Associations of postoperative hemoglobin values and in-hospitalization clinical outcomes in patients undergone  noncardiac surgery
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Abstract

Background: Pre transfusion hemoglobin values are often used to evaluate the rationality of blood use in clinical treatment, but the evaluation criteria for the rationality of blood use in surgical patients are still unclear. This study will explore the correlation between postoperative initial hemoglobin values and the prognosis of non cardiac surgery patients, in order to determine whether there is a corresponding postoperative initial hemoglobin value that can be tolerated by surgical patients without affecting their significant clinical outcomes. Through this study, we hope to take the initial postoperative hemoglobin value as an evaluation indicator for reasonable blood use in surgical patients.

Methods: The data of 83,455 patients who underwent non-cardiac surgery at West China Hospital of Sichuan University from 2012 to 2018 were retrospectively analyzed. Patients were divided into five groups based on their first hemoglobin value within 24 hours after surgery: Hb<80g/L, 80g/L≤Hb<90g/L, 90g/L≤Hb<100g/L, 100g/L≤Hb<110g/L, and Hb≥110 g/L. Kaplan-Meier analysis and multivariate regression models were used to evaluate the differences in the length of hospital stay, mortality, and ischemic injury (including acute kidney injury, myocardial ischemia, and cerebral ischemia) among patients in each group.

Results: The initial hemoglobin value after surgery was negatively correlated with the length of hospital stay. The initial hemoglobin value after surgery was not significantly associated with mortality and ischemic injury, except for acute kidney injury in the Hb<80g/L group, which had a higher incidence than the reference group (90g/L≤Hb<100g/L). However, Red blood cell transfusion during surgery was positively correlated with the length of hospital stay, the more red blood cells transfused, the longer the hospital stay.

Conclusions: Higher initial postoperative hemoglobin values present better clinical outcomes, but transfusion patients have longer hospital stays compared to non-transfusion patients. In blood transfusion patients, an initial postoperative hemoglobin value of 80-90g/L may be an optimum target range. However, the optimum range of initial postoperative hemoglobin value in surgical blood transfusion may require further confirmation through prospective research.
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Introduction

Due to blood loss in an operation, anemia is common in surgery patient. To what extend an anemia can be tolerate by patient without transfusion is still controversial. Patients receiving RBC transfusion are at multiple risks, such as the transmission of viral diseases and bacteria, hemolytic reactions, allergy, lung injury, circulation overload, and immunology suppression1,2. Cumulating evidence showed increasing hospital length of stay and mortality in transfused patients when compared to non-transfused patients3. Besides, supplement of blood resources is challenging all around the world4. With aging population, the gap between blood donation and usage will enlarge5. Thus, it is important to optimize RBC transfusion in surgery patients to lower the risk and save scarce RBCs. As more evidence proved restrictive transfusion strategies is inferior to liberal transfusion strategies in non-acute, hemodynamically stable patients, few studies have described the optimal hemoglobin concentration in patients undergoing surgery.6
Hemoglobin concentration are well studied as a trigger for RBC transfusion, however, strategies driven primarily by pretransfusion hemoglobin thresholds are limited in operative environments. During operation, patient’s bleeding is active and the hemoglobin value will acutely remain unchanged despite a substantial reduction in total red cell mass and oxygen delivery. In addition, episodes of substantial acute blood loss are so time-sensitive that it is difficult to obtain hemoglobin measurements before transfusion. Consequently, transfusion in patients at operation room varies widely both within and between institutions.

The initial postoperative hemoglobin value was a potential assessment of intraoperative transfusion practices. As these measurements are typically obtained after an adequate fluid resuscitation in patients, it can accurately reflect RBC mass loss. With few studies defined the optimal posttransfusion hemoglobin values in surgical patients, we conducted a retrospective study to examine the relationship between initial postoperative hemoglobin values and clinically relevant patient outcomes in noncardiac surgical patient. 

Methods

Data Source and Design

This was a retrospective cohort study conducted at a single tertiary care academic medical center of West China Hospital Sichuan University. The institutional Medical Ethical Committee Board reviewed and approved it with waived requirement of written informed consent. Utilizing hospital information system, all patients performing surgery were identified and collected their demographic, clinical, transfusion, laboratory, and surgical characteristics.

Study cohort

Patients who underwent operation between January 1st 2012 to December 31th 2018 were all included. Patients meeting one of the following criteria were excluded: without initial postoperative Hb, less than 18 years old, invasive procedure without presenting to operation room, cardiac surgery, discharge within 3 days, or missing operation date.

