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Abstract

Background: Postoperative atrial fibrillation (POAF) is common after coronary artery bypass grafting (CABG); however, whether
POATF characteristics and follow-up outcomes differ between off-pump and conventional on-pump CABG remains incompletely defined.
Clinically applicable tools for individualized postoperative mortality risk stratification after CABG are also required. Thus, this study
aimed to compare the incidence and timing of POAF onset, perioperative course, and follow-up outcomes between on-pump and off-
pump CABG, and to develop a mortality prediction nomogram. Methods: This retrospective cohort included 159 patients undergoing
on-pump CABG and 518 undergoing off-pump CABG. In-hospital outcomes and follow-up events were compared between groups, and
overall survival was assessed using Kaplan—Meier analysis. Predictors were selected using least absolute shrinkage and selection operator
(LASSO)-penalized Cox regression and then entered into a multivariable Cox proportional hazards regression model for nomogram
construction. Results: On-pump CABG was associated with longer operative time, more frequent blood product transfusion, and longer
hospital stay (IQR 15 (12.5, 18) vs. 13 (10, 15) days; p < 0.001). The incidence of POAF was similar between groups (23.27% vs.
21.62%; p = 0.661), but onset occurred later after on-pump CABG (IQR 2 (2, 4) vs. 2 (1, 3) days; p = 0.014). Long-term outcomes did
not differ significantly between groups, and disease-free survival was comparable (log-rank p =0.659). In the multivariable Cox analysis,
age (hazard ratio (HR) 1.10, 95% confidence interval (CI) 1.05-1.14), duration of mechanical ventilation (HR 1.02, 95% CI 1.01-1.04),
and prior cerebrovascular accident (CVA) (HR 2.54, 95% CI 1.28-5.03) independently predicted mortality (all p < 0.05). A Cox-based
nomogram was developed to estimate individualized 1-, 3-, and 5-year survival. Conclusions: In this cohort, on-pump and off-pump
CABG had similar POAF incidence and comparable follow-up outcomes, supporting individualized operative strategy selection based
on patient and procedural considerations. A Cox-based nomogram may aid postoperative mortality risk stratification, although external
validation is required before broader clinical application.
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1. Introduction

Atrial fibrillation (AF) is the most common sustained
arrhythmia worldwide and represents a major public health
burden with a steadily increasing prevalence [1]. Contem-
porary estimates suggest that the number of individuals liv-
ing with AF increased from approximately 33.5 million in
2010 to 59 million in 2019, and that the lifetime risk after
the age of 45 years ranges from approximately one in five
to one in three [2]. In cardiac surgery, postoperative atrial
fibrillation (POAF) is the most common arrhythmic com-
plication, occurring in approximately 20%-40% of patients
after isolated coronary artery bypass grafting (CABG) [3].
Accumulating evidence indicates that POAF is not merely
a transient thythm disturbance but is associated with clini-
cally important adverse outcomes, including stroke, mortal-
ity, prolonged intensive care unit (ICU) and hospital stay,
and increased healthcare resource utilization [4,5]. POAF
typically occurs early after surgery, with a peak around
postoperative day 2, and often follows a self-limited course

with spontaneous restoration of sinus rhythm over subse-
quent weeks [6,7]. Nevertheless, POAF may precipitate
rapid ventricular rates and hemodynamic compromise re-
quiring timely pharmacologic or electrical intervention. In
addition, meta-analytic evidence suggests that POAF may
also identify patients at increased longer-term risk after dis-
charge, underscoring the importance of structured follow-
up [8].

