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Objective: To investigate the correlation between red blood cell transfusion and clinical outcome in patients after cardiac surgery.

Methods: Demographic, clinical characteristics, treatment with/without transfusion, and outcomes of patients after cardiac surgery from the Medical Information Mart for Intensive Care—III database were collected. Patients were divided into two groups according to perioperative transfusion. A multivariable logistic regression analysis was utilized to adjust for the effect of red blood cell transfusion on outcomes for baseline and covariates and to determine its association with outcomes.

Results: In total, 6,752 patients who underwent cardiac surgery were enrolled for the analysis. Among them, 2,760 (40.9%) patients received a perioperative transfusion. Compared with patients without red blood cell transfusion, transfused patients demonstrated worse outcomes in inhospital mortality, 1-year mortality, and all-cause mortality. Adjusting odds ratios (ORs) for the significant characteristic, patients with perioperative transfusion remained significantly associated with an increased risk of inhospital mortality [OR = 2.8, 95% confidence interval (CI) 1.5–5.1, P = 0.001], 1-year mortality (OR = 2.0, 95% CI 1.4–2.7, P < 0.001), and long-term mortality (OR = 2.2, 95% CI 1.8–2.8, P < 0.001).

Conclusion: Perioperative red blood cell transfusion is associated with a worse prognosis of cardiac surgery patients. Optimal perioperative management and restricted transfusion strategy might be considered in selected patients.
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INTRODUCTION

Anemia is a common morbidity in cardiac surgery patients due to systemic malnutrition, malabsorption, inflammation, inadequate erythropoiesis, and/or chronic blood loss (1). Studies have demonstrated that preoperative anemia is an independent risk factor for postoperative morbidity and mortality (2, 3).

Cardiac surgery is associated with perioperative blood loss and a high risk of allogeneic blood transfusion (4). The incidence of perioperative blood transfusion is dependent on the complexity and duration of surgery, prevalence of preexisting anemia, and age of the patient (5). Cardiac surgery often requires the support of cardiopulmonary bypass (CPB), which can significantly induce an inflammatory response and has been associated with perioperative anemia (6, 7). Therefore, red blood cell (RBC) transfusions are usually inevitable during these procedures.

Blood transfusions are generally considered safe. Although transfusions are considered lifesaving treatments, as they provide immediate improvement of anemia, they do not address the underlying cause. Also, certain risks of transfusion reactions, including allergic reactions, acute immune hemolytic reaction, delayed hemolytic reaction, graft-vs. host disease, etc., would affect patients' outcomes as well (8). In post-cardiac surgery patients, previous studies suggested that both preoperative anemia and RBC transfusion are associated with inhospital mortality and have a strong impact on long-term survival (9, 10). These might be related to the overlap immune reaction and the systemic perioperative condition.

Given the existing knowledge, the present study aimed to further explore the characteristics and the association of RBC transfusion with mortality and adverse events in cardiac surgery patients from the Medical Information Mart for Intensive Care (MIMIC)—III database.



METHODS AND MATERIAL


Study Population and Design

The current large single-center retrospective study used publicly available data from the MIMIC-III database conducted by Beth Israel Deaconess Medical Center (BIDMC, Boston, MA, USA). Further details on MIMIC-III protocols are available from its original publication (11).

Demographics, procedures, vital signs, laboratory examination results, input and output information, medications, and other clinical variables were collected for further analysis. Adult patients admitted to the intensive care unit from 2001 to 2012 were included in the initial analysis. Among the 46,520 patients in the full sample, after excluding patients age <18 years old, those with a lack of complete blood counts recorded within 24 h ICU admission, and >5% missing variables, there were a total of 6,752 patients enrolled in the present study.



Baseline Variables and Definitions

Data were extracted by structured query language PostgreSQL 9.6. Demographic variables such as age, gender, and comorbidity (hypertension, chronic heart failure [CHF], diabetes mellitus, chronic obstructive pulmonary diseases, chronic kidney disease, and liver dysfunction) were obtained.

