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Background: Combined valve and coronary surgery is a commonly performed surgical technique for treating coexisting valvular and coronary artery disease. This study aims to investigate the effect of reducing the duration of cardiopulmonary bypass by utilizing the off-pump coronary artery bypass grafting (OPCABG) technique on the short-term prognosis of patients.

Methods: In this retrospective cohort study, 884 patients were divided into groups undergoing OPCABG or on-pump CABG combined with valve surgery based on the CABG technique. We evaluated the relationship between the surgical technique and operative mortality, postoperative atrial fibrillation (POAF), stroke, acute kidney failure (AKI), and perioperative myocardial infarction. Propensity score matching and inverse probability weighting (IPTW) were employed to mitigate differences in baseline characteristics between the two groups.

Results: The incidence of POAF and AKI were lower in the OPCABG group after IPTW (POAF: 29.5% vs. 39.5%, p = 0.016; AKI: 14.5% vs. 21.2%, p = 0.047). OPCABG technique was independently associated with the POAF (adjusted OR: 0.63, 95% CI: 0.44–0.91, p = 0.014) and AKI (adjusted OR: 0.63, 95% CI: 0.39–0.98, p = 0.049). These results remained even following PSM and IPTW analyses.

Conclusion: The OPCABG technique is associated with reduced occurrences of POAF and AKI in patients undergoing valve and concomitant coronary surgery and can be safely used.
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1 Introduction

As cardiovascular disease incidence gradually rises, there’s a notable increase in patients with both valvular and coronary artery disease (1). The standard surgical treatment for these cases often recommended as coronary artery bypass grafting (CABG) combined with valve surgery. However, due to the complexity of this procedure, these patients face significantly higher perioperative mortality compared to those undergoing isolated valve surgery or CABG (2). OPCABG was initially proposed for coronary heart disease patients undergoing isolated CABG. Several studies, including the ROOBY trial and the CORONARY trial, have indicated that this technique does not show significant differences in perioperative survival rates compared to traditional on-pump coronary artery bypass grafting (ONCABG) technique; however, it lacks advantages in enhancing long-term survival rates, graft patency, and reducing the incidence of cardiovascular-related adverse events (3–7). Nonetheless, the patient in these studies exclusively underwent isolated CABG surgery, and the effects of this technique in combined valve and coronary surgeries remain under explored.

The primary advantage of OPCABG technique in combined surgeries is its ability to reduce the duration of cardiopulmonary bypass (CPB) to provide better myocardial protection. Some surgeons prefer this technique for patients who need more bridging grafts and for patients with poor target vessel conditions. Current studies have indicated that prolonged CPB time is a major risk factor for perioperative mortality in patients underwent combined surgery (8). However, it remains unclear whether OPCABG technique truly provides any benefit to these patients. Therefore, further research is needed to comprehensively elucidate the impact of this surgical technique.

Our study examined the impact of using OPCABG technique during combined valve and coronary surgery on improving short-term prognosis in patients with both valvular and coronary artery disease in a large cohort.



2 Method


2.1 Establishing the study populations and surgical methods

In this retrospective study, we enrolled 1,088 patients who underwent CABG combined with valve surgery in Beijing Anzhen Hospital from January 2021 to December 2023. The exclusion criteria are as follows: (1) under 18 years old; (2) underwent emergency surgery; (3) missed postoperative continuous electrocardiography (ECG) records; (4) combined with aortic dissection. Finally, a total of 884 patients were included in our study. This study was approved by the Ethics Committee of Beijing Anzhen Hospital, Capital Medical University (ethics approval number: 2024104X).

Patients were divided into OPCABG plus valve surgery group (OPCABG group, n = 173) and ONCABG plus valve surgery group (ONCABG group, n = 711) based on whether they underwent CABG under CPB. In the OPCABG group, the distal end of the veins or internal mammary artery was anastomosed to the target coronary artery with the assistance of a tissue stabilizer in the beating heart state, and then routine intubation was performed to establish CPB. For those without aortic valve disease, the ascending aortic root was clamped with a atraumtic lateral wall clamps and used aortic punche to create circular holes, then anastomosed the proximal end of the bridge vessel in aorta (if the bridge vessels were veins) to completed all CABG operations. The ascending aorta was blocked, and the root was perfused with cardioplegia to induce cardiac arrest, and valve replacement or plastic was performed. For those with aortic valve disease, completed the distal anastomotic of bridge vessel, blocked and cut the ascending aorta, perfused cardioplegia through the left and right coronary artery and venous bridge vessel opening, after cardiac arrest, performed valve replacement or plastic, and then anastomosed the proximal end of the bridge vessel to the ascending aorta. In the ONCABG group, established CPB and blocked ascending aorta and perfused the cardioplegia after median sternotomy, then performed CABG and valve surgery under cardiac arrest. After all the process, checked for inactivity of the bleeding, leaved the pericardium and thoracic drainage tube, fixed the sternum, sutured the incision layer by layer.