CABG can be performed either with cardiopul-
monary bypass (CPB) and cardioplegic arrest (“on-pump”
CABG) or on the beating heart without CPB (“off-pump”
CABG/OPCABG). These two strategies differ in their tech-
nical requirements and the degree of perioperative physi-
ologic stress. CPB has been proposed to increase POAF
by increasing systemic inflammation and oxidative stress
via blood contact with the extracorporeal circuit and by
adding ischemia-reperfusion injury related to cardioplegic
arrest [9]. Beyond systemic effects, on-pump CABG entails
additional atrial manipulation for venous cannulation and
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Fig. 1. Flow diagram of patient selection and cohort formation for the on-pump and off-pump CABG groups. CABG, coronary

artery bypass grafting.

purse-string closure, which may lead to focal atrial injury.
Experimental evidence suggests that atrial incision—related
inflammation can promote conduction inhomogeneity and
increase the susceptibility to AF [10]. OPCABG is tech-
nically demanding, as distal anastomoses are constructed
on a beating heart, requiring mechanical displacement and
stabilization to achieve adequate exposure, particularly for
circumflex and posterior descending targets. These ma-
neuvers may transiently compromise hemodynamics, result
in atrial stretch, and reduce coronary perfusion, potentially
leading to myocardial ischemia and, in severe cases, hemo-
dynamic instability [11].

Risk factors for POAF remain incompletely defined,
and the influence of operative strategy on POAF and sub-
sequent outcomes after CABG is still debated. In addition,
individualized postoperative risk stratification remains clin-
ically relevant after CABG. Therefore, this study aimed to
compare the incidence and timing of POAF, the periopera-
tive course, and follow-up outcomes between off-pump and
on-pump CABG, and to develop a Cox-based nomogram to
predict individual mortality.

2. Materials and Methods

A total of 6363 adult patients who underwent iso-
lated CABG between 1 January 2018 and 31 December
2019 were identified from the surgical database of Beijing
Anzhen Hospital. During the study period, 173 patients un-
derwent on-pump CABG with cardiopulmonary bypass. To
mitigate the marked imbalance in procedural volume, 519
eligible off-pump CABG cases were selected by simple ran-
dom sampling (random-number table) from patients treated

during the same timeframe at a 1:3 ratio. After sampling,
14 on-pump patients were excluded because of a history of
atrial fibrillation, emergency surgery, or concomitant left
ventricular reconstruction for ventricular aneurysm, and 1
off-pump patient was excluded based on the predefined cri-
teria, leaving 159 on-pump and 518 off-pump patients in
the pre-matching cohort (Fig. 1).

Clinical and perioperative information was retrieved
from the electronic medical record and institutional
databases, including baseline demographics, cardiovascu-
lar risk factors, comorbidities, preoperative medications,
and echocardiographic findings. Operative and anesthe-
sia records were reviewed to capture procedural details
such as coronary anatomy and target-vessel characteristics,
preoperative rhythm status, echocardiographic parameters,
the number of distal anastomoses, and graft configuration.
For patients undergoing on-pump CABG, cardiopulmonary
bypass—related variables (aortic cross-clamp duration, total
CPB time, and cardioplegia administration) were also col-
lected. Postoperative variables included ventilatory support
duration, ICU and total hospital length of stay, drainage
volume, blood product utilization, postoperative pharma-
cotherapy, and in-hospital complications, as well as mortal-
ity and morbidity endpoints recorded during the index ad-
mission. All patients underwent continuous electrocardio-
graphic telemetry until the day of discharge, supplemented
by 12-lead ECGs as clinically indicated. POAF was defined
as new-onset atrial fibrillation (or atrial flutter) postopera-
tively, documented on telemetry rhythm strips or 12-lead
ECG with characteristic AF features lasting >30 seconds

[6].
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Table 1. Patient characteristics.

