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New- Onset Postoperative Atrial Fibrillation 
After Total Arch Repair Is Associated With 
Increased In- Hospital Mortality
Rui Zhao , MD*; Zhao Wang, MD*; Fangfang Cao, MD; Jian Song, MD; Shuya Fan, MD; Juntao Qiu, MD; 
Xiaohan Fan , MD; Cuntao Yu , MD

BACKGROUND: It is well established that postoperative atrial fibrillation (POAF) is associated with adverse postoperative out-
comes after major cardiac operations. The purpose of this study was to investigate the incidence of new- onset POAF after 
successful total arch repair surgery and the association between POAF and in- hospital mortality.

METHODS AND RESULTS: All consecutive patients undergoing total arch repair from September 2012 to December 2019 in Fuwai 
hospital were enrolled (n=1280). Patients diagnosed with preoperative atrial fibrillation were excluded. POAF was diagnosed as 
the new- onset atrial fibrillation or flutter for more than 5 minutes based on continuous electrocardiogram monitoring. A logistic 
regression model was used to determine predictors of in- hospital mortality. Multivariable adjustment, inverse probability of 
treatment weighting, and propensity score matching were used to adjust for confounders. POAF was diagnosed in 32.3% 
(411/1271) of this cohort population. The occurrence of new- onset POAF was associated with age (odds ratio [OR], 1.05; 95% 
CI, 1.04– 1.06; P<0.001), male sex (OR, 0.72; 95% CI, 0.52– 0.98; P=0.035), and surgery duration (OR, 1.2; 95% CI, 1.12– 1.28; 
P<0.001). The in- hospital mortality was significantly higher in patients with POAF than those without POAF (10.7% versus 
2.4%, P<0.001). Inverse probability of treatment weighting and propensity score matching analyses confirmed the results. The 
increased in- hospital mortality in POAF group still existed among subgroup analysis based on different age, sex, hypertension, 
smoking, and hypokalemia, combined with cardiac surgery, and deep hypothermic circulatory arrest.

CONCLUSIONS: More careful attention should be given to POAF after total arch repair surgery. The incidence of POAF after total 
arch repair surgery was 32.3% and associated with increased in- hospital mortality. The elderly female patient who experi-
enced longer operation duration was at highest risk for POAF.
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In complex aortic arch diseases, total arch repair (TAR) 
surgery remains challenging and presents a high risk 
of mortality and complications.1– 3 Atrial fibrillation is 

a common arrhythmia occurring after aortic surgery, 
with reported prevalence of 10% to 52.7%.4,5 Recently, 
studies have reported that postoperative atrial fibrillation 
(POAF) is associated with increased risk of mortality after 
cardiac surgery.6 However, results are not consistent in 

patients with aortic arch surgery.5,7,8 The present cohort 
study aimed to assess the prevalence of new- onset 
POAF and associated risk factors in patients undergoing 
TAR and the association between POAF and in- hospital 
mortality. The impact of POAF on in- hospital mortality 
was also evaluated by using multivariable adjustment, 
inverse probability of treatment weighting (IPTW), and 
propensity score matching (PSM).
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METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Population and Design
This retrospective, observational cohort study con-
secutively enrolled patients undergoing TAR from 
September 18, 2012 to December 31, 2019 in Fuwai 
hospital. As shown in Figure  1, a total of 1280 pa-
tients undergoing TAR surgery were included. After 
exclusion of 9 patients with a history of paroxysmal or 
persistent atrial fibrillation or atrial flutter before sur-
gery, 1271 patients were finally included in this study, 
of whom 1254 were diagnosed with aortic dissec-
tion, 12 with intramural hematoma, and 5 with aortic 
aneurysm. The informed consent on receiving TAR 
surgery was obtained from all patients. This  study 
complies with the Declaration of Helsinki. The eth-
ics committee had approved the research proto-
col, and the institutional review board allowed us to 
waive the requirement for obtaining informed con-
sent to the study because the data are acquired for 
routine patient care and all data used for this study 
were acquired for clinical purposes and handled 
anonymously.

