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ABSTRACT
Objectives  The goal of this study was to explore the 
incidence of overtransfusion in trauma patients requiring 
massive transfusion protocol (MTP) activation and 
identify modifiable risk factors. We hypothesized that 
overtransfusion is common after MTP activation.
Methods  Patients admitted to a level I trauma center 
from July 2016 to December 2019 and who required 
MTP activation were selected. The primary outcome was 
overtransfusion, defined as a hemoglobin (Hg) ≥11 g/dL 
at 24 hours (±2 hours). A Cox regression model was used 
to identify independent risk factors for overtransfusion.
Results  140 patients met inclusion criteria. The median 
age was 39.0 years, with the majority (74.3%) being 
male. The median (IQR) Injury Severity Score (ISS) was 
24.0 (58.0) and 38.4% had a penetrating mechanism. 
The median (IQR) admission Hg was 12.6 (11.7) g/dL. 
Overall, 71.4% of patients were overtransfused by the 
conclusion of MTP, 43.6% 24 hours later, and 29.5% 
at discharge. Overtransfusion did not correlate with 
the number of units of blood transfused nor with the 
duration of MTP. Overtransfused patients at 24 hours 
after the conclusion of MTP were significantly more likely 
to present with a penetrating injury (52.5% vs. 27.3%, 
p=0.003) and have a significantly lower ISS (median 
(IQR) 18.5 (44.0) vs. 26.0 (58.0), p=0.035.) In a Cox 
regression model, penetrating mechanism (adjusted HR 
(AHR): 2.93; adjusted p=0.004) and admission base 
excess (BE) (AHR: 1.15; adjusted p=0.001) were the only 
variables independently associated with overtransfusion.
Conclusions  Overtransfusion of trauma patients 
requiring MTP activation is highly common, leading to 
overutilization of a limited resource. Penetrating trauma 
and BE may be modifiable risk factors that can help limit 
overtransfusion. Overtransfusion should be tracked as 
a data point by blood banks and trauma centers and 
be further studied as a potential quality metric for the 
resuscitation of massively transfused trauma patients.
Level of evidence  III.

INTRODUCTION
The introduction of massive transfusion protocols 
(MTPs) by trauma centers for the initial resuscita-
tion of exanguinating trauma patients has resulted 
in achieving early delivery of balanced resuscita-
tion with blood products,1 2 which in turn has led 
to improved survival of this high risk for mortality 
patient population.3 4 Early delivery of the MTP 
coolers is considered a quality metric, as every minute 
delay increases substantially the odds for mortality.5 

Although the life-saving impact of their use in this 
setting is undeniable, transfusion of blood products 
may be associated with adverse reactions, ranging 
from volume overload, to hemolysis, infections, 
immunosuppression, and even death.6–8 In fact, 
each unit of blood delivered to massively transfused 
trauma patients in the first 24 hours independently 
increase the risk of infectious complications by 
7.6%.9 Among trauma patients who receive over 
10 units of blood within the first 24 hours, those 
who are overtransfused have comparable mortality 
with those who are undertransfused.10 Despite this, 
upwards of one-third of patients presenting with 
major trauma receive a potentially avoidable blood 
transfusion.11 12 Limiting unnecessary transfusions is 
important to avoid exposing an already at high-risk 
patient population, to additional, life-threatening 
risks, and to minimize overutilization of available 
resources.

MTP coolers allow the trauma team to have 
readily available and at hand blood products which 
they administer based on their interpretation of the 
patient’s physiologic status, estimated blood loss, 
laboratory parameters, and a multitude of other 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Although massive transfusion protocols may 
improve survival in trauma patients, their use 
may lead to overtransfusion practices, the 
extent of which remains largely understudied.

WHAT THIS STUDY ADDS
	⇒ By defining autotransfusion as a hemoglobin 
level of 11 g/dL, we found that among trauma 
patients requiring massive transfusion protocol, 
over 7 out of 10 were overtransfused by the 
conclusion of the protocol, over 4 out of 10 by 
24 hours later, and approximately 3 out of 10 at 
discharge.

