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Abstract: Background: Blood shortages are a national crisis creating dangerous scenarios for patients
requiring massive transfusion protocol (MTP) in the trauma setting. Judicious use of blood products
is critical to rescue salvageable patients while refraining from unnecessary MTP to save precious
resources. Methods: In this retrospective study, ED trauma activations from a database of an urban
Level I Trauma Center were analyzed from January 1, 2017, to June 30, 2022, inclusive. In-ED
mortality, RBC transfusion volumes during initial resuscitation, patient sociodemographic, and
trauma event factors were analyzed. The primary outcomes were the dichotomous outcomes of MTP
activation and MTP transfusion. Univariable analyses and logistic regressions were conducted, with
class balancing sensitivities applied to the multivariable regressions to adjust for imbalance in the
data. P < 0.05 was considered statistically significant. Results: Among the 8,670 trauma activations,
there was a 0.3% in-ED mortality rate. MTP activation and MTP transfusion were associated with
higher in-ED mortality rates (3.8% and 15.4%, respectively, compared to 0.2% without MTP). Younger
patients, male patients, and Medicaid recipients were more likely to undergo MTP activation;
Medicare patients were less likely. Penetrating trauma substantially increased the likelihood of both
MTP activation (OR 5.81) and transfusion (OR 3.63). The logistic regression models identified the
presence of penetrating trauma, lower probability of survival, and age as the most important
covariates. Models demonstrated high discriminatory value (AUROC 0.876 for MTP activation, 0.935
for MTP transfusion) and precision (0.974 for activation, 0.994 for transfusion), with class balancing
further improving model performance and precision scores. Conclusions: These results are
significant as assessing the futility of MTP should be equitable and future transfusion guidelines
should consider salvageability in cases with a low probability of survival despite age and mechanism.

Level of Evidence: Level IV; original research; case-control

Keywords: massive transfusion; transfusion; platelets; trauma; emergency

1. Background

Blood shortages create challenges for healthcare facilities when treating patients and safely
performing life-sustaining interventions.[1] Massive Transfusion Protocol (MTP) generally refers to
at least 5 units of blood products in fixed ratios (usually 1:1:1 packed red blood cells (pRBC): fresh
frozen plasma (FFP): platelets) transfused within an hour for the management of hemorrhagic shock;
the optimal ratio of blood products remains debatable[2,3]. The decision to activate MTP is at the
institution's and the physicians' discretion during a trauma resuscitation.[1,4,5] Utilization of MTP
dramatically affects blood inventory and availability—although only up to 5% of traumas require
massive transfusions, they use up to 70% of all blood transfused at trauma centers. [1,3,6,7]

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Despite the development of markers of injury severity such as Injury Severity Score (ISS),
Probability of Survival (Ps), and scoring systems for bleeding in trauma such as the Traumatic
Bleeding Severity Score (TBSS) and Trauma-Associated Severe Hemorrhage (TASH) there are
currently no clear, universally accepted criteria for when to activate MTP in severely injured trauma
patients.[7-13]

Patient mortality despite receiving MTP may indicate the futility of transfusion. Several factors
may contribute to mortality in patients receiving MTP, including age, mechanism of trauma, initial
Glasgow Coma Scale Score (GCS), and total amount of blood transfused at 4 hours and 24 hours.[7]
These factors should form the building block of an algorithm to determine when massive transfusion
should be continued or stopped.

Race, ethnicity, and insurance status independently predict outcome disparities after trauma-
specifically, data from a study of almost 430,000 trauma patients shows that African American and
Hispanic patients were more likely to be uninsured and to sustain penetrating trauma than White
patients, and that African American patients, Hispanic patients, and uninsured patients have worse
outcomes during traumas.[14] Insurance status had the strongest association with mortality after
trauma, with results showing that uninsured patients were almost 50% more likely to die as a result
of trauma.[14] Our study supports that assessing the futility of MTP should be equitable and future
transfusion guidelines should consider salvageability in cases with a low probability of survival
despite age and mechanism.

This paper examines whether insurance status affects the likelihood of activating and receiving
MTP, and how this interacts with other socioeconomic variables and markers of futility. Assessing
the futility of MTP is important to better understand and improve future transfusion guidelines, with
these disparities in mind. To date, this is the first large study that will focus on the association of these
factors with MTP utilization and mortality in trauma regardless of blood supply.

2. Methods

2.1. Data Collection

After Institutional Review Board approval (ElImhurst Hospital, Queens, New York, USA) with
informed consent exemption was obtained, we conducted a retrospective cohort study of all ED
trauma activations at our urban Level I Trauma Center that is within a large US healthcare system in
a major US city from January 2017 to June 2022 inclusive. Patients 18 years of age and older who
arrived as a full trauma activation were included. Patients who arrived dead (no discernible blood
pressure, pulseless, apneic) were excluded.