Data Collection and Clinical Variables 
Definition
Clinical data, surgical characteristics, and in- hospital 
outcomes were collected from electronic medical 
records. Continuous electrocardiogram monitoring 
was used to identify the cardiac rhythm. The occur-
rence of arrhythmia was evaluated by at least 1 phy-
sician and 1 electrophysiologist. POAF was defined 
as the occurrence of atrial fibrillation or atrial flutter 
lasting at least 5 minutes after surgery procedure ac-
cording to the Society of Thoracic Surgeons National 
database definition (available at http://sts.org). 9In- 
hospital mortality was defined as all- cause death 
during the hospitalization. Stroke was defined as a 
persistent central neurologic deficit (focal or gener-
alized), as assessed by 1 neurologist. Reexploration 
was defined as reexploration for bleeding within the 
first 24 postoperative hours. Sepsis was defined as 
systemic vasodilation associated with evidence of 
infection. Acute kidney insufficiency was defined as 
serum creatinine increased by >1.5 times baseline 
values, glomerular filtration rate decrease by >25%, 
or urine output <0.5 mL/kg/h for 6 hours, and hepatic 
failure manifested as metabolic acidosis or increased 
lactate or prothrombin time, requiring general sur-
geon consultation according to the International 
Aortic Arch Surgery Study Group.10 In our center, 2 
TAR surgical modalities are mainly applied, namely 
frozen elephant trunk and hybrid TAR. The specific 
surgical methods have been introduced.1

Statistical Analysis
Continuous variables with normal distribution were ex-
pressed as mean±SD and compared using the t test. 
Nonnormally distributed continuous data were sum-
marized as median (interquartile range) and compared 
using the Mann- Whitney test. Categorical variables 
were expressed as counts and composition ratio and 
were compared using the chi- square test or Fisher 
exact test as appropriate. A logistic regression model 
was used to determine predictors of in- hospital mor-
tality based on the baseline characteristics. Univariate 
analysis evaluated possible perioperative predictors 
for in- hospital mortality. Identified univariate predictors 
were subjected to multivariate analysis to yield the best 
predictive model. Findings of P value less than 0.05 
were considered significant.

Moreover, IPTW, PSM, and subgroup analysis were 
performed as sensitivity analysis. PSM was performed 
between POAF group and non- POAF group. We used 
a multivariable logistic regression model to estimate 
propensity scores, with POAF as the dependent vari-
able and the following factors as covariates: age, sex, 
body mass index, Marfan syndrome, family history of 
coronary artery disease, hypertension, hyperlipidemia, 

CLINICAL PERSPECTIVE

What Is New?
• This retrospective study showed that the inci-

dence of postoperative atrial fibrillation after total 
arch repair surgery was not uncommon and as-
sociated with increased in- hospital mortality.

• The elderly female patient who experienced 
longer operation duration was at highest risk for 
postoperative atrial fibrillation.

What Are the Clinical Implications?
• These results suggest more careful attention 

should be given to postoperative atrial fibrilla-
tion after total arch repair.

Nonstandard Abbreviations and Acronyms

CPB cardiopulmonary bypass
IPTW inverse probability of treatment weighting
POAF postoperative atrial fibrillation
PSM propensity score matching
TAR total arch repair

http://sts.org
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diabetes mellitus, chronic obstructive pulmonary dis-
ease, chronic kidney disease, current smoker, he-
moglobin, white blood cell, platelets, left ventricular 
ejection fraction, hypokalemia, left atrial diameter, 
surgery type, surgery time, cardiopulmonary bypass 
(CPB) time, cross- clamp time, deep hypothermic cir-
culatory arrest time, minimum operating temperature, 
standard Euro- score. PSM was performed using the 
nearest neighbor matching algorithm and a 1:1 ratio. 
IPTW was performed by using the same covariates in 
PSM. Standardized difference less than 0.1 indicated 
good balance after PSM and IPTW. All analyses were 
performed by R 4.0.4 and SPSS Statistics Version 25 
(IBM Corp., Armonk, NY).

RESULTS
The Occurrence and Associated Risk 
Factors of POAF
A total of 411 (32.3%) patients was diagnosed as POAF 
in this cohort population. The demographic, surgical, 
and preoperative characteristics were presented in 
Table 1. Patients with POAF were older (53.66±10.86 
versus 47.97±11.15, P<0.001), and suffered longer 

surgery time, CPB time, and cross- clamp time. Most 
other clinical characteristics did not differ significantly. 
Advanced age (odds ratio [OR], 1.05; 95% CI, 1.04– 
1.06; P<0.001), male sex (OR, 0.72; 95% CI, 0.52– 0.98; 
P=0.035), and longer operation time (OR, 1.2; 95% CI, 
1.12– 1.28; P<0.001) were the risk factors associated 
with POAF by multivariate logistic regression analysis 
(Table 2).