	⇒ Penetrating mechanism and high base 
deficit were independently associated with 
overtransfusion at 24 hours after the conclusion 
of the massive transfusion protocol.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ Overtransfusion should be tracked as a data 
point by blood banks and trauma centers and 
be further studied as a potential quality metric 
for the resuscitation of massively transfused 
trauma patients.
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factors that are taken collectively into account to assess hemody-
namic and perfusion targets.13 14 Despite the availability of these 
factors, the decision to terminate additional transfusion of blood 
products remains largely subjective, as no one parameter can 
decisively guide clinicians to cease transfusions. This, in combi-
nation with the availability and easy accessibility of blood prod-
ucts provided with the MTP, may lead to overtransfusions with 
all the possible consequences, not only due to the adverse impact 
on outcomes, but also due to the increased cost and wastage of 
this limited resource.

The goal of this study was to explore the incidence of over-
transfusion in trauma patients requiring MTP activation at 
a mature trauma center and identify modifiable risk factors. 
We hypothesized that overtransfusion is common after MTP 
activation.

STUDY DESIGN AND METHODS
The trauma registry was queried for patients admitted to our 
level I trauma center from July 2016 to December 2019 and who 
required MTP activation. Patients who died within 24 hours 
from admission, those who did not receive any blood products 
from the MTP coolers, those with MTP duration that exceeded 
24 hours, and those with unavailable hemoglobin (Hg) value at 
24 hours (±2 hours) after the conclusion of the MTP activation 
were excluded.

MTP at our center is activated at the discretion of the trauma 
surgeon. While awaiting the MTP coolers, the trauma team 
has access to uncrossmatched packed red blood cells (pRBCs) 
stored in a refrigerator in the emergency department (ED). The 
MTP coolers are delivered within 10 minutes from the time they 
are requested and they contain 12 units of pRBCs, 12 units of 
plasma, and 1 unit of pheresis platelets at room temperature. Up 
to 4 units of low-titer, group O whole blood (LTOWB) may be 
included, depending on availability and would replace an equal 
number of pRBCs. A unit of thawed cryoprecipitate is deliv-
ered within 30 minutes from delivery of the MTP coolers. The 
conclusion of the MTP activation is clinician dependent and is 
based on the time that the coolers are returned to the blood 
bank.

Demographics (age, gender) and injury characteristics (mech-
anism (blunt vs. penetrating), Injury Severity Score (ISS), Abbre-
viated Injury Scale (AIS) score for body regions head, chest, 
abdomen, and extremities), along with admission vital signs (ED 
systolic blood pressure (SBP), Shock Index (defined as admis-
sion heart rate divided by admission SBP), Glasgow Coma Scale 
score), ED disposition (operating room (OR), interventional 
radiology (IR), intensive care unit, or other), and MTP logis-
tical data (time to delivery and duration) were tabulated on an 
Excel spreadsheet. Laboratory values for Hg, platelet count, 
pH, base excess (BE), lactate, and international normalized ratio 
(INR) were collected for four different phases of hospitaliza-
tion: admission (first available values), at the conclusion of MTP 
activation (within 2 hours from return of the MTP coolers to 
the blood bank), 24 hours after conclusion of MTP activation 
(±2 hours), and at discharge (day of discharge from hospital). 
Point-of-care Hg values were not accounted for. At our county, 
the prehospital personnel have no access to blood products. 
Therefore, the admission Hg reflects the level prior to any blood 
product transfusion, as admission labs are universally obtained 
on all trauma patients within a very short period of time after 
arrival to the ED. For calculation and depiction purposes, all Hg 
values were rounded to their nearest integer values. Additional 
data points included use of any vasopressor during MTP and 

at its conclusion. Lastly, all transfusion data were collected and 
included:
1.	 Transfusion of uncrossmatched pRBC units that are available 

in the ED refrigerator, used in the time period between MTP 
activation and delivery of the coolers.

2.	 Transfusion of pRBCs, LTOWB, plasma, pheresis platelets, 
and cryoprecipitate included in the MTP cooler. Each unit 
of LTOWB was considered equal to a unit of pRBC for cal-
culation purposes.

3.	 Transfusion of pRBCs, plasma, pheresis platelets, and cryo-
precipitate during the remainder hospital stay, after the con-
clusion of MTP.

