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Background: The trends of concomitant CABG and multiple-valve procedures and their impact on in-hospital outcomes in the context of transcatheter aortic valve replacement are unexplored.

Methods: This was a retrospective cohort study using the administrative database of the U.S. national inpatient sample from 2012 to 2018 to identify patients who underwent SAVR with or without concomitant CABG and/or multiple-valve procedures.

Results: During the study period, a total of 75,763 representing 378,815 patients underwent SAVR nationwide were identified, of whom 42,993 (55.1%) experienced isolated SAVR, 27,133 (34.8%) underwent concomitant CABG, 5,637 (7.2%) underwent multiple-valve procedures, and 2,298 (2.9%) underwent both concomitant CABG and multiple-valve procedures. The rate of multiple-valve procedures increased from 6.1% in 2012 to 9.2% in 2018 (P < 0.001 for trend). In-hospital mortality was 2.1, 3.9, 7.3, and 11.2% for isolated SAVR, SAVR with CABG, SAVR with multiple-valve procedures, and SAVR with CABG and multiple-valve procedures, respectively. After propensity matching, compared to isolated SAVR, the risk ratio for in-hospital mortality associated with concomitant CABG was 1.54 (CI 1.39-1.70). In multiple-valve procedures, it was 2.36 (CI 1.97-2.83), and in concomitant CABG and multiple-valve procedures, it was 2.92 (CI 2.29-3.73).

Conclusions: The proportion of patients receiving multiple-valve procedures is increasing. While concomitant CABG moderately increased in-hospital mortality, multiple-valve procedures dramatically increased in-hospital mortality and complications, even after propensity score matching
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BACKGROUND

Surgical aortic valve replacement (SAVR) is still the standard care for aortic stenosis, even with the rapid expansion of transcatheter aortic valve replacement (TAVR). Furthermore, many aortic valve replacement candidates are comorbid with coronary artery disease and multiple-valve diseases. It is common practice for surgeons to perform CABG and other valve procedures in addition to aortic valve replacement for patients comorbid with coronary artery disease and other valve dysfunction during the operation. This fixation of many issues with one combined procedure has a potential advantage compared to TAVR.

Data from the Society of Thoracic Surgeons Database between 1993 and 2007 showed that 45% of patients undergoing valve surgery received concomitant CABG, and 10.9% underwent multiple-valve procedures (1). However, the advent of the TAVR era is expected to significantly change the characteristics of the SAVR population as more high operative risk patients shift to TAVR. In the background of TAVR expansion. The practice pattern for surgeons to perform isolated SAVR or combined procedures and the impact of combining CABG and/or multiple valve procedures on in-hospital outcomes have not been sufficiently investigated in the TAVR era.



METHODS

We performed a retrospective cohort study of patients undergoing surgical aortic valve replacement from the health care cost and utilization project nationwide inpatient sample (NIS) database in the United States from 2012 to 2018. NIS is the largest all-payer health care administrative database in the United States. It contains over 7 million unweighted hospital admissions each year, representing ~20% of the total annual hospital discharge in the United States. The NIS has patient-level and hospital-level data, including demographic and clinical characteristics and discharge and cost information. NIS reports data using the International Classification of Diseases-9th Revision (ICD-9) to September 2015, while data from October 2015 to 2018 are reported utilizing the International Classification of Diseases-10th Revision (ICD-10) codes. The NIS dataset used in the study contains publicly available de-identified data; therefore, this study was exempt from Institutional Review Board evaluation. Data Use Agreement were signed and complied.

The study flowchart is outlined in Figure 1. The NIS database from 2012 to 2018 was queried to identify hospital admissions for patients undergoing aortic valve replacement. The ICD-9 and ICD-10 codes used to identify clinical characteristics and inpatient outcomes are listed in Supplementary Table 1.
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FIGURE 1. Study flow chart. NIS, national inpatient sample; CABG, coronary artery bypass grafting; SAVR, surgical aortic valve replacement; TAVR, transcatheter aortic valve replacement.


