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Background: An aggressive plasma transfusion is associated with a decreased mortality in traumatic patients requiring massive transfusion (MT). However, it is controversial whether non-traumatic or non-massively transfused patients can benefit from high doses of plasma.

Methods: We performed a nationwide retrospective cohort study using data from Hospital Quality Monitoring System, which collected anonymized inpatient medical records from 31 provinces in mainland China. We included the patients who had at least one record of surgical procedure and received red blood cell transfusion on the day of surgery from 2016 to 2018. We excluded those receiving MT or diagnosed with coagulopathy at admission. The exposure variable was the total volume of fresh frozen plasma (FFP) transfused, and the primary outcome was in-hospital mortality. The relationship between them was assessed using multivariable logistic regression model adjusting 15 potential confounders.

Results: A total of 69319 patients were included, and 808 died among them. A 100-ml increase in FFP transfusion volume was associated with a higher in-hospital mortality (odds ratio 1.05, 95% confidence interval 1.04–1.06, p < 0.001) after controlling for the confounders. FFP transfusion volume was also associated with superficial surgical site infection, nosocomial infection, prolonged length of hospital stay, ventilation time, and acute respiratory distress syndrome. The significant association between FFP transfusion volume and in-hospital mortality was extended to the subgroups of cardiac surgery, vascular surgery, and thoracic or abdominal surgery.

Conclusions: A higher volume of perioperative FFP transfusion was associated with an increased in-hospital mortality and inferior postoperative outcomes in surgical patients without MT.
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1. Introduction

Massive transfusion (MT) is defined as transfusion of ≥10 units (U) of red blood cell (RBC) within 24 h (1). An early and aggressive plasma transfusion has been found to be associated with a decreased mortality in traumatic patients requiring MT (2–4). Guidelines recommended to deliver plasma in parallel with the first unit of RBC in a predesigned ratio (commonly greater than 1:2) in trauma settings when a MT is anticipated (5); and this strategy has been generalized to non-traumatic surgical bleeding conditions (6, 7). However, it is sometimes difficult to accurately predict whether an active surgical bleeding will develop into massive bleeding (8, 9). Goal-directed coagulation management is also infeasible in centers where point-of-care coagulation monitoring is inaccessible. Thus, the ratio-driven resuscitation may be overactivated in non-massively transfused patients (10), and the effects of plasma transfusion are unclear in these patients. In traumatic patients without MT, a high ratio of plasma to RBC may not improve survival, and can even be associated with increased risks of complications (11, 12). Up to now, there is a paucity of research assessing the survival impact of plasma transfusion in non-massively transfused surgical patients.

With these questions in mind, the primary aim of this study was to investigate the association between the volume of fresh frozen plasma (FFP) transfusion and in-hospital mortality in surgical patients without preoperative coagulopathy and not receiving MT. We hypothesized that a higher volume of FFP transfusion would be associated with an increased risk of in-hospital mortality.



2. Materials and methods

The research protocol was approved by the institutional review board (IRB) of Peking Union Medical College Hospital (reference number: S-K1047). The requirement of written informed consent was waived by the IRB, since all the data was recorded anonymously without any information that may help to identify certain participant. The manuscript adhered to the applicable STROBE guidelines.


2.1. Study design and data source

We performed a nationwide retrospective cohort study using data from Hospital Quality Monitoring System (HQMS) managed by National Health Commission of China. Launched in 2011, the system was designed to monitor and improve healthcare quality. HQMS collected anonymized inpatient medical records from all the 31 province-level regions in mainland China. By August 2018, the system has already covered 50% of all the tertiary hospitals. The medical records contained demographic information, diagnoses on admission and discharge, discharge status (alive or dead), procedures performed during hospitalization, complications of the procedures, and transfusion information (the volume and types of blood products transfused if any). Diagnoses and procedures were coded according to the 10th revision of International Classification of Diseases (ICD-10) and 9th revision of International Classification of Diseases, Clinical Modification (ICD-9-CM), respectively.



2.2. Study population

Based on HQMS, we included the patients who had at least one record of surgical procedure and received RBC transfusion on the day of surgery in tertiary hospitals from January 2016 to August 2018. Our study focused on patients who did not receive MT, which was defined as a transfusion of ≥10U RBC within 24 h (1); thus, we excluded the patients who received ≥10U RBC in total on the day of surgery. We also excluded the patients who were diagnosed with coagulopathy at admission based on the ICD codes of admission diagnoses (Supplementary Table 1).



