvant chemotherapy (nCT), neoadjuvant chemoradiotherapy (nCRT),
or neoadjuvant immunochemotherapy (nICT) following minimally invasive
esophagectomy (MIE) for analysis. Patients without a history of AF who did
not have any AF before surgery and who developed new AF after surgery,
were defined as having POAF. We applied a LASSO regression analysis to
avoid the collinearity of variables and screen the risk factors. We then
applied a multivariate regression analysis to select independent risk factors
and constructed a nomogram model to predict POAF. We used the receiver
operating characteristic (ROC) curve, calibration curve, and decision curve
analysis (DCA) curve to evaluate the nomogram model.
Results: A total of 202patientswere included foranalysis,with 35patients receiving
nCRT, 88 patients receiving nCT, and 79 patients receiving nICT. POAF occurred in
34 (16.83%) patients. There was no significant difference in the distribution of
neoadjuvant types between the POAF group and the no POAF group. There was a
significant increase in postoperative hospital stay (p=0.04), hospital expenses
(p=0.01), and comprehensive complication index (p <0.001). The LASSO analysis
screened the following as risk factors: blood loss; ejection fraction (EF); forced
expiratory volume in 1 s; preoperative albumin (Alb); postoperative hemoglobin
(Hb); preoperative Hb; hypertension; time to surgery; age; and left atrial (LA)
diameter. Further, preoperative Alb ≤41.2 g/L (p <0.001), preoperative Hb >149 g/L
(p=0.01), EF >67.61% (p=0.008), and LA diameter >32.9 mm (p=0.03) were
determined as independent risk factors of POAF in the multivariate logistic
analysis. The nomogram had an area under the curve (AUC) of 0.77. The Briser
score of the calibration curve was 0.12. The DCA confirmed good clinical value.
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Conclusions: Preoperative Alb ≤41.2 g/L, LA diameter >32.9 mm, preoperative Hb >149 g/L,
and EF >67.61% were determined as the risk factors for POAF among patients with ESCC. A
novel and valuable nomogram was constructed and validated to help clinicians evaluate the
risk of POAF and take personalized treatment plans.
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Introduction

Esophageal squamous carcinoma cell (ESCC) is the primary

subtype of esophageal cancer (EC) in Asia, especially in China

(1). A combination of neoadjuvant therapy and surgery is

recommended as the standard treatment for locally advanced

ESCC. There is still no consensus on neoadjuvant therapy.

Compared with surgery alone, both neoadjuvant chemotherapy

(nCT) and neoadjuvant chemoradiotherapy (nCRT) have been

confirmed to improve overall survival and disease-free survival

(2, 3). The nCRT pattern is recommended as the first choice in

the national comprehensive cancer network (NCCN) and

Chinese society of clinical oncology (CSCO) guidelines.

However, due to unpromising long-term survival and the high

distant recurrence incidence, the exploration of novel treatment

patterns is necessary. Phase II clinical trials showed that

neoadjuvant immunochemotherapy (nICT) had a promising

pathological response and manageable adverse events (4, 5).

With the development of minimally invasive

esophagectomy (MIE), morbidity and mortality have reduced

(6); however, complications (especially pneumonia,

anastomotic leakage, and atrial fibrillation) after MIE are still

high, and management is still challenging. Among patients

with solid cancers, patients with EC had the highest risk of

atrial fibrillation [adjusted sub-distribution hazard ratio (HR)

2.69; 95% confidence interval (CI) 2.45–2.95] (7). In patients

who underwent esophagectomy, postoperative atrial

fibrillation (POAF) was highly associated with postoperative

infectious complications (8). A recent meta-analysis showed

that the incidence of POAF was 16.5%, and patients with

POAF had a higher risk of anastomotic leakage, pneumonia,

death, and other adverse events (9). In addition, a 21-year

follow-up cohort showed that POAF was associated with

poorer long-term survival after esophagectomy (HR 2.99, 95%

CI=1.37–6.53). Further, POAF increased the risk of stroke,

cognitive decline, and depression, reduced the quality of life,

and brought a great burden to patients and the medical

system (10).

Previous reports indicated that the application of

neoadjuvant treatment contributed to the occurrence of POAF

(11). Considering the promotion of neoadjuvant treatment plus

esophagectomy, it is of clinical importance to understand the

risk factors of POAF among patients receiving neoadjuvant
02
therapy (nCT, nCRT, or nICT). The aim of the present study

was to determine the risk factors of POAF among patients

receiving neoadjuvant therapy and construct a nomogram

model to help clinicians evaluate the risk of POAF and take

personalized treatment plans. Another concern was whether

POAF was associated with the types of neoadjuvant treatment.
Materials and methods

Patient selection

This was a retrospective analysis based on a prospectively

collected dataset. The inclusion criteria were as follows:

(1) diagnosed with ESCC; (2) clinical stage in the range of

II–IVA; (3) receiving nCT, nCRT, or nICT; (4) undergoing

radical transthoracic MIE (including robotic-assisted and

video-assisted); and (5) without AF before operation. The

exclusion criteria were as follows: (1) a history of heart failure

or preoperative AF; (2) severe liver and kidney dysfunction;

(3) unresectable tumors or metastases during exploratory

surgery; (4) cervical EC; and (5) laryngopharyngeal

carcinoma-esophagectomy. This study was approved by the

ethics committee at Fujian Medical University Union

Hospital. In addition, this study was conducted in strict

accordance with the Declaration of Helsinki (1964).
Data collection and definition of variables

The patients’ demographic characteristics [sex, age, body

mass index (BMI], smoking history, drinking history,

preoperative complications, American society of

anesthesiologists (ASA) status), preoperative examinations

[preoperative albumin, preoperative hemoglobin (Hb), ejection

fraction (EF), forced expiratory volume in 1 s (FEV1)],

neoadjuvant treatment (types, time to surgery), tumor

characteristics (tumor location, pathological grade,

pathological T stage, pathological N stage, lymph nodes

removed number), surgery (types, surgical time, blood loss),

and postoperative information [comprehensive complication

index (CCI), hospital stay, thoracic tube stay, hospital

expenses] were collected for analysis.
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POAF was the primary outcome of this study. Patients

without a history of AF who did not have any type of AF

before surgery and who developed new AF after surgery, were

defined as POAF. The tumor location was divided into upper

third, middle third, and lower third. The pathological TNM

stage used in this study was the 8th AJCC staging system.

Neoadjuvant treatment included nCT, nCRT, and nICT. The

CCI was developed based on the Clavien–Dindo classification

system to measure the severity of postoperative complications.

The calculation was conducted at www.assessurgery.com.
Statistical analysis

First, we divided the patients into a POAF group and no POAF

group. We expressed the continuous data as mean ± standard

deviation or median (interquartile range) and the categorical

data as numbers (percentages). The comparisons of baseline

characteristics and postoperative information were compared.

The Student’s t-test or Mann–Whitney U test was used for

continuous variables, and the chi-square test or Fisher’s exact test

was used for categorical variables. The continuous variables were

converted into categorical variables according to the optimal

cutoff value of the receiver operator characteristic (ROC) curve

or clinical experience. Second, due to the relatively large number

of variables and to avoid the collinearity of variables, we used the

LASSO regression model to screen the variables. The principle of

LASSO regression screening the variables is to compress the

regression coefficients of each variable in the form of a penalty

increase (12). Further, we also conducted cross-validation to

verify the Lasso regression model. Third, the risk factors

screened by the LASSO regression model were included in a

multivariate logistic regression model to further determine the

independent risk factors. Four, a nomogram model was

constructed based on the screened independent risk factors. We

evaluated the predictive ability of the nomogram by ROC and

area under the curve (AUC) values. We measured the agreement

between predicted and actual results by calibration curves. We

further evaluated the clinical value of the nomogram model by

decision curve analysis (DCA). We conducted the statistical

analysis using R software (version 3.6.3) and Python (version

3.7). The two-sided p < 0.05 was considered statistically

significant in this study.
Results

Comparisons of preoperative
characteristics between the POAF
and no POAF groups

A total of 202 patients were included for analysis. POAF

occurred in 34 (16.83%) patients. There were 35 patients
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receiving nCRT, 88 patients receiving nCT, and 79 patients

receiving nICT. There was a significant difference in age,

preoperative ALB, preoperative Hb, EF, and FEV1 between

the POAF and no POAF groups (p < 0.05). There were no

statistically significant differences between the POAF and no

POAF groups in BMI, smoking history, drinking history, ASA

status, blood loss, surgical time, MIE type, lymph nodes

moved number, tumor location, pathological grade,

pathological T stage, pathological N stage, neoadjuvant type,

left atrial (LA) diameter, and time to surgery (p > 0.05). The

details of comparisons of baseline characteristics between the

POAF and no POAF groups are presented in Table 1.

Compared with the no POAF group, the POAF group had

an increase in postoperative hospital stay (median 11 days vs.

10 days), CCI (median 32.00 vs. 22.60), and hospital expenses

(median 99707.22 yuan vs. 88916.27 yuan). There was no

significant difference in total hospital stay and thoracic

drainage tube stays (p > 0.05). The details of the comparisons

of perioperative outcomes were summarized in Table 2 and

presented in Figure 1.
Screening predictive factors using LASSO
logistic regression analysis

LASSO regression analysis (Figure 2A) and cross-validation

(Figure 2B) were performed for each influencing factor, and

the independent variables were further screened. The value

with the smallest verification error (λ = 0.12) was selected to

fit the regression model, and there were 10 variables of the

model in total, including blood loss, EF, FEV1, preoperative

Alb, postoperative D1 Hb, preoperative Hb, hypertension,

time to surgery, age, and LA diameter. Further, multivariate

logistic regression, including the above 10 predictive factors,

was conducted to determine the independent risk factors.