Our main aim was to compare the temporal trends and outcomes of SAVR with or without concomitant CABG and/or additional valve procedures. The primary study outcome was in-hospital mortality. Other outcomes included acute stroke, acute kidney injury, new dialysis, permanent pacemaker implantation, blood transfusion, cardiac complications, tamponade, acquired pneumonia, urinary tract infection, sepsis, over 96 h of mechanical ventilation, tracheostomy, gastrostomy, cardiac arrest, cardiac shock, discharge to a nursing facility, length of hospital stay, and medical cost.

We employed propensity score methodology to match hospitalized patients undergoing isolated SAVR to those undergoing SAVR with concomitant CABG. These are also matched to those undergoing multiple-valve procedures and those undergoing concomitant CABG and multiple-valve procedures at a 1:1 ratio. Matching was performed using the MatchIt R package (2). The nearest neighbor technique was adopted to match each case to the control, which was closest in terms of the calculated propensity score, with a caliper width of 0.1. The propensity score was calculated from the following 23 matching variables: age, sex, elective admission, insurance status, presence of atrial fibrillation, hypertension, diabetes mellitus, diabetes with chronic complications, congestive heart failure, chronic lung disease, chronic renal disease, chronic anemia, chronic arthritis, coagulopathy, hypothyroidism, chronic liver disease, obesity, weight loss, peripheral artery disease, chronic pulmonary circulatory disorder, tumor, hospital bed size, and hospital teaching status. The NIS data were merged with cost-to-charge ratios available from the Healthcare Cost and Utilization Project to estimate the cost of hospitalization. We estimated the cost of stay of each inpatient by multiplying the total hospital charge with cost-to-charge ratios. We conducted a multivariable analysis to identify clinical and hospital characteristics that independently predict in-hospital mortality. A cohort after propensity matching was used for the subgroup analysis to maintain the balance between isolated SAVR and those with concomitant CABG and/or multiple-valve procedures. Estimation of the U.S. national hospitalization population is conducted by using standardized sampling and weighting methods provided by the agency for healthcare research and quality (3). We report categorical variables as proportions, while we report continuous variables as the mean ± SD or median [interquartile range (IQR)] whenever appropriate. We compared categorical values using the chi-square test and continuous variables using the Student's t-test. We calculated temporal trends using the Cochran-Armitage trend test. We used the Breslow-Day test to measure the homogeneity of the odds ratio (OR). We used OR and 95% confidence interval (CI) to express effect sizes. Associations were considered significant if the p-value was < 0.05. All statistical analyses were performed with SAS 9.4 (SAS Institute Inc., Cary, North Carolina) and R software version 3.5.2 (R Foundation for Statistical Computing, Vienna).



RESULTS

A total of 141,978 unweighted hospitalizations representing 709,890 hospitalizations received aortic valve replacement (AVR) nationwide in the United States between 2012 and 2018 was identified, after excluding those undergoing TAVR (n = 43,379), those younger than 50 (n = 9,751), those undergoing atrial or ventricular septal closure (n = 1,341), and those undergoing aortic root replacement (n = 9,446). The final cohort, including 78,161 unweighted hospitalizations, consisted of 42,993 (55.1%) isolated SAVR, 27,133 (34.8%) SAVR with concomitant CABG, 5,637 (7.2%) SAVR with other valve procedures, and 2,298 (2.9%) SAVR with both concomitant CABG and other valve procedures. The rate of multiple-valve procedures increased from 6.1% in 2012 to 9.2% in 2018 (P < 0.001 for trend). The rate of CABG plus multiple-valve procedures increased from 2.8% in 2012 to 3.5% in 2018 (P < 0.001 for trend) (Figure 2A).
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FIGURE 2. Trend of concomitant CABG and multiple valve procedures in SAVR and predictors of in-hospital mortality. (A) Percentage of different types of procedures in SAVR from 2012 to 2018; (B) predictor for in-hospital mortality. CABG, coronary artery bypass grafting; SAVR, surgical aortic valve replacement.