The primary outcome was overtransfusion, defined as a Hg ≥11 g/
dL at 24 hours (±2 hours) after the conclusion of MTP activa-
tion. Secondary outcomes were overtransfusion (Hg ≥11 g/dL) 
at the conclusion of MTP and at discharge. We used the cut-off 
of 11 g/dL as we thought that it was significantly higher than 8 g/
dL that is targeted for critically ill patients who are hemodynam-
ically normal and who do not experience ongoing bleeding. At 
the same time, this level allows for additional transfusions over 
the level of 8 g/dL in the case of uncertainty with quantifying 
adequate resuscitation after control of bleeding. This definition 
was based on an Hg value, rather than on physiologic or other 
parameters. Our intention was to evaluate overtransfusion as a 
clinical event, rather than as a predictor of mortality. The largely 
variable mortality rate based on an Hg value in our cohort did 
not follow a certain trend and did not allow for identification of 
a reliable inflection point to help define overtransfusion based 
on this outcome (online supplemental appendix 1). In addition, 
the n for values of Hg >12 g/dL decreased substantially, not 
allowing for a meaningful statistical analysis (for example, there 
was only one patient with an Hg of 15 g/dL and three with an 
Hg of 16 g/dL). Lastly, when we compared mortality of patients 
with various cut-offs of Hg, we found no statistical difference for 
Hg values of 10, 11, and 12 g/dL (online supplemental appendix 
2). We therefore selected an Hg value of 11 g/dL to define over-
transfusion as the most clinically relevant and most meaningful 
for statistical analysis purposes.

A forward linear regression model was used to identify 
correlations between the number of pRBC units transfused and 
duration of MTP with overtransfusion. Overtransfused patients 
(Hg ≥11 g/dL at 24 hours after MTP conclusion) were then 
compared with their non-overtransfused counterparts. Propor-
tions were compared using Χ2 or Fisher’s exact test and means 
were compared using t-test or Mann-Whitney test. A p less than 
0.050 was considered statistically significant. A Cox regression 
model including all variables different between the two cohorts 
at a p level of <0.2 was used to identify independent risk factors 
for overtransfusion. Data were analyzed using the IBM SPSS 
Statistics for Windows, V.25.0 (IBM Corp).

RESULTS
During the 42-month study period, 240 trauma patients required 
MTP activation. Of those, 28 did not require any blood prod-
ucts, and the remaining 72 died within less than 24 hours, with 
the vast majority (97.2%) not having a repeat Hg. Therefore, 
after applying our exclusion criteria, 140 patients were left for 
analysis. The median (IQR) age was 39.0 (83.0) years, with the 
majority (N=104 or 74.3%) being male. The median (IQR) 
ISS was 24.0 (58.0), and 38.4% (n=53) suffered a penetrating 
mechanism of injury. The median (IQR) admission Hg was 12.6 
(11.7) g/dL, whereas the median (IQR) pH was 7.28 (0.73), BE 
was −8.0 (32.0), and lactate was 4.0 (23.4) mg/dL.
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Figure 1 depicts the proportion of patients with rounded Hg 
levels between 6 and 18 g/dL at the time of MTP conclusion, 24 
hours later, and at discharge. Overall, 71.4% of patients were 
found to be overtransfused by the conclusion of MTP, 43.6% 24 

hours later, and 29.5% at discharge. Figure 2 depicts the propor-
tion of overtransfused patients based on the number of pRBCs 
transfused during the MTP phase and the duration of MTP 
activation. None of these two variables correlated with over-
transfusion in a linear regression model (R2 <0.001 and 0.009, 
respectively, and p=0.882 and p=0.274, respectively).

