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Objective:

To assess the relationship between red blood cell (RBC) transfusion exposure and in-hospital mortality after isolated coronary artery bypass graft (CABG) surgery.

Background:

RBC transfusion was commonly used to treat anemia in isolated CABG surgery, but transfusion was found an independent risk factor of postoperative mortality; recent guidelines on patient blood management strategy issued in the last decade may have changed transfusion incidence and related mortality.

Methods:

A retrospective cohort study was conducted from the National database on patients' hospital discharge reports. Consecutive adult patients who underwent isolated CABG surgery in France from January 1, 2016, to December 31, 2018, were included. The primary outcome was the in-hospital mortality rate. RBC transfusion during the hospital stay was identified by specific codes and ordered as categorical variables (no, moderate, or massive transfusion).

Results:

A total of 37,498 participants were studied [mean (SD) age, 66.5 (9.6) years, 31,587 (84.2%) were men]. In-hospital mortality rate was 1.45% (n=541) and RBC transfusion rate was 9.4% (n=3521). In-hospital deaths were more frequent among transfused patients [1.06% (361) if no transfusion up to 10.2% (n=113) if massive transfusion]. After adjustment for confounding variables, RBC transfusion remained a significant independent factor of in-hospital mortality: odds ratio =1.66 (95% confidence interval: 1.27-2.19, P< 0.001) for moderate transfusion, 6.40 (95% confidence interval: 5.07-8.09, P<0.001) if massive.

Conclusions and Relevance:

Despite a modest patients' exposure to transfusion, this study suggests that RBC administration is an independent factor of in-hospital mortality in isolated CABG surgery.

Cardiac surgery represents only a small fraction of all surgical procedures, but consumed a significant proportion of the stored red blood cells (RBCs), with almost 50% of patients receiving a perioperative transfusion, though highly variable between centers.1,2 Among the cardiac surgery procedures, coronary artery bypass graft (CABG) surgery is less exposed to transfusion than more complex surgery procedures like mitral valve surgery, or valve and CABG combined surgery.3 Nevertheless, RBC transfusion may be associated with postoperative morbidity and mortality, even for only 1 or 2 U.1,4

In 2007, the Society of Thoracic Surgeons (STS) and Society of Cardiovascular Anesthesiologists published guidelines to prevent anemia, bleeding, and transfusion in cardiac surgery.5 An update of the STS guidelines has been issued in 2011 and the European cardiac

surgery scientific societies [European Association for Cardio-Thoracic Surgery (EACTS)/European Association of Cardiothoracic Anaesthesiology (EACTA)] have also published guidelines in 2017 to promote patient blood management strategy, including restrictive transfusion.6,7 Most cardiac centers worldwide have put a patient blood management strategy or at least a blood conservation strategy into practice but the consequences of these changes on transfusion incidence and related mortality are not described in large-scale studies.

In France, the health care regulatory authority has implemented a National Hospital Discharge Database since 2004. This database registers all public and private hospital discharge records, including demographic information, diagnosis, and treatment. It is an exhaustive database, which gives true data on national hospital activity. These data are mandatory to get agreement from the health care regulatory authority for a specialized activity like cardiac surgery, and, on top of that, they determine activity-based funding for hospitals. Since its inception on January 1, 2004, the database has incorporated almost 26 million new records annually with a current total of > 260 million entries. Thus, CABG surgery activity, along with concomitant RBC transfusion, is thoroughly recorded in the database.

We proposed to study RBC transfusion and in-hospital mortality of isolated CABG surgery from a cohort of patients registered over a 3-year national activity. The main objective was to assess the relationship between RBC transfusion exposure and in-hospital mortality.

METHODS

Study Design

We conducted a retrospective cohort study using the French National Hospital Discharge Database (Programme de Médicalisation des Systèmes d'Information, PMSI, inspired by the diagnosis-related group classification system).