Clinical Outcomes
As shown in, Table 3 demonstrates the postopera-
tive complications and clinical outcomes. Patients 
with POAF had higher in- hospital mortality (10.7% 
versus 2.4%, P<0.001), longer length of stay (14 [11, 
20] versus 12 [9, 17] days, P<0.001), and higher in-
cidence of complications including pulmonary infec-
tion, acute kidney insufficiency, and acute hepatic 
failure. The unadjusted OR for in- hospital mortal-
ity of POAF group versus non- POAF group derived 
by logistic regression was 4.79 (95% CI, 2.81– 8.17; 
P<0.001). After adjusting for covariates including age, 
sex, hyperlipidemia, chronic kidney disease, platelet, 
deep hypothermic circulatory arrest, surgery time, 
CPB time, perioperative stroke, sepsis, pulmonary 

Figure 1. Study design: summary of inclusion and exclusion criteria.
AF indicates atrial fibrillation; IPTW, inverse probability of treatment weighting; POAF, postoperative atrial fibrillation; PSM, propensity 
score matching; and TAR, total arch repair.
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infection, acute kidney insufficiency, acute hepatic 
failure, and reexploration, POAF was still an inde-
pendent risk factor of in- hospital mortality (OR, 2.53; 
95% CI, 1.39– 4.70; P=0.003). Detail of logistic re-
gression for primary outcomes are shown in Table 4.

PSM, Propensity Score Weighting, and 
Subgroup Analysis
To control for baseline differences and corroborate 
the result, we matched 411 patients with POAF and 
411 without it. After PSM, POAF group showed higher 

Table 1. Characteristics of 1271 Patients Undergoing TAR Surgery from 2012 to 2019

Variable Non- POAF POAF

P ValueNo. of patients n=860 n=411

Age, y 47.97±11.15 53.66±10.86 <0.001

Male sex, n (%) 658 (76.5) 279 (67.9) 0.001

Body mass index, kg/m2 25.84 (23.40– 28.40) 25.97 (23.69– 28.08) 0.474

Marfan syndrome, n (%) 37 (4.3) 5 (1.2) 0.007

Aortic family history, n (%) 24 (2.8) 7 (1.7) 0.326

Hypertension, n (%) 679 (79.0) 341 (83.0) 0.108

Hyperlipidemia, n (%) 208 (24.2) 111 (27.0) 0.31

Diabetes mellitus, n (%) 31 (3.6) 13 (3.2) 0.811

Chronic obstructive pulmonary disease, 
n (%)

7 (0.8) 4 (1.0) >.99

Chronic kidney disease, n (%) 20 (2.3) 17 (4.1) 0.106

Current smoker, n (%) 357 (41.5) 165 (40.1) 0.688

Hemoglobin, g/L 136.00 (123.75– 147.00) 133.00 (120.00– 145.00) 0.009

White blood cell, ×109 11.03 (8.48– 13.62) 10.88 (8.57– 13.82) 0.968

Platelet, ×109 181.00 (147.00– 228.00) 167.00 (137.00– 210.00) <0.001

Left ventricular ejection fraction, % 60.00 (59.00– 62.00) 60.00 (58.00– 62.00) 0.798

Hypokalemia, n (%) 114 (13.3) 49 (11.9) 0.565

Left atrial diameter, mm 35.00 (32.00– 38.00) 35.00 (32.00– 38.00) 0.625

Combined with cardiac surgery, n (%) 316 (36.7) 164 (39.9) 0.306

DHCA, n (%) 746 (86.7) 334 (81.3) 0.013

Surgery time, h 6.25 (5.42– 7.50) 6.75 (5.82– 8.03) <0.001

Cardiopulmonary bypass time, min 168.00 (140.00– 200.00) 186.00 (143.50– 227.00) <0.001

Cross- clamp time, min 97.00 (79.00– 119.00) 104.00 (81.00– 131.00) 0.002

DHCA time, min 18.00 (13.00– 22.00) 18.00 (10.00– 23.00) 0.751

Minimum operating temperature, °C 23.92 (19.40– 25.51) 24.08 (18.90– 26.24) 0.771

Euro- score 7.00 (5.00– 8.00) 7.00 (4.00– 8.00) 0.128

DHCA indicates deep hypothermic circulatory arrest; POAF, postoperative atrial fibrillation; and TAR, total arch repair.

