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Abstract

Background: Off-pump coronary artery bypass grafting (OPCAB) offers potential benefits by avoiding
cardiopulmonary bypass (CPB). However, intraoperative instability or technical limitations may necessitate
emergency conversion to on-pump CABG (ONCAB), which is associated with increased morbidity and
mortality. Objectives: To identify and analyze preoperative, intraoperative, and anatomical risk factors associated
with emergency conversion from OPCAB to ONCAB in a tertiary care cardiac surgery center.

Methods: This retrospective observational study was conducted in the Department of Cardiothoracic and Vascular
Surgery between January 2023 and December 2024. Medical records of 50 adult patients undergoing isolated
OPCAB were reviewed. Conversion was defined as unplanned initiation of CPB due to hemodynamic instability,
arrhythmias, inadequate target vessel exposure, or technical difficulty. Data regarding demographics,
comorbidities, preoperative cardiac profile, intraoperative details, and postoperative outcomes were analyzed.
Statistical comparisons were performed using Chi-square/Fisher’s exact test and t-test, with p<0.05 considered
significant.

Results: Conversion occurred in 10% (n=5) of patients. Significant predictors included reduced LVEF <40%
(p=0.008), NYHA class I1I-1V (p=0.021), left main coronary disease (p=0.045), and triple vessel disease (p=0.042).
Intraoperative causes were refractory hypotension (60%), severe arrhythmias (40%), and inadequate vessel
exposure (20%). Converted patients had higher rates of low cardiac output syndrome (40% vs 8.9%), prolonged
ventilation (40% vs 8.9%), and mortality (20% vs 2.2%).

Conclusion: Conversion from OPCAB to CPB, though infrequent, is associated with significant morbidity and
mortality. Careful patient selection, intraoperative vigilance, and timely conversion are critical to improving
outcomes.
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Introduction
Off-pump coronary artery bypass grafting (OPCAB) has been developed to avoid the deleterious effects of

cardiopulmonary bypass (CPB), including systemic inflammatory response, coagulopathy, and
neurocognitive dysfunction. (1) Despite these advantages, OPCAB requires displacement and stabilization
of the beating heart, which can lead to hemodynamic compromise, particularly in patients with poor

ventricular function or complex coronary anatomy.(2) In certain circumstances, intraoperative instability or
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technical difficulty necessitates conversion to on-pump CABG (ONCAB). This “emergency” conversion
differs from planned ONCAB in that it is often performed under hemodynamically compromised
conditions, which may exacerbate perioperative morbidity and mortality. Several studies (3,4,5) have
reported conversion rates ranging from 1% to 15%, with associated higher complication rates compared to
either successful OPCAB or elective ONCAB. Understanding the risk factors for conversion is crucial for
optimizing patient selection, surgical planning, and intraoperative decision-making. (6) This retrospective
analysis aimed to identify demographic, clinical, anatomical, and intraoperative factors that increase the
likelihood of OPCAB conversion to emergency ONCAB in a high-volume tertiary care cardiac surgery
center.

Methodology

This retrospective observational study was conducted in the Department of Cardiothoracic and Vascular
Surgery. Medical records of all patients undergoing OPCAB between Jan 2023 to December 2024 were
reviewed. Inclusion criteria were adult patients (>18 years) undergoing isolated coronary artery bypass
grafting via the off-pump technique. Patients undergoing concomitant valve or aortic procedures were
excluded.

A total of 50 patients were included and Conversion was defined as unplanned initiation of CPB during
surgery due to hemodynamic instability, arrhythmias, technical difficulty in performing distal anastomoses,
or inadequate target vessel exposure.

Data collected included demographic details, comorbidities (diabetes mellitus, hypertension, chronic
kidney disease), preoperative left ventricular ejection fraction (LVEF), New York Heart Association
(NYHA) functional class, and coronary angiographic profile. Intraoperative details such as target vessels
grafted, use of intracoronary shunts, and reason for conversion were recorded.

Postoperative outcomes included low cardiac output syndrome (LCOS), perioperative myocardial
infarction, renal dysfunction, prolonged ventilation, length of ICU stay, and in-hospital mortality. Statistical
analysis was performed using IBM SPSS version 26. Categorical variables were compared using the Chi-
square or Fisher’s exact test, and continuous variables with the independent t-test. A p-value <0.05 was
considered statistically significant.

Results

Table 1: Demographic and Preoperative Characteristics

Parameter Conversion (n=5) No Conversion (n=45) p-value
Age (years, mean + SD) 66.5+ 8.0 63.0+9.0 0.085
Male sex (%) 4 (80.0%) 35 (77.8%) 0.955
Diabetes mellitus (%) 3 (60.0%) 24 (53.3%) 0.620
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Hypertension (%) 4 (80.0%) 30 (66.7%) 0.518

LVEF <40% (%) 3 (60.0%) 8 (17.8%) 0.008*
NYHA Class -1V (%) 3 (60.0%) 11 (24.4%) 0.021%*
Left main CAD (%) 3 (60.0%) 13 (28.9%) 0.045*
Triple vessel disease (%) 4 (80.0%) 25 (55.6%) 0.042*

Table 2: Intraoperative Variables

Variable Conversion (%) No Conversion (%) p-value
Target obtuse marginal graft 4 (80.0%) 26 (57.8%) 0.092
Target RCA graft 3 (60.0%) 20 (44.4%) 0.070
Intraop refractory hypotension 3 (60.0%) 0 (0%) <0.001*
Severe arrthythmias 2 (40.0%) 1(2.2%) <0.001*
Inadequate vessel exposure 1 (20.0%) 0 (0%) 0.001*