Patients for whom MTP was activated as flagged in the data (‘MTP activations’) and who
received massive transfusions as determined by the number of pRBCs transfused in the ED (‘MTP
transfusions’) were compared to patients for whom MTP was not activated or transfused. MTP was
defined as greater than 5 units of blood product within the first 6 hours during their ED stay,
consistent with the literature (Ang et al., 2023). RBC transfusion volume during initial resuscitation,
as well as patient demographics, trauma event characteristics, payer status, and standardized
markers of futility including ISS and Ps were recorded. Records with missing data for age, sex, race,
ethnicity, or payor status were excluded from the data.

2.2. Univariable Analyses

Generally, between-group medians were compared using the non-parametric Wilcoxon rank
sum test for comparing the median values of two groups and the non-parametric Kruskal-Wallis rank
sum test for comparing the median values of three or more groups. Pearson's correlation coefficient
was employed to assess the linear relationship between variables ISS and Ps.

Univariable regression analyses of a priori-determined variables (age, sex, race, ethnicity,
Medicaid or Medicare insurance status, trauma type, ISS, and Ps) were conducted. For numeric
variables, we used the Wilcoxon rank sum test or the Kruskal-Wallis rank sum test for comparing
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medians as previously described. Categorical variables were checked with the x2test or Fisher’s exact
test if the number of observations was < 20. Odds ratios (OR), confidence intervals (CI), and p-values
for the association of each variable with MTP activation and MTP transfusion were determined.

2.3. Multivariable Analyses

Multivariable logistic regression models were constructed to analyze the relationship between
the sociodemographic and trauma variables with MTP activation and MTP transfusion. ORs, 95%
ClIs, and p-values for each covariate in the regression models were determined. MTP activation and
transfusion were rare events in the dataset, leading to class imbalances in the data. To avoid biases
due to class imbalances, we performed additional regression sensitivities in which we tested six class
balancing techniques as below.[15-18]

1.  Weighting using inverse class frequencies-balancing by scaling the weight of each class to the
inverse of its frequency, thereby assigning higher weights to the minority class and lower
weights to the majority class;

2. Weighting using means—balancing by scaling the weight of each class to the inverse of its
frequency, similarly assigning higher weights to the minority class and lower weights to the
majority class;

3. Downsampling (undersampling)-randomly subsetting (removing or reducing) the majority
classes in the training set so that their class frequency matches the minority class;

4. Upsampling (oversampling)-randomly subsetting (and replacing with artificial or duplicate data
points) the minority classes in the training set so that their class frequency matches the majority
class;

5. Synthetic Minority Over-sampling Technique (SMOTE)-a hybrid method that downsamples the
majority class and synthesizes new data of the minority class using the k-nearest neighbor
algorithm;

6. Random Ouversampling Examples (ROSE)-a hybrid method that utilizes majority downsampling
and minority upsampling to synthesize new data of both classes.

2.4. Performance Evaluation

The assessments of the models include Area Under the Curve (AUC) of the Receiver Operating
Characteristic Curve (ROC) and Precision scores (Area Under the Precision-Recall curves (AUPRC).
AUROC was calculated to assess the discriminatory power of the original models and the model
sensitivities. AUC is a proxy for accuracy in predicting a binary outcome, with AUCs closer to 1 being
more predictive. 95% CI for the AUC for each model was also noted. Precision scores were calculated
to measure the overall precision of the models in predicting positive cases. Precision scores quantify
the proportion of accurately predicted positive instances among all instances predicted as positive.

All data were analyzed using R version 4.3.1 (version "Beagle Scouts", released June 6, 2016) and
RStudio Version 2023.09.1+494. Statistical significance was defined as p < 0.05 for significance at the
95% CI, p < 0.01 at the 99% CI, and p < 0.001 at the 99.99% CI.

3. Results

There were 8,670 trauma activations. Table 1 shows the socio-demographic and trauma
characteristics of the patient sample segregated by MTP activation and MTP transfusion. 90% were
traumas due to blunt force and 10% to penetrating trauma. 66% of the sample was male, with a mean
age of 53.7 years. Only 3% (n=265) of traumas saw an MTP activation; of those, there were 213 traumas
for which MTP was activated but <5 units of pRBCs were given. As such, only 0.5% of traumas saw
an actual MTP transfusion. The median amount of pRBC for those with MTP activations was 2 units
and for those with MTP transfusions was 5 units, a statistically significant difference (p <0.01).

% CI, p < 0.01 at the 99% CIL, and p < 0.001 at the 99.99% CI.
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Table 1. It shows patients’” socio-demographic and trauma characteristics segregated by MTP activation and

MTP transfusion.

MTP Activated? MTP Transfused?

Characteristic Overall, N = NO, N=8405' YES, N=265! NO, N= YES, N= 521!

