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ABSTRACT

Background: Massive transfusion protocols (MTPs) decrease traumatic hemorrhage
mortality, allow balanced blood component replacement, and decrease the delays in
hypothermia correction. Method: We reviewed the original studies on MTP
implementation, and we include eight single and multicenter cohorts. The included
studies evaluated performance indicators (KPIs), protocol adherence, WB timing,
rural WB program implementation, sociodemographic patterns in MTP use, and
effects of protocol adoption. Result: according to the included studies earlier WB use
and more balanced transfusion ratios were associated with lower mortality. Eight
original studies were included in January 2020 to July 2025. Two cohort studies
assessed MTP implementation, one cohort examined the association between
protocol adherence and survival, and a large U.S. cohort evaluated whether earlier
WB was associated with improved survival. A study in U.S described outcomes and
wastage after implementing a WB program. One Indian study developed KPIs for
MTP. MTP implementation and performance monitoring are associated with
improved outcomes and processes in trauma systems. Conclusion: Current research
deficits persist, notably the lack of consensus regarding criteria for therapeutic
futility and the absence of standardized definitions for clinical outcomes. A critical
remaining gap is the evaluation of viscoelastic guided, precision resuscitation
protocols. To address these issues, we advocate for the development of a practice-
oriented evidence map that delineates key priorities for standardization and

facilitates quality improvement initiatives focused on equity in care delivery.
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blood; protocol adherence; time to transfusion

1. INTRODUCTION

Hemorrhage is an important cause of preventable death after trauma. Damage

control resuscitation (DCR) is a coordinated approach that integrates rapid
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hemorrhage control with targeted resuscitation to decrease blood loss and prevent trauma induced coagulopathy. The American
Association for the Surgery of Trauma and American College of Surgeons Committee on Trauma protocol states that DCR “aims to
limit blood loss and prevent and treat coagulopathy” and achieves this by “combining early definitive hemorrhage control,
hypotensive resuscitation, and early and balanced use of blood products” (LaGrone et al, 2024). Earlier practice management
guidelines indicate benefits of massive transfusion (MT), higher plasma and platelet to RBC ratios (Cannon et al., 2017).

MTPs are widely adopted, and the measured impact of implementation differ in institutions, patient populations, and protocol
designs. In an updated systematic review, Consunji and colleagues reported a significant reduction in mortality following MTP
implementation and indicate the need for standard nomenclature, indicators, protocols and patient populations to improve
comparability across studies (Consunji et al., 2020). The efficacy of viscoelastic assays in guiding goal directed therapy is subject to
mixed results in clinical trials. Whole blood (WB) resuscitation is increasingly used in trauma care because of operational advantages
(Lin et al., 2025).

This systematic review study analyzed original articles evaluating MTP implementation, and utilization. Our study aim is to
summarize effects on survival and blood product use, to assess protocol performance, examine associations between adherence and

outcomes, and describe criteria and outcomes related to transfusion futility.

Identification of studies via databases and registers
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Figure 1: PRISMA consort chart
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2. REVIEW METHODS

Protocol and question: We conducted a systematic review of MTP activation in adult trauma patients. In injured adults with severe
hemorrhage, we assessed how MTP implementation, timing, and utilization patterns affect mortality and blood product use. We
include eight original studies reported MTP implementation process or clinical outcomes in trauma. No additional databases were
queried, in order to avoid introducing unvetted material (Fig 1).

Inclusion criteria: We included 8 original studies of trauma populations. We include studies evaluateed MTP implementation,
adherence, transfusion timing, or utilization patterns and report clinical or process outcomes. Only English language publications were
eligible. We exclude studies with pediatric only population, obstetric only, non-trauma surgical cohorts, and purely modeling,
simulation without clinical outcomes.

Primary outcome was mortality (early: 4 to 24 h, in hospital, 30 day) and secondary outcome include time to first transfusion,
product ratios (FFP: RBC), product use (PRBC, FFP, platelets, cryoprecipitate), MTP adherence, KPIs, wastage, activation, utilization
patterns.

Study selection and data extraction: Two reviewers used study files to screen the title, abstract, content against criteria. We extracted the
following variables in data extraction table (setting, design, sample size, MTP exposure, implementation, adherence, timing, WB
program, and outcomes). We grouped studies by MTP implementation effects, process, adherence and outcomes. We prepared two

prespecified tables: study characteristics and key findings.

3. RESULTS

Study overview

Eight original studies in January 2020 to July 2025 and diverse systems were included. Two Korean cohort studies assessed MTP
implementation. A U.S. cohort examined the association between protocol adherence and survival. A large U.S. cohort evaluated
whether earlier WB was associated with improved survival. A rural U.S. level II trauma center described outcomes and wastage after
implementing a WB program. One Indian study developed KPIs for MTP. One study discussed how differing definitions of MTP affect

futility thresholds. Study characteristics are summarized in Table 1.