In the final cohort, the baseline patient characteristics of those undergoing isolated SAVR or concomitant procedures are shown in Table 1. Compared to isolated SAVR, patients with concomitant CABG are older, while patients with multiple-valve procedures are slightly younger. More males underwent concomitant CABG, while more females underwent multiple-valve procedures. More patients underwent concomitant CABG comorbid with hypertension and diabetes, while fewer patients comorbid with hypertension and diabetes in patients underwent multiple-valve procedures. More patients receive multiple-valve procedures comorbid with chronic lung disease, congestive heart failure, atrial fibrillation, chronic renal disease, anemia, arthritis, coagulopathy, liver disease, weight loss, and pulmonary circulation disorder. Patients receiving multiple-valve procedures are more likely to be admitted to a large teaching hospital and more likely to be admitted as emergency cases.


Table 1. Baseline Characteristics for SAVR with or without concomitant CABG and/or multiple-valves procedure in the unmatched cohorts.
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Before propensity matching, in-hospital mortality was 2.1, 3.9, 7.3, and 11.2% in isolated SAVR, concomitant CABG, multiple-valve procedures, and concomitant CABG and multiple-valve procedures, respectively (Table 2). The rate of stroke, acute kidney injury, new dialysis, cardiac complications, acquired pneumonia, urinary tract infection, sepsis, mechanical ventilation, tracheostomy, gastrostomy, cardiac arrest, and cardiac shock complications are all increased with concomitant CABG and/or multiple-valve procedures. In addition to the length of hospital stays and cost. The annual rates of in-hospital mortality, stroke, acute kidney injury, cardiac complications, cardiac arrest, shock, and individual hospitalization costs in each calendar year during the study period are shown in Supplementary Figures 1–7.


Table 2. In hospital outcomes of SAVR with or without concomitant CABG and/or multiple valves procedure in the unmatched cohorts.
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The baseline characteristics comparing those undergoing concomitant CABG, those undergoing multiple-valve procedures, and those undergoing concomitant CABG and multiple-valve procedures to those undergoing isolated SAVR after propensity matching are shown in Supplementary Tables 2–4. After matching, the standardized differences were <10% for all characteristics compared to isolated SAVR.


SAVR With Concomitant CABG vs. Isolated SAVR

After propensity matching, in-hospital outcomes compared to patients undergoing SAVR with concomitant CABG to isolated CABG are shown in Table 3. Those receiving concomitant CABG had higher in-hospital mortality [3.8 vs. 2.5%; odds ratio (OR): 1.54; 95% confidence interval (CI): 1.39-1.70; p <0.001], acute kidney injury (22.7 vs. 19.7%; OR: 1.20; 95% CI: 1.15-1.25; p <0.001), blood transfusion (31.1 vs. 26.0%; OR: 1.28; 95% CI: 1.23-1.32; p <0.001), cardiac complications (13.7 vs. 12.9%; OR: 1.08; 95% CI: 1.02-1.13; p = 0.005), acquired pneumonia (3.0 vs. 2.4%; OR: 1.27; 95% CI: 1.14-1.42; p <0.001), mechanical ventilation (4.4 vs. 3.4%; OR: 1.29; 95% CI: 1.18-1.41; p <0.001), cardiac arrest (3.5 vs. 2.5%; OR: 1.45; 95% CI: 1.30-1.60; p <0.001), and cardiac shock (5.7 vs. 4.0%; OR: 1.44; 95% CI: 1.33-1.56; p <0.001); longer lengths of hospital stay [median 8 days (IQR: 6-12 days) vs. median 7 days (IQR: 5-11 days); P <0.001]; higher hospital costs ($56,935 ± 36,325 vs. $48,371 ± 35,313); and lower rate of routine discharge (28.5 vs. 33.3%; OR:0.80; 95% CI: 0.77-0.83; p <0.001) than those who undergoing isolated SAVR. No difference was observed in the rate of stroke, new dialysis, tamponade, urinary tract infection, tracheostomy, and gastrostomy between patient undergoing SAVR with and without concomitant CABG.