Overall, 61 patients (43.6%) were overtransfused at 24 hours 
after the conclusion of the MTP phase. Age, gender, and ED 
admission vital signs were similar between overtransfused and 
non-overtransfused patients (table 1.) Overtransfused patients, 
however, were significantly more likely to present with a pene-
trating injury (52.5% vs. 27.3%, p=0.003) and have a signifi-
cantly lower ISS (median (IQR) 18.5 (44.0) vs. 26.0 (58.0), 
p=0.035). There was no difference in the proportion of patients 
requiring emergency operative or radiology-guided interven-
tion. However, when comparing blunt and penetrating trauma 
patients, those with a penetrating injury were significantly 
more likely to require emergent operative intervention (38 of 
53 or 71.7% for penetrating and 32 of 85 or 37.6% for blunt, 
p=0.002.) A total of 42 patients (30.0%) required vasopressors 
prior to the delivery of the MTP coolers and this proportion 
was similar between the two groups (table 1.) The median (IQR) 
time from activating MTP to the delivery of the coolers was 10.0 
(28.0) minutes, whereas the median (IQR) duration of MTP acti-
vation was 5.4 (23.0) hours.

Table 2 outlines the laboratory values for the two cohorts at 
various phases of hospitalization. Overtransfused patients had 
a significantly higher median (IQR) Hg at admission compared 
with non-overtransfused patients (12.8 (11.7) vs. 12.0 (9.4), 
p=0.017.) The BE tended to be lower for overtransfused 

Figure 1  Proportion of patients with rounded hemoglobin (Hg) levels 
between 6 and 18 g/dL and rate of overtransfusion (Hg ≥11 g/dL) at 
three phases of hospitalization: (A) at the conclusion of the massive 
transfusion protocol (MTP), (B) 24 hours after the conclusion of MTP, 
and (C) at discharge.

Figure 2  Proportion of overtransfused patients (Hg ≥11 g/dL) at 24 
hours after the conclusion of the massive transfusion protocol (MTP) 
based (A) on the total number of packed red blood cells (pRBCs) 
transfused during the MTP phase and (B) on the duration of MTP in 
hours. Hg, hemoglobin.
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patients, however, the difference did not reach statistical signifi-
cance (−6.0 (25.0) vs. −9.0 (32.0), p=0.053). At the conclusion 
of MTP, overtransfused patients had, as expected based on our 
definition, a significantly higher Hg (13.4 (8.1) vs. 10.5 (8.1), 
p<0.001) and a significantly lower INR (1.3 (2.2) vs. 1.4 (1.9), 
p=0.010). Otherwise, the platelet count, pH, BE, and lactate 
were similar. At 24 hours after the conclusion of the MTP phase, 
overtransfused patients had a significantly higher median (IQR) 
platelet count (122.0 (301.0) vs. 109.0 (272.0), p=0.040), 
but all other examined laboratory parameters were similar. At 
discharge, overtransfused patients had a significantly higher 
median (IQR) Hg (10.3 (8.8) vs. 8.9 (6.4), p<0.001).

With respect to the number of blood products transfused, 
there were no statistically significant differences between the two 
groups. Both received a similar number of pRBCs, plasma, plate-
lets, and cryoprecipitate, independent of the phase of hospital-
ization/resuscitation. Overtransfused patients tended to receive 
a lower median (IQR) number of pRBCs after the conclusion of 
the MTP phase and during the remainder of their hospital stay, 
but this difference did not reach statistical significance (0.0 (40.0) 
vs. 3.0 (43.0), p=0.052) (table 3.) The proportion of patients 
who received massive transfusion, defined as 10 or more units 
of pRBCs within 24 hours was 26.4% (n=37 of 140), and was 
similar between the two cohorts (29.5% vs. 24.1%, p=0.468). 
The overall mortality was 15.0%: 11.5% for overtransfused 
patients and 17.7% for non-overtransfused (p=0.305).

In a Cox regression model including all variables with a p<0.2 
(ie, gender, mechanism (blunt vs. penetrating), ISS, AIS chest, AIS 
abdomen, AIS extremities, admission Hg, admission lactate, and 
admission BE), penetrating mechanism (adjusted HR: 2.93; 95% 

CI: 1.42 to 6.07; adjusted p=0.004) and admission BE (adjusted 
HR: 1.15; 95% CI: 1.06 to 1.25; adjusted p=0.001) were the 
only variables independently associated with overtransfusion at 
24 hours after conclusion of the MTP phase of resuscitation. 
Given our finding that patients with penetrating injury were 
significantly more likely to require emergent operative interven-
tion, we ran an additional Cox regression model and forced the 
variable ‘ED disposition to the OR’ into the model. We found 
again that the same two variables (ie, penetrating injury and BE) 
remained predictors of overtransfusion, and ED disposition to 
the OR was not.