Table 1. Characteristics of the included studies

Design and study Population and | Intervention and .
Study . . Comparator Main outcomes Key results
setting sample size exposure
. 24 hr survival 75%; survival
. Trauma Provider . . .
. Retrospective . . Higher vs . to discharge 68%. Median
Margolin et L patients with adherence to 24 hr survival . .
descriptive o . lower adherence higher in
al., 2023 MTP activation | revised MTP ]
Nov 2018 to Oct 2020 o5 adherence survivors than
n=
NoNsurvivors
o Earlier WB associated with
Adult trauma Earlier time to . . .
. . . Later WB Survival at 24h improved survival: 24h
Torres etal.,, | Retrospective cohort with severe first whole blood .
. transfusion and 30 days aHR 0.40; 30-day aHR 0.32;
2024 2019 to 2020 hemorrhage transfusion L . T
timing survival benefit evident
n=1394 .
early after ED arrival.
Nonrandomized
. Adult MTP .
retrospective L Cold stored Mortality;
. . activations
Orr et al, observational; single whole blood Component wastage rates; . .
(WB n=37; . Mortality lower with WB.
2024 rural Level II trauma program therapy only compliance
component .
center monitoring
n=31)
2020 to 2022
Likelihood of MTP activation and
. MTP activation MTP activation; transfusion linked to higher
Retrospective database | ED trauma . .
Arnold et . L and MTP MTP in ED mortality
ana1y51s activations; . - . . .
al., 2025 transfusion and transfusion; in Penetrating trauma
Jan 2017 to Jun 2022 n=8670 . . . .
sociodemographic ED mortality strongly increased odds
factors Models AUC 0.876
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(activation) and 0.935
(transfusion).
. . Evaluation Appropriate activation
Cross sectional data Adult massive . o
. . . KPI development | comparisons . 43.47%. TAT within
Ninanetal.,, | analysis transfusion . KPI metrics .
using DMAIC and . benchmark in 85.8%
2024 events; . . mortality; LOS
inappropriate
Jan 2021 to Dec 2022 n=92 o
activations
Massive After protocol, FFP:RBC
Retrospective single- transfusion Transfusion ratio improved and time to
. . Pre and post . . .
Lee et al., center; regional MT patients protocol tocol ratios time to first transfusion shortened
rotoco
2022 trauma center n=185 implementation P od first transfusion, Higher FFP:RBC
eriods
2014 to 2016 and transfusion P mortality associated with lower
ratio tracking mortality.
Trauma
patients ) Time to transfusion
o Time to
. receiving >10 , decreased
Retrospective before ] transfusion; o
Sun et al., PRBC units MTP Pre Cryoprecipitate use and
and after ) . ] ) blood product o
2020 MT total 370 implementation implementation . cryo: PRBC ratio increased;
Jan 2016 to Sep 2019 use ratios; o . .
no significant differences in
outcomes .
n=84 PRBC/FFP/PLT unit.
MTP n=55

4. DISCUSSION

The development of MTPs have been associated with a reduction in mortality and overall blood product use (ACS TQIP, 2014). In its
introduction, the guideline also emphasizes that exsanguination accounts for more than 80 percent of deaths in the operating room and
nearly half of deaths within 24 hours, underscoring why a prepared MTP matters (ACS TQIP, 2014).

This aligns with the updated meta-analysis reporting that MTP significantly reduced the overall mortality (OR 0.71, 95% CI 0.56—
0.90) and concluding it should be recommended to all institutions managing acutely injured patients. The authors also call for standard
nomenclature, indicators, protocols and patient populations to clarify which elements drive benefit (Consunji et al., 2020).

At the same time, evidence syntheses stress real-world constraints: heterogeneity of trauma patient populations and lack of
standard reporting still constrain the ability, to conduct more optimal analysis (Consunji et al., 2020). Our interpretation therefore
prioritizes reproducible, guideline-anchored processes while recognizing study-design limits.

Activation & prediction. ACS TQIP notes that mortality is improved with rapid activation but warns of complications from
unnecessary exposure; it highlights the Assessment of Blood Consumption (ABC) score, pulse > 120, SBP < 90, positive FAST,
penetrating torso injury, and states that a score of two or more warrants MTP activation. (ACS TQIP, 2014). The same CPG reports that
giving blood in the pre hospital setting as early as possible after injury improved 24 hour and 30-day survival, this support earlier
blood-based resuscitation within a DCR framework (Marinho et al., 2025).

5. CONCLUSION

MTP implementation and performance monitoring are associated with improved outcomes and processes in trauma systems. Current
research deficits persist, notably the lack of consensus regarding criteria for therapeutic futility and the absence of standardized
definitions for clinical outcomes. A critical remaining gap is the evaluation of viscoelastic guided, precision resuscitation protocols. To
address these issues, we advocate for the development of a practice-oriented evidence map that delineate key priorities for

standardization and facilitate quality improvement initiatives focused on equity.
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