Preoperative Alb ≦41.2 g/L (p < 0.001), preoperative Hb

>149 g/L (p = 0.01), EF >67.61% (p = 0.008), and LA diameter

>32.9 mm (p = 0.03) were determined as the independent risk

factors of POAF. The results of multivariate logistic regression

are summarized in Table 3.
Development and validation of a
nomogram model

We used the independent risk factors determined by the

LASSO logistic regression strategy; we developed a nomogram

model to predict POAF (Figure 3). The AUC of the

established nomogram model was 0.76 (95% CI 0.69–0.86),

which indicated the good discriminative ability of the model

(Figure 4A). In addition, the AUC of the nomogram model

was superior to each factor included in the model

(Figure 4B). The Briser score of the calibration curve was
frontiersin.org
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TABLE 1 Comparisons of demographic and clinicopathological characteristics between the POAF group and no POAF group.

Contents Variables Total (n = 202) No POAF (n = 168) POAF (n = 34) P

Age (years) ≦62 113 (55.94) 102 (60.71) 11 (32.35) 0.002

>62 89 (44.06) 66 (39.29) 23 (67.65)

BMI ≦20.54 57 (28.22) 50 (29.76) 7 (20.59) 0.28

>20.54 145 (71.78) 118 (70.24) 27 (79.41)

Smoking history No 87 (43.07) 71 (42.26) 16 (47.06) 0.61

Yes 115 (56.93) 97 (57.74) 18 (52.94)

Drinking history No 147 (72.77) 122 (72.62) 25 (73.53) 0.91

Yes 55 (27.28) 46 (27.38) 9 (26.47)

Hypertension No 166 (82.18) 144 (85.71) 22 (64.71) 0.004

Yes 36 (17.82) 24 (14.29) 12 (35.29)

Diabetes No 191 (94.55) 160 (95.24) 31 (91.18) 0.34

Yes 11 (5.45) 8 (4.76) 3 (8.82)

Coronary heart disease No 196 (97.03) 164 (97.62) 32 (94.12) 0.27

Yes 6 (2.97) 4 (2.38) 2 (5.88)

ASA status ≦2 175 (86.63) 145 (86.31) 30 (88.24) 0.76

>2 27 (13.37) 23 (13.69) 4 (11.76)

EF ≦67.6% 104 (51.49) 93 (55.36) 11 (32.35) 0.01

>67.6% 98 (48.51) 75 (44.64) 23 (67.65)

FEV1 ≦2.38 76 (37.62) 57 (33.93) 19 (55.88) 0.02

>2.38 126 (62.38) 111 (66.07) 15 (44.12)

LA (mm) ≦32.9 141 (69.80) 120 (71.43) 21 (61.76) 0.04

>32.9 61 (30.20) 48 (28.57) 13 (38.24)

Preoperation alb (g/L) ≦41.2 119 (58.91) 90 (53.57) 29 (85.29) <0.001

>41.2 83 (41.09) 78 (46.43) 5 (14.71)

Post D1 Alb (g/L) ≦31 46 (22.77) 35 (20.83) 11 (32.35) 0.14

>31 156 (77.23) 133 (79.17) 23 (67.65)

Preoperation Hb (g/L) ≦149 189 (93.56) 160 (95.24) 29 (85.29) 0.03

>149 13 (6.44) 8 (4.76) 5 (14.71)

Post D1 Hb (g/L) ≦138 176 (87.13) 149 (88.69) 27 (79.41) 0.14

>138 26 (12.87) 19 (11.31) 7 (20.59)

Time to surgery (day) ≦44 124 (61.39) 99 (58.93) 25 (73.53) 0.11

>44 78 (38.61) 69 (41.07) 9 (26.47)

Tumor location Upper third 22 (10.89) 15 (8.93) 7 (20.59) 0.13

Middle third 111 (54.95) 95 (56.55) 16 (47.06)

Lower third 69 (34.16) 58 (34.52) 11 (32.35)

Neoadjuvant type nCRT 35 (17.33) 31 (18.45) 4 (11.77) 0.09

nCT 88 (43.56) 77 (45.83) 11 (32.35)

nICT 79 (39.11) 60 (35.71) 19 (55.88)

(continued)
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TABLE 1 Continued

Contents Variables Total (n = 202) No POAF (n = 168) POAF (n = 34) P

Surgical time (min) ≦300 78 (38.61) 65 (38.69) 13 (38.24) 0.96

>300 124 (61.39) 103 (61.31) 21 (61.76)