Variables Off-pump (n=518)  On-pump (n = 159) P
Age, years, median (Q1, Q3) 63 (56, 68) 61 (54, 66) 0.006
Sex, no (%) 0.259
Male 374 (72.20) 122 (76.73)
Female 144 (27.80) 37 (23.27)
BSA, m?, mean + SD 1.78£0.18 1.81£0.16 0.157
BMI, kg/m?, median (Q1, Q3) 25.70 (23.73,27.55)  25.80 (23.88, 28.44) 0.316
Smoking, no (%) 240 (46.33) 85 (53.46) 0.116
Clinical history, no (%)
Hypertension 327 (63.13) 96 (60.38) 0.531
Diabetes mellitus 203 (39.19) 53 (33.33) 0.183
Dyslipidemia 181 (34.94) 47 (29.56) 0.209
COPD 5(0.97) 2 (1.26) 1
Previous myocardial infarction 44 (8.49) 26 (16.35) 0.004
Previous PCI 72 (13.90) 24 (15.09) 0.706
Previous stroke 78 (15.06) 23 (14.47) 0.854
Peripheral arterial disease 13 (2.51) 2 (1.26) 0.529
Renal dysfunction 10 (1.93) 0(0) 0.165
Number of diseased vessels <0.01
1 8 (1.54) 1(0.63)
2 or left main 44 (8.49) 56 (35.22)
3 466 (89.96) 102 (64.15)
LVEF 58 (53, 63) 59.00 (51.00, 64.75) 0.012
LVEDD, mm, median (Q1, Q3) 48 (46, 52) 49 (46, 53) 0.094

BSA, Body Surface Area; PCI, percutaneous coronary intervention; COPD, Chronic Obstructive

Pulmonary Disease; LVEDD, left ventricular end-diastolic diameter; BMI, body mass index.

Perioperative data were extracted from the electronic
hospital records. Follow-up data were obtained through
outpatient visits and telephone interviews. Patients who
could not be reached by either method were classified as
lost to follow-up. Cardiac death was defined as death at-
tributable to myocardial infarction, heart failure, fatal ar-
rhythmia, or other cardiovascular causes. Deaths with an
unequivocal non-cardiovascular cause were classified as
non-cardiac, whereas deaths of unknown cause were classi-
fied as unknown and were included only in all-cause mor-
tality. Secondary outcomes included (1) Long-term atrial
fibrillation defined as any episode of atrial fibrillation oc-
curring more than 30 days after surgery and documented
by 12-lead electrocardiography or ambulatory ECG mon-
itoring; (2) stroke, including ischemic and hemorrhagic
stroke, which was identified according to clinical diagnoses
documented in patients’ postoperative follow-up medical
records; and (3) rehospitalization for cardiovascular causes
requiring inpatient treatment.

Categorical variables are summarized as counts and
percentages and were compared using the chi-square test or
Fisher’s exact test. Continuous variables are presented as
mean + SD for normally distributed data or median (IQR)
for non-normally distributed data and were compared us-
ing the independent-samples ¢-test or the Mann—Whitney
U test, as appropriate. Time-to-event outcomes were an-
alyzed using the Kaplan—Meier method, and curves were
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compared using the log-rank test. Participants who did not
experience the event were censored at the date of the last
follow-up (last known contact). All tests were two-sided,
and p <0.05 was considered statistically significant. Statis-
tical analyses and data visualization were performed using
R (version 4.4.0; R Foundation for Statistical Computing,
Vienna, Austria).

The least absolute shrinkage and selection operator
(LASSO) regression was used for feature selection. Vari-
ables selected by LASSO were entered into a multivari-
able Cox proportional hazards model to develop the final
prediction model, which was then visualized as a nomo-
gram. Model performance was assessed by discrimination
(C-index) and calibration plots.

3. Results

3.1 Baseline, Perioperative, and Long-Term Outcomes
According to Surgical Strategy

Of the enrolled patients, 159 underwent on-pump
CABG and 518 underwent off-pump CABG. The base-
line demographic and clinical characteristics of the two
groups are summarized in Table 1. There was no sig-
nificant difference between the groups in sex, race, body
mass index (BMI), body surface area (BSA), hyperten-
sion, diabetes mellitus, dyslipidemia, chronic obstructive
pulmonary disease (COPD), history of percutaneous coro-
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Table 2. Intraoperative and postoperative characteristics of patients undergoing off pump versus on pump CABG.