All methods were carried out in accordance with relevant guidelines and regulations: the study was agreed by the French National Commission for Information Technology and Civil Liberties (Commission Nationale de l'Informatique et des Libertés) through the authorization of the French Hospitalization Federation (Fédération Hospitalière de France, n°715016). According to the French law, informed consent was not required for retrospective analyses of discharge databases.

Setting

All public and private hospital discharge records, including demographic information, diagnosis, and treatment are centralized in the national hospital discharge (PMSI) database. Pathologies and treatment procedures were identified by specific codes from the Classification of Diseases (10th version, ICD-10) and the French Common Classification of Medical Procedures (CCAM 28, 23rd version), respectively.

Participants

All adult (above 18 years) patients were included if they have undergone elective or urgent isolated CABG surgery. Patients who underwent redo cardiac surgery or combined surgery, meaning with concomitant valve or aortic surgery, were not included. Moreover, we restricted our selection to cases defined as incident by excluding patients with previous similar hospital stays between 2009 and 2018, using anonymous patient identifiers to process the data and to eliminate record duplications.

Variables and Data Source

All data and variables of interest have been retrieved from the national PMSI database.

The primary outcome was the incident CABG in-hospital mortality rate as the number of inhospital deaths among the study patients. Discharged patients were considered no longer at risk of in-hospital death.

RBC transfusion during the hospital stay was recorded by specific CCAM codes. The database is aimed at evaluating the resources needed for the surgical act and contingent hospital stay to adjust remuneration to the estimated cost. Therefore, RBC transfusion is reported in the database as semiquantitative transfusion acts, not number of transfused RBC units. Three codes are likely during CABG surgery, which correspond to 3 different situations as defined in the CCAM classification, that is, (1) less than half of the total blood volume, (2) more than half of the total blood volume, and (3) more than half of the total blood volume during operation under general anesthesia. The codes were recorded every time the event occurred during the hospital stay. Since the number of transfused RBC units was not available in the database, we decided to create an ordered categorical variable to differentiate patients, as surrogate estimates of the magnitude of the transfusion exposure. Patients were then classified in 3 distinct categories of transfusion: none, moderate, and massive. Moderate transfusion was defined when 1 episode only of less than half the total blood volume was recorded, and massive transfusion if at least 2 episodes of less than half the total blood volume, or 1 episode of more than half of the total blood volume were recorded.

Other variables with potential confounding effect on in-hospital mortality were collected: demographic data (age and sex), comorbidities registered within the last 3 years (according to Charlson Comorbidity Index, used in prognostic stratification in acute and chronic illness),8 hospitalization in the previous year, emergency admission or intensive critical care unit stay before the procedure (the incident urgent surgery rate was estimated by considering for the numerator the cases with an emergency admission, and/or a stay in intensive care unit before the CABG procedure, that is, surgery during the index hospitalization), primary diagnosis for hospitalization, that is, either coronary artery disease (CAD) including acute coronary syndrome (ACS), myocardial infarction (MI), other cardiac disease, or other than a cardiac disease, delay from hospital admission to CABG surgery. We also included hospital class (public university hospital, public non-university hospital, private hospital, not-for-profit private hospital), annual CABG activity (≤ 250 annual cases vs > 250), and home-to-hospital driving time.

Bias

To minimize the risk of information bias on comorbidities registration (when the latter does not increase the financial amount of the stay), the following pathologies were searched among hospitalizations in the 3 past years using the anonymous patient identifier: diabetes, chronic obstructive respiratory diseases, asthma, hypertension, stroke, peripheral vascular disease, chronic kidney disease including dialysis.

Statistics

We compared the mean or medians of continuous variables using the Student t test or Wilcoxon-Mann-Whitney test, according to their normality. Proportions using the χ2 test for all categorical variables. Variables with P value <0.20 in univariate analyze were selected for inclusion in our multivariate model using logistic regression. The association of transfusion and covariates with in-hospital death was described using the odds ratios (ORs) with a 95% confidence interval (CI). Adjusted effects with P value< 0.05 were considered to be statistically significant. Model adequacy was emphasized by c-statistic and Hosmer-Lemeshow test.

