

[image: image1]
Effect of on-pump vs. off-pump coronary artery bypass grafting in patients with non-dialysis-dependent severe renal impairment: propensity-matched analysis from the UK registry dataset












	
	TYPE Original Research

PUBLISHED 13 February 2024
DOI 10.3389/fcvm.2024.1341123






[image: image2]

Effect of on-pump vs. off-pump coronary artery bypass grafting in patients with non-dialysis-dependent severe renal impairment: propensity-matched analysis from the UK registry dataset

Daniel P. Fudulu1*, Amerikos Argyriou1, Rahul Kota2, Jeremy Chan1, Hunaid Vohra1, Massimo Caputo1, Mustafa Zakkar1 and Gianni D. Angelini1

1Department of Cardiac Surgery, Bristol Heart Institute, University of Bristol, Bristol, United Kingdom

2Bristol Medical School, University of Bristol, Bristol, United Kingdom

EDITED BY
Shahzad Raja, Harefield Hospital, United Kingdom

REVIEWED BY
Philemon Gukop, St George's University Hospitals NHS Foundation Trust, United Kingdom
Praveen Varma, Amrita Vishwa Vidyapeetham University, India

*CORRESPONDENCE Daniel P. Fudulu daniel.fudulu@bristol.ac.uk

RECEIVED 19 November 2023
ACCEPTED 09 January 2024
PUBLISHED 13 February 2024

CITATION Fudulu DP, Argyriou A, Kota R, Chan J, Vohra H, Caputo M, Zakkar M and Angelini GD (2024) Effect of on-pump vs. off-pump coronary artery bypass grafting in patients with non-dialysis-dependent severe renal impairment: propensity-matched analysis from the UK registry dataset.
Front. Cardiovasc. Med. 11:1341123.
doi: 10.3389/fcvm.2024.1341123

COPYRIGHT © 2024 Fudulu, Argyriou, Kota, Chan, Vohra, Caputo, Zakkar and Angelini. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Introduction: On-pump coronary artery bypass (ONCABG) grafting in patients with a pre-existing poor renal reserve is known to carry significant morbidity and mortality. There is limited controversial evidence on the benefit of off-pump coronary artery bypass (OPCABG) grafting in these high-risk groups of patients. We compared early clinical outcomes in propensity-matched cohorts of patients with non-dialysis-dependent pre-operative severe renal impairment undergoing OPCABG vs. ONCABG, captured in a large national registry dataset.



Methods: All data for patients with a pre-operative creatinine clearance of less than 50 mL/min who underwent elective or urgent isolated OPCABG or ONCABG from 1996 to 2019 were extracted from the UK National Adult Cardiac Surgery Audit (NACSA) database. Propensity score matching was performed using 1:1 nearest neighbor matching without replacement using several baseline characteristics. We investigated the effect of ONCABG vs. OPCABG in the matched cohort using cluster-robust standard error regression.



Results: We identified 8,628 patients with severe renal impairment undergoing isolated CABG, of whom 1,142 (13.23%) underwent OPCABG during the study period. We compared 1,141 propensity-matched pairs of patients undergoing OPCABG vs. ONCABG. The median age of the matched population was 78 years in both groups, with no significant imbalance post-matching in the rest of the variables. There was no difference between OPCABG and ONCABG in in-hospital mortality rates, post-operative dialysis, and stroke rates. However, the return to theatre for bleeding or tamponade was higher in ONCABG vs. OPCABG (P > 0.02); however, OPCABG reduced the total length of stay in the hospital by 1 day (P = 0.008). After double adjustment in the matched population using cluster-robust standard regression, ONCABG did not increase mortality compared to OPCABG (OR, 1.05, P = 0.78), postoperative stroke (OR, 1.7, P = 0.12), and dialysis (OR, 0.7, P = 0.09); however, ONCABG was associated with an increased risk of bleeding (OR, 1.53, P = 0.03).



