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Abstract

Background: Postoperative atrial fibrillation (POAF) frequently complicates cardiac surgery. Predicting
POAF can guide interventions to prevent its onset. This study assessed the incidence, risk factors, and re-
lated adverse outcomes of POAF after cardiac surgery.

Methods: A cohort of 1,606 patients undergoing cardiac surgery at a tertiary referral center was analyzed.
Postoperative AF was defined based on the Society of Thoracic Surgeons’ criteria: AF/atrial flutter after op-
erating room exit that either lasted longer than 1 hour or required medical or procedural intervention. Risk
factors for POAF were evaluated, and the performance of established risk scores (POAF, HATCH, COM-AF,
CHA,DS,-VASc, and Society of Thoracic Surgeons risk scores) in predicting POAF was assessed using dis-
crimination (area under the receiver operator characteristics curve) analysis. The association of POAF with
secondary outcomes, including length of hospital stay, ventilator time, and discharge to rehabilitation facili-
ties, was evaluated using adjusted linear and logistic regression models.

Results: The incidence of POAF was 32.2% (n = 517). Patients who developed POAF were older, had tradi-
tional cardiovascular risk factors and higher Society of Thoracic Surgeons risk scores, and often underwent
valve surgery. The POAF risk score demonstrated the highest area under the receiver operator characteris-
tics curve (0.65), but risk scores generally underperformed. Postoperative AF was associated with extended
hospital stays, longer ventilator use, and higher likelihood of discharge to rehabilitation facilities (odds ratio,
2.30; 95% Cl, 1.73-3.08).

Conclusion: This study observed a high incidence of POAF following cardiac surgery and its association
with increased morbidity and resource utilization. Accurate POAF prediction remains elusive, emphasizing
the need for better risk-prediction methods and tailored interventions to diminish the effect of POAF on
patient outcomes.
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Introduction

rrhythmias are common complications after

cardiac surgery, with postoperative atrial fi-

brillation (POAF) being the most frequently
observed arrhythmia.' The incidence rate of POAF
ranges from 20% to 50%, depending on factors such
as the type of surgery, patient population, and criteria
used for diagnosis.”* Notably, POAF has been associ-
ated with increased morbidity, mortality, and health
care costs. Patients who develop POAF are at a higher
risk of experiencing complications such as stroke, heart
failure (HF), and prolonged hospital stays.” Moreover,
POAF has been linked to long-term adverse outcomes,
including a greater risk of recurrence of AF/atrial flut-
ter and increased mortality.* The accurate prediction of
POAF can help guide therapy and facilitate targeted
interventions to prevent its occurrence.” Several estab-
lished risk scores, such as the POAF, HATCH, and
COM-AF scores, have been developed to help identify
patients at risk for developing POAFE.*" Early iden-
tification of patients at risk for POAF allows for the
timely initiation of prophylactic measures, such as the
use of B-blockers, amiodarone, or other antiarthythmic
drugs, which have been shown to reduce the incidence
of POAF." The comparative performance of each risk
score, however—in addition to general AF risk scores,
such as the Society of Thoracic Surgeons (STS) score
and the congestive HF, hypertension, age 275 years,
diabetes, stroke or transient ischemic attack, vascular
disease, age 65-74 years, sex category (CHA,DS,-VASc)
score—in predicting POAF is unknown.""

The present study examined the incidence of POAF, the
accuracy of POAF risk scores, and in-hospital adverse
outcomes of POAF among patients who underwent car-
diac surgery in a large tertiary referral hospital.