The initial postoperative hemoglobin value was defined as the first hemoglobin value obtained within 24 hours after patient exit from the operative suite. Based on initial postoperative hemoglobin value, patients were classified into 5 groups as: Hb<80g/L, 80g/L≤Hb<90g/L, 90g/L≤Hb<100g/L, 100g/L≤Hb<110g/L, and Hb≥110 g/L. 

Potentially confounding variables to the relationships of interest were also examined including demographic features (age, sex, weight), transfusion (intraoperative transfusion components volumes, cell salvage volumes), surgical features (surgery type, emergency surgery), laboratory features (preoperative hemoglobin and platelet count, baseline creatinine, PT，APTT, TT and Fibrinogen). The transfusion strategy amid surgical patients was totally at the discretion of the attending anesthesiologist. The blood components were provided by blood centers, with 1 unit RBCs derived from 200mL of whole blood and 1 apheresis platelet(PLT) containing PLT≥2.5Χ1011.

Outcomes

The primary outcome was the length of hospital stay after surgery. All patients were followed for 28 days after surgery. Patients died in hospital, discharged independent of doctor’s suggestion as well as still in hospital through 28 days after surgery were assigned to score 0.

Secondary outcomes included in-hospital mortality and significant ischemia injury occurrence rate after surgery. Significant ischemia injury included acute kidney injury (AKI), myocardial ischemia, and cerebral ischemia. These patients were identified as suffering significant ischemia injury, if acute kidney injury (AKI), myocardial ischemia, or cerebral ischemia was diagnosed at discharge, and none of them appeared on HIS record before surgery. All cases of significant ischemia injury were reviewed and confirmed via manual review by 2 independent technologists with no instances of interobserver disagreement.

Statistical analyses

Data were descriptively summarized by mean (standard deviation) or median (interquartile range-range) as appropriate for continuous variables, and by counts and percentages for categorical variables. Distributions of characteristics across 6 groups with different initial hemoglobin levels were performed using χ2 or Fisher exact tests (where appropriate) for categorical variables and Kruskal–Wallis tests or Student t tests for continuous variables. Missing data was assumed to miss at random, and imputed with multiple imputation to complete the following multivariable analyses.

Associations between postoperative hemoglobin level and the length of hospital stay after surgery were analyzed using Kaplan-Meier analysis. COX regression model was applied to adjust for potential confounders to the relationship of interest selected a priori, including demographic features (age, sex, weight), intraoperative transfusion (red blood cells, cell saver, frozen plasma, platelets, cryoprecipitate, cell salvage volumes), surgical features (surgery type, emergency surgery), laboratory features (preoperative hemoglobin, platelet count, baseline creatinine, PT，APTT, TT and Fibrinogen). 

Associations between postoperative hemoglobin and the secondary outcomes of in-hospital mortality, AKI, myocardial ischemia, and cerebral ischemia were analyzed using multivariable logistic regression. All regression models for secondary outcomes were similarly adjusted for potential confounding variables to the relationships of interest, as listed in the primary analysis. Regression assumptions were assessed by plotting the residuals against predicted values, and there was little evidence of violations. The reference category was patients with hemoglobin of 90–100 g/dL in all the regression model.

Multiple interaction analyses were planned a priori. These included analysis of the interaction between hemoglobin and (1) surgery type; (2) RBC transfusion; (3) preoperative anemia (ie, hemoglobin <100 g/L) versus those without anemia (ie, hemoglobin ≥100 g/L). A significant interaction was interpreted as the association of hemoglobin with outcome being significantly different by patient group. All analysis were performed using SPSS version 26 (IBM Institute Inc, Cary, NC). All tests were 2-sided, and P values <0.05 were considered statistically significant.