8,6701 8618t
AGE 53.05 (24.23) 53.64 (24.30) 38.60 (19.43) 53.11 (24.26) 43.81 (17.22)
SEX
Female 2,909 (34%) 2,851 (34%) 58 (22%) 2,896 (34%) 13 (25%)
Male 5,761 (66%) 5,554 (66%) 207 (78%) 5,722 (66%) 39 (75%)
RACE
American Indian 5 (<0.1%) 5 (<0.1%) 0 (0%) 5 (<0.1%) 0 (0%)
Asian 1,138 (13%) 1,109 (13%) 29 (11%) 1,131 (13%) 7 (13%)
Black 809 (9.3%) 780 (9.3%) 29 (11%) 805 (9.3%) 4 (7.7%)
Native Hawaiian or 7 (<0.1%) 6 (<0.1%) 1(0.4%) 7 (<0.1%) 0 (0%)
Another Pacific
Islander
Other 4,843 (56%) 4,681 (56%) 162 (61%) 4,811 (56%) 32 (62%)
White 1,868 (22%) 1,824 (22%) 44 (17%) 1,859 (22%) 9 (17%)
ETHNICITY
Hispanic Origin 3,154 (36%) 3,041 (36%) 113 (43%) 3,133 (36%) 21 (40%)
Non-Hispanic Origin 5,516 (64%) 5,364 (64%) 152 (57%) 5,485 (64%) 31 (60%)
INSURANCE STATUS
Medicaid 2,818 (33%) 2,717 (32%) 101 (38%) 2,797 (32%) 21 (40%)
Medicare 2,338 (27%) 2,309 27%) 29 (11%) 2,334 27%) 4 (7.7%)
No Charge 889 (10%) 847 (10%) 42 (16%) 879 (10%) 10 (19%)
Other 1,059 (12%) 1,022 (12%) 37 (14%) 1,054 (12%) 5 (9.6%)
Private 1,566 (18%) 1,510 (18%) 56 (21%) 1,554 (18%) 12 (23%)
TRAUMA TYPE
Blunt 7,789 (90%) 7,623 (91%) 166 (63%) 7,752 (90%) 37 (71%)
Penetrating 881 (10%) 782 (9.3%) 99 (37%) 866 (10%) 15 (29%)
PROBABILITY OF 0.98 (0.10) 0.98 (0.08) 0.96 (0.29) 0.98 (0.09) 0.70(0.33)
SURVIVAL
ISS 4.00 (6.92) 4.00 (6.27) 17.00 (13.25) 4.00(6.71)  25.50 (13.23)
PRBC 0.00 (0.67) 0.00 (0.16) 2.00 (2.66) 0.00 (0.38)  5.00 (2.93)
IN-ED MORTALITY
N 8,647 (100%) 8,392 (100%) 255 (96%) 8,603 (100%) 44 (85%)
Y 23 (0.3%) 13 (0.2%) 10 (3.8%) 15 (0.2%) 8 (15%)
MTP TRANSFUSED? 52 (0.6%) 0 (0%) 52 (20%)
MTP ACTIVATION? 213 (2.5%) 52 (100%)
Median (SD); n (%)

The in-ED mortality rate was 0.3% (Table 2). As expected, in-ED mortality was higher with
higher ISS and with lower Ps. The median ISS for those who died in the ED was 30 versus 4 for those
who did not; this result was statistically significant (p < 0.001). The median Ps for those who died in

the ED was 0.191 versus 0.983 for those who did not; this result was also statistically significant (p <
0.001). MTP activation and MTP transfusion were associated with in-ED mortality —those with MTP
activations had a higher rate of in-ED mortality than those without (3.8% vs. 0.2%, p < 0.001).
Similarly, those receiving MTP transfusions had a higher rate of in-ED mortality than those without
(15.4% vs. 0.2%, p < 0.001). The discriminatory value of MTP activation on in-ED mortality was high
at 0.703 (95% CI 0.599-0.806), while the discriminatory value of MTP transfusion was slightly lower
at 0.671 (95% CI 0.572-0.771).
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Table 2. Comparison of In-ED mortality with MTP Activation and Transfusion.

In-ED Mortality

NO YES p-value!?
MTP Activation? <0.001
NO 8,392 (99.8%) 13 (0.2%)
YES 255 (96.2%) 10 (3.8%)
Total 8,647 (99.7%) 23 (0.3%)
MTP Transfusion? <0.001
NO 8,603 (99.8%) 15 (0.2%)
YES 44 (84.6%) 8 (15.4%)
Total 8,647 (99.7%) 23 (0.3%)