Table 3. In-hospital Outcomes for isolated SAVR and SAVR with concomitant CABG in the Propensity Matched Cohorts.
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Multiple-Valve Procedure vs. Isolated SAVR

After propensity matching, in-hospital outcomes comparing patients undergoing multiple-valve procedure to those undergoing isolated CABG are shown in Table 4. Those undergoing multiple-valve procedure had higher in-hospital mortality (7.3 vs. 3.2%; OR: 2.36; 95% CI: 1.97-2.83; p <0.001), stroke (5.0 vs. 3.8%; OR: 1.31; 95% CI: 1.09-1.57; p = 0.006), acute kidney injury (33.2 vs. 24.7%; OR: 1.51; 95% CI: 1.39-1.64; p <0.001), new dialysis (4.0 vs. 2.8%; OR: 1.44; 95% CI: 1.17-1.77; p = 0.004), pace maker implantation (13.6 vs. 6.8%; OR: 2.16; 95% CI: 1.90-2.45; p <0.001), blood transfusion (31.1 vs. 27.8%; OR: 1.17; 95% CI: 1.08-1.27; p <0.001), acquired pneumonia (4.5 vs. 3.3%; OR: 1.36; 95% CI: 1.12-1.65; p = 0.002), urinary tract infection (9.1 vs. 7.8%; OR: 1.36; 95% CI: 1.12-1.65; p = 0.02), sepsis (7.6 vs. 5.4%; OR: 1.44; 95% CI: 1.24-1.68; p <0.001), mechanical ventilation (9.6 vs. 6.6%; OR: 1.50; 95% CI: 1.30-1.70; p <0.001), and cardiac shock (11.6 vs. 6.1%; OR: 2.0; 95% CI: 1.75-2.30; p <0.001); longer lengths of hospital stay [median 11 days (IQR: 7-11 days) vs. median 8 days (IQR: 6-14 days); P <0.001]; higher hospital costs ($80,024 ± 60,468 vs. $59,548 ± 51,212); and lower rates of routine discharge (23.9 vs. 30.5%; OR: 0.71; 95% CI: 0.66-0.78; p <0.001) than those who underwent isolated SAVR. No difference was observed in the rates of cardiac complications, tamponade, tracheostomy, gastrostomy, or cardiac shock between patients undergoing SAVR with and without multiple-valve procedures.


Table 4. In-hospital Outcomes for isolated SAVR and SAVR with Multiple valves procedure in the Propensity Matched Cohorts.
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Concomitant CABG and Multiple-Valve Procedure vs. Isolated SAVR

After propensity matching, in-hospital outcomes compared to patients undergoing concomitant CABG and multiple-valve procedures, to isolated CABG are shown in Table 5. Those undergoing multiple-valves procedure had the following: higher in-hospital mortality (11.3 vs. 4.2%; OR: 2.92; 95% CI: 2.29-3.73; p <0.001), acute kidney injury (41.0 vs. 27.8%; OR: 1.81; 95% CI: 1.60-2.05; p <0.001), new dialysis (5.3 vs. 3.5%; OR: 1.54; 95% CI: 1.15-2.06; p = 0.004), pace maker implantation (11.8 vs. 7.0%; OR: 1.76; 95% CI: 1.43-2.16; p <0.001), blood transfusion (33.4 vs. 28.4%; OR: 1.26; 95% CI: 1.11-1.43; p <0.001), acquired pneumonia (6.8 vs. 3.5%; OR: 2.05; 95% CI: 1.55-2.70; p <0.001), mechanical ventilation (12.5 vs. 7.8%; OR: 1.68; 95% CI: 1.38-2.04; p <0.001), tracheostomy (6.3vs. 4.9%; OR: 1.30; 95% CI: 1.01-1.68; p = 0.05), cardiac arrest (6.2 vs. 3.3%; OR: 1.93; 95% CI: 1.45-2.56; p <0.001), and cardiac shock (15.0 vs. 7.1%; OR: 2.31; 95% CI: 1.89-2.81; p <0.001); longer lengths of hospital stay [median 12 days (IQR: 8 to 20 days) vs. median 8 days (IQR: 6-14 days); P <0.001]; higher hospital costs ($88,970 ± 66,223 vs. $60,501 ± 49,696); and lower rates of routine discharge (17.3 vs. 29.1%; OR:0.51; 95% CI: 0.44-0.58; p <0.001) than those who undergoing isolated SAVR. No difference was observed in the rate of cardiac complications, tamponade, or gastrostomy between patients undergoing isolated SAVR and those undergoing concomitant CABG and multiple-valve procedure.