Given that there is a risk of selecting spurious variables when model selection is used in large datasets,9 we have evaluated the robustness of our results by reiterating selection on bootstrap random subsamples of varying size with 1000 iterations each. The analyses were carried out with SAS Enterprise Guide 8.3 (SAS Institute Inc., Cary, NC).

RESULTS

Participants

Between 2016 and 2018, isolated CABG was performed in 37,498 patients, from 12,200 in 2016 to 12,692 in 2018 (flowchart, Fig. 1): 31,587 (84.2%) were male; the mean (SD) age was 66.5 (9.6) years, with 6.2% (n= 2341) aged more than 80. CABG surgery performed in emergency were 4553 (12%). Mean (SD) hospital length of stay was 13.0 days (8.6).

Descriptive Data (

The distribution of the cohort according to the definition of the transfusion exposure resulted in 3 distinct groups of patients with significant differences in patients and surgery characteristics but no difference in years of surgery (Supplemental Material, Table 1, Supplemental Digital Content 1, http://links.lww.com/SLA/D951). However, some variation was observed among the covariables between 2016, 2017, and 2018, mainly with regard to the admission diagnosis, and the timing of surgery (Supplemental Material, Table 2, Supplemental Digital Content 2, http://links.lww.com/SLA/D952).

Mortality rate over the 3 years was 1.3%, 1.6%, and 1.4% in 2016, 2017, and 2018, respectively (P=0.25); similarly, the transfusion exposure distribution was not significantly different between years (P=0.17) (Supplemental Material, Table 2, Supplemental Digital Content 2, http://links.lww.com/SLA/D952). However, the year has been incorporated in the multivariate analysis to protect against confusion effects.

Outcome Data

In-hospital mortality rate was 1.45% (n = 541) and RBC transfusion rate was 9.4% (n = 3521) with moderate transfusion for 2418 patients (6.5%) and massive transfusion for 1103 patients (2.9%). In the massive transfusion group, 31% (n = 337) had at least 1 episode of more than half of the total blood volume, 20% (n = 224) >3 episodes of less than half of the total blood volume, and 49% (n = 542) 2 episodes of less than half of the total blood volume.

Unadjusted Estimates of In-hospital Mortality (Supplemental Material, Table 3, Supplemental Digital Content 3, http://links.lww.com/SLA/D953)

In-hospital deaths were more frequent among transfused patients and the effect increased with the transfusion class, from 1.06% (n=361) if no transfusion to 2.8% (n=67) if moderate transfusion and if massive transfusion, 10.2% (n= 113) (P< 0.001), ranging from 9.4% (n=70) for patients who received a repeated transfusion of less than half of the total blood volume to 12.8% (n= 46) for patients who received at least 1 transfusion of more than half of the total blood volume. Other factors significantly associated with in-hospital mortality according to the univariate analysis (Table 3 in Supplemental Material, Supplemental Digital Content 3, http://links.lww.com/SLA/ D953) were: female sex, elderly patients, high-level comorbidity patients according to Charlson Comorbidity Index, CABG performed in an emergency, or when CABG surgery was delayed after admission. Deaths were less frequent among patients admitted for ACS or CAD than among patients admitted for MI (Table 3 in Supplemental Material, Supplemental Digital Content 3, http://links.lww.com/SLA/D953). The in-hospital mortality rate was slightly higher in University Hospital (1.7%, n= 360). The model yielded satisfactory fit measures (c-statistic: 0.82, Hosmer-Lemeshow test P=0.05). The sensitivity analysis confirmed RBC transfusion exposure (Supplemental Material, Fig. 1, Supplemental Digital Content 5, http://links.lww. com/SLA/D955), age over 60, Charlson Comorbidity Index ≥2, emergency CABG, or other cardiac diseases as independent factors of in-hospital mortality with a consistent statistical significance (achieved at least in 85% to 100% of samples with N= 37,000). Less consistency was observed for factors as sex or ACS diagnosis (selected in 60% of samples). For delay from hospital admission to CABG surgery, MI diagnosis or other than cardiac disease, hospital type, hospital CABG annual volume, and prior hospitalization within 1 year, the sensitivity analysis showed a selection in <50% of the models.