1Fisher's exact test

From the univariable analyses shown in Table 3, it is evident that younger patients were more
likely to have MTP activated and transfused —median age of patients with MTP activation in trauma
was 38.60 years vs. 53.64 years for those whom MTP was not activated (p < 0.001); similarly, median
age of patients with MTP transfusion was 43.81 years vs. 53.11 years for those whom MTP was not
transfused (p < 0.05). Interestingly, men were almost twice as likely to have MTP activated (OR 1.83,
95% CI 1.37-2.48, p < 0.001) but there was no statistically significant difference for sex for MTP
transfusion (OR 1.52, 95% CI 0.83-2.96, p = 0.18). Though non-Hispanic patients were slightly less
likely to have MTP activated (OR 0.76, 95% CI 0.60-0.98, p <0.05), there was no statistically significant
difference for MTP transfusion (OR 0.84, 95% CI 0.49-1.49, p = 0.55). Likewise, there was no
statistically significant difference of MTP activation or MTP transfusion based on race (p > 0.05).
Patients on Medicare were much less likely to have MTP activated (OR 0.32, 95% CI 0.22-0.47, p <
0.001) or have MTP transfused (OR 0.22, 95% CI 0.07-0.55, p < 0.001). Patients on Medicaid were more
likely to have MTP activated (OR 1.30, 95% CI 1.00-1.66, p < 0.05) but there was no statistically
significant difference in MTP transfusion (OR 1.42, 95% CI 0.80-2.46, p = 0.22).

Table 3. Univariable Analysis of Predictors of MTP Activation and MTP Transfusion in Trauma Patients.

MTP Activation MTP
Transfusion

Characteristic OR! SE! 95% CI' p-value? OR! SE! 95% CI' p-value?
Age 0.98 0.003 0.98,0.99 <0.001*** 0.99 0.006  0.98,1.00 0.042*
Race = White 0.14 0.96
White - - — — — —
American Indian 0 239 0 1,073
Asian 1.08 0.242 0.67,1.73 1.28 0505 0.46,3.44
Black 1.54 0.243 095,247 1.03 0.602 0.28,3.16
Native Hawaiian 6.91 1.09 0.36,41.6 0 907
or Other Pacific
Islander
Other 143 0.172 1.03,2.03 1.37 0.378  0.68, 3.06
Sex = Male 1.83 0.15 1.37,2.48 <0.001*** 1.52 0.321 0.83,296 0.18
Ethnicity = Non- 0.76 0.126 0.60, 0.98 0.033* 0.84 0284 049,149 055
Hispanic Origin
Mechanism = 5.81 0.132 4.47,7.52 <0.001***  3.63 0.308 1.93,6.50  <0.001***
Penetrating
Trauma
ISS 1.13 0.006 1.12,1.15 <0.001***  1.12 0.01 1.10,1.15  <0.001***
Ps 0.01 0.256 0.01,0.02 <0.001*** 0.01 0.364  0.00,0.02  <0.001***

Medicare 0.32 0.198 0.22,047  <0.001** 0.22 0.521  0.07,0.55 <0.001***
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Medicaid 1.3 0.129 1.00,1.66 0.046* 1.42 0284 0.80,246 0.22
10R = Odds Ratio, SE = Standard Error, CI = Confidence Interval

MTP activation and transfusion also varied with trauma characteristics. Specifically, patients
with penetrating trauma were almost 6 times more likely to have MTP activated (OR = 5.81, 95% CI
4.47-7.52, p < 0.001) and almost 4 times more likely to have MTP transfused (OR 3.63, 95% CI 1.93—-
6.50, p <0.001). Trauma type had the largest effects (largest ORs) of all the variables tested. ISS was
significantly higher in patients with MTP activations (p < 0.001) and MTP transfusions (p < 0.001).
Median Ps was significantly lower in MTP activations (p < 0.001) and MTP transfusions (p < 0.001).
ISS and Ps were negatively correlated (tau = 0.520, p < 0.001).

The original multivariable logistic regression models were a priori constructed to include age,
sex, race, ethnicity, Medicaid or Medicare status, trauma type, ISS, and Ps, as well as an interaction
variable between ISS and Ps (IS5*Ps) given their high degree of correlation. Results are shown in
Table 4. Once again, penetrating trauma had the largest effect, with those with penetrating trauma
being almost 10 times more likely to have MTP activated (OR 9.79, 95% CI 6.86-14.0, p < 0.001) and
almost 4 times more likely to have MTP transfused (OR 3.92, 95% CI 1.79-8.36). Age was a significant
covariate for MTP activation (OR 0.99, 95% CI 0.98-1.00, p < 0.05), however, it was not for MTP
transfusion (p = 0.94). AUROC for both models was high—0.876 (95% CI 0.850-0.902) for MTP
activation model and 0.935 (95% CI1 0.895-0.974) for MTP transfusion. Precision scores were also high—
0.974 for MTP activation and 0.994 for MTP transfusion.

Table 4. Multivariable analysis of predictors of MTP Activation and MTP Transfusion in trauma patients.