DISCUSSION
In this case series of trauma patients requiring activation of 
MTP and surviving beyond 24 hours, we found that over 7 
out of 10 patients were overtransfused by the conclusion of the 
MTP phase of resuscitation. This proportion of overtransfused 
patients remained substantial at 24 hours after the conclusion 
of the MTP and at discharge, with over 4 out of 10 and almost 
3 out of 10 patients having an Hg of 11 g/dL or higher at these 
respective phases of hospitalization. Overtransfusion did not 
correlate with the number of pRBC units transfused during 
the MTP phase nor with the duration of MTP. Overtransfused 
patients were significantly more likely to have a penetrating 
injury and a lower overall injury severity, however, they achieved 
similar endpoints of resuscitation with their non-overtransfused 
counterparts based on laboratory values and received a similar 
amount of blood products, during similar MTP duration. 
Penetrating mechanism and admission BE were independently 

Table 1  Comparison of baseline demographics and injury characteristics between overtransfused and non-overtransfused patients

Total
(n=140)

Overtransfused
(n=61)

Non-overtransfused
(n=79) P value

Age (y) 39.0 (83.0) 36.0 (66.0) 46.0 (83.0) 0.202

Male 74.3% (104/140) 80.3% (49/61) 69.6% (55/79) 0.151

Penetrating 38.4% (53/138) 52.5% (32/61) 27.3% (21/77) 0.003

ED Shock Index 0.9 (1.9) 0.9 (1.9) 0.9 (1.8) 0.753

 � >0.9 43.4% (59/136) 46.7% (28/60) 40.8% (31/76) 0.492

ED SBP (mm Hg) 122.5 (157.0) 119.0 (157.0) 127.0 (147.0) 0.541

 � <90  19.9% (27/136) 23.3% (14/60) 17.1% (13/76) 0.366

ED GCS 15.0 (12.0) 14.5 (12.0) 15.0 (12.0) 0.293

 � <9 24.3% (33/136) 16.7% (10/60) 30.3% (23/76) 0.066

ISS 24.0 (58.0) 18.5 (44.0) 26.0 (58.0) 0.035

AIS head ≥3 35.0% (48/137) 30.0% (18/60) 39.0% (30/77) 0.275

AIS chest ≥3 46.7% (64/137) 40.0% (24/60) 51.9% (40/77) 0.164

AIS abdomen ≥3 31.4% (43/137) 40.0% (24/60) 24.7% (19/77) 0.055

AIS extremity ≥3 38.7% (53/137) 23.3% (14/60) 50.6% (39/77) 0.001

ED disposition 0.677

 � OR 50.7% (71/140) 52.5% (32/61) 49.4% (39/79)

 � IR 3.6% (5/140) 4.9% (3/61) 2.5% (2/79)

 � ICU 45.0% (63/140) 42.6% (26/61) 46.8% (37/79)

 � Other 0.7% (1/140) 0.0% (0/61) 1.3% (1/79)

Vasopressors prior to MTP delivery 30.0% (42/140) 27.9% (17/61) 31.6% (25/79) 0.629

MTP delivery (min) 10.0 (28.0) 9.0 (18.0) 10.0 (28.0) 0.861

MTP duration (hours) 5.4 (23.0) 5.3 (21.0) 5.5 (23.0) 0.271

Vasopressors at conclusion of MTP 21.4% (30/140) 19.7% (12/61) 22.8% (18/79) 0.656

Categorical variables are reported as % (n) and continuous variables as medians (IQR).
P values were extracted from Χ2 or Fisher’s exact test for categorical variables, and from t-test or Mann-Whitney test for continuous variables.
AIS, Abbreviated Injury Scale; ED, emergency department; GCS, Glasgow Coma Scale; ICU, intensive care unit; IR, interventional radiology; ISS, Injury Severity Score; MTP, massive 
transfusion protocol; OR, operating room; SBP, systolic blood pressure.
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predictive of overtransfusion. These findings highlight the high 
incidence of overtransfusion in patients requiring MTP activa-
tion and identify possible modifiable risk factors that may be 
considered to avoid this undesirable outcome.

