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Abstract

:

Massive transfusion protocols (MTPs) facilitate the organized delivery of blood components for traumatically injured patients. MTPs vary across institutions, and ratios of blood components can change during clinical management. As a result, significant amounts of components can be wasted. We completed a review of all MTP activations from 2015 to 2018, providing an in-depth analysis of waste in our single Level 1 trauma center. An interdepartmental group analyzed patterns of blood component wastage to guide three quality improvement initiatives. Specifically, we (1) completed a digital timeline for each MTP activation and termination, (2) improved communications between departments, and (3) provided yearly training for all personnel about MTP deployment. The analysis identified an association between delayed MTP deactivations and waste (RR = 1.48, CI 1.19–1.85, p = 0.0005). An overall improvement in waste was seen over the years, but this could not be attributed to increased closed-loop communication as determined by the proportion of non-stop activations (F(124,3) = 0.98, not significant). Delayed MTP deactivations are the primary determinant of blood component waste. Our proactive intervention on communications between groups was not sufficient in reducing the number of delayed deactivations. However, implementing a digital timeline and regular repetitive training yielded a significant reduction in wasted blood components.
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1. Introduction


Exsanguinating hemorrhage is a leading cause of death following trauma, accounting for up to a quarter of all deaths among trauma patients [1,2]. Many trauma centers have instituted programs designed to detect and treat post-traumatic hemorrhage to reduce this burden promptly. Specifically, massive transfusion protocols (MTPs) constitute a series of predetermined steps that healthcare providers may activate when treating patients who require large volumes of blood components. MTPs are widely used in United States trauma practice. They have been developed to provide early and standardized blood component delivery in a predetermined ratio to improve patient outcomes while controlling waste [3,4,5].



Optimal implementation of an MTP calls for periodic evaluation and revisions. The American College of Surgeons (ACS) Trauma Quality Improvement Program (TQIP) has published general guidelines regarding performance indicators involved in developing and assessing an MTP that include timely activation, protocol adherence, and proper termination [6]. MTPs should be regularly updated according to the newest guidelines and confirmed published data to ensure best practice in treating exsanguinating trauma patients. Furthermore, MTPs should be frequently evaluated to ensure the protocol meets objectives and identifies potential improvement areas.



Blood components are administered in a predetermined ratio in the early phase of trauma resuscitation to achieve hemostasis in exsanguinating trauma patients [7,8]. Consequently, during MTPs, large amounts of packed red blood cell (PRBC), fresh frozen plasma (FFP), and platelet (PLT) units are continuously prepared by the blood bank and made available for rapid administration in predetermined ratios. Because large amounts of blood components are made available, significant units are discarded, whether due to expiration, contamination, or premature thawing. In a recent study, Roberts et al. modeled global blood component supply and demand, finding that high-income nations have adequate blood stocks to meet their needs, but middle- and low-income countries in South America and Eastern/Central Europe do not [9]. However, reducing blood product waste is an appropriate goal for all nations since it could preserve useful resources and reduce overall healthcare costs.



We hypothesize that blood component waste during MTP can be reduced by analyzing the different elements of MTP, including time indicators and other possible sources of waste. We also hypothesize that communication problems during MTP contribute to the excess of available blood components, leading to significant waste when not administered in a timely manner or adequately returned. We present an analysis of four years of MTP activations at our American College of Surgeons-accredited, Level 1 trauma center, and we identify potential sources of blood component wastage.




2. Materials and Methods


This project was generated from an internal quality improvement (Q.I.) initiative undertaken by the Department of Surgery of the University of South Florida, Division of Trauma, at Tampa General Hospital (TGH) (Tampa, FL, USA), an ACS-accredited, Level 1 trauma center. The analysis regarded MTP use and consisted of three different processes: (1) development of the assessment instrument, (2) data analysis, and (3) implementation of a Q.I. initiative.



2.1. Development of the Assessment Tool for MTP


A standardized data collection instrument was developed in August 2018 to assess blood component wastage during MTP activations. Based on a previous instrument used by Bawazeer et al. [10], the assessment tool took into account crucial steps of these authors’ institutional MTP and 3 out of 5 performance indicators proposed by ACS TQIP [6]. It consisted of the following three sections:




	
Collection and description of general data and demographics of patients, comprehensive Abbreviated Injury Scale (AIS), Injury Severity Score (ISS), mechanism of traumatic injury, and mortality during admission;



	
Number of blood component units issued, transfused, returned, and discarded; and



	
Proper sequence of MTP activation (defined as a request to the blood bank within 15 min from the clinical decision) and termination (transmitted within 60 min of the clinical decision).








A panel of three senior physicians (one anesthesiologist and two trauma surgeons) plus members of the trauma committee comprising operating room and blood bank personnel reviewed the instrument’s content for accuracy. They provided appropriate modifications to ensure validity. The instrument is available as an Online Supplement (Table S1).