MTP Activation MTP Transfusion
Characteristic OR! SE! 95% CI' p-value? OR! SE! 95% CI'  p-value?
(Intercept) 2.72 0.75 0.62,11.8 0.18 026 1.16 0.03,2.48 0.24
Age 0.99 0.004 0.98, 1.00 0.006** 1 0.009 098,102 094
Race = White
White — — — — — —
American Indian 0 387 0.98 0 1,048 >0.99
Asian 0.84 0.269 0.49,1.41 0.51 0.82 0537 027,234 0.71
Black 0.89 0.284 0.50, 1.54 0.68 0.68 0.654 0.17,231 0.55
Native Hawaiian or 2.51 1.39 0.09, 25.2 0.51 0 788 0.99
Other
Pacific Islander
Other 0.76 0.233 0.48,1.20 0.23 0.81 0488 0.31,2.15 0.66
Gender = Male 0.84 0.179 0.60, 1.20 0.34 0.8 0.365 0.40,1.69 0.55
Ethnicity = Non- 0.87 0.189 0.60, 1.25 0.45 1.14 04 0.51,247 0.74
Hispanic
Origin
Medicaid 0.9 0.156 0.66,1.22 0.5 138 0326 072,261 0.33
Medicare 0.69 0.266 0.41,1.16 0.17 037 0621 0.10,1.18 0.11
Mechanism = 9.79 0.183 6.86, 14.0 <0.001*** 3.92  0.391 1.79,8.36 <0.001***
Penetrating
ISS 0.98 0.017 0.95,1.01 0.27 099 0.02 0.95,1.03 0.69
PS 0 0.646 0.00, 0.01 <0.001*** 0 0.871  0.00,0.01 <0.001***
ISS * PS 1.19 0.019 1.15,1.24 <0.001*** 1.19  0.028 1.13,1.26 <0.001***

I0R = Odds Ratio, SE = Standard Error, CI =
Confidence Interval
2p<0.05; **p<0.01; ***p<0.001
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Table 5 shows the AUCs, their 95% CI, and Precision scores for the original models and each
class balancing sensitivity. All models except the weighting using frequency model had higher AUCs
and precision scores than the original regression. AUCs ranged from 0.875 to 0.881 for MTP activation
and 0.933 to 0.946 for MTP transfusion across the models. Precision ranged from 0.970 to 0.992 for
MTP activation and 0.994 to 1.000 for MTP transfusion across the different models.

Table 5. Performance Metrics of Logistic Regression Models.

MTP Activation MTP Transfusion

Model Sensitivity AUC (95% CI) Precision AUC (95% CI) Precision
Original 0.876 (0.850-0.902)  0.974 0.935 (0.895-0.974) 0.994
Weighting Using Frequency 0.875 (0.848-0.901)  0.97 0.933 (0.893-0.973) 0.994
Weighting Using Means 0.881 (0.856-0.905)  0.992 0.946 (0.919-0.972)  0.999
Downsampling 0.876 (0.850-0.902)  0.992 0.939 (0.914-0.964) 1
Upsampling 0.880 (0.856-0.905)  0.992 0.945 (0.918-0.972)  0.999
SMOTE 0.881 (0.856-0.905)  0.992 0.945 (0.918-0.972)  0.999
ROSE 0.876 (0.852-0.901)  0.992 0.944 (0.914-0.974) 0.999

4. Discussion

This is the first study focusing on massive transfusion utilization variation with insurance status,
and how this interacts with other socioeconomic variables and markers of futility. Overall, of the
8,670 trauma activations, only 3.1% saw MTP activations and 2.5% saw MTP transfusions. There was
high in-ED mortality, higher ISS, and lower Ps for those for whom MTP was activated. Patients on
Medicare were less likely to have MTP activated, while patients on Medicaid were more likely to
have MTP activated. Additionally, men, younger patients, and patients with penetrating trauma were
more likely to have MTP activated; no significant difference in MTP activation was found concerning
race. The most important factors associated with MTP activation were penetrating trauma and Ps.

Univariable analyses indicated that younger age, male gender, and Medicaid recipients were
more likely to undergo MTP activation, while those on Medicare were less likely. Penetrating trauma
significantly increased the likelihood of both MTP activation (OR 5.81) and transfusion (OR 3.63).
Multivariable logistic regression models, including age, sex, race, ethnicity, Medicaid or Medicare
status, trauma type, ISS, and Ps, confirmed the substantial impact of penetrating trauma, making
individuals almost 10 times more likely to have MTP activated and four times more likely to have
MTP transfused. Models demonstrated high discriminatory values (AUROC 0.876 for activation,
0.935 for transfusion) and precision scores (0.974 for activation, 0.994 for transfusion). Class balancing
sensitivity improved model performance across various models.