2.2 Data collection and patient outcomes

We recorded the patients’ basic preoperative and postoperative data and medication histories. Operative mortality was defined as any death, regardless of cause, occurring within 30 days after surgery, whether in or out of the hospital (9). Postoperative atrial fibrillation (POAF) was defined as atrial fibrillation lasting longer than 1 h and/or requiring treatment after surgery (10). Postoperative acute kidney injury (AKI) was characterized by a 0.3 mg/dL or 50% increase in serum creatinine from baseline or oliguria (11). Postoperative stroke was defined as a permanent neurologic impairment diagnosed by a neurologist and confirmed by imaging evidence of cerebral artery occlusion (12). Perioperative myocardial infarction (PMI) was defined as the elevation of hsTnI values with the evidence of myocardial ischemia (new Q waves or imaging evidence of myocardial ischemia). All recorded results occurred within 30 days after surgery, but POAF was recorded for only 5 days because continuous postoperative ECG monitoring is usually maintained for only 5 days after surgery. Heart failure was defined according to the Framingham criteria. Other comorbidities were classified according to the International Classification of Diseases, Ninth Revision, and Clinical Modification codes. Preoperative medical treatment statistics included oral medications taken by patients for more than one month prior to surgery, with dosages and regimens determined according to the treatment guidelines outlined in the relevant clinical documentation.



2.3 Statistical analysis

Categorical data were compared using Chi-squared tests. The normality distribution test for continuous variables was performed using the Kolmogorov–Smirnov test. Abnormal distributed continuous variables were presented as interquartile ranges, and intergroup comparisons by using Mann–Whitney U test. Missing values were filled by using mean interpolation.

To mitigate selection bias and address potential confounding factors between the groups, we employed propensity score matching (PSM) and inverse probability of treatment weighting (IPTW) analysis to adjust for discrepancies in the baseline characteristics of the patients. PSM was performed using the 1:1 nearest neighbor matching method and optimal matching with a caliper width of 0.3 standard deviations. The following baseline covariates included in the PSM model were age, male, hypertension, diabetes, chronic kidney disease, body mass index, left ventricular ejection fraction troponin I and brain natriuretic peptide. These covariates were selected for inclusion in the models based on the fact that they are commonly associated risk factors for poor prognosis in cardiac surgery and after incorporating these covariates, no model-fitting issues were identified, and a satisfactory balance between treatment groups was achieved following weighting, with no extreme weights observed. These covariates were also included in the multivariate logistic regression model. The propensity scores were converted to IPTW with OPCABG patients having a weighting of 1. Logistic regression was then used on PSM and IPTW models to estimate odds ratios (ORs) and 95% confidence intervals (CIs) for independent correlations between OPCABG groups and perioperative outcomes.

Statistical analyses were performed with SPSS (IBM SPSS Statistics for Windows, version 26.0) and R software (version 4.3.3, R Foundation for Statistical Computing). The statistical significance level was set at two-tailed p < 0.05.




3 Results


3.1 Patient baseline characteristics

Out of the 884 patients included in this study, 76.2% were male. The baseline characteristics of the patients in each group are shown in Table 1. There was a significant difference between the OPCABG group and the ONCABG group in history of hyperlipidemia, heart failure, aspirin usage (p < 0.05). The OPCABG group had a higher number of graft (p < 0.01). After PSM and IPTW, differences in baseline data were significantly controlled (Figure 1; Supplementary Table S1; Supplementary Table S2).



TABLE 1 Baseline characteristics between OPCABG group and ONCABG group.
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FIGURE 1
 Covariate balance plot for assessing balance between OPCABG group and ONCABG group after PSM and IPTW.