Results 

There were 715 329 surgical admissions between January 1st 2012 to December 31th 2018. After exclusions were applied, the final cohort consisted of 83 455 patients (Figure 1). Baseline characteristics for the study cohort are displayed in Table 1. A postoperative Hb≥120g/L was the most common postoperative hemoglobin category (63.45%), while relatively few patients had postoperative Hb<80 g/L (4.37%). The rate of intraoperative allogeneic RBCs, plasma and platelet transfusion was increased in patient with lower postoperative hemoglobin valves. Patients with lower postoperative hemoglobin values also had lower preoperative hemoglobin values and tended to experience more emergency surgery. The most common surgical type was orthopedic surgery (30.1%) followed by Liver/biliary/pancreas surgery (23.1%), urology surgery (12.3%), and neurology surgery (11.7%). 
The overall estimated median length of hospital stay after surgery was 7 (95%CI 6.97-7.03) days. Postoperative hemoglobin category was negatively associated with the primary outcome of hospital stay days after surgery in Kaplan-Meier analysis (figure 2). This negative association was also existed after adjusted multiple covariates in COX regression analysis，as longest median length of hospital stay (10 days) was in patients with Hb<80g/L and shortest median length of hospital stay (6 days) was in patients with Hb≥110g/L (table 2). 

The overall in-hospital mortality was 0.5% (420/83 205). In-hospital mortality seemed to negatively associated with initial postoperative Hb, with the highest ratio of in-hospital mortality was in patients with Hb<80g/L (2.3%) and lowest ratio of in-hospital mortality was in patients with Hb≥110g/L (0.24%). However, after adjusted multiple covariates, only patients with Hb≥110g/L significantly had lower in-hospital mortality ration than that in the reference group of Hb 90-100 g/L (OR 0.49, 95%CI 0.27-0.87, see table3). 

A total of 667(0.8%) patients suffered significant ischemia injury, including 155(0.19%) AKI, 440(0.60%) cerebral ischemia, and 74(0.07%) myocardial ischemia. Postoperative hemoglobin category also seemed to negatively associated with significant ischemia injury, with the highest ratio in patients with Hb<80g/L (1.62%) and lowest ratio in patients with Hb≥110g/L (0.24%). However, after adjusted multiple covariates, there was no significant difference between reference group and the other postoperative hemoglobin category in significant ischemia injury (table 3). When analyzing significant ischemia injury separately, there was also no significant differences of odds ratio either in cerebral ischemia or cerebral ischemia between reference group and other postoperative hemoglobin category groups, except that in AKI (table 4). The odds ratio of AKI was higher in patients with Hb<80g/L than that in reference group (OR 2.73, 95%CI 1.45-5.14), while the odds ratio of AKI in the other groups was not significantly different from the reference group (Table 4). 

There was a significant interaction between postoperative hemoglobin and red blood cell transfusion during surgery (overall P value <0.001). And patients transfused RBC during surgery showed longer hospital stay after surgery when used RBC transfusion as variable factor in strata analysis (figure 3). When examining the association between hemoglobin and hospital stay days in patients with RBC transfusion during surgery, the length of hospital stays in patients with Hb of 80-90 g/L were not significantly different from that in patients with Hb of 90-100 g/L, but longer hospital stay days were observed in patients with Hb<80 g/L and fewer hospital stay days were observed in Hb≥100 g/L（Table 5）.While in patients without RBC transfusion during surgery, the length of hospital stay days were still negatively associated with initial postoperative hemoglobin (Table 5).

Discussion

So far, optimal perioperative transfusion strategies remain incompletely defined7,8. We hypothesized that hospital length of stay, mortality, and significant injure in kidney, brain, and heart caused by ischemia would be associated with initial posttransfusion hemoglobin. In this retrospective analysis with a large cohort of 83 455 patients undergoing noncardiac surgery, our major findings demonstrate that initial postoperative Hb was negatively associated with length of stay after surgery, as longest median length of hospital stay (10 days) was in patients with Hb<80g/L and shortest median length of hospital stay (6 days) was in patients with Hb≥110g/L (table 2)，but not significantly linked to death. In the analysis of significant ischemia injury separately, there was also no significant differences of odds ratio either in cerebral ischemia or cerebral ischemia between reference group and other postoperative hemoglobin category groups, except that in AKI. In other words，postoperative hemoglobin could be a potential risk factor for patients outcome. Among the 83 455 patients, a proportion of 22.45% patients received intraoperative transfusions and red blood cells(RBCs) had a great proportion in it, male sex was predominant. 