Variables Off-pump (n=518)  On-pump (n=159) p
Operative time, h, median (Q1, Q3) 4.83 (4.33,5.41) 6.10 (5.50, 6.67) <0.001
CPB time, min, median (Q1, Q3) N/A 123 (85, 151) N/A
ACC time, min, median (Q1, Q3) N/A 95 (72, 123.25) N/A
ICU hours, median (Q1, Q3) 20.83 (16.6,26.16)  20.07 (15.95, 23.97) 0.201
Intubation duration (h) 19.5 (15.5,22.5) 18.5 (15, 22) 0.520
24-h tube drainage (mL) 450 (250, 805) 400 (250, 600) 0.008
LVEDD (mm), median (Q1, Q3) 45 (42, 49) 46 (42.5, 50.5) 0.168
Blood product transfusion 144 (27.8) 72 (45.28) <0.001
Postoperative outcomes
In-hospital mortality 0(0) 2 (1.26) 0.055
Deep sternal wound infection 0(0) 1(0.63) 0.235
Stroke 1(0.19) 2 (1.26) 0.139
Pneumonia 0(0) 1(0.63) 0.235
Postoperative atrial fibrillation 112 (21.62) 37(23.27) 0.661
Time to POAF development, day 2(1,3) 2(2,4) 0.014
Acute kidney injury requiring dialysis 1(0.19) 2 (1.26) 0.139
ECMO used 0(0) 1 (0.63) 0.235
Hospital-stay, days, median (Q1, Q3) 13 (10, 15) 15 (12.5, 18) <0.001

CPB, Cardiopulmonary bypass; ACC, Aortic cross-clamp; ICU, intensive care unit; POAF, Postoper-

ative atrial fibrillation; ECMO, Extracorporeal Membrane Oxygenation; N/A, not applicable.

Table 3. Follow-up outcomes.

Variables

Off-pump (n=518)

On-pump (n = 159) p

Follow-up time, months, median (Q1, Q3)
All-cause death, no (%)

Cardiac death, no (%)

Atrial fibrillation, no (%)

Stroke, no (%)

Cardiovascular readmission, n (%)

79.9(74.21,87.03)  87.1(82.47,89.2)  <0.001
34 (6.56) 12 (7.55) 0.719
7(1.35) 2 (1.26) 1
6 (1.16) 0 (0) 0.379
15 (2.9) 3 (1.89) 0.682
42 (8.11) 7(4.4) 0.115

nary intervention (PCI), history of peripheral artery disease
(PAD), or history of cerebrovascular accident (CVA). Pa-
tients in the off-pump group were older than those in the
on-pump group, with median ages of 63 (56, 68) and 61
(54, 66) years, respectively (p=0.006). The on-pump group
had a higher prevalence of previous myocardial infarction
(16.35% vs 8.49%; p = 0.004) and a different distribution
of the number of diseased vessels compared with the off-
pump group (p < 0.01). Left ventricular ejection fraction
also differed slightly between groups, with a median LVEF
of 58% (53, 63) in the off-pump group and 59% (51, 64.75)
in the on-pump group (p = 0.012; Table 1).

Perioperative and postoperative outcomes are shown
in Table 2. Operative time was longer in the on-pump
group than in the off-pump group, with median values of
6.10 (5.50, 6.67) and 4.83 (4.33, 5.41) h, respectively (p
< 0.001). In the on-pump cohort, the median cardiopul-
monary bypass (CPB) time was 123 (85-151) min, and the
median aortic cross-clamp (ACC) time was 95 (72—-123.25)
min. Postoperative 24-h chest tube drainage was lower in
the on-pump group (400 (250—600) vs 450 (250-805) mL;
p =0.008), whereas ICU stay and intubation duration were

similar between groups. Blood product transfusion was
more frequent after on-pump CABG (Table 2).