Blood loss (ml) ≦150 173 (85.64) 147 (87.50) 26 (76.47) 0.09

>150 29 (14.36) 21 (12.50) 8 (23.53)

MIE type Video-assisted 169 (83.66) 143 (85.12) 26 (76.47) 0.21

Robotic-assisted 33 (16.34) 25 (14.88) 8 (23.53)

ypG G0 43 (21.29) 35 (20.83) 8 (23.53) 0.35

G1 33 (16.34) 31 (18.45) 2 (5.88)

G2 47 (23.27) 38 (22.62) 9 (26.47)

G3 79 (39.11) 64 (38.10) 15 (44.12)

ypT T0 43 (21.29) 35 (20.83) 8 (23.53) 0.89

T1–2 66 (32.67) 56 (33.33) 10 (29.41)

T3–4 93 (46.04) 77 (45.83) 16 (47.06)

ypN N0 110 (54.46) 90 (53.57) 20 (58.82) 0.58

N+ 92 (45.54) 78 (46.43) 14 (41.18)

Lymph nodes moved number ≦38 138 (68.32) 118 (70.24) 20 (58.82) 0.19

>38 64 (31.68) 50 (29.76) 14 (41.18)

POAF, postoperative atrial fibrillation; BMI, body mass index; Hb, hemoglobin; Alb, albumin; FEV1, forced expiratory volume in one second; EF, ejection fraction; MIE,

minimally invasive esophagectomy; LA, left atrial.

TABLE 2 Comparisons of perioperative outcomes between the POAF group and no POAF group.

Contents Total (n = 202) No POAF (n = 168) POAF (n = 34) P

Thoracic drainage tube stay (days) 10.90 ± 8.02 10.22 ± 6.51 14.33 ± 12.72 0.08

Postoperative hospital stay (days) 10[8,14] 10[8,13] 11[9,27] 0.04

Total hospital stay (days) 16[12,24] 16[12,24] 16[13,35] 0.16

CCI 24.20[8.70,32.00] 22.60[8.70,28.90] 32.00[25.70,44.30] <0.001

Hospital expenses (RMB) 89,623.27[79,549.69,107,293.68] 88,916.27[79,113.85,103,342.57] 99,707.22[84,003.12,134,154.56] 0.01

POAF, postoperative atrial fibrillation; CCI, comprehensive complication index; RMB, ren min bi.

Fang et al. 10.3389/fsurg.2022.1089930
0.12, which indicated that the predicted results were highly

consistent with the actual results (Figure 4C). The DCA

indicated that this nomogram model had a high clinical

application value (Figure 4D).
Discussion

POAF is a common complication after esophagectomy, and

the overall incidence of POAF in this study was 16.83% (34/

202). Compared with non-esophageal surgery, patients

undergoing esophagectomy had a higher incidence of POAF

(17.66% vs 7.63%) (13). There was a significant increase in
Frontiers in Surgery 05
postoperative hospital stay (p = 0.04), hospital expenses (p =

0.01), and CCI (p < 0.001). Therefore, the identification of

independent risk factors and the development of an accurate

predictive model for POAF are critical for optimal treatment

planning in high-risk individuals with MIE after neoadjuvant

therapy. Preoperative Alb ≦41.2 g/L, LA diameter >32.9 mm,

preoperative Hb >149 g/L, and EF >67.61% were identified as

the independent risk factors for POAF, and a novel

nomogram model was constructed to predict POAF. The

model not only showed the good discriminative ability but

also had the best agreement between the predicted results and

the observed results. Based on this nomogram model, each

prognostic factor was quantified and visualized with a
frontiersin.org
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FIGURE 1

(A) Comparison of thoracic tube stay between POAF group and no POAF group; (B) Comparison of CCI between POAF group and no POAF group;
(C) Comparison of hospital expenses between POAF group and no POAF group; (D) Comparison of postoperative hospital stay between POAF group
and no POAF group. POAF, postoperative atrial fibrillation; CCI, comprehensive complication index.

FIGURE 2

(A) The regression analysis of influence factors based on Lasso analysis for variable selection; (B) the cross-validation of the regression model.

Fang et al. 10.3389/fsurg.2022.1089930
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TABLE 3 Multivariate logistic analysis of postoperative atrial fibrillation.