Discussion: In this propensity analysis of a large national registry dataset, we found no difference in early mortality and stroke in patients with pre-operative severe renal impairment undergoing OPCABG or ONCABG surgery; however, ONCABG was associated with an increased risk of return to theatre for bleeding and an increased length of hospital stay.
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Introduction

Renal dysfunction following cardiac surgery using cardiopulmonary bypass (CPB) complicates approximately 1%–5% of cases and is associated with increased mortality and morbidity (1). Its multifactorial pathogenesis includes a systemic inflammatory response or renal hypoperfusion secondary to extracorporeal circulation (1). There is evidence that off-pump coronary artery bypass (OPCABG) grafting reduces acute post-operative kidney injury compared to on-pump coronary artery bypass (ONCABG) grafting in the general cardiac surgical population (2, 3), but long-term preservation of renal function seems to remain unchanged compared to ONCABG (3). Patients with pre-operative renal dysfunction are underrepresented in large OPCABG vs. ONCABG trials; therefore, it has been suggested that avoiding CPB can mitigate some detrimental effects on renal function, ultimately translating into better inpatient outcomes (4). Small randomised controlled trial evidence suggests reduced acute chronic kidney injury using OPCABG (5). Retrospective STS registry evidence further suggests reduced in-hospital mortality and the need for renal replacement postoperatively in patients with severe non-dialysis-dependent renal impairment (6). Given the lack of studies in this area, we aimed to assess inpatient hospital outcomes of patients with pre-operative severe renal impairment (creatinine clearance of less than 50 mL/min) by comparing propensity-matched cohorts of patients undergoing OPCABG vs. ONCABG captured in a large UK registry dataset reflective of real-world practice.



Methods


Study design and setting

We retrospectively analysed collected data from the National Adult Cardiac Surgery Audit (NACSA), obtained from the National Institute of Cardiovascular Outcomes Research’s (NICOR) central cardiac database. The definitions of the database variables used for this study can be found at https://www.nicor.org.uk/national-cardiac-audit-programme/datasets/ in the NACSA Dataset v5.2. The NACSA registry prospectively collects demographic and pre-, peri-, and post-operative clinical data for all significant adult cardiac surgery procedures performed in the United Kingdom. Its central role is to benchmark surgical practice. The flow of the data from data input to analysis has been previously described (7). The data are entered locally and validated at the unit level by database managers before being uploaded through a web portal to NICOR.

Further validation is performed according to logical rules, and missing data reports are generated for primary variables (e.g., EuroSCORE risk factors, patient identifiers, and outcome data). The data are then forwarded to an academic healthcare informatics department for data cleaning. Duplicate records are removed, transcriptional discrepancies are re-coded, and clinical and temporal conflicts are resolved. Missing data are determined during the validation stages of the data transfer from individual centres. Missing and conflicting data for in-hospital mortality status are backfilled and validated via record linkage to the Office for National Statistics (ONS) census database. For the current study, missingness in the outcome variables in the matched population is as follows: mortality 1.3%, need for post-op dialysis 6.9%, post-operative CVA 9.2%, and length of hospital stay 0.3%. Missing data were handled by exclusion. The Health Research Authority (HRA) and Health and Care Research Wales (HCRW) approved the study in 2020 (IRAS project ID 257758), and a waiver for patients' consent was obtained. This study was conducted in accordance with the Declaration of Helsinki.



Patients

We included patients who had isolated CABG and had non-dialysis-dependent severe renal impairment pre-operatively defined as a creatinine clearance of less than 50 mL/min calculated using the Cockcroft–Gault equation (8) between 18 August 1998 and 31 March 2019. Figure 1 depicts the subsetting of the patient groups included in the analysis. We excluded re-do CABG and patients with end-stage renal failure on dialysis since this is a highly comorbid patient population that is the focus of another analysis. We also excluded patients with moderate renal impairment (creatinine clearance of less than 50 mL/min) since the previous evidence suggested the most pronounced benefit of OPCABG in this spectrum of patients.
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FIGURE 1
Study scheme.




Outcomes

The primary outcome was in-hospital mortality. Secondary outcomes included in-hospital transient ischaemic stroke (TIA), cerebrovascular accident (CVA), post-operative renal dialysis, return to theatre for bleeding or cardiac tamponade, and length of hospital stay.