Adjusted Estimates of

DISCUSSION

We report that transfusion of RBC is associated with a significant increase of in-hospital mortality risk for patients undergoing isolated CABG surgery even after controlling for other risk factors, despite an overall low incidence of transfusion (9.4%).

According to the national PMSI Database, CABG surgery activity remained quite stable from 1 year to another over the 3-year study period, in volume activity as well as in patients' characteristics. The results of the multivariate analysis showed no effect of the period upon the mortality rates from 1 year to another allowing us to control that the cohort was homogeneous all over the 3-year study period.

The incidence of RBC transfusion observed in the study, 9.4%, is far lower than that reported in previous large cohorts from single cardiac centers, around 50%, reported 10 years ago.1,4 Before the publication of the Guidelines on transfusion and blood conservation in cardiac surgery in 2007,5 the incidence of transfusion depended mainly on the cardiac center routine practice, resulting in wide variability in the transfusion rates, from 7.8% to 92.8%.2 Since 2009, an ongoing improvement in patient blood management in many cardiac surgical programs has contributed to reducing the use of perioperative blood products.3 A 30% decrease of blood product utilization for CABG surgery has been observed in the STS database between 2009 and 2017.3 Other factors can be accounted for the small incidence of RBC transfusion in our study. To avoid surgical confounding factors, we have deliberately analyzed only isolated CABG surgery, excluding combined or redo surgery, both of them being associated with a higher risk of transfusion.10,11 Moreover, emergency surgery, which is also an independent risk factor of RBC transfusion,10,11 represented only 12.1% of the cohort. Finally, the low RBC transfusion incidence may reflect the impact of the implementation of patient blood management strategy that has been adopted in most cardiac centers in France in recent years. Indeed, studies on restrictive transfusion strategy, based mainly on a lower hemoglobin level to trigger transfusion, have demonstrated a significant reduction in the incidence of RBC transfusion, up to 40% when compared with the liberal strategy.12-14

The observed in-hospital mortality (1.45%) was in the range already reported elsewhere in large cohorts.3,4 Nevertheless, despite the low incidence of RBC transfusion, the study shows that transfusion remains significantly related to in-hospital mortality. The mortality incidence of 1.06% in non-transfused patients increased to 5.1% in transfused patients, and even more in the case of massive transfusion (10.2%).

To estimate the impact of the transfusion burden we added a categorical variable, dividing levels of transfusion in 2 classes, moderate and massive. The definition of moderate and massive transfusion is debatable. In the Universal Definition of Perioperative Bleeding (UDPB) in cardiac surgery, 5 bleeding categories were defined by using mixed definitions of bleeding including 5 levels of transfusion exposure depending on the RBC unit threshold. [START_REF] Dyke | Universal definition of perioperative bleeding in adult cardiac surgery[END_REF] In the UDPB, moderate bleeding is defined when 2 to 4 RBC units are transfused, and severe/massive when >5 U are transfused, a threshold similar to Karkouti and colleagues' definition in a previous study on massive transfusion.15,16 Since the number of transfused RBC units was not available in our database, one may wonder whether the ordered categorical variables approximate moderate and massive transfusion proportions as defined in these studies. Indeed, the proportion of patients who were ranked in our moderate transfusion group (69%) was very similar to the proportion of patients who received <4 RBC units (66%, 840/1271) in a recent study on restrictive transfusion in cardiac surgery.14 Furthermore, if we cannot exclude that some patients have been misclassified, it is noticeable that the mortality in the massive group was significantly higher than in the moderate group, whatever the transfusion coding (9.4%-12.8% vs 2.8% in the moderate group).

As defined, massive transfusion was probably aimed at compensating blood loss, due to either active bleeding either acute and/or persistent, which is observed more often in more complex surgery cases.1,12,17 These conditions make transfusion not easy to avoid and thus increase transfusion-related risk.1,12,18 Indeed, the administration of blood product may generate several complications by itself. Some of them, like allergic reaction, hemolytic reaction, or bacterial contamination, may not be related to the amount of transfusion but the risk increases with the transfusion exposure. Other complications, like transfusion related lung injury, are more likely in the case of massive transfusion.