Best transfusion practices have been proposed by the AABB 
and indicate avoiding an Hg level above 7 g/dL to 8 g/dL, 
depending on the patient population examined.15 This is a result 
of high-level evidence suggesting that targeting higher levels of 

Table 2  Comparison of laboratory values between overtransfused and non-overtransfused patients at four different phases of hospitalization

Total
(n=140)

Overtransfused
(n=61)

Non-overtransfused
(n=79) P value

Admission

 � Hg (g/dL) 12.6 (11.7) 12.8 (11.7) 12.0 (9.4) 0.017

 � Platelets 242.0 (495.0) 244.0 (351.0) 239.0 (495.0) 0.708

 � pH 7.28 (0.73) 7.29 (0.61) 7.28 (0.71) 0.541

 � Base excess −8.0 (32.0) −6.0 (25.0) −9.0 (32.0) 0.053

 � Lactate (mg/dL) 4.0 (23.4) 3.4 (22.9) 4.3 (18.5) 0.114

 � INR 1.2 (14.7) 1.2 (6.3) 1.2 (14.7) 0.355

At conclusion of MTP

 � Hg (g/dL) 12.1 (12.2) 13.4 (8.1) 10.5 (8.1) <0.001

 � Platelets 142.5 (373.0) 140.0 (301.0) 143.0 (373.0) 0.484

 � pH 7.38 (0.37) 7.38 (0.25) 7.38 (0.37) 0.850

 � Base excess −2.5 (27.0) −2.0 (19.0) −3.0 (27.0) 0.561

 � Lactate (mg/dL) 2.7 (12.5) 2.4 (7.7) 3.0 (12.4) 0.293

 � INR 1.3 (2.9) 1.3 (2.2) 1.4 (1.9) 0.010

24 hours after conclusion of MTP

 � Hg (g/dL) 10.2 (9.5) 11.9 (5.3) 8.9 (4.0) <0.001

 � Platelets 112.5 (301.0) 122.0 (301.0) 109.0 (272.0) 0.040

 � pH 7.39 (0.42) 7.38 (0.25) 7.39 (0.42) 0.559

 � Base excess −1.0 (18.0) −1.0 (15.0) −2.0 (15.0) 0.623

 � Lactate (mg/dL) 1.7 (9.1) 1.7 (9.0) 1.7 (5.6) 0.502

 � INR 1.4 (3.4) 1,4 (1.4) 1.5 (3.4) 0.371

At discharge

 � Hg (mg/dL) 9.5 (8.8) 10.3 (8.8) 8.9 (6.4) <0.001

Variables are reported as medians (IQR).
P values were extracted from t-test or Mann-Whitney test.
Hg, hemoglobin; INR, international normalized ratio; MTP, massive transfusion protocol.

Table 3  Comparison of transfused blood products between overtransfused and non-overtransfused patients

Total
(n=140)

Overtransfused
(n=61)

Non-overtransfused
(n=79) P value

pRBC

 � Pre-MTP Ux pRBC 2.0 (8.0) 2.0 (5.0) 2.0 (8.0) 0.374

 � Total pRBCs during MTP phase (Ux+MTP) 5.0 (52.0) 6.0 (32) 5.0 (52.0) 0.882

 � Additional pRBC after MTP conclusion 2.0 (43.0) 0.0 (40.0) 3.0 (43.0) 0.052

 � Total pRBC for hospital stay 8.5 (74.0) 7.0 (50.0) 10.0 (74) 0.186

Plasma

 � Total plasma from MTP 3.0 (30.0) 3.0 (21.0) 2.0 (30.0) 0.806

 � Additional plasma after MTP conclusion 0.0 (25.0) 0.0 (9.0) 0.0 (25.0) 0.206

 � Total plasma for hospital stay 4.0 (51.0) 4.0 (29.0) 4.0 (51.0) 0.644

Platelets

 � Total platelets from MTP 1.0 (5.0) 1.0 (4.0) 1.0 (5.0) 0.520

 � Additional platelets after MTP conclusion 0.0 (10.0) 0.0 (9.0) 0.0 (10.0) 0.392