Patients and Methods

Study Population

This study used deidentified data from patients un-
dergoing cardiac surgery at Baylor St Luke’s Medical
Center, a large tertiary referral hospital, and data stored
in the STS Adult Cardiac Surgery Database. The STS
database is a national registry that was established in
1989 to collect and analyze clinical data on adult car-
diac surgery procedures; it represents a collaboration
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Key Points

e The incidence of POAF in this study was 32.2%
(n = 517) of 1,606 patients who underwent
cardiac surgery. Patients who developed POAF
were 7 years older on average than patients
without POAF and had traditional cardiovascu-
lar risk factors, higher STS risk scores, and a
greater likelihood of undergoing valve surgery.

o Risk scores demonstrated poor performance
in predicting POAF, with the highest AUROC of
0.65 coming from the POAF risk score, though
it showed greater utility in risk stratification for
patients with scores of 5 or more.

o Development of POAF was associated with
significantly longer hospital LOS, increased
ventilator time, and greater odds of being dis-
charged to rehabilitation facilities, thereby em-
phasizing the need for improved risk-prediction
tools and targeted interventions to prevent or
mitigate POAF’s impact on patient outcomes.

Abbreviations and Acronyms

AF atrial fibrillation

AUROC area under the receiver operator
characteristic curve

CHA,DS,-VASc congestive heart failure, hyper-
tension, age =75 years, diabetes,
stroke or transient ischemic at-
tack, vascular disease, age 65-74
years, sex category

COPD chronic obstructive pulmonary
disease

HF heart failure

LOS length of stay

POAF postoperative atrial fibrillation

STS Society of Thoracic Surgeons

between STS and more than 90% of the adult cardiac
surgery centers in the United States, with the primary
goal of improving the quality of patient care and out-
comes.* The STS database’s data collection methods
are standardized and rely on a detailed set of data ele-
ments, definitions, and specifications that are updated
periodically to reflect advances in surgical techniques
and clinical practice."*” The present study included
data from patients undergoing cardiac surgery between
January 4, 2016, and December 12, 2022. Participants
who were on antiarrhythmic medications at baseline,
had a history of AF, or had a prior history of supraven-
tricular arrthythmias were excluded. The present study
was considered exempt from institutional review board
review by CommonSpirit Health Research Institute

(IRB00009715).
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Outcomes

The primary outcome of interest in this study was the
development of POAF. Based on the STS database
definition, POAF in this study occurred when a pa-
tient experienced AF/atrial fibrillation after exiting the
operating room that either lasted longer than 1 hour
or required a medical or procedural intervention (car-
dioversion, ablation, or medication); this definition
excluded those patients already in AF at the start of sur-
gery. In addition to the primary outcome of POAF, the
study assessed several clinical outcomes of interest, in-
cluding the total amount of time a patient was on a ven-
tilator after surgery, the patient’s length of stay (LOS) in
the hospital, and whether the patient was discharged to
a rehabilitation facility.

Risk Scores

This study evaluated several established risk scores for
predicting POAF. The POAF score predicts the inci-
dence of POAF based on variables including age, his-
tory of AF, and history of valvular heart disease, with
scores ranging from 0 to 7.* The HATCH score predicts
the risk of progression from paroxysmal to persistent
AF, incorporating factors such as hypertension, age,
previous transient ischemic attack or stroke, chronic
obstructive pulmonary disease, and HF, with scores
ranging from 0 to 5.” The COM-AF score estimates the
risk of AF occurrence after cardiac surgery, taking into
account variables such as age, sex, HF, hypertension,
diabetes, and previous stroke, with scores ranging from
0 t0 9.° The CHA,DS -VASc score predicts the risk of
stroke in patients with AF, incorporating factors such
as congestive HE, hypertension, age, diabetes, previous
transient ischemic attack or stroke, vascular disease,
and sex, with scores ranging from 0 to 9. Finally, the
STS risk score, developed by the STS, predicts opera-
tive mortality and morbidity for patients undergoing
cardiac surgery based on multiple preoperative factors,
including demographics, medical history, and proce-
dure type.” Scores range from 0 to 1 and are expressed
as a percentage (0%-100%).