Regarding postoperative outcomes, the incidence of
POAF was comparable between the on-pump and off-pump
groups (23.27% vs 21.62%; p = 0.661). Notably, the time to
POAF onset differed, with onset shifted toward later post-
operative days in the on-pump group (2 (2-4) vs 2 (1-3)
days; p = 0.014). Other in-hospital adverse events were in-
frequent and did not differ between groups (all p > 0.05),
including in-hospital mortality, deep sternal wound infec-
tion, stroke, pneumonia, acute kidney injury requiring dial-
ysis, and ECMO use. By contrast, length of hospital stay
was significantly longer in the on-pump group (15 (12.5-
18) vs 13 (10-15) days; p < 0.001) (Table 2). Follow-up
outcomes are summarized in Table 3. Follow-up was com-
pleted in 546 patients (80.65%), including 434 off-pump
patients (83.78%) and 112 on-pump patients (70.44%). Pa-
tients without complete follow-up were censored at the last
available contact. The on-pump group had a longer median
follow-up duration than the off-pump group (87.1 (82.47—
89.2) vs 79.9 (74.21-87.03) months; p <0.001). Long-term
outcomes were comparable between groups, with no signif-
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Fig. 2. Kaplan—Meier curves for disease-free survival in the on-pump and off-pump groups.

icant between-group differences in major events, including
all-cause death, cardiac death, late atrial fibrillation, stroke,
and cardiovascular readmission. Kaplan—Meier analysis
demonstrated no significant difference in disease-free sur-
vival between the on-pump and off-pump strategies (log-
rank p = 0.659; Fig. 2).

3.2 Prognostic Factor Identification and Nomogram
Development

Candidate variables were entered into a LASSO-
penalized Cox model, including preoperative characteris-
tics, operative variables, and early postoperative course
variables. Using cross-validation to determine the opti-
mal penalty parameter, the LASSO model selected six vari-
ables with non-zero coefficients: age, duration of mechan-
ical ventilation, history of cerebrovascular accident, hyper-
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tension, ICU length of stay, and postoperative IABP use
(Fig. 3A,B). These variables were subsequently included
in a multivariable Cox proportional hazards model (Table
3). In the adjusted model, older age (HR 1.10, 95% CI
1.05-1.14; p < 0.001), longer mechanical ventilation du-
ration (HR 1.02, 95% CI 1.01-1.04; p < 0.001), and prior
cerebrovascular accident (HR 2.54, 95% CI 1.28-5.03; p =
0.008) were independently associated with higher mortal-
ity, whereas hypertension (HR 0.54, 95% CI 0.30-0.99; p
=0.049) and ICU length of stay (HR 0.99, 95% CI 0.97—
0.99; p = 0.036) were also significant. Postoperative IABP
use was not significant after adjustment (HR 0.20, 95% CI
0.02-2.07; p = 0.179) (Fig. 4). Based on the multivari-
able Cox model, a nomogram was developed to estimate
individualized 1-, 3-, and 5-year survival probabilities (Fig.
30).
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Fig. 3. Variable selection by LASSO Cox regression and construction of the prognostic nomogram. (A) LASSO coefficient profiles

of candidate predictors. (B) Cross-validation for identification of the optimal penalty parameter in the LASSO Cox model. (C) Nomogram

for predicting 1-, 3-, and 5-year survival after CABG.

4. Discussion

In this retrospective cohort of patients undergoing
CABG, operative and early postoperative characteristics
differed between surgical strategies: on-pump CABG was
associated with longer operative time and more frequent
blood product transfusion, whereas ICU length of stay
and duration of intubation were comparable. Importantly,
POAF incidence did not differ between strategies, although
the distribution of onset timing shifted toward later postop-
erative days in the on-pump group. Despite these perioper-
ative differences, long-term outcomes—including all-cause
death, cardiac death, late atrial fibrillation, stroke, and car-

diovascular readmission—were comparable. Using penal-
ized variable selection followed by multivariable Cox mod-
eling, age, duration of mechanical ventilation, and CVA his-
tory emerged as independent predictors of mortality, and
these variables were used to develop a postoperative nomo-
gram to estimate individualized mid-term survival. Over-
all, these findings are consistent with recent meta-analytic
evidence showing comparable long-term mortality between
on-pump and off-pump CABG strategies in well-selected
patients [12].