 � Total platelets for hospital stay 1.0 (15.0) 1.0 (12.0) 1.0 (15.0) 0.365

Cryoprecipitate

 � Total cryoprecipitate from MTP 0.0 (5.0) 0.0 (3.0) 0.0 (5.0) 0.894

 � Additional cryoprecipitate after MTP 
conclusion

0.0 (4.0) 0.0 (4.0) 0.0 (3.0) 0.326

 � Total cryoprecipitate for hospital stay 0.0 (6.0) 0.0 (6.0) 0.0 (6.0) 0.646

Variables are reported as medians (IQR).
P values were extracted from t-test or Mann-Whitney test.
MTP, massive transfusion protocol; pRBCs, packed red blood cells; Ux, uncrossmatched.
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Hg does not necessarily result in improved outcomes. In fact, 
it may result in a higher risk of infections and other adverse 
events. This guidance, however, is relevant only to critically ill 
patients who have overcome the initial period of resuscitation,16 
or to patients undergoing elective or urgent surgical procedures, 
mostly orthopedic17 and cardiac.18 Similar guidance based on 
Hg cannot be applied to actively bleeding trauma patients. Hg 
levels in these patients may be inaccurate. Even serial Hg levels 
obtained within minutes in the trauma bay cannot predict the 
need for surgical intervention to control bleeding.19 20 There-
fore, trauma surgeons rely on different parameters in their deci-
sion, not only to initiate, but also to terminate transfusion of 
blood products in the acute phase. The lack, however, of reli-
able indicators either used solely or combined to facilitate these 
decisions introduces a certain degree of subjectivity, and there-
fore, variability in the resuscitative effort. This is reflected in 
the high incidence of potentially avoidable blood transfusions 
in trauma patients presenting to the ED. In one study, this inci-
dence exceeded 36%.12 This, in combination with the readily 
available blood products in the MTP coolers, may contribute 
further to these unnecessary transfusions, either to reflexively 
respond to an episode of hemodynamic change or to address 
ongoing blood loss that is difficult to quantify. In our study, over 
70% of patients requiring MTP activation were overtransfused, 
as determined by the Hg level by the end of the MTP. There 
is scarcity of data to compare this incidence with. However, in 
addition to the above-mentioned factors, one could consider the 
availability and immediate access to a high number of units deliv-
ered with each MTP cooler at our institution (ie, 12 pRBCs, 12 
plasma, 1 pheresis platelets, and 1 cryoprecipitate.) As we have 
no comparison group of patients who received coolers with a 
lower number of blood products, it is impossible to ascertain the 
validity of this statement. Due to a recent critical blood shortage, 
however, we had to implement changes to our MTP and are 
now including only 6 units of pRBCs, 6 units of plasma, and 1 
unit of pheresis platelets. We will plan on evaluating overtransfu-
sion with the decreased number of units in MTP with historical 
controls to determine the appropriate number of units that will 
ensure similar outcomes with the lowest risk of overtransfusion.

We found that penetrating trauma was independently associ-
ated with overtransfusion. In our attempt to explain this, we 
compared the disposition of patients from the ED to the OR 
and we found that those who suffered a penetrating mechanism 
were significantly more likely to be taken emergently to the OR, 
as compared with blunt trauma patients. Although ED disposi-
tion to the OR was not a factor independently associated with 
overtransfusion, this may have been a result of relatively small 
numbers. Penetrating trauma patients are significantly more 
likely to suffer a vascular injury and therefore, to require more 
blood products. In addition, the resuscitation of these patients 
in the OR is typically transferred to the anesthesiologists, who 
may overestimate the blood loss, either due to miscommuni-
cation between surgeon and anesthesiologist, or simply due to 
inability to adequately and precisely quantify the blood loss that 
had occurred prior to admission to the OR or during the surgery. 
Nonetheless, this finding should be taken into consideration 
when resuscitating penetrating trauma patients to minimize the 
incidence of unnecessary transfusion of blood products.