Table 2. Univariate and Multivariate Risk Factors for AF

Risk factor

Univariate analysis Multivariate analysis

OR 95% CI P Value OR 95% CI P Value

Age, y 1.05 1.04– 1.06 <0.001 1.05 1.05– 1.03 <0.001

Male sex 0.65 0.5– 0.84 0.001 0.72 0.52– 0.98 0.035

Marfan syndrome 0.27 0.11– 0.70 0.007 0.5 0.19– 1.31 0.181

Hemoglobin, g/L 0.99 0.99– 1.00 0.012 1.00 0.99– 1.01 0.716

Platelet, ×109 1.0 1.0– 1.0 0.004 1 1– 1.00 0.131

Deep hypothermic circulatory arrest 0.66 0.48– 0.91 0.011 1.28 0.86– 1.91 0.088

Surgery time, h 1.18 1.11– 1.26 <0.001 1.17 1.12– 1.28 <0.001

Cardiopulmonary bypass time, min 1.00 1.00– 1.01 <0.001 1.00 1.00– 1.00 0.259

Cross clamp time, min 1.00 1.00– 1.01 0.003 1.00 1.00– 1.00 0.319

AF indicates atrial fibrillation; and OR, odds ratio.
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in- hospital mortality than non- POAF group (OR, 1.08; 
95% CI, 1.05– 1.19; P<0.001). Decreased sample size 
after PSM might weak the statistical power and not 
all covariates were well balanced. To overcome this 
sample size limitation, we further performed propen-
sity score weighting by IPTW method using the same 
covariates in PSM. After IPTW, the standardized differ-
ences of almost all the covariates were <10%, indicat-
ing covariates were well balanced (Figure 2). As shown 
in Table  4, weighted logistic regression still showed 
significant higher in- hospital mortality in diffuse POAF 
group (OR, 1.04; 95% CI, 1.03– 1.08; P<0.001). Detailed 
characteristics of the study cohort after PSM and IPTW 
were shown in Tables S1– S4. Subgroup analyses de-
fined by age, sex, hypertension, smoking, and hy-
pokalemia, combined with cardiac surgery, and deep 
hypothermic circulatory arrest between POAF group 
and non- POAF group were performed (Figure 3). The 
trend toward increased risk of in- hospital mortality in 
POAF group was consistently obtained among all sub-
groups and no significant interaction effect was found.

DISCUSSION
Our analysis results revealed that the incidence of 
POAF after TAR surgery was 32.3% and significant risk 
of in- hospital mortality in POAF group than non- POAF 

group. The higher mortality was consistent in propen-
sity score matched cohort, propensity score weighted 
analysis, and subgroup analysis.

Although the literature is replete with studies of 
the effect of POAF after cardiac surgery, the data are 
sparse in the arena of aortic arch surgery. Only a hand-
ful of studies have examined this topic. Matsuura et al 
found a 52.7% incidence of POAF after TAR surgery 
(N=459) and the survival rate was not different be-
tween the patients with or without POAF.5 In another 
review of patients with TAR surgery requiring deep hy-
pothermic circulatory arrest (N=144) found that POAF 
is common but does not independently increase mor-
tality.8 These are the only 2 studies dedicated to the 
evaluation of POAF after TAR. TAR surgery is one of 
the most challenging operations in the field of cardiac 
surgery. But strangely, adverse effects of new- onset 
POAF after other cardiac surgery have been increas-
ingly recognized. Mariscalco and Engström studied 
1832 patients undergoing isolated coronary artery by-
pass graft surgery and reported that POAF occurred 
in 31% of the study subjects and was associated with 
increased long- term mortality.11 Blanco et al found 
that POAF after revascularization of abdominal aorta 
and its branches was associated with increased inpa-
tient mortality and 1- year mortality.12 According to the 
American Association for Thoracic Surgery guideline 