Table 5. In-hospital Outcomes for isolated SAVR and SAVR with concomitant CABG + multiple valves procedure in the Propensity Matched Cohorts.
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Predictor of the In-hospital Mortality

Using the final cohort including 78,061 hospitalizations consisting of patients with isolated SAVR and those with concomitant CABG and/or multiple-valve procedures, multivariate logistic regression was conducted to predict in-hospital mortality. Variables included in the adjusted regression model included age, sex, atrial fibrillation, elective admission, hypertension, diabetes mellitus, diabetes with chronic complications, congestive heart failure, chronic lung disease, chronic renal disease, anemia, chronic arthritis, coagulopathy, hypothyroidism, chronic liver disease, obesity, peripheral artery disease, chronic pulmonary circulatory disorder, concomitant CABG, multiple-valve procedure, and CABG with multiple-valve procedure. Factors associated with highest in hospital mortality was congestive heart failure, (OR: 4.34; 95% CI: 3.72-5.05; p <0.001), followed by undergoing CABG and multiple-valve procedure (OR: 2.69; 95% CI: 2.32-3.11; p <0.001), multiple-valves procedure (OR: 2.44; 95% CI: 2.21-2.70; p <0.001), liver disease (OR:2.22; 95% CI: 1.83-2.68; p <0.001), concomitant CABG (OR: 1.63; 95% CI: 1.50-1.77; p <0.001), non-elective admission (OR: 1.59; 95% CI: 1.46-1.73; p <0.001), pulmonary circulation disorder (OR: 1.49; 95% CI: 1.10-1.99; p = 0.01), female (OR:1.48; 95% CI: 1.36-1.61; p <0.001), coagulopathy (OR: 1.43; 95% CI: 1.32-1.56; p <0.001), peripheral vascular disease (OR: 1.39; 95% CI: 1.26-1.53; p <0.001), older age (per 5 years, OR: 1.13; 95% CI: 1.10-1.16; p <0.001). However, hypertension (OR: 0.64; 95% CI: 0.59-0.69; p <0.001) and atrial fibrillation (OR: 0.73; 95% CI: 0.67-0.79; p <0.001) were associated with lower in-hospital mortality (Figure 2B).




DISCUSSION

We described the trend of the concomitant CABG and/or multiple-valve procedure and compared the in-hospital outcomes among them in the background of TAVR expansion. The primary findings were as follows: (1) the percentage of patients undergoing multiple-valve procedures and concomitant CABG plus multiple-valve procedures increased during the study period. (2). Concomitant CABG and/or multiple-valve procedures were associated with worse in-hospital outcomes, including higher in-hospital mortality and more medical resource usage. (3) The factor associated with the highest in-hospital mortality was congestive heart failure, followed by undergoing both concomitant CABG and multiple-valve procedures, undergoing multiple-valve procedures, liver disease, chronic renal disease, and concomitant CABG.

The advent of the TAVR era dramatically changed the way clinicians manage patients needing aortic valve replacement. However, an increasing number of patients undergoing TAVR are not followed by a proportional decrease in patients undergoing SAVR. Data from this study showed that the annual number of patients undergoing SAVR remains relatively stable. The proportion of patients undergoing concomitant CABG did not increase. The proportion of patients undergoing multiple-valve procedures increased during the study period, as did the proportion of patients undergoing concomitant CABG with multiple-valve procedures.