On the contrary, moderate transfusion was probably aimed at treating anemia outside the context of active bleeding. Nevertheless, mortality rate of these patients was higher than for non-transfused patients. It was already well established that transfusion even of a low number of RBC units is associated with a higher mortality rate.1,4 The higher in-hospital mortality we observed, with an OR of 1.66, is close to the OR reported (1.90) in a study where patients transfused with only 1 or 2 RBC units were analyzed. [START_REF] Paone | Transfusion of 1 and 2 units of red blood cells is associated with increased morbidity and mortality[END_REF] The observational nature of the study cannot establish the causality relationship between RBC transfusion and mortality but brings further evidence that even low volume transfusion may be harmful. Yet, contrary to massive transfusion, moderate transfusion might be avoided or replaced by alternative treatment of anemia in many patients.

The multivariate analysis allowed us to demonstrate also that older or comorbid patients, and emergency surgery were other factors independently associated with in-hospital mortality. Of note, these characteristics are already well-known factors of perioperative mortality and are currently included in scores used to predict cardiac surgery outcomes (STS score or Euroscore II).18 Contrary to these factors, transfusion may appear as a modifiable risk factor, particularly for the cases when a small number of RBC units are transfused. In this perspective, the first step was accomplished with the practice of restrictive transfusion. Based on an absolute reduction of the hemoglobin threshold to trigger transfusion for all patients (from 9-9.5 to 7.5 g/dL or hematocrit from ≤30% to ≤24%), restrictive transfusion was quite effective with a 28% to 42% reduction of RBC unit administration.12-14 Accordingly, restrictive transfusion is strongly recommended,19 but no benefit on postoperative outcome has been shown yet. [START_REF] Hajjar | Transfusion requirements after cardiac surgery: the TRACS randomized controlled trial[END_REF][START_REF] Murphy | For the TITRe2 Investigators. Liberal or restrictive transfusion after cardiac surgery[END_REF][START_REF] Mazer | For the TRICS Investigators and Perioperative Anesthesia Clinical Trials Group. Restrictive or liberal red-cell transfusion for cardiac surgery[END_REF][START_REF] Mazer | For the TRICS Investigators and Perioperative Anesthesia Clinical Trials Group. Sixmonth outcomes after restrictive or liberal transfusion for cardiac surgery[END_REF] The absence of benefit of restrictive transfusion over liberal transfusion suggests that avoiding RBC transfusion may be not sufficient to improve outcomes,17 possibly because restrictive transfusion delays anemia correction and exposes patients to anemia-related complications.21,22 Individualizing restrictive transfusion according to a metabolic trigger may help to adjust RBC transfusion to adequate oxygen delivery.23,24 In 2 randomized controlled studies, RBC transfusion was conditioned to central venous oxygen saturation.23,24 When RBC transfusion was administered only when central venous oxygen saturation was <65% to 70% in complement to hemoglobin concentration <9 g/dL, transfusion was reduced by 20% to 30% in comparison to a standard strategy.23,24 However, both studies were not designed to assess the long-term outcome, which would need further studies. Additional approaches are also required to study alternative treatments of anemia. Preoperative anemia is a well-known factor of perioperative transfusion, and a key issue of the patient blood conservation strategy. [START_REF] Alghamdi | Development and validation of Transfusion Risk Understanding Scoring Tool (TRUST) to stratify cardiac surgery patients according to their blood transfusion needs[END_REF][START_REF] Goudie | Risk scores to facilitate preoperative prediction of transfusion and large volume blood transfusion associated with adult cardiac surgery[END_REF][START_REF] Ranucci | Surgical and Clinical Outcome Research (SCORE) Group. Major bleeding, transfusions, and anemia: the deadly triad of cardiac surgery[END_REF][START_REF] Raphael | Society of cardiovascular anesthesiologists clinical practice improvement advisory for management of perioperative bleeding and hemostasis in cardiac surgery patients[END_REF] Preoperative iron supplementation and erythropoietin have shown encouraging results to correct anemia without transfusion, even with ultra-short-term treatment before surgery.25-27 Complementary studies of these treatments on postoperative anemia are needed.28 A bundle of care combining treatment of anemia (preoperative and postoperative) with iron supplementation and erythropoietin, plus metabolic adjustment of perioperative transfusion could be well adapted to patients at higher risk of moderate transfusion. To identify these patients, we have performed an ancillary study through a post hoc test comparing patients with moderate transfusion to non-transfused patients (Supplemental Material, Table 5, Supplemental Digital Content 6, http://links.lww.com/ SLA/D956). The patient at risk of moderate transfusion can be described as a woman, older than 70, with comorbidities, eventually operated in emergency for ACS in center with small activity. Using a bundle of care to reduce transfusion for this patient category is attractive but deserves further studies.