Statistical methods

Categorical variables were summarised as counts and percentages and compared using Pearson's χ2 test or Fisher's exact test. A Shapiro–Wilk test was used to assess the normality of the distribution of continuous data. Our continuous data were non-normally distributed, were summarised as a median with an interquartile range (IQR), and analysed using the Wilcoxon rank-sum test. The P-values were adjusted for multiple tests using the Bonferroni method.

Propensity score matching was performed using 1:1 nearest neighbor matching without replacement using the following baseline characteristics from the NACSA dataset: age, female sex, pre-operative AF, pre-operative neurological dysfunction, hypertension, body mass index (BMI), pre-operative creatinine, recent myocardial infarction, pulmonary disease, Canadian Cardiovascular Society (CCS) angina grade (0–4), New York Heart Association Heart Classification (1–4), pulmonary HTN, diabetes (diet, oral medications, or insulin), left ventricular impairment (good, moderate, and poor), peripheral vascular disease, and the urgency of surgery (elective, urgent, emergency, and salvage surgery) (Table 1).


TABLE 1 Baseline characteristics of the OPCABG and ONCABG patients in the matched cohort.
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After matching, all standardised mean differences (SMDs) for the covariates were checked using love plots, and the adequate balance was set to be below 0.1 (Figure 2). Matched variables were compared using a paired t-test for continuos data and a McNemar test for binary data (9).


[image: Figure 2]
FIGURE 2
Covariate balance between unmatched and matched OPCABG and ONCABG cohorts.


To estimate the on-pump CABG effect vs. off-pump CABG and its standard error, we fitted a logistic regression model with mortality, stroke, post-op renal dialysis, and return to theatre for bleeding as binary outcomes and the treatment (on-pump CABG) and matching covariates as predictors. We included the full matching weights in the estimation. The “glm ()” function was used to fit the outcome, and the comparisons() function in the “marginal effects” package was used to perform g-computation in the matched sample to estimate the average treatment effect on patients undergoing on-pump CABG. Finally, a cluster-robust variance was used to estimate standard errors with matching stratum membership as the clustering variable (10–12). We used a composite endpoint between CVA and TIA to estimate the effect of ONCABG vs. OPCABG on stroke rates.




Results


Characteristics of the unmatched population

The baseline characteristics of the population we analysed are summarised in Table 2. The median age was 78 years (35% female) for the OPCABG cohort and 77 years (37% female) for the ONCABG cohort (both P's > 0.9). The proportion of patients with very poor (1.3% vs. 0.3%), poor (3.8% vs. 2.8%), and moderate LV function (20% vs. 17%) was significantly higher amongst ONCABG patients (P = 0.01) compared to OPCABG patients. More patients with peripheral vascular disease were in the OPCABG group than in the ONCABG group (24% vs. 20%, P = 0.018). There were no differences in the remaining variables we used for matching (Table 1). The percentage of patients with one graft and two grafts was higher in the OPCABG group (12% vs. 1.8% and 12% vs. 1.8%, respectively, P < 0.001). Conversely, the percentage of patients receiving three and four grafts was higher in the ONCABG group (55% vs. 39% and 20% vs. 11%, respectively, P < 0.001). A very small proportion of patients underwent five grafts or more, which was higher in the OPCABG cohort than in the ONCABG cohort (4.2% vs. 2.3%, P = 0.004).


TABLE 2 Baseline characteristics and outcomes of OPCABG vs. ONCABG patients before matching.
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Clinical endpoints in the unmatched population

There was no difference in mortality, post-operative dialysis, CVA, TIA, or return to theatre for bleeding or tamponade (all P’s > 0.005). However, the total length of hospital stay was significantly higher by 1 day in the ONCABG cohort compared to that in the OPCABG cohort (12 vs. 11 days, P = 0.002).



Characteristics of the population post-matching

After matching, there was no imbalance between the baseline variables (Table 1 and Figure 1). The percentage of patients with one and two grafts remained higher in the OPCABG cohort than in the ONCABG cohort, and the percentage with three and four grafts remained higher in the ONCABG cohort (P < 0.001).