The results from this large cohort analysis provided clear evidence that concomitant CABG in addition to SAVR was associated with the worse in-hospital outcomes, including mortality. The in-hospital mortality increase was evident even after propensity matching, which helps clarify the conflicting data regarding the impact of additional CABG on aortic valve replacement on early outcomes (4–6). Approximately 1/3 of the patients undergoing SAVR are treated concomitantly with CABG. The increased in-hospital mortality, and other worse in-hospital outcomes, are likely explained by this subset of patients being sicker, even after propensity matching, since additional coronary artery disease is an intrinsic risk for SAVR candidates. Furthermore, the additional procedure increases procedure complexity and prolongs the operation and anesthesia duration. These factors are all attributable to the worse in-hospital outcome observed in this study. Arguably, patients may benefit from treating obstructive coronary artery disease; however, this could still be controversial, as most of these coronary artery diseases are stable. Evidence from the COURAGE and ISCHEMIA trials have shown that patients with stable coronary artery disease may not benefit from invasive revascularization therapy, including CABG (7, 8). An additional procedure exposed them to additional risk for worse in-hospital outcomes. The ESC/EACTS guidelines recommended performing concomitant CABG at the time of SAVR if critical coronary stenosis was present (9). However, significant in-hospital mortality increases identified in this large cohort study still remind the clinician to individualize the decision. This is especially the case when the obstructive coronary disease was borderline or only supplying a limited amount of myocardium, performing isolated SAVR instead of combined surgery would be easier for the surgeon and more beneficial for these patients.

Multiple-valve deficits are common among patients who are candidates for aortic valve replacement. This subgroup is underrepresented in clinical trials, as they are often excluded from enrollment. Limited data exist in the literature regarding the practice pattern and optimal management for aortic replacement candidates comorbid with other valve diseases. Current analyses have shown that in real-world practice, multiple-valve procedures are increasingly performed during the study period. An STS dataset between 1993 and 2007 showed that 10.7% of patients underwent valve procedures, also underwent multiple-valve procedures. Overall, the operative mortality doubled compared with single valve procedures (10), although a decrease in mortality was observed from 1993 to 2007 (1). However, our current analysis provides clear evidence that, even with the latest advances and improvements in surgical techniques and skills, additional valve procedure still dramatically increased in-hospital mortality. Studies indicated that at the price of increased perioperative risk, late improvement in survival and clinical benefit can be expected with multiple-valve procedures (10, 11). Nevertheless, the dramatic increase in in-hospital mortality should be carefully balanced, and decisions should be made on a case-by-case basis.



CONCLUSION

The percentages of SAVR patients undergoing multiple-valve procedures and multiple-valve procedures plus CABG in the United States were increased during the study period. Concomitant CABG and/or multiple-valve procedures were associated with worse in-hospital outcomes, including increased in-hospital mortality. Further studies to explore the best practice pattern for aortic valve replacement candidates who comorbid with coronary artery disease and/or other valve deficit were warranted.


Limitations

The administrative database lacks certain clinically relevant information, such as echocardiography, laboratory and medication data, and operative information, such as procedure duration and anesthesia time. Therefore, these variables cannot be incorporated into the propensity matching. Furthermore, there are intrinsic factors associated with patients comorbid with coronary artery disease and/or other valve diseases treated with concomitant CABG and/or other valve procedures. Many large inpatient cohorts, such as NIS, are subject to coding and documentation errors. Additionally, retrospective observational analysis was liable to selection bias; however, the database has been validated internally and externally (12–14). This national dataset analysis shows the latest real-world data of combined procedure practice patterns for SAVR and their impact on in-hospital outcomes.
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Values are count (percent), mean + SD, median (interquartile range). SAVR, surgical aortic valve replacement; CABG, coronary artery bypass grafting.
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