Vital signs, blood gas analysis (pH, base excess, anion gap, bicarbonate, and lactate), laboratory results, mechanical ventilation time, and perioperative transfusion were collected. Body mass index (BMI, kilograms/meter squared) was calculated as body weight divided by height squared. The sequential organ failure assessment (SOFA) score (12) and systemic inflammatory response system (SIRS) score (13) at admission to the ICU were calculated. Transfusion of packed RBCs was calculated as binary 0 (no transfusion) or 1 (transfusion given) in the dataset.

The primary outcomes were inhospital mortality, 1-year mortality, and long-term all-cause mortality. The secondary outcomes were the length of ICU stay, length of hospital stay, and mechanical ventilation time. The follow-up time was defined as the period between admission time (ADMITTIME) and date of death (DOD_SNN) in the MIMIC-III database. To be noted, the long-term follow-up was continued until death or December 2016 for the all-cause death after a 1-year follow-up, whichever occurred first.



Statistical Analysis

Continuous variables are presented as means ± standard deviations for normal distribution data and median ± interquartile range for non-normal distribution data. Categorical variables are presented as numbers (%). Comparison analyses were conducted using the Mann–Whitney U-test for continuous variables and the χ2 test or Fisher exact test for categorical variables.

Univariable logistic regression analysis was conducted to estimate the relationships between perioperative transfusion and all outcomes. Multivariable logistic regression analysis was then performed to adjust for the following significant covariates. Cox regression analyses were performed to determine whether the perioperative transfusion affected the mortality and other study outcomes. The effect was expressed by odds ratio (OR) or hazard ratio (HR) with a 95% confidence interval (CI). Adjustment with the variables associated with primary and secondary outcomes was performed. These include the age, sex, BMI, comorbidity (hypertension, chronic heart failure, and chronic kidney disease), blood gas results (pH value, base excess, anion gap, bicarbonate, and lactate), laboratory tests (white blood cell count, platelets count, hemoglobin (HB), serum creatinine (SCr), and international normalized ratio), SOFA score, and SIRS score.

Statistical analysis was performed using STATA version 15 (STATA Corp LLC, College Station, TX, USA) and SPSS version 26.0 (IBM, Armonk, NY, USA). P < 0.05 was considered statistically significant.




RESULTS


Baseline Characteristic

A total of 6,752 cardiac surgery patients (median age 67 years old, 68.4% male) were included. The median follow-up time was 1,717.83 (927.81, 2,520.21) days, with the longest follow-up time of 10 years.

According to treatment with or without RBC transfusion during hospitalization, patients were divided into two groups (non-transfusion group and perioperative transfusion group). Among them, 2,760 (40.9%) patients received blood transfusion perioperatively, and the median amount of RBC transfusion for the transfusion group was 750 (375, 1,483.75) ml. The characteristics are compared in Table 1.


Table 1. Baseline characteristics.
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Age, gender, BMI, comorbidity of hypertension, CHF, chronic kidney disease, blood gas indexes, white blood cell count, platelets count, HB, SCr, international normalized ratio (INR), SOFA score, SIRS score, and study outcomes were all significantly different between the groups (P < 0.05 in all cases).



Primary Analysis

To determine whether perioperative transfusion was associated with the prognosis of cardiac surgery patients, univariate and multivariate logistic regression analyses (Table 2) were performed.


Table 2. Logistic regression model of the perioperative red blood cell transfusion and postoperative outcomes.
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The result showed that perioperative transfusion was associated with increased inhospital mortality (OR = 4.6, 95% CI 3.0–7.0), 1-year mortality (OR = 3.1, 95% CI 2.4–3.9), and long-term mortality (OR = 3.0, 95% CI 2.6–3.4) and also showed a significantly increased risk for the secondary outcomes.

Furthermore, after adjusting for the significant variables in baseline, inhospital mortality (OR = 3.8, 95% CI 2.8–5.0), 1-year mortality (OR = 1.8, 95% CI 1.3–2.6), and long-term mortality (OR = 2.4, 95% CI 1.8–3.0) and the secondary outcomes were significantly higher for the transfusion group (All P ≤ 0.001).