2.3. Definition of variables

The exposure variable was the volume of FFP transfused on the day of surgery. The primary outcome was in-hospital mortality, which was identified by the discharge status in the HQMS.

There were five secondary outcomes: superficial surgical wound infection (SSI), nosocomial infection, length of hospital stay (LOS), ventilation time, and acute respiratory distress syndrome (ARDS). Superficial surgical wound infection was defined as bad wound healing status. The healing status is coded as “good,” “medium,” “bad,” and “unclear” in China (13), and “bad” healing referred to the wounds with any signs of infection or pus. Nosocomial infection was reported by the surgeons and recorded in HQMS. Ventilation time was defined as postoperative ventilation time in intensive care unit, and categorized as 0 h, >0 and ≤24 h, >0 and ≤72 h, and >72 h. ARDS was identified by the ICD codes of discharge diagnoses.

We defined 15 potential confounders, including age, sex, American Society of Anesthesiology Physical Status Classification (ASA) ≥ III, anemia, malignancy, cerebrovascular disease, heart failure, respiratory failure, hepatic failure, renal failure, sepsis, multiple organ dysfunction syndrome (MODS), trauma, emergency, and total units of RBC transfused on the day of surgery. The identification of the comorbidities was based on the ICD codes of admission diagnoses (Supplementary Table 2).

It was mandatory to transfer the data of diagnoses, procedures, discharge status, and transfusion information to HQMS; thus, there was no missing data of these variables. The data of emergency was missing in 54.7% of the included patients. After consulting the administrators of the HQMS, the reason for missing is the incompatible data interface during the data capture process in some eligible hospitals, which may probably happen in a random manner irrelevant to patients’ or hospitals’ characteristics. For the integrity of the analysis, we did not exclude the patients with missing data of emergency. Instead, we categorized the status of this variable into “yes,” “no,” and “missing data.”



2.4. Statistical analysis

The distribution of the continuous variables was examined using visual inspection of the histogram. Continuous normally distributed data and categorical data was described as mean ± standard deviation and number (percentage), respectively. Comparisons between the patients receiving and not receiving FFP transfusion were conducted using standardized difference (SD), where a value smaller than 0.1 was considered as acceptable deviation.

The relationship between the volume of FFP transfused and the primary outcome was assessed using multivariable logistic regression model. We built two models. Model 1 adjusted all the potential confounders. In addition to the confounders in model 1, model 2 included the interaction term of FFP and RBC volume, to test whether the effect of FFP transfusion on mortality differed with different units of RBC transfused.

We also assessed the associations between FFP volume and the secondary outcomes (except LOS) in the logistic regression model using the similar confounding adjustment strategy with model 1 in the primary outcome. LOS was analyzed using a Fine and Gray competing risk survival model with outcome being time to discharge alive adjusting the same 15 confounders. In-hospital death was considered as the competing risk of discharge in the analysis.

In the subgroup analysis, we conducted the above regression analysis (model 1) in patients undergoing cardiac, vascular, thoracic/abdominal, and orthopedic surgeries, respectively. Furthermore, we also would like to investigate the association between FFP volume and mortality when different units of RBC were transfused. Therefore, we divided the included patients using 2, 4, 6, and 8 units of RBC as thresholds, and the associations were assessed in each subgroup.

A total of 34,827 patients in FFP transfusion group and 34,492 patients in control group provide 80.9% statistical power to detect a statistically significant odds ratio of 1.3 given a population risk of 0.59% and two-sided α of 0.05. Data cleaning and analysis were completed in R (R Foundation for Statistical Computing, Vienna, Austria, version 3.5.2) and a two-sided p value of 0.05 was considered as statistically significant. We did not adjust for the probability of type I errors in secondary outcomes and subgroup analysis; hence, relevant findings were only considered exploratory.




3. Results

There were 79,707 patients receiving at least one surgical procedure and RBC transfusion in tertiary hospitals from 2016 to 2018 (Figure 1). Among them, 6,714 (8.4%) patients were excluded because they received transfusions of ≥10U RBC on the day of surgery. A total of 4,214 (5.3%) patients diagnosed with coagulopathy were also excluded. A total of 69,319 patients were finally included, with 34,827 (50.2%) received FFP transfusion and 34,492 (49.8%) did not. In the FFP group, patients received 400 [200, 900] ml FFP. About 606 (1.7%) and 202 (0.6%) patients dead during hospitalization in the FFP group and the control group, respectively. The alive and dead patients received 0 [0, 400] ml FFP and 400 [0, 1,000] ml FFP, respectively. The three leading surgery types were cardiac, arthroplasty, and abdominal surgeries (Supplementary Table 3).
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FIGURE 1
Flowchart of patient selection. RBC, red blood cell; U, unit; FFP, fresh frozen plasma.