These data underscore important trends in transfusion practice and raise critical questions about
the use of MTP in patients with severe injuries. The decision to transfuse MTP must be judicious and
restrictive, and MTP guidelines remain largely subjective. Patients who received MTP had higher ISS
and lower Ps, indicating lower chances of survivability and possibly higher risks of futility of
transfusion. Yet, it can be argued that for these patients, from the trauma providers’ perspectives,
without MTP fatality is inevitable. This poses the question of how to balance the distribution of blood
for those with urgent needs with those who are likely to most benefit when these do not substantially
overlap.

4.1. Age, Transfusion, and Mortality

Prior research shows that older patients are more likely to undergo RBC transfusions and MTP
activation than younger patients.[7,9,19,20] Our data, however, refutes this, as younger patients were
more likely to have MTP activated or transfused. Lim et al. (2018) showed that 32 out of 58 patients
with hemorrhagic shock sustained from trauma received MT, with and mean age 11 years younger
than those who did not, a statistically significant difference.[21] This large age difference may be
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explained by the fact that age is a predictor of mortality after trauma, with mortality increasing with
age in massively transfused patients.[22] Another retrospective study showed that the association
between plasma-to-RBC ratio and in-hospital mortality in non-geriatric patients was clearly shown;
however, the relationship between plasma-to-RBC ratio with mortality among geriatric patients
remained inconclusive in a trauma setting.[23] Based on these studies, there seems to be a statistically
significant difference among ages in the outcome of MTP given in a traumatic setting.

4.2. Sex, Transfusion, and Mortality

Numerous studies have shown that most patients receiving MTP are male; our results are
consistent with this finding.[24,25] The secondary analysis of the Pragmatic Randomized Optimal
Platelet and Plasma Ratios (PROPPR) trial, female patients were shown to receive fewer units of total
blood products than their male counterparts after hemostasis was achieved.[26] Specifically, women
received lower volumes of all products, with a 38% reduction in FFP, 49% reduction in platelets, and
49% reduction in the volume of RBCs; however, there was no difference in transfusion requirement
during active hemorrhage.[26] Finally, men have been shown to have improved outcomes after
massive transfusion as compared to women. For example, in a retrospective study of 704 MTP-
receiving patients at 23 Level I Trauma Centers, male patients receiving a high plasma-to-RBC ratio
had lower 24-hour and 30-day mortality rates while women had no improvements in mortality
rates.[27]

4.3. Age, Ethnicity, Race, and Insurance Status

Our data show that Medicaid patients were more likely to have MTP activated or transfused,
while Medicare patients were less likely. Age, ethnicity, and race are intricately correlated with
insurance status in the US. In 2010, when the Affordable Care Act (ACA) was passed, seventy percent
of non-Hispanic Black nonelderly adults were more likely to be uninsured than non-Hispanic White
adult patients.[2] Such disparities in insurance coverage result in poorer access to care leading to
worse health outcomes.[28-32] As the number of Black and Hispanic beneficiaries has grown over
time, Medicaid has played an increasingly vital role as a source of coverage for racial minorities.[34]
Additionally, age is clearly correlated with Medicare access, as, as of 2021, the majority of Medicare
beneficiaries (86%) are ages 65 and older, with the remaining 14% qualifying for Medicare because of
a long-term disability.[33]

4.4. Strengths

An important strength of this study is, as previously discussed, that it delineates MTP activation
from MTP transfusion. The decision to activate MTP, as noted, is complex and discretionary. MTP
transfusion is impacted by factors including, but not limited to, patient expiration before transfusion
is complete or termination of ongoing MTP due to perceived futility. Additionally, though patients
for whom MTP was activated and transfused were a small proportion of the population, our use of
class balancing techniques for adjusting for class imbalances reduces bias towards the majority class.
These techniques are very popular in the scientific literature; for example, SMOTE is one of the most
popular preprocessing techniques and is considered one of the standards in the framework of
balancing imbalanced data.[18] The sensitivities had high AUC and precision for predicting MTP
activation and transfusion.

5. Limitations

Limitations of this study include the retrospective methodology of the study, which comes with
a high degree of incomplete and missing documentation. This limits the ability to use all available
data in the analysis. An additional limitation is our limited direct use of clinical factors affecting MTP
activation. For example, vital signs, GCS on arrival, and prior resuscitation efforts have been shown
to affect MTP activation in prior studies but were not directly assessed in our study. These factors,
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however, are incorporated in the calculations for ISS and Ps and so their effects are indirectly
measured.

6. Conclusions

In conclusion, our institutional data, however, demonstrates that though insurance status has
some effect on MTP activation, penetrating trauma and Ps are the most important factors associated
with MTP activation. These results are important as assessing the futility of MTP should be equitable,
and future transfusion guidelines should consider salvageability in cases with a low probability of
survival despite age and mechanism.

Author Contributions: Conceptualization- MA and BS; writing —original draft preparation- MA, BS, and, MC;
writing —review and editing- BS, KT, NDB, GA, ]JD, JM, ZS, SC, and JW; figures and table, MA; supervision- BS
and JW; project administration-BS and JW.