Statistical Analysis

Baseline characteristics were compared between patients
who developed POAF and patients who did not. Con-
tinuous variables were compared using 1-way analysis
of variance, while categorical variables were compared
using the X’ test. The performance of the risk scores

(POAF, HATCH, COM-AF, CHA,DS,-VASc, and
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STS) for predicting POAF was evaluated by calculat-
ing the area under the receiver operating characteristic
curve (AUROC) and visualizing the results with ROC
curves. The optimal cut point was determined using the
ROC and the maximum value of the Youden index to
calculate the sensitivity, specificity, positive predictive
value, and negative predictive value of each risk score."
Finally, the association between POAF and secondary
outcomes—including the patient’s total time on a venti-
lator, hospital LOS, and whether they were discharged to
a rehabilitation facility—was assessed using unadjusted
and propensity score—adjusted models. Propensity score
matching was used to mitigate the risk of confounders.
Nearest-neighbor matching was employed, with match-
ing across data points such as age; sex; race; body mass
index; hemoglobin level; history of chronic obstructive
pulmonary disease, diabetes, or cardiovascular disease;
smoking status; left ventricular ejection fraction; esti-
mated glomerular filtration rate; whether surgery was
emergent or valve surgery; and the patient’s surgeon.
Factors were selected based on demographics, surgical
characteristics, and variables included in the POAF and
STS risk scores. Length of stay and time on ventilator
were log-transformed to account for non-normal distri-
butions. All analyses were performed using R software,
version 4.1.2 (R Foundation for Statistical Computing),
with 2-sided P<.05 indicating significance.

Results

Among the 2,208 candidate patients who underwent
cardiac surgery between January 4, 2016, and Decem-
ber 12, 2022, 602 individuals were excluded based on
the criteria of being on preoperative antiarrhythmics
(n = 8), having a history of AF at baseline (n = 593),
and having prior supraventricular arrthythmias (n = 1).
Among the 1,606 participants in the analysis cohort,
517 (32.2%) developed POAF. Participants who devel-
oped POAF were older (mean age of 67 years for patients
with POAF vs 60 years for patients without POAF;
P <.001) and less likely to be smokers (11.6% vs 15.8%;
P = .03) (Table I). Participants who developed POAF
were more likely to have traditional cardiovascular
risk factors, including hypertension (92.1% vs 87.6%;
P =.009) and kidney disease (mean estimated glo-
merular filtration rate, 70 mL/min/1.73 m2 vs 74 mL/
min/1.73 m? P = .02). Among surgical characteristics,
patients who developed POAF were more likely to have
undergone valve surgery (42.4% vs 32.0%; P < .001),
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TABLE I. Baseline Characteristics of Patients With and Without POAF After Cardiac Surgery