Predictor Before selection After selection

p OR Lower Upper p Odds ratio Lower Upper

Blood loss ≦ 150 ml Reference

Blood loss > 150 ml 0.25 1.90 0.61 5.64

FEV1 ≦ 2.38 L Reference

FEV1 > 2.38 L 0.10 0.45 0.17 1.16

EF≦ 67.61% Reference

EF > 67.61% 0.03 2.99 1.17 8.31 0.008 3.23 1.40 8.06

Preoperation Alb≦ 41.2 g/L Reference

Preoperation Alb > 41.2 g/L 0.001 0.12 0.03 0.35 <0.001 0.14 0.04 0.37

Postoperation D1 Hb≦ 138 g/L Reference

Postoperation D1 Hb > 138 g/L 0.06 3.55 0.94 13.39

Preoperation Hb≦ 149 g/L Reference

Preoperation Hb > 149 g/L 0.02 6.46 1.27 33.99 0.01 5.82 1.40 24.23

Hypertension no Reference

Hypertension yes 0.10 2.30 0.84 6.25

Time to surgery ≦ 44 days Reference

Time to surgery > 44 days 0.07 0.39 0.13 1.03

Age≦ 62 years Reference

Age > 62 years 0.08 2.35 0.91 6.39

LA diameter ≦ 32.9 mm Reference

LA diameter > 32.9 mm 0.02 3.33 1.21 9.59 0.03 2.67 1.09 6.64

OR, odds ratio; Hb, hemoglobin; Alb, albumin; FEV1, forced expiratory volume in one second; EF, ejection fraction; LA, left atrial.

FIGURE 3

The nomogrammodel to predict postoperative atrial fibrillation among
patients receiving neoadjuvant therapy and minimally invasive
esophagectomy.

Fang et al. 10.3389/fsurg.2022.1089930
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nomogram model to predict the probability of POAF. By using

this predictive nomogram, physicians could judge individual

risk, predict outcomes, personalize treatment, and take

preventive measures for patients at high risk.

In this study, we determined LA diameter ≥32.9 mm as an

independent risk factor of POAF. Nagatsuka et al. investigated

200 patients undergoing esophagectomy for EC and

determined a LA diameter ≥36.0 mm [odds ratio (OR) 2.47,

95% CI 1.06–5.71] as an independent risk factor (p = 0.035)

(14). A relationship between LA diameter and AF has been

proposed in the general population. One hypothesized direct

underlying cause of AF is the result of organic changes in the

“remodeling” of the left atrium to maintain a normal sinus

rhythm. Increased left ventricular diastolic blood pressure

during diastolic dysfunction is associated with increased left

ventricular diastolic blood pressure. With the increase of left

atrial pressure, atrial wall extension increases and atrial

remodeling occurs (15). Interestingly, we also found that left

ventricular EF >67.61% was an independent risk factor of

POAF. This finding seemed to be inconsistent with previous

reports. Zacharias et al. enrolled a total of 8,051 consecutive
frontiersin.org
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FIGURE 4

(A) Receiver operating characteristic (ROC) curves of the established nomogrammodel; (B) Comparison of ROC curves between the established nomogram
modelandtheconstructed factors; (C)Calibrationcurveof theestablishednomogrammodel; (D)Decisioncurveanalysisof theestablishednomogrammodel.

Fang et al. 10.3389/fsurg.2022.1089930
cardiac surgery patients and found that EF <40% (OR 1.16, 95%

CI 1.03–1.31) was an independent risk factor of POAF (16).

However, a large cohort study (203,135 patients from

Pennsylvania and 35,976 patients from New Zealand)

investigated the relationship between left ventricular ejection

fraction (LVEF) and mortality, and they found an HR of 1.71

(95% CI 1.64–1.77) at LVEF of ≥70% and an HR of 1.73

(95% CI 1.66–1.80) at LVEF of 35%–40%, which indicated a

U curve relation between LVEF and mortality (17). Another

analysis of 2,867 ICU patients (including 324 patients with EF

>70%) showed that the presence of EF >70% increased 28-day

mortality (OR 1.39, 95% CI 1.04–1.84) (18). This finding first

suggested the association between the high LVEF and the

POAF. Further studies are necessary to explore the mechanisms.

There are still limited studies focusing on the relationship

between preoperative serum Alb and POAF among patients

undergoing esophagectomy. Zhong et al. explored the

association between serum Alb and paroxysmal AF based on
Frontiers in Surgery 08
a Chinese cohort of 305 patients with AF and 610 patients

without AF and found that low Alb in male patients is a risk

factor for paroxysmal AF (19). Liao et al. conducted a large-

scale epidemiological and Mendelian randomization (MR)

study and found that the serum Alb level was negatively

correlated with the incidence of AF, but the causal

relationship between serum Alb level and AF was not clarified

(20). In this study, we found that preoperative Alb ≦41.2 g/L
was associated with a higher incidence of POAF. This finding

supports that low Alb contributed to the occurrence of POAF.