Table 3. Clinical Outcomes and Postoperative Complications

Variable No- POAF POAF

P ValueNo. of patients n=860 n=411

In- hospital mortality, n (%) 21 (2.4) 44 (10.7) <0.001

Expenses, yuan 168704.60 (147621.22– 225067.13) 230767.92 (177005.94– 310158.41) <0.001

Hospital length of stay, d 12 (9– 17) 14 (11– 20) <0.001

Intensive care unit time, h 72.00 (48.00– 120.00) 144.00 (96.00– 264.00) <0.001

Mechanical ventilation time, h 16.23 (9.54– 33.96) 34.22 (12.71– 91.47) <0.001

Perioperative stroke, n (%) 27 (3.1) 27 (6.6) 0.007

Sepsis, n (%) 4 (0.5) 16 (3.9) <0.001

Pulmonary infection, n (%) 31 (3.6) 43 (10.5) <0.001

Acute kidney injury, n (%) 201 (23.4) 186 (45.3) <0.001

Acute hepatic failure, n (%) 10 (1.2) 32 (7.8) <0.001

Re- exploration, n (%) 21 (2.4) 31 (7.5) <0.001

POAF indicates postoperative atrial fibrillation.

Table 4. Summary of Clinical Outcomes and OR for POAF Group

Type analysis

Sample size In- hospital mortality

No- POAF POAF No. (%) OR (95% CI) P Value

Unadjusted 860 411 21 vs 44 (2.4% vs 10.7%) 4.79 (2.81– 8.17) <0.001

Matched 411 411 12 vs 44 (2.9% vs 10.7%) 1.08 (1.05– 1.19) <0.001

Weighted 864.62 401.75 30.9 vs 35.1 (3.6% vs 8.7%) 1.04 (1.03– 1.08) <0.001

Multivariable 860 411 21 vs 44 (2.4% vs 10.7%) 2.53 (1.39– 4.70) 0.003

OR indicates odds ratio; and POAF, postoperative atrial fibrillation.
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for prevention and management of perioperative atrial 
fibrillation and flutter for thoracic surgical procedures, 
the incidence of POAF was more than 15% after some 
high- risk thoracic procedures and POAF was asso-
ciated with increased mortality.13 Even in noncardiac 
surgery, POAF was not uncommon and also associ-
ated with increased mortality and cost.14 As for cardiac 
surgery, a recent meta- analysis of 239 018 patients 
showed that POAF occurred in 25.5% of patients and 
was associated with significantly higher rates of early 
mortality (OR, 1.74; P<0.001).6 In another review, POAF 
occurred in around 35% of cardiac surgery cases 
and had been identified a 2- fold increase in all- cause 
30- day and 6- month mortality.15 However, our find-
ings revealed that the onset of POAF after TAR was 
nearly identical to this review and also associated with 
increased in- hospital mortality. As our sample size is 
larger, the results are different from those of the previ-
ous 2 studies. Also, this adverse association between 

POAF and outcomes results in higher cost of care. In 
our study, the propensity score matching and IPTW 
analyses resulted in a substantially lower OR for POAF 
than the original analysis (OR, 1.08 or 1.04 versus 
2.53). These results indicate that some clinical factors 
may have an impact on both the in- hospital mortality 
and the occurrence of POAF, such as age, the opera-
tion time, chronic obstructive pulmonary disease, and 
so on. The PSM and IPTW analyses could strip off the 
influence of other clinical factors and then demonstrate 
the impact of POAF alone on clinical outcomes.

Therefore, the current research results increasingly 
emphasize the need to pay attention to the risk factor 
of POAF. In the current study, increasing age, female 
sex, and longer surgery time were the strongest factors 
associated with POAF. Advanced age is the most re-
ported and widely accepted risk factor for POAF.5,8,16,17 
Surgical trauma, ischemia from the CPB, and circula-
tory arrest during TAR surgery lead to oxidative stress 