3.2 Comparing perioperative outcomes between OPCABG group and ONCABG group

After IPTW analysis, CPB time and crossclamp time were significantly shorter in the OPCABG group (p < 0.001). Additionally, the OPCABG group had a lower incidence of POAF (IPTW: 29.5% vs. 39.5%, p = 0.015) and AKI (IPTW: 14.5% vs. 21.2%, p = 0.049) compared to the ONCABG group, though there was no difference in the incidence of operative mortality, stroke, AMI, and PMI. Furthermore, we compared changes in myocardial enzymes CK-MB and hsTnI over the three days following surgery. The results indicated no statistically significant differences between the two groups, despite the levels being lower in the OPCABG group (Table 2; Supplementary Table S3).



TABLE 2 Postoperative outcomes between OPCABG group and ONCABG group after IPTW.
[image: Table2]

Logistic regression analysis revealed that the OPCABG technique was significantly associated with a reduced occurrence of POAF (adjusted OR: 0.63, 95% CI: 0.44–0.91, p = 0.014) and AKI (adjusted OR: 0.63, 95% CI: 0.39–0.98, p = 0.049). However, it was not associated with operative mortality (adjusted OR: 1.35, 95% CI: 0.58–2.91, p = 0.460), stroke (adjusted OR: 0.74, 95% CI: 0.21–2.01, p = 0.592), or PMI (adjusted OR: 1.17, 95% CI: 0.57–2.22, p = 0.649). These results remained consistent after PSM and IPTW adjustments (Table 3).



TABLE 3 The ORs for postoperative outcomes in OPCABG group.
[image: Table3]



3.3 Subgroup analysis

Subgroup analysis defined by age, male, BMI, LVEF, hypertension, diabetes, heart failure, graft number, left internal mammary artery usage and triple valve surgery between OPCABG group and ONCABG were performed. In different subgroups, we did not observe an association between the OPCABG technique and operative mortality (Figure 2).

[image: Figure 2]

FIGURE 2
 Difference in the incidence of operative mortality according to major subgroups of interest.





4 Discussion

Combined valvular and coronary heart disease is a serious cardiac disease often requiring valve replacement or plasty combined with CABG, with CPB being an indispensable part of the process. CPB has been used in cardiac surgery for over 60 years, and through extensive development, it has matured significantly. The use of cardioplegia along with CPB has enabled the performance of complex cardiac surgical procedures (13). However, CPB still poses several problems and can lead to adverse outcomes. Substantial evidence from various studies on extracorporeal circulation indicates that CPB induces a systemic inflammatory response and increases oxidative stress (14–16). Additionally, the contact of blood with the inner surface of the CPB tubing activates the coagulation cascade, resulting in coagulation disorders (17), which significantly affect the incidence of postoperative complications.

To minimize the adverse effects of CPB, some new methods such as the miniaturized cardiopulmonary bypass system (18), low-level light therapy (19, 20), and anesthetics with anti-inflammatory effects (21, 22) have been developed. However, due to uncertain results or early developmental stages, these methods are rarely used in clinical. A simpler and more feasible approach has been proposed: reducing the duration of CPB through OPCABG technique, thus improving short-term patient prognosis (23). Data from our center also show that surgeons favor the OPCABG procedure for a subset of patients who need more bridging vascular grafts because the procedure time is usually longer in this subset of patients, and the reduced CPB time of OPCABG may provide better myocardial protection. Although some relevant studies exist, most have small sample sizes. Our study addresses this shortcoming.

The results of our research showed that the OPCABG group did not exhibit significant differences in the incidence of perioperative death, stroke, and infection compared to the ONCABG group. However, the OPCABG technique was more effective in reducing the incidence of POAF and AKI. These satisfactory outcomes indicate that this technique is both safe and possible in combined valve and coronary surgery.

Inflammation and myocardial ischemia are key mechanisms that promote the development of POAF (24). In our research, the incidence of POAF was significantly lower in the OPCABG group, which may be attributed to the fact that OPCABG technique shortens the duration of cardiac arrest and reduces the damage caused by myocardial ischemia (25), which in turn attenuates the inflammatory response caused by myocardial ischemia. Some studies have confirmed the damaging effects of CPB on the kidneys (26). In our research, the incidence of postoperative AKI was lower in the OPCABG, which is related to the fact that hypothermia and the increase in systemic vascular resistance during prolonged CPB make the renal vasoconstriction, which in turn results in renal ischemia and injury (27). In addition, a shorter duration of CPB will similarly reduce renal damage from inflammatory factors.