Serum Alb plays important roles in anti-inflammatory,

antioxidant, anticoagulant, antiplatelet aggregation, and

colloid osmotic effects. One recent dose–response analysis

showed that for each increase of 10 g/L in serum Alb, the risk

of AF would decrease by 36% (21). Present evidence supports

that hypoalbuminemia is a modifiable risk factor associated

with cardiovascular events (22). In future studies, it would be

interesting to explore the relationship between preoperative
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nutrition and the incidence of POAF among patients with

ESCC. Similarly, there are still no reports investigating the

relationship between high Hb and POAF among patients with

ESCC. Recently, Nakatani et al. found that high Hb is an

independent risk factor of new-onset AF among patients with

heart failure with preserved EF (23). Commonly, patients with

paroxysmal AF often have elevated Hb in clinical practice

(24). One explanation was that polyuria induced by the excess

secretion of atrial natriuretic peptide contributed to the high

Hb in patients with AF.

At present, there are different opinions on whether to take

preventive treatment for POAF (25). Rao et al. held the opinion

that the simple prevention of POAF, including using

prophylactic drugs, was unlikely to improve long-term survival

and unlikely to be cost-effective (11). However, the model

including age and neoadjuvant therapy established by Rao et al.

only had a moderate c-statistic (0.62). Compared with previous

models, the nomogram model in this study had an AUC of

0.76, which indicated a better discriminative ability. Therefore,

we suggest taking measures to prevent the occurrence of POAF

when the nomogram model suggests a high possibility of POAF.

Although AF can occur as an isolated event, it can occur in

conjunction with other complications in a population

predisposed to cardiopulmonary complications. The application

of enhanced recovery after surgery is necessary to reduce overall

mortality and morbidity.

To the best of our knowledge, this study was the first

predictive nomogram model for POAF in patients with ESCC

receiving neoadjuvant therapy. However, the study has the

following limitations: first, the model was analyzed based on

retrospective data, which may have a potential bias due to a

lack of randomization, patient selection, and some missing

values. Second, although nCRT is currently the first choice for

patients with low events raised by the radiotherapy, relatively

few patients received nCRT in this cohort. Further, we did

not conduct a subgroup analysis to evaluate the effect of

radiation dose on the incidence of POAF. Third, the

prediction model has good discrimination, but it has not been

verified externally. Further, the case number is relatively

limited. External validation is necessary before applying the

nomogram model to patients at other centers. Four, whether

this nomogram is suitable in patients with locally advanced

esophageal adenocarcinoma remains unclear.
Conclusions

In summary, we determined preoperative Alb ≦41.2 g/L, LA
diameter >32.9 mm, preoperative Hb >149 g/L, and EF >67.61%

to be the risk factors for POAF among patients with ESCC

receiving neoadjuvant therapy and MIE. A novel and useful

nomogram model was constructed and validated to help

clinicians evaluate the risk of POAF and take personalized
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treatment plans. The predictive ability and clinical value of

the nomogram model were promising. For additional external

validation, generalization, and application of this prediction

model, large prospective multicenter studies are needed.
Data availability statement

The original contributions presented in the study are

included in the article/Supplementary Material, further

inquiries can be directed to the corresponding author.
Ethics statement

The studies involving human participants were reviewed

and approved by Fujian Medical University Union Hospital.

The patients/participants provided their written informed

consent to participate in this study.
Author contributions

SC conceived the concept and coordinated the design. XD

evaluated the clinical stage. MF, MC, and XD drafted the

manuscript. All authors contributed to the article and

approved the submitted version.
Funding

This study was sponsored by grants from the Key Laboratory

of Cardio-Thoracic Surgery (Fujian Medical University), Fujian

Province University; the Natural Science Foundation in Fujian

Province (No. 2020J011004); the Fujian Provincial Health

Technology Project (No. 2020CXA028); the cohort study of the

School of Public Health, Fujian Medical University (No.

2021HX003); the Joint Funds for the Innovation of Science and

Technology, Fujian Province (No. 2020Y9076); and the National

Nature Science Foundation of China (No. 82273415).
Acknowledgments

This work is supported by To edit (language services) and
the Extreme Smart Analysis platform (https://www.
xsmartanalysis.com/).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
frontiersin.org

https://www.xsmartanalysis.com/
https://www.xsmartanalysis.com/
https://doi.org/10.3389/fsurg.2022.1089930
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/


Fang et al. 10.3389/fsurg.2022.1089930
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their
Frontiers in Surgery 10
affiliated organizations, or those of the publisher, the editors

and the reviewers. Any product that may be evaluated in this

article, or claim that may be made by its manufacturer, is not

guaranteed or endorsed by the publisher.
References
1. Hong Z, Huang Z, Chen Z, Kang M. Prognostic value of carcinoembryonic
antigen changes before and after operation for esophageal squamous cell
carcinoma. World J Surg. (2022) 46(11):2725–32. doi: 10.1007/s00268-022-
06672-0

2. van Hagen P, Hulshof MC, van Lanschot JJ, Steyerberg EW, van Berge
Henegouwen MI, Wijnhoven BP, et al. Preoperative chemoradiotherapy for
esophageal or junctional cancer. N Engl J Med. (2012) 366(22):2074–84. doi: 10.
1056/NEJMoa1112088