Figure 2. Covariate balance in the study cohort.
BMI indicates body mass index; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary 
bypass; DHCA, deep hypothermic circulatory arrest; LVEF, left ventricular ejection fraction; SMD, standardized mean difference; and 
WBC, white blood cell.
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and the production of proinflammatory molecules, and 
the aging process leads to a loss of myocardial fibers, 
increased fibrosis and collagen deposition in the atria, 
particularly near the sinoatrial node, which alters atrial 
electrical properties.18 Therefore, age- related physio-
logical changes are a “setup” for POAF. However, in 
our subgroup analysis, POAF was associated with 
mortality in all age groups; thus we must pay enough 
attention to POAF, regardless of the patient’s age. 
Another risk factor associated with POAF in our study 
was the female sex. There are conflicting data as to 
whether or not sex plays a role in the association of 
various risk factors and the development of atrial fibril-
lation.19 Men develop postoperative atrial fibrillation at 
higher rates than do women.20 But many studies had 
showed that women had higher 30- day mortality than 
men after acute aortic repair, a sex difference that re-
mained after age adjustment.21TAR surgery is a very 
challenging procedure, and many patients undergo 
a long- time surgical procedure. Some studies have 
shown that CPB and aortic cross- clamp duration have 
consistently been associated with POAF in coronary 
artery bypass graft surgery.20,22 But we did not find this 
in our study, even when we did a subgroup analysis of 

surgery with combined cardiac surgery. But both of 
these factors are involved in the operation time. Longer 
surgery duration may result in more severe ischemia 
and inflammation, which are related to the mechanism 
of POAF.

In addition, we also included some factors that 
might be related to POAF in our study. The most re-
cent preoperative serum potassium was recorded, 
but hypokalemia (a serum potassium level below 
3.5 mmol/L) was not associated with the occurrence 
of POAF. Even if hypokalemia leads to cellular hyper-
polarization, higher resting potential, increased auto-
maticity and excitability, and ventricular arrhythmias, 
recent data call into question the widely held assump-
tion that hypokalemia contributes to POAF.15,23,24 We 
also included postoperative organ damage such as 
renal insufficiency, liver failure, and pulmonary infec-
tion, but they did not cover up the influence of POAF 
after TAR on prognosis.

As the Augoustides et al8 have mentioned in pre-
vious studies 15 years ago, despite advances in the 
conduct of TAR, there remains a substantial risk of 
perioperative organ damage. These entities most 
likely obscure the effects of POAF on outcome; 

Figure 3. In- hospital mortality of POAF in subgroup analysis.
The pooled odds ratio (OR) presented graphically as a purple diamond, where the center of the diamond is the overall estimate and 
the width of the diamond is the overall confidence. The OR of each subgroup is presented in green squares and 95% CI is presented 
by a horizontal black line. POAF indicates postoperative atrial fibrillation.



J Am Heart Assoc. 2021;10:e021980. DOI: 10.1161/JAHA.121.021980 8

Zhao et al Atrial Fibrillation After Total Arch Repair

perhaps, with continuing advances, outcomes will 
continue to improve, and the effects of POAF will be-
come apparent, as has happened for coronary artery 
bypass surgery. The association of advanced age, fe-
male sex, and prolonged surgery duration with POAF 
indicated that elderly female patients with compli-
cated aortic disease should be concerned about 
prophylactic measures to prevent the occurrence of 
POAF. Our study also raised a concern about POAF: 
whether taking measures to prevent the occurrence 
of POAF before or during surgery procedure could 
be useful to reduce in- hospital mortality. The poten-
tial benefit of prophylactic preventing POAF should 
be investigated in future studies.

This study has some limitations. First of all, a large 
proportion of these patients were diagnosed with 
aortic dissection, and many preoperative outcomes 
were missing because of the urgency of the condi-
tion, that is why we did not review preoperative serum 
magnesium levels. Second, because of the limitation 
of the database, we did not get the specific time of 
POAF, nor did we know the sequence of POAF and 
other complications. Therefore, we included only pre-
operative and intraoperative factors in the risk factor 
analysis of POAF. Finally, our study design could not 
determine the definite association between POAF and 
the increased mortality because this was a retrospec-
tive study. In our study, we observed an increased oc-
currence of stroke in the POAF group (3.3% versus 
6.6%, P=0.007). And stroke was an independent risk 
factor for increased in- hospital mortality. In addition, 
anticoagulation therapy might increase the risk of 
bleeding, which affect the clinical outcomes in patients 
with POAF. POAF may also worsen heart failure be-
cause of uncontrolled tachycardia or irregular rhythm. 
Therefore, future long- term follow- up data might be 
helpful to determine whether POAF is a marker or a 
main cause of increased in- hospital mortality.