Patients without Patients with

POAF POAF

(n =1,089) (n =517) P value?
Demographics
Age, mean (SD), y 60 (12) 67 (10) <.001
Male sex, No. (%) 753 (69.1) 368 (71.2) 44
Black race, No. (%) 181 (16.6) 64 (12.4) .03
Hispanic ethnicity, No. (%) 239 (21.9) 79 (15.3) .002
Current smoker, No. (%) 172 (15.8) 60 (11.6) .03
Previous coronary artery bypass graft, No. (%) 28 (2.6) 18 (3.5) .38
Previous valve surgery, No. (%) 76 (7.0) 44 (8.5) .32
Myocardial infarction, No. (%) 324 (29.8) 154 (29.8) .99
Heart failure, No. (%) 363 (33.3) 192 (37.1) 14
Diabetes, No. (%) 431 (39.6) 196 (37.9) .bb
Stroke/transient ischemic attack, No. (%) 142 (13.0) 68 (13.2) .99
Hypertension, No. (%) 954 (87.6) 476 (92.1) .01
Peripheral vascular disease, No. (%) 183 (16.8) 86 (16.6) .98
Chronic obstructive pulmonary disease, No. (%) 188 (17.3) 101 (19.5) .29
Dialysis, No. (%) 83 (7.6) 42 (8.1) .80
Body mass index, mean (SD) 29.3 (6.1) 29.7 (6.3) .20
Serum creatinine, mean (SD), mg/dL 1.51 (1.93) 1.47 (1.78) .66
Estimated glomerular filtration rate, mean (SD), mL/min/1.73 m? 73 (27) 70 (25) .02
Albumin, mean (SD), mg/dL 3.9(0.5) 3.9(04) .64
Hemoglobin, mean (SD), g/dL 127 (2.2) 12.6 (2.1) .62
Left ventricular ejection fraction, mean (SD), % 55 (11) 55 (11) 57
B-blocker use, No. (%) 986 (90.5) 449 (86.8) .03
Calcium channel blocker use, No. (%) 241 (22.1) 146 (28.2) .009
Aspirin use, No. (%) 594 (54.5) 283 (54.7) .99
Surgery characteristics
Valve surgery, No. (%) 349 (32.0) 219 (42.4) <.001
STS risk algorithm, median (IQR), % 1.34 (0.66-2.26) 1.76 (0.92-3.04) <.001
Emergent, No. (%) 66 (6.1) 38 (7.4) .38
Cardiogenic shock, No. (%) 32(2.9) 28 (5.4) .02
Discharge characteristics
Amiodarone on discharge, No. (%) 6 (0.6) 9(1.7) .04
Anticoagulation on discharge, No. (%) 153 (14.0) 236 (45.6) <.001
Time on ventilator, median (IQR), h 6 (5-17) 12 (5-22) <.001
LOS, median (IQR), d 7 (5-9) 9 (7-14) <.001
Discharged to rehabilitation facility, No. (%) 96 (8.8) 109 (21.1) <.001
Died in hospital, No. (%) 36 (3.3) 23 (4.4) .32

LOS, length of stay; POAF, postoperative atrial fibrillation; STS, Society of Thoracic Surgeons.

4P < .05 was considered statistically significant.
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had a higher STS risk score (median score, 1.76% vs
1.34%; P < .001), and were more likely to be in cardio-
genic shock (5.4% vs 2.9%; P = .02) (Table I).

The median (IQR) values for the POAF, HATCH,
COM-AF, CHA,DS,-VASc, and STS risk scores
were 3 (2-3), 2 (1-3), 3 (2-4), 3 (2-4), and 1.47%
(0.72%-2.47%), respectively. The overall performance
of the risk scores was variable, ranging from an AUROC
of 0.56 for the HATCH risk score to 0.65 for the POAF
risk score (Fig. 1A). Notably, the POAF risk score more
accurately stratified patients’ risk, with a POAF inci-
dence of 51.5% among individuals with a score greater
than or equal to 5 (Fig. 1B). The POAF risk score had
the highest specificity, positive predictive value, and
negative predictive value compared to the other 4 risk

scores (Table II).

Finally, the association between POAF and clini-
cal outcomes of interest was assessed. In unadjusted
analysis, POAF was significantly associated with an in-
creased log-LOS in days (=.38 [95% CI, 0.30-0.46];
P < .001) and log-ventilator time in hours (B=.40
[95% CI, 0.26-0.53]; P < .001) as well as greater odds
of being discharged to a rehabilitation facility (odds
ratio, 2.67 [95% CI, 1.99-3.59]; P < .001) (Table III).
All associations remained significant after propensity
score matching, with a 1.5-day-longer LOS (log-LOS
B=.33 [95% CI, 0.25-0.40]; P < .001), 1.4-hours
longer on ventilator (log-ventilator f=.29 [95% CI,

Postoperative Atrial Fibrillation After Cardiac Surgery

0.18-0.40]; P < .001), and nearly 130% greater odds of
being discharged to a rehabilitation facility (odds ratio,
2.30 [95% CI, 1.73-3.08]; P < .001) (Table III).