Our definition of overtransfusion may appear arbitrary, as it 
is based on an Hg value, and does not take into account any 
other clinical manifestations or parameters. Our goal was to 
depict the incidence of overtransfusion and characterize it as a 
clinical event of overutilization of resources, rather than asso-
ciate it with outcomes. In fact, associating overtransfusion with 

outcomes may be problematic. In our cohort, for example, 14 
out of 19 deaths (73.6%) were attributed to a severe traumatic 
brain injury and not to volume overload or transfusion-related 
complication. Zielinski et al examined overtransfusion in a 
mixed population of trauma and non-trauma patients and found 
that an Hg value over 12 g/dL was associated with a significantly 
higher mortality.10 Their study, however, included only patients 
who received 10 or more units of blood in the first 24 hours, and 
the majority of them were non-trauma patients. In addition, in 
their trauma subcohort, over 40% of deaths were directly related 
to a traumatic brain injury, rather than overtransfusion. Due to 
these differences, we elected not to define overtransfusion as an 
Hg value of 12 g/dL. Rather, we defined it based on what made 
most clinical sense as it was not our intention to examine over-
transfusion as a predictor for mortality. In addition, we found no 
statistically significant difference in mortality between overtrans-
fused and non-overtransfused patients, whether we used 11, or 
10, or 12 g/dL as a cut-off (online supplemental appendix 2).

This study raises a host of questions, related not only to the 
clinical impact of overtransfusion, but also to the underlying 
causes, the associated costs, and the impact on the availability 
of this limited resource. As desirable as it is to have immediate 
access to blood products to use for the resuscitation of exan-
guinating trauma patients, at the same time, equally desir-
able is to avoid harming patients and wasting resources. The 
processes surrounding availability and utilization of MTPs have 
matured enough during the last two decades, and continuing to 
explore ways to improve their implementation and efficacy is 
a natural progression, especially given their substantial impact 
on improving outcomes. Given the high incidence of overtrans-
fusion in our study population, tracking this outcome to allow 
for further exploration of its impact and identification of factors 
associated with it may be prudent. Overtransfusion may in fact 
be examined as a potential quality metric for the resuscitation of 
trauma patients requiring MTP activation.

This study is limited by its retrospective nature and the 
inherent bias associated with it. More specifically, it was not 
possible to correlate the timing of transfused blood products 
with the physiologic status of the patient nor with the timing 
of hemostasis achieved either by surgical or by other means. We 
relied exclusively on laboratory parameters and the use of vaso-
pressors as a reflection of the resuscitation status. Interventions 
to address acidosis, coagulopathy, and other common problems 
encountered during the resuscitation of massively transfused 
patients were not taken into account. The definition of over-
transfusion we used was based on an Hg cut-off, which may or 
may not reflect clinically meaningful overtransfusion, especially 
for patients with ongoing requirement for blood products. We 
did not examine the possible negative impact of overtransfu-
sion, such as immunosuppression and increased risk of infec-
tion, volume overload, transfusion-associated lung injury, etc. By 
excluding patients who died within 24 hours, we may have also 
missed deaths related to massive overload from overtransfusion. 
Selection bias may have resulted from the fact that MTP activa-
tion is based on the trauma surgeon’s discretion. Resuscitation 
practices among trauma surgeons may differ, as they may differ 
between anesthesiologists who primarily take on that role in 
the OR and IR suites. The duration of MTP activation may not 
necessarily reflect the amount of time that these patients were 
receiving blood products, as the MTP coolers may have remained 
at the bedside for an undetermined amount of time without 
being actively used. Despite these limitations, however, this study 
brings to light an under-reported consequence of MTPs resulting 
from readily available blood products in combination with the 
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lack of reliable endpoints of resuscitation in trauma patients and 
raise the need for further research to identify opportunities for 
improvement and for limiting overutilization of blood products.

In conclusion, overtransfusion of trauma patients requiring 
MTP activation is highly common, leading to overutilization of 
a limited resource. Penetrating trauma and BE may be modifiable 
risk factors that can help limit overtransfusion. Overtransfusion 
should be tracked as a data point by blood banks and trauma 
centers and be further studied as a potential quality metric for 
the resuscitation of massively transfused trauma patients.
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