Consistent with previous reports emphasizing the
technical complexity and experience-dependent nature of
off-pump CABG [13], our findings should be interpreted
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Variable HR (95% CI) P value
Age (per 1 year) 1.10 (1.05-1.14) <0.001
Ventilation duration (per 1 hour) 1.02 (1.01-1.04) <0.001
Cerebrovascular accident (Yes vs No)  2.54 (1.28-5.03) 0.008
Hypertension (Yes vs No) 0.54 (0.30-0.99) 0.049
ICU stay (per 1 hour) 0.99 (0.97-0.99) 0.036
Postoperative IABP use (Yes vs No) 0.20 (0.02-2.07) 0.179

Fig. 4. Forest plot of multivariable Cox regression analysis.

in the context of a high-volume cardiovascular center with
established expertise in off-pump surgery. Nevertheless,
surgeon-level experience, intraoperative hemodynamic sta-
bility, and completeness of revascularization were not fully
captured, and residual confounding cannot be excluded.
Off-pump CABG is intrinsically more technically demand-
ing because distal anastomoses must be constructed on
a beating heart under limited exposure and stabilization,
which can affect hemodynamicstability and potentially af-
fect the completeness of revascularization and graft dura-
bility. When these technical challenges are not fully mit-
igated, evidence from randomized trials and observational
analyses suggests that off-pump CABG may be associated
with lower graft patency and/or higher rates of incomplete
or less durable revascularization compared with conven-
tional on-pump surgery [14]. Accordingly, operative strat-
egy should be individualized by balancing anticipated tech-
nical complexity against patient-specific benefits, surgeon
experience, and the likelihood of safe and complete revas-
cularization, with a low threshold for elective conversion to
cardiopulmonary bypass when necessary.

Contemporary guidelines support an individualized
approach to isolated CABG. In patients with significant
aortic calcification, techniques that avoid aortic manipu-
lation are considered reasonable to reduce perioperative
stroke when performed by experienced surgeons [15]. Be-
yond aortic pathology, strategy selection is also influenced
by patient comorbidities, operative risk, coronary anatom-
ical complexity, feasibility of complete revascularization,
and surgeon experience with OPCABG [13]. In our co-
hort, baseline LVEF, left main disease, and three-vessel dis-
ease were comparable between the on-pump and off-pump
groups, suggesting that differences in these key markers of
disease severity were unlikely to be the primary drivers of
strategy selection. The remaining “gray-zone” decision-
making may therefore reflect factors not fully captured in
our dataset. The literature, however, is not uniform: the
ROOBY-FS follow-up reported less favorable 5-year out-
comes after off-pump CABG in its study setting, and meta-
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analyses of randomized trials have suggested that any long-
term differences, when present, may be mediated by factors
such as completeness of revascularization and graft dura-
bility rather than short-term perioperative morbidity alone
[16]. In GOPCABE, incomplete revascularization occurred
more frequently with off-pump CABG and was associated
with lower survival, underscoring the importance of tech-
nical completeness and institutional experience when inter-
preting comparisons between techniques [17].

POAF remains one of the most frequent complica-
tions after cardiac surgery, with an incidence commonly in
the 15-40% range, and typically presents on postoperative
days 2—4 [18]. In the present cohort, the similar POAF in-
cidence between on-pump and off-pump groups suggests
that avoidance of cardiopulmonary bypass alone may be in-
sufficient to significantly reduce the risk of POAF in rou-
tine clinical practice. Mechanistically, POAF is multifac-
torial (operative trauma, atrial stretch, autonomic imbal-
ance, and systemic inflammation/oxidative stress), and car-
diopulmonary bypass can further amplify inflammatory and
oxidative pathways through circuit exposure and ischemia—
reperfusion injury [9]. The later distribution of POAF onset
observed in the on-pump group may reflect differences in
postoperative inflammatory kinetics, fluid balance, transfu-
sion exposure, or sedation and warrants cautious interpre-
tation. This pattern could be examined further by modeling
time to in-hospital POAF while accounting for competing
events (e.g., discharge without POAF and in-hospital death)
and by stratifying analyses according to perioperative ex-
posures. Clinically, POAF is increasingly recognized as
more than a transient inpatient event. Meta-analyses have
linked POAF after cardiac surgery and after CABG specif-
ically with higher long-term mortality, supporting the need
for structured follow-up and attention to recurrence, stroke
prevention, and risk-factor modification beyond discharge
[19].