2.2. Data Collection and Analysis


A retrospective cohort analysis was performed using the assessment tool. Adult trauma patients who had an activated MTP between 1 January 2015, and 31 December 2018, were eligible. During the study period, institutional criteria for MTP activation were trauma plus one of the following criteria: shock, active bleeding, or immediate transfusion requirements as clinically determined by the provider (emergency medicine attending, trauma surgeon, or anesthesiologist). Patients aged < 18 years, pregnant women, and patients transferred from another facility were excluded from the study.



The primary outcome of this study was to measure blood component wastage during MTP activations. Wastage was defined as (i) a blood component that was obtained after MTP activation but not administered and eventually discarded, (ii) a blood component that was neither administered to the patient nor returned to the blood bank, or (iii) a blood product that was returned to the blood bank but was considered unsuitable for transfusion (e.g., expired or not temperature controlled).



Data were extracted manually by investigators from individual patient charts and provided through a blood bank request. All data obtained were subsequently coded onto a master sheet using a Microsoft Office Excel spreadsheet (Version 2016, Microsoft Corporation, Redmond, WA, USA). A separate investigator performed weekly data monitoring, and any discrepancies between the patient chart or blood bank data and the master sheet were subsequently corrected. The acquisition costs of wasted blood components were calculated using blood bank reported annual per-unit costs multiplied by the number of units wasted; costs are reported in United States dollars (USD) (Online Supplement: Table S2). The data are available from the corresponding authors upon reasonable request.




2.3. Quality Improvement Interventions


In November 2016, a multidisciplinary team was created to reduce hospital blood component wastage. This team included representatives from the five departments involved in trauma MTP activations: emergency department, trauma surgery, anesthesiology, intensive care unit, and blood bank. The team formed a blood utilization trauma committee, which began holding weekly meetings to discuss all MTP activations that occurred during the previous week with a specific focus on blood component usage and wastage. Three primary quality improvement interventions resulted from these meetings. First, a communication channel between all five departments was implemented by establishing quarterly meetings to discuss potential improvement areas. In addition, reciprocal agreements found the need for closed-loop communications, especially during MTP activations and deactivations. The personnel was then asked to start giving verbal confirmation feedback of verbal message reception to avoid misunderstandings when communicating between team members or different teams. This intervention was designed to reduce blood component wastage due to delayed communication between the clinical team and the blood bank. Second, the blood bank created specific digital timelines for every MTP activation detailing when and how many units of each blood component were issued, transfused, returned, and discarded. These timelines were made available to all involved personnel. Third and finally, all MTP personnel received additional education on proper MTP activation, deployment, and deactivation. During departmental meetings, these training sessions occurred and emphasized the concepts of blood component handling and cold chain preservation. These last two interventions were designed to increase awareness of MTP waste among providers.




2.4. Ethical Considerations


After the first year of evaluation, this project was also submitted and approved by the local institutional review board (USF 2019/37677) for retrospective data analysis. Confidentiality of information was maintained, and all data were collected and de-identified.




2.5. Statistical Analysis


Kolmogorov–Smirnov testing was utilized to determine the distribution of each data set. The distributions of several continuous variables were found to be significantly skewed (p < 0.05); therefore, median and interquartile range (IQR) were utilized as a measure of central tendency and variance, respectively. Furthermore, nonparametric tests were selected for analysis. Qualitative endpoints such as patients’ demographic characteristics were analyzed descriptively through their distribution frequency utilizing Kruskal–Wallis and Fischer’s Exact where appropriate. To determine interactions between year-to-year effects of the Q.I. initiative and deactivation classification, an aligned rank transformation (ART) multiple factor analysis of variance (ANOVA) was selected. Simple effects were isolated using one-way ART ANOVA. Tukey’s honestly significant difference (HSD) test was selected for post hoc analysis. All data were analyzed using IBM SPSS Statistics for Windows, Version 25.0 (IBM Corp. Released 2017. Armonk, NY). Significance was determined as p < 0.05.





3. Results


A total of 134 MTP activations in the same number of patients were available during the selected period. Two patients were pregnant, three patients were under 18 years old, four patients were transferred from another facility while receiving MTP, and one activation was a mistake. It was recalled before any blood components were issued. Excluding those 10 listed, a total of 124 adult MTP activations were included in the present analysis.



3.1. General Characteristics of Patients


In concordance with current trauma epidemiology, most of our patients were male and reported blunt trauma [11]. As shown in Table 1, the included subjects ranged from 18 to 99 years old (median = 38 years old), and 77% were male. Most of the patients (68%) suffered from blunt trauma injuries, with a median (IQR) ISS of 29 (21–41). Chest AIS was the most reported (78%), followed by abdominal AIS (71%). More than half of the patients (57%) died during admission (Table 1).