CONCLUSIONS
We have reported that the incidence of POAF after 
TAR surgery was 32.3% and associated with in-
creased in- hospital mortality. In addition, the elderly 
female patient who experienced longer operation du-
ration was at highest risk for POAF. Therefore, more 
careful attention should be given to treat patients 
with POAF.
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Table S1. Baseline Characteristics after propensity score matched. 

Variable No-POAF POAF P value 

No. of patients N=411 N=411  

Age, y  53.65±9.95 53.66±10.86 0.987 

Male sex, n (%) 293(71.3) 279(67.9) 0.324 

BMI (kg/m2) 26.12[24.19,28.72] 25.97[23.69,28.08] 0.271 

Marfan syndrome, n (%) 2(0.5) 5(1.2) 0.448 

Aortic family history, n (%) 6(1.5) 7(1.7) 1 

Hypertension, n (%) 345(83.9) 341(83.0) 0.778 

Hyperlipidemia, n (%) 101(24.6) 111(27.0) 0.473 

Diabetes mellitus, n (%) 16(3.9) 13(3.2) 0.705 

COPD, n (%) 6(1.5) 4(1.0) 0.75 

CKD, n (%) 13(3.2) 17(4.1) 0.577 

Current smoker, n (%) 163(39.7) 165(40.1) 0.943 

Hemoglobin, g/L  133.00[122.00,144.00] 133.00[120.00,145.00] 0.978 

WBC,×109  11.13[8.77,13.38] 10.88[8.57,13.82] 0.803 

Platelet, ×109  172.00[139.00,207.00] 167.00[137.00,210.00] 0.526 

LVEF, % 60.00[59.00,62.00] 60.00[58.00,62.00] 0.791 

Hypokalemia, n (%) 52(12.7) 49(11.9) 0.832 

LAD, mm  35.00[32.00,38.00] 35.00[32.00,38.00] 0.58 

Combined with cardiac 

surgery, n (%) 

156(38.0) 164(39.9) 0.617 



DHCA, n (%) 331(80.5) 334(81.3) 0.859 

Surgery time, h  6.67[5.73,7.77] 6.75[5.82,8.03] 0.216 

CPB time, min  178.00[144.50,210.50] 186.00[143.50,227.00] 0.082 

Cross-clamp time, min 100.00[81.00,122.00] 104.00[81.00,131.00] 0.147 

DHCA time, min  17.00[10.00,23.00] 18.00[10.00,23.00] 0.54 

Minimum operating 

temperature,℃  

24.00[19.05,26.29] 24.08[18.90,26.24] 0.866 

Euro-score  7.00[5.00,8.00] 7.00[4.00,8.00] 0.743 

BMI, body mass index; COPD, chronic obstructive pulmonary disease; CKD, chronic 

kidney disease; WBC, white blood cell; LVEF, left ventricular ejection fraction; LAD, 

Left Atrial Diameter; DHCA, deep hypothermic circulatory arrest; CPB, 

cardiopulmonary bypass 



Table S2. Clinical outcomes and postoperative complications after propensity 

score matched. 

Variable No-POAF POAF P value 

No. of patients N=411 N=411  

In-hospital mortality, n 

(%) 

12 (2.9) 44 (10.7) <0.001 

Expenses, yuan  

180477.35 [151588.71, 

251201.10] 

230767.92 [177005.94, 

310158.41] 

<0.001 

Hospital LOS, d  13 [10, 17] 14.00 [11, 20] <0.001 

ICU time, hour  96.00 [48.00, 120.00] 144.00 [96.00, 264.00] <0.001 

Mechanical ventilation 

time, h 

17.92 [10.17, 38.92] 34.22 [12.71, 91.47] <0.001 

Perioperative stroke, n (%)  17(4.1) 27(6.6) 0.163 

Sepsis, n (%)  3(0.7) 16(3.9) 0.005 

Pulmonary infection, n 

(%)  

20(4.9) 43(10.5) 0.004 

AKI, n (%)  102(24.8) 186(45.3) <0.001 

AHF, n (%)  7(1.7) 32(7.8) <0.001 

Re-exploration, n (%)  10(2.4) 31(7.5) 0.001 

LOS, length of stay; ICU, Intensive Care Unit; AKI, acute kidney injury; AHF, acute 

hepatic failure 

 



Table S3. Baseline Characteristics after propensity score weighted. 