In the nomogram-based model, age remains a key
determinant of long-term survival after CABG in large
registry-linked survival models [20]. Prolonged postoper-
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ative ventilation has been associated with increased mor-
bidity and early mortality and is commonly interpreted
as an integrative marker of perioperative cardiopulmonary
dysfunction and postoperative complications [21], making
ventilation duration a practical early signal to identify pa-
tients who may benefit from intensified pulmonary opti-
mization, rehabilitation, and closer post-discharge surveil-
lance. CVA likewise likely captures systemic atheroscle-
rotic burden and vulnerability to perioperative neurologic
injury; consistent with this, large CABG cohorts and meta-
analytic evidence have shown that perioperative stroke is
associated with a markedly increased risk of mortality [22].

In contrast, the inverse associations observed for hy-
pertension and ICU length of stay (ICU LOS) warrant cau-
tious interpretation. Hypertension may appear “protective”
due to confounding and treatment effects, while the “no hy-
pertension” category may include patients with lower base-
line blood pressure related to frailty or reduced cardiac out-
put; in very old adults, lower systolic blood pressure has
been associated with higher mortality, consistent with re-
verse causation [23]. Although ICU LOS is clinically in-
formative, it was not included as a fixed baseline predictor
because it is a postoperative variable rather than a preoper-
ative risk factor. Moreover, its association with mortality
appears non-linear, with substantially higher risk observed
after prolonged ICU stays [24]. Accordingly, ICU LOS in
this model should be interpreted primarily as a predictive
marker of postoperative trajectory rather than a causal pro-
tective factor [23]. Postoperative IABP use, although se-
lected by LASSO, did not remain significant after adjust-
ment; its prognostic signal depends on indication and tim-
ing, with meta-analyses suggesting benefit for prophylactic
IABP in high-risk CABG [25], whereas rescue or postoper-
ative IABP use after cardiac surgery identifies a clinically
unstable cohort with substantially higher early and 1-year
mortality [26]. In addition, an observational cohort compar-
ing preoperative versus intraoperative insertion reported no
significant difference in 30-day mortality, underscoring the
susceptibility of IABP variables to confounding by indica-
tion and collinearity with other severity markers [27]. Be-
cause the nomogram incorporated post-treatment variables,
including ventilation duration and ICU LOS, it should be
interpreted as an early postoperative risk stratification tool
rather than a preoperative decision-making model for se-
lecting surgical strategy. Its clinical utility should be further
validated in independent cohorts.

Limitations

The current study has several limitations. First, the
comparison between on-pump and off-pump CABG was
not randomized, and the retrospective, single-center design
may have introduced selection bias and residual confound-
ing, thereby limiting the generalizability of the findings.
Second, the relatively limited sample size and follow-up du-
ration may have reduced the statistical power and precluded

a comprehensive assessment of late clinical outcomes. Fur-
ther large-scale, prospective randomized controlled studies
with longer follow-up are warranted to confirm these find-
ings.

5. Conclusions

In summary, on-pump and off-pump CABG demon-
strated similar POAF incidence and comparable long-term
outcomes in this cohort. Age, duration of mechanical
ventilation, and cerebrovascular disease were robust pre-
dictors of mortality, underscoring the prognostic value of
both baseline comorbidity burden and early postoperative
course. The resulting nomogram may enable early postop-
erative risk stratification, but careful interpretation of post-
operative predictors and rigorous external validation are re-
quired prior to broad clinical application.
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