Clinical outcomes post-matching

After matching, we found no difference in in-hospital mortality (4.1% vs. 3.8%, P = 0.7), need for post-operative dialysis (6.8% vs. 8.7%, P = 0.1), CVA (1.4% vs. 0.7%, P = 0.3), or TIA (0.7% vs. 0.6%, P > 0.9) between the ONCABG and OPCABG cohorts. However, return to theatre bleeding rates were higher in the ONCABG cohort than in the OPCABG cohort (5.9% vs. 3.9%, P = 0.008), and the length of hospital stay in the ONCABG cohort remained higher compared to that in the OPCABG cohort (12 vs. 11, P = 0.008).



Effect of on-pump CABG vs. off-pump CABG on the matched population

There was no effect of ONCABG vs. OPCABG on mortality (OR, 1.05, P = 0.78), post-operative stroke (OR, 1.7, P = 0.12,) or dialysis (OR, 0.7, P = 0.09); however, ONCABG was associated with an increased risk of bleeding (OR, 1.53, P = 0.03) Table 3.


TABLE 3 Marginal odds ratios for the effect of ONCABG on mortality, post-operative stroke, post-operative dialysis, and bleeding in the matched cohort after cluster-robust logistic regression.
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Discussion

In this propensity-matched analysis of the UK dataset, we found no effect of OPCABG vs. ONCABG on patients with severe renal impairment regarding in-hospital mortality and morbidity. These results contrast with a propensity-matched analysis of 1,578 pairs of patients undergoing CABG with an eGFR of 30–59 mL/min/1.73 m2 by Rocha et al. (13) of the CorHealth Ontario Cardio Registry. They found OPCABG to be associated with a lower rate of in-hospital stroke and renal failure requiring dialysis and blood transfusion. In the same study, at 8-year follow-up, there was no difference in survival probability between OPCABG and ONCABG. In a review of the Society of Thoracic Surgeons (STS) registry of 742,909 non-emergent, isolated CABG cases (158,561 OPCABG), Chawla et al. (6) found OPCABG to be associated with a reduction in the composite in-hospital death or need for post-operative dialysis. Moreover, there was a greater benefit in the subset of patients with severe pre-operative renal impairment (eGFR 15–29 mL/min per 1.73 m2). Our results differ from the multicentre registry studies cited above for several reasons. One potential cause is the heterogeneity in the population included in the various studies and the selection criteria used to define pre-operative renal impairment. Another methodological explanation is that we used propensity matching and robust double adjustment in the matched cohorts, which further reduced residual confounding between the ONCABG and OPCABG. The only randomised study in patients with non-dialysis-dependent chronic renal impairment evaluating the OPCABG vs. ONCABG effect available to date is by Saja et al. (5) in 116 consecutive patients randomised to the ONCABG (n = 60) and OPCABG (n = 56) groups with chronic renal impairment defined by the Modification of Diet in Renal Disease equation (MDRD GFR) < ≠ 60 mL/min/1.73 m2. ONCABG was associated with adverse renal outcomes, requiring more blood transfusions; however, there were no differences in hospital mortality or stroke rates compared to OPCABG. In a meta-analysis by Wang et al. (4) of 201,899 patients with chronic renal impairment, including dialysis-dependent patients, pooled mostly observational studies, and one randomised trial, OPCABG reduced short-term mortality and was associated with reduced duration of ventilation and blood transfusion rates. A recent retrospective study by Phothikun et al. of 220 patients with pre-operative chronic renal impairment that compared the OPCABG with the ONCABG effect with the use of ultrafiltration found a benefit in reducing post-operative acute chronic kidney injury (14).

Our study found OPCABG to be associated with a reduced length of hospital stay, which can translate into cost savings for the NHS and improved incoming patient flow but no benefit in terms of early clinical outcomes (15). This finding is consistent with the meta-analysis by Wang et al. (4), who found OPCABG to be associated with a reduced length of hospital stay in patients with chronic renal impairment. The reduced length of hospital stay associated with OPCABG can be multifactorial and associated with the reduced morbidity observed in several studies, including reduced post-operative atrial fibrillation, which is known to be associated with prolonged hospital stay (16).