Outcome Analysis

Cox regression analysis was performed for the corresponding outcomes between groups (Table 3). After adjusting for the significant covariables, results illuminated that an increased risk of inhospital mortality (HR = 2.8, 95% CI 1.5–5.1, P = 0.001, Figure 1), 1-year mortality (HR = 2.0, 95% CI 1.4–2.7, P < 0.001, Figure 2), and long-term mortality (HR = 2.2, 95% CI 1.8–2.8, P < 0.001, Figure 3) were maintained in cardiac surgery patients with transfusion over those without transfusion.


Table 3. Cox multivariate regression model of association between perioperative red blood cell transfusion and postoperative outcomes.
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FIGURE 1. Correlation between perioperative red blood cell transfusion and 1-year mortality.
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FIGURE 2. Correlation between perioperative red blood cell transfusion and inhospital mortality.
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FIGURE 3. Correlation between perioperative red blood cell transfusion and long-term mortality.




Related Risk Factors for Perioperative Transfusion

The multivariate logistic regression analysis showed that age (OR = 1.01, 95% CI 1.00–1.02), CHF (OR = 1.51, 95% CI 1.33–1.80), diabetes mellitus (OR = 1.30, 95% CI 1.10–1.52), anion gap (AG) (OR = 1.06, 95% CI 1.03–1.09), lactate (OR = 1.11, 95% CI 1.06–1.18), SCr (OR = 1.20, 95% CI 1.12–1.34), INR (OR = 2.21, 95%CI 1.70–2.68), and SIRS score (OR = 1.32, 95%CI 1.23–1.46) were all associated with a significantly higher risk of perioperative RBC transfusion, whereas male gender (OR = 0.5, 95% CI 0.4–0.6), higher BMI (OR = 0.97; 95% CI 0.96–0.98), and base excess (BE) (OR = 0.95, 95% CI 0.92–0.98) were associated with a lower risk of transfusion (Table 4).


Table 4. Multivariate logistic regression analysis of the associated clinical characteristic.
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Impact of Different Cardiac Surgery on the Outcome

The main types of surgery selected in the current study were coronary artery bypass graft (CABG, 58.6%) and valve replacement (VR, 26.4%), and CABG + VR patients accounted for 15% of the total population. Among them, the inhospital mortality rate of patients undergoing CABG + VR was 3%, which was significantly higher than solely CABG (1.4%) and VR (2.0%) patients. However, further logistics and Cox regression analysis showed no correlation between the type of surgery and patients' outcome. Including the type of surgery as a variable in the multivariate regression analysis had no significant effect on the correlation between RBC transfusion and clinical outcome indicators.




DISCUSSION

Our study demonstrated that perioperative RBC transfusion was associated with a worse prognosis of cardiac surgery patients. The primary outcomes—inhospital mortality, 1-year mortality, and long-term mortality—were all significantly higher in the cardiac surgery patients with transfusion. With further regression analysis, perioperative transfusions remained to be associated with an increased risk of the primary outcomes. In our study, patients of the transfusion group often presented with worse preoperative clinical conditions. They were significantly older, presented more frequently with CHF, were more likely to have metabolic disturbance (higher AG, lactate, and SCr), and have a higher SOFA score.

Perioperative management is a key component of cardiac surgery patients, especially for those with anemia. As an established risk factor reflecting systemic dysfunction and cardiovascular disease in the general population (14), anemia is a common comorbidity in perioperative patients (2, 4). It has been shown that the combination of anemia and blood transfusion carries additive risks for the incidence of adverse outcomes (15), and increasing units of RBC transfusion are associated with worse outcomes (16, 17). Previous studies showed that perioperative RBC transfusion in cardiac surgery could increase patients' risk of death, regardless of the amount of blood units (17–19).