The concept of minimizing myocardial injury by shortening CPB time was originally proposed for isolated coronary artery bypass grafting (28). We selected CK-MB and hsTnI, which reflect the degree of myocardial damage, to determine the recovery of the heart in the two groups of patients after surgery. As a result, patients in the OPCABG group had lower levels of these two cardiac enzymes three days after surgery, but there was no statistically significant difference, which is also the same as the results of Rogers et al. (18). In addition to shortening the duration of CPB through surgical techniques, the application of long-acting cardioplegia may can also have a beneficial effect on myocardial protection. Use of long-acting cardioplegia can provide a practical advantage as it allows the surgeon a longer arrest period before a subsequent dose (29, 30).

The greatest advantage of applying the OPCABG technique to CABG combined with valve surgery is that it shortens the duration of CPB to reduces myocardial injury and inflammatory response. Although our research results indicate that the OPCABG technique is more beneficial for patients’ short-term prognosis, we suggested that surgeons should also consider individual patient conditions when selecting surgical options.



5 Limitation

Since this is a retrospective study, we were unable to collect all unknown confounding factors especially some intraoperative variables, such as type of cardioplegia and the details of CABG were not included in the design of this study, which may have led to biased results. Due to the retrospective nature, OPCABG might be more likely to be performed in patients with more complicated coronary anatomy, and this may lead to selection bias. Since only patients who signed the informed consent form and agreed to participant in this research were counted, this may also affect the accuracy of the conclusions. In addition, this study did not evaluate the effect of the OPCABG technique on long-term prognosis.



6 Conclusion

In this retrospective research, we found that the OPCABG technique may be able to be safely applied to CABG combined valve surgery. Furthermore, OPCABG technique is more beneficial for patients’ short-term prognosis and can reduce the incidence of POAF and AKI.
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Cr, pmol/L. 786(703902] 80.30 (70,05, 9475 0327
ALTU/L 171227 17(12,27) 0.666
ASTU/L 19(1630] 2016,33.5) 0311
PLT, 1079/L 160 [109,217) 158 [110,204] 0.407
WBC, 10M9/L 7.42(5.85,9.78) 7.69[594,10.59] 0.204
€GFR, mL/min 86.6(722996.63] 8474 (69.07, 95.87) 0173
LDH, U/L 195 [170,230) 200 (173,252 0102
CK-MB, ng/mL. 180 (13,29 2(14,32) 0127
Tal, ng/mL. 19(1.1,273] 210(1.20,2.8] 0222
BNP, pg/ml. 244 (116,492.87) 295 (114,534 0,19
Preoperative echocardiographic data
LVEE % 58(51,62] 57(51,63] 092
E/A ratio 123073, 1.45) 1.21[075,1.42) 0959
LVDD, mm 51 (47,561 50 (45, 56] 0.149
LVDS, mm 35 (30,39 3430, 40] 0,653
CABG data
LIMA usage (%) 48(27.7) 178 (25.0) 0525
Graft number 3.00 (2:00,4.00] 2,00 [1.00, 3.00] <0.001
Types of valve surgery
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“Triple valve surgery
“Triple valve replacement (%) 0000) 10.0) 1
“Triple valve repair (%) 0000) 2003) 1
Combined repair and replacement (%) 30(173) 149 (21.0) 0339
Mechanical valve (%) 55(31.8) 282(39.7) 0.068
Bioprosthetic valve (%) 87(50.3) 298 (41.9) 0.056

Data are presented as median [25th-75th percentiles] or n (%). BMI, body mass index; COPD, chronic obstructive pulmonary disease; CKD, chronic kidney disease; PC, percutaneous

coronary intervention; TG, triglyceride; TC, total cholesterol; Cr, creat

&; ALT, alanine a

notransferase; AST aspartate transaminase; LDH, lactate dehydrogenase; PLT, platelet; WBC,

white blood cell; eGFR, estimated glomerular fltration rate; LDH, lactate dehydrogenase; CK-MB, creatine kinase MB; Tnl, troponin I; BNP. brain natriuretic peptide; LVEF,left ventricular
cjection fractions; E/A, ratio early to lae diastolic transmitral flow velocity; LVDID, left ventricular end-diastolic dimension; LVDS, left ventricular end-systolic dimension; CABG, coronary
artery bypass grafting; LIMA, left internal mammary artery.
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Data are presented as median [25th-75th percentiles] or 1 (%). POAF, postoperative atrial fibrillation; AKI, acute kidney injury; PMI, postoperative myocardial infarction; CK-MB, creatine
kinase MB; hsTnl, high-sensitivity troponin Is CPB, cardiopulmonary bypass; LOS, length of stay; ICU, intensive care unit; IABP, intra-aortic ballon pump; ECMO, extracorporeal membrane
oxygenator.
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