Funding: There is no grant support or financial relationship for this manuscript.

Institutional Review Board Statement: This retrospective study was approved by the IRB at Elmhurst Hospital
Center (EHC) on July 17, 2024, with IRB number 24-12-084-05G(HHC).

Acknowledgments: Not Applicable.

Conflicts of Interest: The authors have no competing interests to declare.

References

1. Ang D, Fakhry SM, Watts DD, et al. Data-Driven Blood Transfusion Thresholds for Severely Injured
Patients During Blood Shortages. | Surg Res. 2023;291:17-24. d0i:10.1016/j.jss.2023.05.028

2. Patil V, Shetmahajan M. Massive transfusion and massive transfusion protocol. Indian | Anaesth.
2014;58(5):590. d0i:10.4103/0019-5049.144662

3. Bawazeer M, Ahmed N, Izadi H, McFarlan A, Nathens A, Pavenski K. Compliance with a massive
transfusion protocol (MTP) impacts patient outcome. Injury. 2015;46(1):21-28.
doi:10.1016/j.injury.2014.09.020

4. Hsu YM, Haas T, Cushing M. Massive transfusion protocols: current best practice. International Journal of
Clinical Transfusion Medicine. Published online 2016:15. d0i:10.2147/ijctm.s61916

5.  Guerado E, Medina A, Mata MI, Galvan JM, Bertrand ML. Protocols for massive blood transfusion: when
and why, and potential complications. European Journal of Trauma and Emergency Surgery. 2015;42(3):283-
295. doi:10.1007/s00068-015-0612-y

6.  Wijaya R, Cheng HMG, Chong CK. The use of massive transfusion protocol for trauma and non-trauma
patients in a civilian setting: what can be done better? Singapore Med ]. 2016;57(5):238-241.
doi:10.11622/smedj.2016088

7. Jebbia M, Nguyen ], Marty M, et al. Predictors of Mortality in Trauma patients Receiving massive
Transfusion Protocol. Am Surg. Published online 2023:000313482311755. doi:10.1177/00031348231175503

8.  Nunez TC, Voskresensky I V., Dossett LA, Shinall R, Dutton WD, Cotton BA. Early prediction of massive
transfusion in trauma: Simple as ABC (Assessment of Blood Consumption)? Journal of Trauma - Injury,
Infection and Critical Care. 2009;66(2):346-352. doi:10.1097/TA.0B013E3181961C35

9. Ogura T, Nakamura Y, Nakano M, et al. Predicting the need for massive transfusion in trauma patients.
Journal of Trauma and Acute Care Surgery. 2014;76(5):1243-1250. d0i:10.1097/ta.0000000000000200

10. Schroll R, Swift D, Tatum D, Couch S, Injury JH, 2018 undefined. Accuracy of shock index versus ABC
score to predict need for massive transfusion in trauma patients. Elsevier. Accessed October 22, 2023.
https://www.sciencedirect.com/science/article/pii/S0020138317306253?casa_token=XD5Y30OWKOhEAAA
AA:QrMQMDgzBd9DEO0aOnnH2jLUtfQmrO_hr4MNp8wXC8N3AOPUNMVOhKLFM-
tswlGEbqY8QoZuDAo

11. Lo BD, Merkel KR, Dougherty JL, et al. Assessing predictors of futility in patients receiving massive
transfusions. Transfusion (Paris). 2021;61(7):2082-2089. d0i:10.1111/TRF.16410


https://doi.org/10.20944/preprints202504.1628.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 April 2025 d0i:10.20944/preprints202504.1628.v1

10 of 11

12.  Mladinov D, Frank SM. Massive transfusion and severe blood shortages: establishing and implementing
predictors of futility. Br ] Anaesth. 2022;128(2):e71-e74. doi:10.1016/j.bja.2021.10.013

13.  Yiicel N, Lefering R, Maegele M, et al. Trauma Associated Severe Hemorrhage (TASH)-score: Probability
of mass transfusion as surrogate for life threatening hemorrhage after multiple trauma. Journal of Trauma -
Injury, Infection and Critical Care. 2006;60(6):1228-1236. d0i:10.1097/01.TA.0000220386.84012.BF

14. Haider AH, Chang DC, Efron DT, Haut ER, Crandall M, Cornwell EE. Race and Insurance Status as Risk
Factors for Trauma Mortality. Archives of Surgery. 2008;143(10):945-949. doi:10.1001/ARCHSURG.143.10.945

15. Lunardon N, Menardi G, Torelli N. ROSE: A Package for Binary Imbalanced Learning.

16. Menardi G, Torelli N. Training and assessing classification rules with imbalanced data. Data Min Knowl
Discov. 2014;28(1):92-122. doi:10.1007/510618-012-0295-5/METRICS