3.2. Wastage


From 2015–2018, a total of 3668 PRBC units, 2074 FFP units, and 717 PLT units were released from the blood bank. Of the 124 MTP activations, 56% were deactivated within 60 min of the order. Therefore, 44% were classified as nonstop activations, meaning a clinical decision to terminate MTP was ordered but not communicated within 60 min to the blood bank (Table 2).



Interestingly, while nonstop activations were associated with a higher incidence of wastage in PRBCs (RR = 1.8329, CI 1.1989–2.8134, p = 0.006) and PLTs (RR = 1.55, CI 1.07–2.23, p = 0.02), this reduction was not significant in FFP (RR = 1.20, CI 0.84–1.71, N.S.) (Figure 1).



The Q.I. initiative’s first aim was to improve interdepartmental communication between providers and the blood bank to reduce wastage resulting from delayed termination of MTPs. However, the analysis did not show improvement in the number of improperly terminated MTP activations over the four years since all nonstop terminations remained over 50% during each of the four years. One-way ANOVA confirmed this between the four years (F(124,3) = 0.98, N.S.).



Nevertheless, there was a significant reduction in mean blood component wastage of PRBCs (F(3,124) = 3.841, p = 0.011) and PLTs (F(3,124) = 10.71, p = 0.0001) in the years 2017–2018 after quality improvement initiatives were implemented after November 2016. However, no significant changes were observed in the mean wastage of FFP. The improvement in PRBC and PLT wastage supports the efficacy of the two interventions designed to increase MTP waste awareness: creating timelines of MTP activations by the blood bank and additional continuing personnel training.





4. Discussion


This project summarizes four years of MTP activations at our Level 1 trauma center in central Florida. The latter two years involved implementing an internal quality improvement initiative by analyzing major trauma MTP activations. Among the 124 activations analyzed, a total of 3668 PRBC, 2074 FFP, and 717 PLT units were issued from the blood bank, which was an average of 29.6 PRBC, 16.7 FFP, and 5.8 PLT units per patient. Considering that more blood components are issued than are transfused, these numbers are in the same range as those reported in the PROPPR trial [8].



Blood component waste during MTPs is underreported in the current literature. Dunbar et al. found that their center routinely had an unacceptably high waste rate—up to 61% of blood products issued—after MTP activations in both trauma and non-trauma patients [12]. Within our analyzed period, we found a similar proportion of waste. However, the mean wastage of PLTs and PRBCs decreased after the implementation of several Q.I. interventions. Notably, PRBC wastage decreased below the maximum threshold recommended by the American Association of Blood Banks: 5% of components issued [13]. However, a significant reduction in FFP was not observed: This may result from the short half-life of FFP when removed from refrigeration, preventing it from being returned in non-usage. It is worth mentioning that the overall improvement in blood component wastage contributed to a significant reduction in wastage-related costs, from an estimated total of USD 32,021.73 in 2015 to USD 5654.50 in 2018 (Online Supplement: Table S2).



In the first two years of our review, the wastage of PLTs was much higher than the wastage of other blood components. This issue could be related to their non-usage during the first resuscitation phase, meaning PLT units were delivered by the blood bank but not immediately transfused. Similarly, the non-significant difference in FFP wastage could be related to the inherent fragility of FFP, which cannot be saved after thawing and must be discarded, even if unused. Indeed, the literature describes that plasma wastage increases when an inventory of thawed plasma is made readily available [14].



More than half of the MTP activations were properly terminated within 1 h (Table 2). This result is in the same range as Bawazeer et al., who reported that MTP was deactivated within 1 h in 50% of cases [10], which is significantly lower than the 92% rapid rate deactivations described by Cotton et al. [15]. The notable differences could explain this variability among MTPs of each facility since each protocol should be adapted to local resources, blood bank policies, and trauma system organization [5,16].



In comparison to properly terminated activations, nonstop MTP activations were associated with increased waste of blood components (Figure 1), reaching statistical significance for PRBC and PLT units. This finding suggests that a primary determinant of blood component wastage is inefficient communication with the blood bank or, more specifically, a delayed notification that MTP has been deactivated. Communication failure among medical team members is a recognized problem and contributes to most sentinel events [17]. Clear communication with the blood bank is fundamental to ensuring timely preparation and delivery of safe blood components. When the decision to terminate MTP is reached, the blood bank must be promptly notified to stop the setup of additional blood components.



In this vein, one of the Q.I. initiatives was designed to increase interdepartmental communication between providers and the blood bank and decrease nonstop activations. Although the frequency of MTP nonstop activations did not improve, we did observe a decrease in mean PLT and PRBC wastage in subsequent years of the Q.I. initiative. Currently, no endpoints adequately explain this observed phenomenon. Likely, our interventions of weekly departmental meetings, the introduction of digital timelines of blood components, and annual re-training made providers more waste conscious. However, we did not measure the “waste consciousness” of providers. In the future, similar Q.I. initiatives could track practitioners’ awareness of the problem with a self-assessment tool.