This study has several limits. It is an observational study from a medico-administrative database. We cannot exclude heterogeneity in exhaustiveness and quality in reporting the various factors studied, and particularly the transfusion episode, which is an uncommon method of reporting transfusion incidence. However, since the transfusion item is one of the key issues to classify the surgical act with specific CCAM codes for transfusion quantity, and to adjust cost/remuneration, it is doubtful that transfusion was not reported accurately. We have had a similar experience in a previous observational study. [START_REF] Colson | for the ARCOTHOVA Group. Active bleeding after cardiac surgery: a prospective observational multicenter study[END_REF] In a prospective observational study on massive bleeding after cardiac surgery conducted in 29 French cardiac surgery centers, a tiny difference (1.1%) was observed between the reported incidence of massive bleeding in the study data and the declared incidence of serious bleeding in the national PMSI database. Due to the nonrandomized design of the study, we cannot exclude a selection bias in estimating the role of the transfusion particularly when a unique episode. Patients transfused might be initially more severe than non-transfused ones. Finally, the database was not designed to an epidemiological study, and significant data on transfusion strategy and volume are missing which may be the source of residual confusion even after adjustment.

Nevertheless, the strengths of the study are: (1) the collection of the exhaustive French national activity over 3 years; (2) the use of the chaining of patient stays to identify so-called incident patients minimizing selection bias, and to reduce information bias by looking for significant data in the patients' medical history (including comorbidities); and (3) the multivariate analysis to take into account possible confounding effects, with the construction of a model with a very good fit validated by a sensitivity analysis reducing the risk to consider statistically significant results, while poor or no clinical relevance.

In conclusion, our study suggests that despite the low patients' transfusion exposure, transfusion might be a significant factor of in-hospital mortality in isolated CABG surgery, even when a low volume of RBC transfusion is administered.

  

  

Table 1 in Supplemental Material, Supplemental Digital Content 1, http://links.lww. com/SLA/D951)

  

	Reported admission diagnoses were mainly CAD [n=26,381 (70.4%)], ACS [n=6868
	(18.3%)], or MI [n=3714 (9.9%)].

In-hospital Mortality (Supplemental Material, Table 4, Supplemental Digital Content 4, http://links.lww.com/SLA/D954)

  After adjustment, in-hospital mortality was significantly associated with RBC transfusion exposure: OR= 1.66 (95% CI, 1.27-2.19, P< 0.001) for moderate transfusion, and OR=6.40 (95% CI, 5.07-8.09, P<0.001) for massive transfusion. Women, patients older than 60, patients with ACS or other cardiac pathologies than MI, Charlson Comorbidity Index, CABG surgery performed in an emergency or inversely ≥ 2 days after hospital admission were independent factors associated to higher odds of mortality (Fig.2, Table4in Supplemental Material, Supplemental Digital Content 4, http://links.lww.com/SLA/ D954).

Variables of interest have been extracted retrospectively for the study from all cardiac cases performed in public or private hospitals, consecutively registered from January 1, 2016, to December 31, 2018.
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