In the baseline comparison, the FFP group and the control group showed significant differences in age (SD 0.196), sex (SD 0.147), ASA ≥ III (SD 0.118), anemia (SD 0.173), heart failure (SD 0.123), renal failure (SD 0.100), emergency (SD 0.129), and units of RBC transfused (SD 0.458) (Table 1). The information of emergency was missing in 19,869 (57.4%) patients in the FFP group and 18,057 (52.4%) patients in the control group.


TABLE 1    Comparison of the baseline data between the FFP group and the control group.
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In the analysis of the primary outcome, a 100-ml increase in FFP transfusion volume was associated with an approximately 5% increased odds of in-hospital mortality [odds ratio (OR) 1.05, 95% confidence interval (CI) 1.04–1.06, p < 0.001] after the adjustment of 15 potential confounders (Table 2). When we included the interaction term of FFP and RBC into the multivariable model, the association between the volume of FFP and mortality was still significant (OR 1.07, 95% CI 1.05–1.08, p < 0.001) (Table 2). The interaction between FFP and RBC was statistically significant (OR 1.00, 95% CI 0.99–1.00, p 0.013). However, we believed the OR did not indicate clinical significance.


TABLE 2    Multivariable logistic regression analysis of the in-hospital mortality (N = 69319).
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In the analysis of the secondary outcomes, a 100-ml increase of FFP transfusion volume was significantly associated with superficial SSI (OR 1.03, 95% CI 1.02–1.04, p < 0.001), nosocomial infection (OR 1.03, 95% CI 1.02–1.04, p < 0.001), LOS [hazard ratio (HR) 1.05, 95% CI 1.04–1.07, p < 0.001], ventilation time (OR 1.03, 95% CI 1.03–1.04, p < 0.001), and ARDS (OR 1.03, 95% CI 1.00–1.05, p 0.016) after controlling for the 15 potential confounders (Table 3).


TABLE 3    Analysis of the secondary outcomes.
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In the subgroup analysis, the significant association between the volume of FFP transfusion and in-hospital mortality was extended to the subgroups of cardiac surgery (OR 1.08, 95% CI 1.04–1.11, p < 0.001), vascular surgery (OR 1.05, 95% CI 1.02–1.07, p 0.001), and thoracic or abdominal surgery (OR 1.05, 95% CI 1.03–1.06, p < 0.001). The volume of FFP transfusion is associated with in-hospital mortality, regardless of the units of RBC transfused, and the OR tended to decrease as the units of RBC increased (>0 and ≤2U: OR 1.06, 95% CI 1.05–1.08, p < 0.001; >2 and ≤4U: OR 1.05, 95% CI 1.04–1.07, p < 0.001; >4 and ≤6U: OR 1.05, 95% CI 1.03–1.06, p < 0.001; >6 and ≤8U: OR 1.04, 95% CI 1.01–1.06, p 0.001; >8 and ≤10U: OR 1.04, 95% CI 1.02–1.06, p < 0.001) (Table 4).


TABLE 4    Multivariable logistic regression analysis of in-hospital mortality in subgroups.
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4. Discussion

In this nationwide cohort study, after the adjustment of 15 confounders, we found that a higher volume of perioperative FFP transfusion was associated with increased risks of in-hospital mortality and postoperative complications in patients undergoing surgery without MT.

Our study raised a question why FFP transfusion was administrated in 50.2% of the included patients. Since we cannot trace back the clinical scenario of each case in this retrospective study, we inferred two possible reasons. First, some of the included patients might initially be transfused with a fixed ratio of FFP and RBC because a MT was anticipated. However, the acute intraoperative bleeding was rapidly arrested; thus, they did not receive ≥10U RBC in one episode. To the best of our knowledge, there is scare evidence on the trigger of this ratio-driven strategy in surgical bleeding. Considering the associated risks, physicians should terminate aggressive FFP transfusion immediately when they recognize MT is not required. The second reason is the inability to utilize point-of-care coagulation tests. A survey in the US indicated that only 9% of the institutions routinely perform thromboelastography or rotational thromboelastometry in MT (14), and the situation may be even worse in China. Without the point-of-care data, physicians sometimes initiate FFP transfusion when they observe extensive oozing in surgical fields; thus, the transfusion decision is affected by their personal experiences and preferences (15). This may lead to inappropriate indication for FFP transfusion and inadequate transfusion dose. In our study, the dead patients received 400 [0, 1,000] ml FFP, a dose far less than the recommended 10 ml/kg, which could not achieve a clinically significant increase in coagulation factors (16).