3. Yang H, Liu H, Chen Y, Zhu C, Fang W, Yu Z, et al. Neoadjuvant
chemoradiotherapy followed by surgery versus surgery alone for locally
advanced squamous cell carcinoma of the esophagus (NEOCRTEC5010): a
phase III multicenter, randomized, open-label clinical trial. J Clin Oncol. (2018)
36(27):2796–803. doi: 10.1200/JCO.2018.79.1483

4. Zhang Z, Hong ZN, Xie S, Lin W, Lin Y, Zhu J, et al. Neoadjuvant sintilimab
plus chemotherapy for locally advanced esophageal squamous cell carcinoma: a
single-arm, single-center, phase 2 trial (ESONICT-1). Ann Transl Med. (2021) 9
(21):1623. doi: 10.21037/atm-21-5381

5. Gao L, Lu J, Zhang P, Hong ZN, Kang M. Toripalimab combined with
docetaxel and cisplatin neoadjuvant therapy for locally advanced esophageal
squamous cell carcinoma: a single-center, single-arm clinical trial (ESONICT-
2). J Gastrointest Oncol. (2022) 13(2):478–87. doi: 10.21037/jgo-22-131

6. Bras Harriott C, Angeramo CA, Casas MA, Schlottmann F. Open versus
hybrid versus totally minimally invasive Ivor Lewis esophagectomy: systematic
review and meta-analysis. J Thorac Cardiovasc Surg. (2022) 164(6):e233–54.
doi: 10.1016/j.jtcvs.2021.12.051

7. Yun JP, Choi EK, Han KD, Park SH, Jung JH, Park SH, et al. Risk of atrial
fibrillation according to cancer type: a nationwide population-based study.
JACC CardioOncol. (2021) 3(2):221–32. doi: 10.1016/j.jaccao.2021.03.006

8. Seesing MFJ, Scheijmans JCG, Borggreve AS, van Hillegersberg R, Ruurda JP.
The predictive value of new-onset atrial fibrillation on postoperative morbidity
after esophagectomy. Dis Esophagus. (2018) 31(11). doi: 10.1093/dote/doy028

9. Schizas D, Kosmopoulos M, Giannopoulos S, Giannopoulos S, Kokkinidis
DG, Karampetsou N, et al. Meta-analysis of risk factors and complications
associated with atrial fibrillation after oesophagectomy. Br J Surg. (2019) 106
(5):534–47. doi: 10.1002/bjs.11128

10. Yamamoto C, Trayanova NA. Atrial fibrillation: insights from animal
models, computational modeling, and clinical studies. EBioMedicine. (2022)
85:104310. doi: 10.1016/j.ebiom.2022.104310

11. Rao VP, Addae-Boateng E, Barua A, Martin-Ucar AE, Duffy JP. Age and
neo-adjuvant chemotherapy increase the risk of atrial fibrillation following
oesophagectomy. Eur J Cardiothorac Surg. (2012) 42(3):438–43. doi: 10.1093/
ejcts/ezs085

12. Feng J, Wang L, Yang X, Chen Q, Cheng X. Pathologic complete response
prediction to neoadjuvant immunotherapy combined with chemotherapy in
resectable locally advanced esophageal squamous cell carcinoma: real-world
evidence from integrative inflammatory and nutritional scores. J Inflamm Res.
(2022) 15:3783–96. doi: 10.2147/JIR.S367964
13. Chebbout R, Heywood EG, Drake TM, Wild JRL, Lee J, Wilson M, et al. A
systematic review of the incidence of and risk factors for postoperative atrial
fibrillation following general surgery. Anaesthesia. (2018) 73(4):490–8. doi: 10.
1111/anae.14118

14. Nagatsuka Y, Sugimura K, Miyata H, Shinnno N, Asukai K, Hara H, et al.
Predictive value of preoperative echocardiographic assessment for postoperative
atrial fibrillation after esophagectomy for esophageal cancer. Esophagus. (2021)
18(3):496–503. doi: 10.1007/s10388-020-00804-y

15. Harada M, Van Wagoner DR, Nattel S. Role of inflammation in atrial
fibrillation pathophysiology and management. Circ J. (2015) 79(3):495–502.
doi: 10.1253/circj.CJ-15-0138

16. Zacharias A, Schwann TA, Riordan CJ, Durham SJ, Shah AS, Habib RH.
Obesity and risk of new-onset atrial fibrillation after cardiac surgery.
Circulation. (2005) 112(21):3247–55. doi: 10.1161/CIRCULATIONAHA.105.
553743

17. Wehner GJ, Jing L, Haggerty CM, Suever JD, Leader JB, Hartzel DN, et al.
Routinely reported ejection fraction and mortality in clinical practice: where does
the nadir of risk lie? Eur Heart J. (2020) 41(12):1249–57. doi: 10.1093/eurheartj/
ehz550