Although the exact mechanism remains unclear, inflammation might be one of the significant factors. First, as our logistic regression analysis demonstrated, patients' systemic condition (age, sex, lower BMI, and comorbidity), metabolic status (BE, AG, lactate, SCr, and INR), and inflammation (SIRS Score) appear to affect the requirement of transfusion and their prognosis as well. Similar perioperative risk factors have been noted to have an inverse relationship to the prognosis in cardiac surgery (20). For example, studies showed a higher mortality risk for the underweight and the extremely obese patients after cardiac surgery (21). These factors reflect the general systemic condition of the internal environment and homeostasis, which might affect the outcomes and contribute to a higher risk of death (22–26). Therefore, optimal perioperative management should be considered, especially in these high-risk patients with multiple comorbidities and/or systemic status.

Second, despite RBC transfusions having significant values in anemic treatment, inadequate allogeneic transfusion may put patients at an additional risk of future cardiovascular events led by tissue ischemia, increased red-cell aggregation, and pro-inflammatory cytokines (27). Patients who require cardiac surgery usually have concomitant cardiac dysfunction with secondary complications, such as malnutrition. Pro-inflammatory pathways and cardiac inflammation would be activated for regulating tissue stress and/or malfunction (20). Also, factors related to the surgery (such as direct injury or CPB,) (1) have the potential to influence the postoperative course of systemic inflammatory response, leading to worse outcomes. Therefore, the vicious cycle of inflammation and cardiac dysfunction could be formed to affect patients' outcomes.

Due to the factors mentioned earlier, a restricted transfusion strategy with a lower HB trigger of blood transfusion has been proposed and shown to be non-inferior to liberal strategies in different clinical settings (28) or even with improved outcomes (29). Adopting the restrictive strategy in cardiac surgery, previous randomized trials have shown non-inferior 28-day and 6-month outcomes compared with liberal strategies as well (29–31). Our results regarding real-world settings showed a substantial impact on primary outcomes, which reinforced the unanswered questions of blood usage in cardiac surgery patients. Trials continue to integrate the optimal strategy, and assessing transfusion thresholds is needed. With the advancement of perioperative management for cardiac surgery, restrictive transfusion strategy with complementary methods [such as central venous oxygen saturation (32), near-infrared spectroscopy (33), etc.] might further optimize patient management.

Furthermore, various covariates might affect the decision of transfusion and outcomes in cardiac surgery patients, such as elective or emergency setting (34), type of CPB (on/off-pump), and perioperative anticoagulation (35). However, data regarding the factors mentioned earlier in the MIMIC database were not complete and therefore could not be used to evaluate the impact on transfusion and outcomes. Adjustments with coagulation-related indexes (platelet and INR) to minimize such bias were applied in the multivariate regression. Also, analysis with limited data suggested the type of cardiac surgery might account for the limited impact on outcomes.

In summary, our results showed that worse short-term and long-term outcomes were observed in patients receiving perioperative RBC transfusion. Although the association between these subsequent factors in management and prognosis has yet to be conclusively demonstrated, a worse preexisting systemic condition and/or the inflammatory response might be the possible mechanism. Comprehensive optimal management and close follow-up are recommended for cardiac surgery patients who needed perioperative transfusion according to the current guidelines. Also, further exploration of the restrictive transfusion strategy regarding the threshold and clinical setting is needed for optimal interventions and improving outcomes.



LIMITATION

Although the present study demonstrated the association between the RBC transfusion and the outcomes of cardiac surgery patients, several limitations should be considered when interpreting these data. Firstly, although the sample size is relatively large, this was a retrospective study based on a single-center database. Secondly, anemia type and threshold for the transfusion were not further characterized due to the limitation of the dataset, which might limit the generalization of the results. Finally, it reports only preliminary results for clinical outcomes without control for covariables, such as surgery settings (CPB, on/off pump, and emergency/elective) and the use of anticoagulants. Further explorations regarding the correlation between postoperative systemic conditions, surgery settings, and transfusion threshold in adverse outcomes are needed.



CONCLUSION

In this large retrospective analysis, we demonstrated that perioperative RBC transfusion might affect both the short-term and long-term prognoses of cardiac surgery patients. Results suggested that restrictive transfusion strategy might be further explored in cardiac surgery patients for optimal management. To be noted, patients with significant comorbidities were more likely to receive a blood transfusion, suggesting advanced perioperative management and follow-up might be needed in these selective patients.
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