In our study, the exposure variable was the volume of FFP transfusion, rather than the ratio of FFP to RBC like in previous studies (2–4, 17–20). Since RBC transfusion was observed to be associated with mortality in surgical patients (21, 22), this factor should be well controlled as an essential confounder in the data analysis. If the ratio of FFP and RBC was used as the exposure in the regression model, including the RBC transfusion again in the model as a confounder would lead to severe problem of collinearity due to the mathematically negative association between the ratio and RBC transfusion, which might distort estimate of the exposure. Hence, we did not choose the ratio as the exposure variable.

Several observational studies found a high FFP to RBC ratio was associated with decreased 24-hour and 30-day mortality in severe traumatic patients (2–4, 23), while a randomized controlled trial detected no significant difference of mortality (24). Our findings are inconsistent with these results possibly for the following two reasons. First, one third of the traumatic patients present early coagulopathy at hospital admission (25), which is induced by clotting factor consumption, hypoperfusion, acidosis, and hypothermia (26). These dysfunctions can be reversed by a balanced transfusion of plasma and RBC (27). On the contrary, we excluded the patients with preoperative coagulopathy or receiving MT in this study. Furthermore, for surgical patients, acute hemorrhage was most likely to occur during the surgery, the intraoperative close monitoring allows physicians to timely detect and control hemorrhage. Therefore, the included patients were less likely to develop coagulopathy, and might not benefit from plasma transfusion. Second, compared with traumatic patients, surgical patients tend to be older and with higher burdens of comorbidities (17, 28), which can diminish the survival benefits of plasma transfusion.

The effects of FFP transfusion were controversial in non-traumatic surgical patients. Some studies focused on cardiac surgery indicated that a high FFP-to-RBC ratio in MT can improve survival (18, 19, 29). In contrast, according to the observation in a large tertiary hospital, a greater intraoperative plasma transfusion volume was associated with fewer hospital-free days in heterogenous surgeries with or without MT (17, 30, 31). Multicenter cohort studies also suggested a significant association between FFP transfusion and increased mortality in patients with gastrointestinal bleeding (32–34). Previous studies mostly focused on cardiac, vascular, and transplant surgeries (17–20, 29–31, 35, 36), while our study additionally provided evidence for a wide range of surgeries. In the subgroup analysis, the association between plasma transfusion volume and mortality was significant in cardiac, vascular and thoracic/abdominal surgeries, but not in orthopedic surgery. Orthopedic surgery is associated with a large amount of hidden blood loss, which is very likely to be underestimated in clinical practice (37). Therefore, some included orthopedic patients might actually suffer from greater blood loss and should receive MT. This may explain the insignificant result of orthopedic surgery.

Since the survival benefits of FFP transfusion have been demonstrated in MT (2–4, 20, 29), we explored whether effects of FFP volume changed as the units of RBC transfused increased within the range of 0-10U. However, we did not find any relevant evidence. In the multivariable regression model 2, the association of FFP volume on mortality did not clinically significantly differ with the RBC units (Table 2). Similarly, in the subgroup analysis, the association between FFP volume and mortality was significant no matter how much RBC transfused (Table 4).

In addition to in-hospital mortality, we also found that FFP volume was significantly associated with inferior postoperative outcomes, including superficial SSI, nosocomial infection, LOS, ventilation time, and ARDS. The association between FFP transfusion and postoperative infection has also been reported in patients undergoing cardiac and esophageal surgery (22, 38). The potential mechanism may be the immunomodulatory effect of FFP on monocyte that has been observed in preclinical studies (39, 40). The presence of donors’ extracellular DNA in FFP may also play a significant role. Extracellular DNA can be transferred to recipients during FFP transfusion, where it can activate innate immune system and triggers inflammatory responses (41). Furthermore, FFP transfusion may increase the risk of postoperative pulmonary complications. Transfusion-related lung injury (TRALI) and circulatory overload are both adverse effects of FFP transfusion, and can lead to prolonged mechanical ventilation time in the aftermath of transfusion (42). Particularly, TRALI commonly presents as the onset of ARDS following transfusion (43).