17. Kuhn M. Building Predictive Models in R Using the caret Package. | Stat Softw. 2008;28(5):1-26.
doi:10.18637/]SS.V028.105

18. Chawla N V., Bowyer KW, Hall LO, Kegelmeyer WP. SMOTE: Synthetic Minority Over-sampling
Technique. Journal of Artificial Intelligence Research. 2002;16:321-357. doi:10.1613/JAIR.953

19. Brown 4th CH, Savage W], Masear CG, et al. Odds of transfusion for older adults compared to younger
adults undergoing surgery. Anesth Analg. 2014;118(6):1168-1178. doi:10.1213/ANE.0000000000000033

20. Murry JS, Zaw AA, Hoang DM, et al. Activation of Massive Transfusion for Elderly Trauma Patients. Am
Surg. 2015;81(10):945-949. d0i:10.1177/000313481508101007

21. Lim G, Harper-Kirksey K, Parekh R, Manini AF. Efficacy of a massive transfusion protocol for hemorrhagic
trauma resuscitation. Am | Emerg Med. 2018;36(7):1178-1181. doi:10.1016/].AJEM.2017.11.060

22.  Morris MC, Niziolek GM, Baker JE, et al. Death by Decade: Establishing a Transfusion Ceiling for Futility
in Massive Transfusion. Journal of Surgical Research. 2020;252:139-146. d0i:10.1016/j.jss.2020.03.004

23. Kojima M, Endo A, Shiraishi A, Shoko T, Otomo Y, Coimbra R. Association between the plasma-to-red
blood cell ratio and survival in geriatric and non-geriatric trauma patients undergoing massive transfusion:
a retrospective cohort study. | Intensive Care. 2022;10(1):2. d0i:10.1186/s40560-022-00595-7

24. Paganini M, Abowali H, Bosco G, et al. Quality Improvement Project of a Massive Transfusion Protocol
(MTP) to Reduce Wastage of Blood Components. Int | Environ Res Public Health. 2021;18(1):274.
doi:10.3390/ijerph18010274

25. Consunji R, Elseed A, El-Menyar A, et al. The effect of massive transfusion protocol implementation on the
survival of trauma patients: a systematic review and meta-analysis. Blood Transfusion. 2020;18(6):434.
doi:10.2450/2020.0065-20

26. Baraniuk S, Tilley BC, del Junco D], et al. Pragmatic Randomized Optimal Platelet and Plasma Ratios
(PROPPR)  Trial:  design, rationale and implementation. Injury.  2014;45(9):1287-1295.
doi:10.1016/j.injury.2014.06.001

27. Barbosa RR, Rowell SE, Sambasivan CN, et al. A predictive model for mortality in massively transfused
trauma patients. Journal of Trauma - Injury, Infection and Critical Care. 2011;71(2 SUPPL. 3).
doi:10.1097/TA.0B013E318227F18F

28. Buchmueller TC, Levinson ZM, Levy HG, Wolfe BL. Effect of the affordable care act on racial and ethnic
disparities in health insurance coverage. Am | Public Health. 2016;106(8):1416-1421.
doi:10.2105/AJPH.2016.303155

29. Kirby JB, Taliaferro G, Zuvekas SH. Explaining racial and ethnic disparities in health care. Med Care.
2006;44(5 SUPPL.). doi:10.1097/01.MLR.0000208195.83749.C3

30. Lillie-Blanton M, Hoffman C. The role of health insurance coverage in reducing racial/ethnic disparities in
health care. Health Aff. 2005;24(2):398-408. doi:10.1377/HLTHAFF.24.2.398/ASSET/IMAGES/LARGE/L-

B_2B.JPEG
31. Zuvekas SH, Taliaferro GS. Pathways to access: Health insurance, the health care delivery system, and
racial/ethnic disparities, 1996-1999. Health Aff. 2003;22(2):139-153.

doi:10.1377/HLTHAFF.22.2.139/ASSET/IMAGES/LARGE/139F2.JPEG
32. Hargraves JL, Hadley ]. The Contribution of Insurance Coverage and Community Resources to Reducing
Racial/Ethnic Disparities in Access to Care. Health Serv Res. 2003;38(3):809-829. doi:10.1111/1475-6773.00148


https://doi.org/10.20944/preprints202504.1628.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 April 2025 d0i:10.20944/preprints202504.1628.v1

11 of 11

33. Medicare Beneficiaries at a Glance - Centers for Medicare & Medicaid Services Data. Accessed January 18,
2024. https://data.cms.gov/infographic/medicare-beneficiaries-at-a-glance
34. Profile of Medicare Beneficiaries by Race and Ethnicity: A Chartpack | KFF. Accessed January 18, 2024.

https://www kff.org/medicare/report/profile-of-medicare-beneficiaries-by-race-and-ethnicity-a-chartpack/

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202504.1628.v1