As is known to us all, transfusion of RBCs is the rapid practice for the improvement perioperative anemia, but RBC transfusion is not without risks. Since the 1980s, people recognized the risk of transfusion-transmitted infections9. These risks have decreased substantially with the development of molecular detection for effectively screening blood donors and early clinical diagnosis10. Awareness of blood risks and costs, various studies had seek evidence to avoid unless transfusion, as for a main reason that transfusion therapy had been identified as one of the most overused (and inappropriate) therapeutic interventions. In the comparison of length of hospital stay in patients with transfusion and without transfusion, we saw a longer length of hospital stay days after surgery in patients with transfusion(Figure 3). For one hand, it matched the   common view that transfusion was negative associated with the patients outcome, for another hand, we supposed that the clinical condition of  patients with transfusion may be more serious. Similarly to our previous study11, the emerging threats of blood-transmissible pathogens and the scarce of blood products had led to develop the patient blood management and additional benefits of the strategy brought a significant improvement in the laboratory budget12,13.
The main purpose of our study was to find the association between postoperative anemia and patients’outcomes, where possible, to provide evidence-based guidelines for best transfusion practices. The transfusion strategy guidance from our Hospital's Blood Transfusion Management suggested the surgeons follow a strict  transfusion indication for RBCs to avoid unnecessary transfusion. A consensus is that when the hemoglobin is between 70 g/L and 100 g/L, whether transfusion or not depends on specific condition. Which is the optimal degree of patient's anemia is still unknown. Unlike the previous studies which mainly focused on the management of preoperative anemia, seeking for the evidence base for the optimal transfusion strategies in adults and what international clinical recommendations can be derived for14. For instance, one of the most popular ideas in literature is the idea that preoperative anemia has been related to adverse outcomes such as increased postoperative morbidity and length of hospital stay15,16. And xuechao Liu’s17 retrospective analysis of 2163 Chinese patients advocated that preoperative anemia, even mild anemia, was an important predictor of postoperative survival for TNM stage III GC. For decades, most of the studies had mainly focus on  preoperative anemia, rare studies investigated the importance of postoperative hemoglobin, let alone the advised optimal Hb level. In the recent study18 of patients undergone kidney transplant, postoperative anemia could be defined as predictor for cardiovascular events and suggested to prevent post-transplant anemia. While, contrast to our major findings that initial postoperative Hb was negatively associated with patients outcomes, another retrospective study of Yixu Deng demonstrated that post-operative anemia alone are not at an elevated risk for worse overall survival (OS) and disease-free survival (DFS)19. To our knowledge, this was the first study which investigated the association of the exact anemia subgroup with Length of hospital stay, death and significant injury. In spite of the study design of observation study, we believe that the results are still valid as the study dated from 2012 to 2018. Moreover, there are limitations to utilize pretransfusion hemoglobin values as triggers for transfusion in operative environments, as perioperative environment is complex. Frankly speaking, the time to correct preoperative anemia before surgery was little, as for the ward beds tension and limited preoperative preparation time. Furthermore, there may be much more missing data in the observation cohort study of preoperative Hb level than that of postoperative Hb level, for the reason that the clinicians would be more easily to get a blood sample after surgery to check the patients status. This study proposed initial postoperative Hb as a new indicator for patients outcome. Our main outcome reflected the fact that the initial postoperative hemoglobin value was negative associated with clinically relevant patient outcomes in noncardiac surgical patient, both in the group of patients with transfusion and the group without transfusion(Table 3), which strengthen our main finding that the initial postoperative hemoglobin value was negative associated with death and significant injury.

Currently, no specific recommendations or guidelines have been proposed for the evaluation of postoperative Hb level. Besides, few studies defined the optimal posttransfusion hemoglobin values in surgical patients, so we conducted a retrospective study to examine the relationship between initial postoperative hemoglobin values and patients outcome. We had to admitted that there was some missing variables were found in weight and pre-operation laboratory tests. These unavailable data were failed to be extracted from hospital information system database and laboratory information system database as the fact of retrospective study. As the confounders for outcomes in these patients, these missing data may weaken the strength of our conclusions. Nevertheless, the advantage of this study was the relatively large sample size, which had been the largest so far, to our knowledge, for assessing the impact of postoperative anemia on patients outcomes and providing data supporting the importance of improving anemia before and after surgery.
In conclusion, our research identified that  the initial postoperative hemoglobin value was a potential indicator for patients outcome and the higher the hemoglobin value is , the worse outcome would be. As the fact that Hb value  was a potential assessment of intraoperative transfusion practices and  typically obtained after an adequate fluid resuscitation in patients, it can accurately reflect RBC mass loss. We advised the patients undergone noncardiac surgery adopt a liberal transfusion strategy to improve their anemia status, cause that patients with lower postoperative hemoglobin values also had lower preoperative hemoglobin values. 
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