The limitations of our study lie in the following aspects. First, as an observational study, our findings cannot imply causality. Second, despite our attempts to adjust the confounding effects of 15 comorbidities, there are some other potential confounders that were not recorded in HQMS, such as body mass index, operation duration and difficulty, estimated blood loss, the amount and type of fluid infused intraoperatively, and the use of anticoagulant, antiplatelet, or prohemostatic agents. Therefore, the significant association between FFP transfusion and mortality might be attributed to these unadjusted confounders. Third, we identified the confounders using ICD codes of diagnoses, which were highly depended on physician’s judgments in a real-world practice; thus, misclassification bias could not be excluded. However, since the data was collected from tertiary hospitals where physicians were well trained, we believed that the diagnoses were basically reliable. Finally, FFP transfusion was found to be associated with MODS and respiratory failure (44). Thus, bias might be introduced when we adjusted the confounding effects of these two potentially intermediate variables. However, this should be a protective bias that weakened the associations between FFP volume and the outcomes. Since the associations were still significant after this overadjustment, we believed the actual associations should be stronger and robust.

Based on our findings, physicians should cautiously assess the indications for FFP transfusion and the associated risks in surgical patients without MT. Special attentions should be paid to patients receiving high volumes of FFP.
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Variables Model 1 Model 2

95% ClI 95% ClI
FFP (100 ml) 1.05 1.04-1.06 <0.001 1.07 1.05-1.08 <0.001
Age (10 years) 1,15 1.10-1.20 <0.001 1.15 1.11-1.20 <0.001

Male vs. female 1.34 1.15-1.57 | <0.001 1.34 1.15-1.57 | <0.001

ASA > 11T 2.31 1.99-2.69 | <0.001 2.31 1.99-2.69 | <0.001
Anemia 0.85 0.65-1.10 0.230 0.85 0.65-1.10 0.227
Malignancy 1.25 1.02-1.54 0.031 1.24 1.01-1.52 0.039

Cerebrovascular 4.17 2.71-6.15 | <0.001 | 4.18 2.72-6.17 | <0.001
disease

Heart failure 1.83 1.31-2.51 <0.001 1.84 1.31-2.52 <0.001
Respiratory 18.52 | 13.87-24.55 | <0.001 | 18.35 | 13.73-24.32 | <0.001
failure

Hepatic failure 529 | 2.51-10.44 | <0.001 5.32 | 2.53-10.49 | <0.001

Renal failure 2.06 1.33-3.07 0.001 2.05 1.33-3.06 0.001
Sepsis 1.57 1.05-2.28 0.023 1.54 1.03-2.24 0.030
MODS 35.34 | 21.67-57.30 | <0.001 | 34.62 | 21.23-56.18 | <0.001
Trauma 1.75 1.45-2.11 <0.001 1.74 1.44-2.10 <0.001
Emergency

Missing data 1.00 NA 1.00 NA

(ref)

Yes 1.52 1.26-1.84 <0.001 1.52 1.26-1.84 <0.001
No 0.69 0.58-0.83 <0.001 0.69 0.57-0.83 <0.001
RBC (U) 1.09 1.06-1.13 <0.001 1.12 1.08-1.16 <0.001
FFP NA 1.00 0.99-1.00 0.013
(100ml)*RBC(U)?

FFP, fresh frozen plasma; OR, odds ratio; CI, confidence interval; ASA, American Society of
Anesthesiology; MODS, multiple organ dysfunction syndrome; ref, reference; RBC, red blood
cell; U, unit; NA, not applicable.

Anteraction term of the volume of FFP and the volume of red blood cell.
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Secondary outcome FFP group? Control group® FFP (100 ml) in the model®

(N = 34827) (N =34492)
OR/HR 95% ClI

Superficial SSI 545 (1.6%) 377 (1.1%) 1.03 1.02-1.04 <0.001
Nosocomial infection 792 (2.3%) 562 (1.6%) 1.03 1.02-1.04 <0.001
LOS (d) 20 [15,26] 21 [16,28] 1.05 1.04-1.07 <0.001
Ventilation time (h) 1.03 1.03-1.04 <0.001

0 18715 (53.7%) 20905 (60.6%)

>0, <24 4441 (12.8%) 2373 (6.9%)

>0, <72 . 544 (1.6%) . 198 (0.6%)

>72 454 (1.3%) 156 (0.5%)
ARDS 33 (0.09%) 17 (0.05%) 1.03 1.00-1.05 0.016

SSI, surgical site infection; FFP, fresh frozen plasma; OR, odds ratio; HR, hazard ratio; CI, confidence interval; No., number; ARDS, acute respiratory distress syndrome. LOS, length of hospitalization.
4bContinuous data were expressed as median [interquartile range] (non-normally distributed data), and categorical data were described as number (percentage).