Variable No-POAF POAF P value 

No. of patients N= 864.62 N= 401.75  

Age, y  49.84±11.26 50.43 ±11.07 0.429 

Male sex, n (%) 641.8(74.2) 298.1(74.2) 0.993 

BMI (kg/m2) 25.95[23.44,28.41] 26.09[23.65,28.02] 0.755 

Marfan syndrome, n (%) 28.2(3.3) 8.8(2.2) 0.427 

Aortic family history, n (%) 21.0(2.4) 8.4(2.1) 0.74 

Hypertension, n (%) 692.4(80.1) 321.6(80.0) 0.991 

Hyperlipidemia, n (%) 213.5(24.7) 96.9(24.1) 0.83 

Diabetes mellitus, n (%) 29.0(3.4) 12.3(3.1) 0.79 

COPD, n (%) 7.6(0.9) 3.5(0.9) 0.999 

CKD, n (%) 25.5(2.9) 12.9(3.2) 0.812 

Current smoker, n (%) 355.4(41.1) 166.2(41.4) 0.933 

Hemoglobin, g/L  135.00[122.90,147.00] 136.00[122.00,147.00] 0.641 

WBC,×109  11.11[8.51,13.63] 10.90[8.62,13.90] 0.99 

Platelet, ×109  179.00[144.00,222.00] 171.00[139.00,217.95] 0.356 

LVEF, % 60.00[59.00,62.00] 60.00[58.00,63.00] 0.323 

Hypokalemia, n (%) 112.4(13.0) 47.8(11.9) 0.6 

LAD, mm  35.00[32.00,38.00] 35.00[32.00,38.00] 0.95 

Combined with cardiac 

surgery, n (%) 

330.4(38.2) 151.8(37.8) 0.891 



DHCA, n (%) 734.2(84.9) 338.1(84.2) 0.731 

Surgery time, h  6.50[5.50,7.67] 6.53[5.58,7.67] 0.51 

CPB time, min  172.00[141.00,205.00] 176.00[137.00,216.00] 0.452 

Cross-clamp time, min 99.00[81.00,122.00] 100.00[79.00,124.93] 0.676 

DHCA time, min  18.00[12.00,22.00] 17.45[12.00,22.00] 0.9 

Minimum operating 

temperature,℃  

23.94[19.20,25.60] 24.15[19.29,25.66] 0.709 

Euro-score  7.00[5.00,8.00] 7.00[5.00,8.00] 0.601 

BMI, body mass index; COPD, chronic obstructive pulmonary disease; CKD, chronic 

kidney disease; WBC, white blood cell; LVEF, left ventricular ejection fraction; LAD, 

Left Atrial Diameter; DHCA, deep hypothermic circulatory arrest; CPB, 

cardiopulmonary bypass 

 



Table S4. Clinical outcomes and postoperative complications after propensity 

score weighted. 

Variable No-POAF POAF P value 

No. of patients N= 864.62 N= 401.75  

In-hospital mortality, n 

(%) 

30.9 (3.6) 35.1 (8.7) 0.001 

Expenses, yuan  

172267.65 [149068.35, 

234074.12] 

219410.48 [170047.05, 

292173.38] 

<0.001 

Hospital LOS, d  12 [9, 17] 14 [10, 20] <0.001 

ICU time, hour  72.00 [48.00, 120.00] 120.00 [72.00, 240.00] <0.001 

Mechanical ventilation 

time, h 

17.58 [10.04, 36.39] 25.34 [12.57, 79.41] <0.001 

Perioperative stroke, n (%)  30.0(3.5) 26.5(6.6) 0.021 

Sepsis, n (%)  4.4(0.5) 14.9(3.7) <0.001 

Pulmonary infection, n 

(%)  

37.6(4.4) 36.5(9.1) 0.002 

AKI, n (%)  218.5(25.3) 172.5(42.9) <0.001 

AHF, n (%)  12.8(1.5) 29.4(7.3) <0.001 

Re-exploration, n (%)  21.6(2.5) 31.8(7.9) <0.001 

LOS, length of stay; ICU, Intensive Care Unit; AKI, acute kidney injury; AHF, acute 

hepatic failure 

 