18. Paonessa JR, Brennan T, Pimentel M, Steinhaus D, Feng M, Celi LA.
Hyperdynamic left ventricular ejection fraction in the intensive care unit. Crit
Care. (2015) 19(1):288. doi: 10.1186/s13054-015-1012-8

19. Zhong X, Jiao H, Zhao D, Teng J. Association between serum albumin levels
and paroxysmal atrial fibrillation by gender in a Chinese population: a case-
control study. BMC Cardiovasc Disord. (2022) 22(1):387. doi: 10.1186/s12872-
022-02813-4

20. Liao LZ, Zhang SZ, Li WD, Liu Y, Li JP, Zhuang XD, et al. Serum albumin
and atrial fibrillation: insights from epidemiological and Mendelian
randomization studies. Eur J Epidemiol. (2020) 35(2):113–22. doi: 10.1007/
s10654-019-00583-6

21. Wang Y, Du P, Xiao Q, Li J, Liu X, Tan J, et al. Relationship between Serum
albumin and risk of atrial fibrillation: a dose-response meta-analysis. Front Nutr.
(2021) 8:728353. doi: 10.3389/fnut.2021.728353

22. Arques S. Serum albumin and cardiovascular disease: does low serum
albumin contribute to the emergence and worsening of some cardiovascular
diseases? Eur J Intern Med. (2020) 80:122–3. doi: 10.1016/j.ejim.2020.07.019

23. Nakatani D, Dohi T, Takeda T, Okada K, Sunaga A, Oeun B, et al.
Relationships of atrial fibrillation at diagnosis and type of atrial
fibrillation during follow-up with long-term outcomes for heart failure with
preserved ejection fraction. Circ Rep. (2022) 4(6):255–63. doi: 10.1253/circrep.
CR-22-0006

24. Imataka K, Nakaoka H, Kitahara Y, Fujii J, Ishibashi M, Yamaji T. Blood
hematocrit changes during paroxysmal atrial fibrillation. Am J Cardiol. (1987)
59(1):172–3. doi: 10.1016/s0002-9149(87)80099-1

25. Amar D. Postoperative atrial fibrillation: is there a need for prevention?
J Thorac Cardiovasc Surg. (2016) 151(4):913–5. doi: 10.1016/j.jtcvs.2015.09.041
frontiersin.org

https://doi.org/10.1007/s00268-022-06672-0
https://doi.org/10.1007/s00268-022-06672-0
https://doi.org/10.1056/NEJMoa1112088
https://doi.org/10.1056/NEJMoa1112088
https://doi.org/10.1200/JCO.2018.79.1483
https://doi.org/10.21037/atm-21-5381
https://doi.org/10.21037/jgo-22-131
https://doi.org/10.1016/j.jtcvs.2021.12.051
https://doi.org/10.1016/j.jaccao.2021.03.006
https://doi.org/10.1093/dote/doy028
https://doi.org/10.1002/bjs.11128
https://doi.org/10.1016/j.ebiom.2022.104310
https://doi.org/10.1093/ejcts/ezs085
https://doi.org/10.1093/ejcts/ezs085
https://doi.org/10.2147/JIR.S367964
https://doi.org/10.1111/anae.14118
https://doi.org/10.1111/anae.14118
https://doi.org/10.1007/s10388-020-00804-y
https://doi.org/10.1253/circj.CJ-15-0138
https://doi.org/10.1161/CIRCULATIONAHA.105.553743
https://doi.org/10.1161/CIRCULATIONAHA.105.553743
https://doi.org/10.1093/eurheartj/ehz550
https://doi.org/10.1093/eurheartj/ehz550
https://doi.org/10.1186/s13054-015-1012-8
https://doi.org/10.1186/s12872-022-02813-4
https://doi.org/10.1186/s12872-022-02813-4
https://doi.org/10.1007/s10654-019-00583-6
https://doi.org/10.1007/s10654-019-00583-6
https://doi.org/10.3389/fnut.2021.728353
https://doi.org/10.1016/j.ejim.2020.07.019
https://doi.org/10.1253/circrep.CR-22-0006
https://doi.org/10.1253/circrep.CR-22-0006
https://doi.org/10.1016/s0002-9149(87)80099-1
https://doi.org/10.1016/j.jtcvs.2015.09.041
https://doi.org/10.3389/fsurg.2022.1089930
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Predictive nomogram for postoperative atrial fibrillation in locally advanced esophageal squamous carcinoma cell with neoadjuvant treatment
	Introduction
	Materials and methods
	Patient selection
	Data collection and definition of variables
	Statistical analysis

	Results
	Comparisons of preoperative characteristics between the POAF and no POAF groups
	Screening predictive factors using LASSO logistic regression analysis
	Development and validation of a nomogram model

	Discussion
	Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