OPCABG was associated with a reduced need for post-operative transfusion in the CORONARY trial (17) and several studies in patients with pre-operative renal dysfunction (4, 5, 13). In our study, we could not assess the transfusion requirement; however, after matching and estimating the effect in the matched population, ONCABG increased the risk of return to theatre for bleeding compared to OPCABG.


Strengths and limitations

The strength of our study is its reliance on a multicentre registry dataset that reflects real-world practice. The large size of the dataset allowed us to perform robust propensity matching and double adjustment using clustered-robust standard error regression. Nevertheless, residual confounding can remain despite the methods employed and the retrospective nature of our data, which will never equal a randomised controlled trial.

We found fewer grafts performed in the OPCABG group, consistent with well-known findings in the literature, including studies of patients with pre-operative renal dysfunction (6, 17). It would have been useful to assess the completeness of revascularisation and use these data for matching or in the prediction model. However, one of the study's limitations was high missingness and inaccuracy in pre-operative coronary disease that could not allow us to assess for incomplete revascularisation. Another limitation of our study was the lack of long-term survival data that prevented us from assessing whether the number of grafts impacts the long-term survival of patients with chronic renal dysfunction requiring CABG, which is another limitation of our study. Finally, the study spans a long period when significant improvements in cardiopulmonary bypass techniques have occurred, thus impacting any differences between the two techniques.




Conclusion

In this propensity analysis of a large national registry dataset, we found no difference in early mortality and stroke in patients with pre-operative severe renal impairment undergoing OPCABG or ONCABG surgery; however, ONCABG was associated with an increased risk of return to theatre for bleeding and an increased length of hospital stay.
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Recent MI 468 (41%) 455 (40%) 06

Pulmonary discase

204 (18%)

172 (15%)

ccs

123 (11%)

114 (10.0%)

0
1 90 (7.9%) 99 (8.7%)
2 367 (32%) 342 (30%)
3 362 (32%) 373 (33%)

199 (17%)

213 (19%)

286 (25%)

244 (21%)

2 469 (41%) 517 (45%)
3 317 (28%) 316 (28%)
4 69 (6.0%) 64 (5.6%)
Pulmonary HTN 8 (0.7%) 4(0.4%) 0.4

Diabetes

Diet controlled

47 (4.1%)

56 (4.9%)

Oral drugs 224 (20%) 255 (22%)
Insulin 130 (11%) 146 (13%)
LV function 0074
Very poor (EF < 20%) 4(04%) 7 (0.6%)
Poor (EF 20%-30%) 32 (28%) 49 (4.3%)
Moderate (EF 31-50%) 189 (17%) 202 (18%)
Good (EF >50%) 916 (80%) 883 (77%)
Peripheral vascular disease 274 (24%) 254 (22%) 03
Emergency surgery 582 (51%) 590 (52%) 04

Urgent surgery

26 (2.3%)

34 (3.0%)

Unmatched variables

EuroScore I

40 (28,6.1)

41(28,62)

Aortic cross-clamp time (min) - 50 (38, 65)
140 (12%) 19 (1.7%) <0.001
140 (12%) 19 (1.7%) <0.001
447 (40%) 619 (54%) <0.001
130 (12%) 230 (20%) <0.001
Five grafts or more 48 (4.3%) 36 (3.2%) 509
Missing information on 6(0.5%) 3(0.3%) 209
number of grafts
Clinical outcomes post-matching
Mortality 42 (3.8%) 47 (4.1%) 07
Post-operative dialysis 92 (8.7%) 73 (6:8%) 01
cvA 7 (0.7%) 15 (1.4%) 03
TIA 6 (06%) 7(0.7%) 509
Return to theatre for 44 (3.9%) 67 (5.9%) 0025
bleeding/tamponade
Total length of hospital 11(8,18) 12 (8, 20) 0.008

stay (days)

*n (%); Median (IQR).
>Pearson’s z° test; Wilcoxon rank-sum test; Fisher's exact test.

“Bonferroni correction for multiple testing

9Paired t-test: McNemar's z° test (for matched variables).
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