Discussion

The present study found that the incidence of POAF
among the 1,606 patients who underwent cardiac sur-
gery was 32.2% (n = 517). Substantial differences were
observed between patients who developed POAF and
patients who did not, with the POAF group being older;
having traditional cardiovascular risk factors, such as
a history of hypertension and kidney disease; having
higher STS risk scores; and a having greater likelihood
of undergoing valve surgery. Second, the overall perfor-
mance of the risk scores was poor in predicting POAF,
with the POAF risk score having the highest AUROC
of 0.65; however, the POAF score demonstrated some
utility in risk stratification, as patients with scores of 5
or greater had a 50% prevalence of POAF. The devel-
opment of POAF was also associated with significantly
longer hospital LOS and ventilator time as well as a
greater likelihood of being discharged to a rehabilita-
tion facility. These findings highlight the importance
of identifying patients at risk for POAF because POAF
is associated with increased patient morbidity and re-
source use.

1.0+
0.8
> 067
2 AUROC
2 044 — POAF 0.65
3 — HATCH 0.56
024 — COM-AF 0.57
— CHA,DS,VASc 057
STS 0.59
0.0 T T T 1
0.0 0.2 0.4 0.6 0.8 1.0
Specificity

Postoperative
atrial fibrillation, %

POAF risk score

Fig. 1 A) Receiver operator characteristic curves of risk scores to predict POAF; B) incidence of POAF across POAF risk

score strata.

AUROC, area under the receiver operator characteristic curve; CHA,DS,-VASc, congestive heart failure, hypertension, age
>75 years, diabetes, stroke or transient ischemic attack, vascular disease, age 65-74 years, sex category; POAF, postopera-

tive atrial fibrillation; STS, Society of Thoracic Surgeons.
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TABLE II. Optimal Cut Points and Performance Metrics for Each Risk Score in Predicting POAF

Positive Negative
Risk score Cut point, = Sensitivity Specificity predictive value predictive value
POAF 3 0.56 0.67 0.78 0.42
HATCH 2 0.47 0.64 0.74 0.37
COM-AF 4 0.63 0.47 0.72 0.38
CHA,DS,-VASc 3 0.44 0.66 0.73 0.36
STS 1.748 0.63 0.51 0.73 0.40

CHA,DS,-VASc, congestive heart failure, hypertension, age =75 years, diabetes, stroke or transient ischemic attack, vascular
disease, age 65-74 years, sex category; POAF, postoperative atrial fibrillation; STS, Society of Thoracic Surgeons.

aSTS score presented as a percentage, not an integer.

TABLE Illl. Association Between POAF and Adverse Clinical Outcomes

Unadjusted estimate

Adjusted estimate

Outcome (95% Cl) P value? (95% CI)° P value?
Hospital LOS, d°® 0.38 (0.30-0.46) <.001 0.33(0.25-0.40) <.001
Total time on ventilator, h® 0.40 (0.26-0.53) <.001 0.29 (0.18-0.40) <.001
Odds of being discharged to a 2.67 (1.99-3.59) <.001 2.30(1.73-3.08) <.001

rehabilitation facility?

LOS, length of stay; POAF, postoperative atrial fibrillation.

3P < .05 was considered statistically significant.

bAdjusted associations were assessed using propensity score matching across age; sex; race and ethnicity; body mass index;
hemoglobin level; history of chronic obstructive pulmonary disease, diabetes, and cardiovascular disease; smoking status; left
ventricular ejection fraction; estimated glomerular filtration rate; whether the surgery was emergent or valve surgery; and the

patient’s surgeon.

°LOS and total time on ventilator were log-transformed and examined using linear regression.

d\Whether a patient was discharged to a rehabilitation facility was examined using logistic regression and displayed as an odds ratio.

Despite advances in understanding the mechanisms
and risk factors for POAF, it continues to be 1 of the
most prevalent complications following cardiac pro-
cedures.”® In this cohort, several risk factors were
identified as being associated with the subsequent de-
velopment of POAF, which is consistent with findings
from previous epidemiological studies. Age, a well-
established risk factor for both AF in general and POAF,
was significantly higher among patients with POAF and
the most critical risk factor for developing the complica-
tion.® Notably, preoperative B-blocker therapy was less
frequently prescribed in patients who developed POAF.