Both initiation and termination are critical steps of an MTP deployment [18]. From a Q.I. perspective, there should be a focus on the accuracy of decision tools and clinical judgment and time needed to perform these tasks. According to our results, in only 69% of cases was the activation order received and initiated by the blood bank within 15 min. Similarly, we found a low rate (44%) of timely MTP deactivation within 60 min from the order. A possible explanation is an inadequate logistics and communications network within our facility. When managing a massively bleeding trauma patient, efficient logistics and proper communication protocols maintain a fundamental role in reducing delivery errors, deterioration of blood components, and delivery time and administration time. Making blood components readily available has demonstrated an association with low blood usage rates and low mortality [19]. Apart from traditional interventions, periodic personnel training through in-situ simulations was recently proposed to promote technical and non-technical skills during MTP activations [20]. Unfortunately, our intervention designed to facilitate communications failed to meet expectations. In the future, a more granular analysis can be conducted with additional interventions focusing on communication. For example, a periodic notification could ask practitioners if the MTP should be stopped, or written checklists in operating rooms could be updated to include this reminder during timeouts.



Several limitations to this project need to be acknowledged. Firstly, this work was limited in scope. Due to the substantial differences in local MTP and other institutional protocols, the results of this single-center quality evaluation may not generalize to other Level 1 trauma centers. Confounders such as human factors and interactions with other internal protocols were not analyzed, adding potential error sources. Furthermore, even though the data collection tool was internally validated and based on expert consensus, it was never tested for reliability. Data were retrospectively collected, potentially resulting in unknown confounders and gaps in data collection. Previous MTP evaluations were made through retrospective data analysis, but a standard evaluation tool has yet to be established within the literature [21,22,23]. A standardized tool could easily prompt periodic MTP assessments and provide standardized data to allow more precise benchmarks across regional and national trauma networks. A possible future application of this MTP assessment tool could be a rigorous analysis of the adherence impact on outcomes based on larger patient samples.




5. Conclusions


This work offers a detailed and individualized perspective of MTP activations and could be used as a resource for trauma centers seeking to improve their MTP and reduce waste. One of the more significant findings of this work is a relationship between nonstop MTP activations and blood component waste, especially PRBCs and PLTs.



To reduce waste, hospitals should collaborate with blood banks to track the release and return of blood components, facilitate periodic re-training of involved personnel, and ameliorate communications between providers and between departments during activations.
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Figure 1. Average % wastage of issued blood components over the four years for normal-stop and nonstop MTP activations. The relative risk of wastage was calculated for individual blood components. Nonstop activations were associated with a higher proportion of wastage in Packed Red Blood Cells (PRBCs) (RR = 1.83, CI 1.19–2.81, p = 0.006) and Platelets (PLTs) (RR = 1.55, CI 1.07–2.23, p = 0.02); the association was not significant in Fresh Frozen Plasma (FFP) (RR = 1.20, CI 0.84–1.71, N.S.). *: p < 0.05. 
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Table 1. General features of the 124 patients who had an activated massive transfusion protocol at Tampa General Hospital between 2015 and 2018.
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	Criteria
	Subgroup
	Results





	Age, range; median (IQR)
	
	18–99; 38 (27–53) years



	Gender, n (%)
	Male
	96 (77%)



	ISS range; median (IQR)
	
	9–75; 29 (21–41)



	Mechanism of injury, n (%)
	
	



	
	Blunt
	84 (68%)



	
	Penetrating
	40 (33%)



	Head and spine AIS, n (%)
	
	65 (52% out of the total)



	
	≤3
	23 (35%)



	
	>3
	42 (65%)



	Chest AIS, n (%)
	
	97 (78% out of the total)



	
	≤3
	56 (58%)



	
	>3
	41 (42%)



	Abdomen AIS, n (%)
	
	88 (71% out of the total)



	
	≤3
	49 (56%)



	
	>3
	39 (44%)



	Mortality during admission, n (%)
	
	70 (57%)







The study participants were mostly male, relatively young (median age: 38 years), and mainly suffering from blunt trauma injuries. IQR: interquartile range; ISS: Injury Severity Score; AIS: Abbreviated Injury Scale.
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Table 2. Timely activation and termination of MTP.
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	Criteria
	% Compliance
	Comments





	MTP activation followed indications
	81%
	Activation criteria: shock OR active bleeding OR immediate need of transfusion.



	MTP activation occurred promptly
	69%
	Within 15 min of a doctor’s decision



	Timely MTP termination
	56%
	Within 60 min of deactivation order







MTPs were promptly activated 69% of the times and were terminated within 60 min of deactivation order in 56% of cases MTP: massive transfusion protocol.
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