Table 3: Postoperative Outcomes

Outcome Conversion (%) No Conversion (%) p-value
Low cardiac output syndrome 2 (40.0%) 4 (8.9%) 0.012*
Perioperative MI 1 (20.0%) 2 (4.4%) 0.046*
Acute kidney injury 1 (20.0%) 2 (4.4%) 0.170
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Prolonged ventilation (>24 hrs) 2 (40.0%) 4 (8.9%) 0.014%*
ICU stay >5 days 2 (40.0%) 5(11.1%) 0.009*
In-hospital mortality 1 (20.0%) 1 (2.2%) 0.035%*
Discussion

This retrospective observational study aimed to evaluate the incidence, predictors, intraoperative
challenges, and postoperative outcomes of conversion from off-pump coronary artery bypass (OPCAB) to
on-pump surgery in a tertiary care center. Among the 50 patients undergoing OPCAB, the conversion rate
was 10%, which is consistent with conversion rates reported in previous studies ranging from 5% to 15%.
Although OPCAB is widely advocated for its potential to reduce the deleterious effects of cardiopulmonary
bypass (CPB), unplanned conversion is a significant event often associated with worse outcomes. (7,8)
Demographic and Preoperative Predictors

The analysis revealed that age, gender, diabetes mellitus, and hypertension were not significantly
associated with conversion. However, patients who required conversion demonstrated a higher prevalence
of impaired left ventricular function and more advanced heart failure. Specifically, reduced left
ventricular ejection fraction (LVEF

<40%) and New York Heart Association (NYHA) class III-IV were both significantly more common in the
conversion group (p=0.008 and p=0.021, respectively). This suggests that patients with poor preoperative
cardiac reserve are more vulnerable to hemodynamic compromise during the technical challenges of
OPCAB.

Furthermore, coronary angiographic characteristics were found to be important predictors. Left main
coronary artery disease and triple vessel disease were significantly higher in the conversion group (p=0.045
and p=0.042). These findings highlight the complexity of coronary anatomy as a determinant of procedural
success. Patients with diffuse, multivessel disease and critical left main stenosis may have limited
hemodynamic tolerance during heart manipulation and positioning required in OPCAB, thereby
predisposing them to intraoperative instability. (9)

Intraoperative Variables and Reasons for Conversion

Intraoperative events were central to the need for conversion. Refractory hypotension occurred in 60%
of converted patients and was the most common reason, emphasizing the limited hemodynamic reserve
in these patients. Severe arrhythmias were noted in 40% of conversion cases compared with only
2.2% in non-converted patients, again reaching statistical significance. These arrhythmias, often
ventricular tachycardia or fibrillation, demand immediate hemodynamic support, which necessitates rapid

initiation of CPB. Inadequate vessel exposure was reported in 20% of conversions, reflecting
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technical difficulty in stabilizing and grafting target vessels on the beating heart.(10) These intraoperative
observations reaffirm that conversion is not only determined by patient comorbidities but also by the
technical challenges encountered by the surgical team. Factors such as deep intramyocardial vessels,
small-caliber coronaries, and diffuse distal disease may hinder safe completion of off-pump grafting.
Importantly, while the need to convert may appear as a failure of the off-pump strategy, it should be
regarded as a safety mechanism that prevents catastrophic intraoperative deterioration.

Postoperative Outcomes

The postoperative outcomes clearly demonstrated worse morbidity and mortality among converted patients.
Low cardiac output syndrome (40% vs 8.9%, p=0.012) was significantly more frequent in the conversion
group, reflecting the combined insult of intraoperative hemodynamic compromise and delayed initiation of
CPB. Similarly, the incidence of perioperative myocardial infarction was higher in converted patients (20%
vs 4.4%, p=0.046). Although not statistically significant, the rate of acute kidney injury was also higher in
conversions (20% vs 4.4%), possibly due to prolonged hypotension and reduced perfusion during critical
phases of surgery.

Prolonged ventilation and extended ICU stay were significantly higher among converted patients,
indicating a more complicated postoperative course. In-hospital mortality was 20% in the conversion group
compared with 2.2% in the non-conversion group (p=0.035). These results are consistent with previous
studies, which have consistently shown that unplanned conversion carries an increased risk of morbidity
and mortality. The combination of intraoperative instability, prolonged ischemia, and the emergent
institution of CPB is likely responsible for these poor outcomes.

The findings of this study carry important clinical implications. First, careful preoperative risk stratification
is essential. Patients with severely impaired LV function, advanced NYHA class, left main stenosis, or
extensive triple vessel disease should be recognized as high-risk candidates for conversion. Such patients
may either be considered for on-pump surgery upfront or require heightened intraoperative vigilance if
OPCAB is attempted. Second, intraoperative decision-making plays a critical role. Timely recognition of
hemodynamic instability and rapid initiation of CPB may mitigate adverse outcomes. Delayed conversion,
after prolonged hypotension or arrhythmias, has been shown to worsen prognosis.

Conclusion

In conclusion , conversion from OPCAB to CPB occurred in 10% of patients and was strongly associated
with impaired LV function, advanced heart failure, left main coronary disease, and triple vessel
involvement. Refractory hypotension and arrhythmias were the leading intraoperative causes of conversion.
Converted patients experienced significantly higher morbidity and mortality, underlining the importance of
meticulous patient selection, intraoperative vigilance, and prompt decision-making. Recognizing high-risk
patients preoperatively and preparing for the possibility of conversion are critical to improving surgical

outcomes in OPCAB.
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