The Texas Heart Institute Journal 2023, Vol. 50, No. 5

Though it is possible that these patients had more severe
medical comorbidities that precluded the use of these
agents, a protective effect in -blockers against the de-
velopment of POAF may explain in part the difference
in B-blocker prescribing rates between the POAF and
non-POAF groups.” Several medical comorbidities were
significantly associated with POAF, including hyper-
tension, chronic kidney disease, and cardiogenic shock;
however, there was no significant difference in POAF
incidence among patients with HF, chronic obstructive
pulmonary disease, and kidney failure, despite these

/doi.org/10.14503/THIJ-
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conditions being identified as independent risk factors
in the POAF score.”

Numerous tools have been developed for predict-
ing either POAF, such as the POAF and COM-AF
risk scores, or complications from AF, such as the
CHA ,DS,-VASc, HATCH, and STS risk scores.*'*?
In the present study, all risk scores were observed to
have relatively poor performance, except for the POAF-
specific POAF risk score (AUROC = 0.65). Although
accurately predicting POAF remains challenging, its ef-
fects on adverse patient outcomes are well documented.
Patients undergoing cardiac surgery complicated by
POATF face an increased risk of stroke, thromboembo-
lism, myocardial infarction, and kidney failure.’ In ad-
dition to short-term morbidity, POAF is associated with
long-term adverse outcomes, including a 3-fold increase
in AF recurrence and elevated rates of HF and overall
mortality.® In the present study cohort, POAF was as-
sociated with increased hospital LOS, prolonged total
ventilator hours, and nearly 130% greater odds of being
discharged to a rehabilitation facility.

These findings emphasize the importance of accurately
identifying patients at risk for POAF and developing
effective prevention and treatment strategies. Early iden-
tification of patients at high risk can facilitate the timely
initiation of prophylactic measures, such as 3-blockers,
amiodarone, or other antiarthythmic drugs, which have
demonstrated effectiveness in reducing the incidence of
POAF.*** Personalized interventions targeting modifi-
able risk factors, such as optimizing blood pressure con-
trol and managing diabetes, could further potentially
minimize a patient’s risk of developing POAF. Despite
the suboptimal performance of the current risk predic-
tion tools, this study highlights the potential for refining
and combining these models to enhance POAF pre-
diction. Future research should focus on incorporating
novel biomarkers—such as circulating inflammartory
markers, genetic predisposition, and other clinical vari-
ables—to improve the accuracy of risk-stratification
models.”” The application of advanced statistical and
machine learning methods may also enable the devel-
opment of more accurate and individualized risk predic-
tion algorithms.”

The present study was not without limitations. First, the
data were derived from a single tertiary referral hospital,
which may limit the generalizability of its findings to
other populations and settings. Second, it did not assess

The Texas Heart Institute Journal 2023, Vol. 50, No. 5
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the duration of POAF. The clinical significance and
implications of POAF may depend on the duration of
the arrhythmia, and this study’s analysis did not dif-
ferentiate between transient and persistent episodes of
POAF. Third, analysis was limited to the data available
in the STS registry. It did not include other potentially
relevant biomarkers or clinical factors that may influ-
ence the development of POAF, such as inflammatory
markers, genetic predispositions, or echocardiographic
parameters. The inclusion of additional variables could
improve the predictive ability of the risk scores and pro-
vide further insights into the pathophysiology of POAF.

Conclusion
The present study identified a high incidence of POAF

following cardiac surgery and its association with in-
creased patient morbidity and resource utilization.
Despite the existence of several risk scores, accurately
predicting POAF remains challenging, and there is a
need to improve these models. Future research should
focus on refining risk-prediction tools and exploring tar-
geted interventions to prevent or mitigate the impact of
POAF on patient outcomes.
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