€LOS was analyzed using a Fine and Gray competing risk survival model with outcome being time to discharge alive, and in-hospital death was considered as the competing risk of discharge in the
time-to-event analysis. The other outcomes were analyzed using multiple regression model. Ventilation time was categorized using 0, 24, and 72 h as thresholds, and analyzed by ordinal logistic

regression. Cerebrovascular disease and hepatic failure were excluded from the model of ARDS, since the events were too small. Similarly, hepatic failure and MODS were excluded from the model
of ventilation time.
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Subgroup Total No. No.(%) of in-hospital Mortality FFP (100 ml) in multiple regression model®

FFP group Control group OR 95% ClI P

Surgery type

Cardiac® 8501 66 (1.0%) 5(0.3%) 1.08 1.04-1.11 <0.001
Vascular 2177 51 (4.6%) 16 (1.5%) 1.05 1.02-1.07 0.001
Thoracic or 11464 148 (2.2%) 42 (0.9%) 1.05 1.03-1.06 <0.001
abdominal

Orthopedic 11928 15 (0.4%) 9(0.1%) 1.08 0.98-1.15 0.065
Units of RBC

0 <RBC<2 26550 125 (1.2%) 87 (0.5%) 1.06 1.05-1.08 <0.001
2 <RBC<4 24952 183 (1.5%) 68 (0.5%) 1.05 1.04-1.07 <0.001
4 <RBC<6 9654 124 (2.1%) 27 (0.7%) 1.05 1.03-1.06 <0.001
6 <RBC<38 5207 92 (2.6%) 16 (1.0%) 1.04 1.01-1.06 0.001
8 <RBC <10 2956 82 (3.5%) 4(0.6%) 1.04 1.02-1.06 <0.001

FFP, fresh frozen plasma; OR, odds ratio; CI, confidence interval; No., number; RBC, red blood cell.

2The event number of malignancy, respiratory failure, sepsis, multiple organ dysfunction syndrome (MODS), and emergency were too small, thus they were excluded from the regression model in
cardiac subgroup. Similarly, malignancy, respiratory failure, sepsis, and hepatic failure were excluded from the model in vascular subgroup; malignancy, Cerebrovascular disease, respiratory failure,
heart failure, hepatic failure, renal failure, sepsis, and MODS were excluded from the model in vascular subgroup; MODS were excluded from 8 < RBC < 10 group.

"In the cardiac subgroup, age was analyzed by restricted cubic splines due to the non-linear relationship between age and mortality.
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Variables FFP group Control Standardized

(N =34827)2 group difference®
(N = 34492)°

Age (year) 53.94 4+20.87 50.16 +21.14 0.196¢
Male 19,936 (57.2%) 17,840 (51.7%) 0.147¢
ASA > 111 12,462 (35.8%) 10,887 (31.6%) 0.118¢
Anemia 2,052 (5.9%) 3,565 (10.3%) 0.173¢
Malignancy 5,610 (16.1%) 5,142 (14.9%) 0.056
Cerebrovascular 79 (0.2%) 24 (0.1%) 0.042
disease
Heart failure 1,063 (3.1%) 514 (1.5%) 0.123¢
Respiratory 220 (0.6%) 148 (0.4%) 0.044
failure
Hepatic failure 74 (0.2%) 21 (0.1%) 0.057
Renal failure 332 (1.0%) 690 (2.0%) 0.100°¢
Sepsis 391 (1.1%) 197 (0.6%) 0.077
MODS 79 (0.2%) 24 (0.1%) 0.056
Trauma 5,505 (15.8%) 5,501(15.9%) 0.019
Emergency 0.129¢

Yes 4,109 (11.8%) 4,307 (12.5%)

No 10,397 (29.9%) 12,463 (36.1%)

Missing data 19,869 (57.4%) 18,057 (52.4%)
Units of RBC 4.0 [2.0, 6.0] 3.0 [2.0,4.0] 0.458¢

FFP, fresh frozen plasma; ASA, American Society of Anesthesiology; MODS, multiple organ
dysfunction syndrome; RBC, red blood cell.

b Continuous data were expressed as mean =+ standard difference (normally distributed data)
or median [interquartile range] (non-normally distributed data), and categorical data were
described as number (percentage).

“Standardized difference > 0.1.





