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Abstract

Background The utilization and impact of various ratios of transfusions for pediatric trauma patients (PTPs) receiving a
massive transfusion (MT) are unknown. Therefore, we sought to determine the risk for mortality in PTPs receiving an MT
of > 6 units of packed red blood cells (PRBC) within 24 h. We compared PRBC: plasma ratio of >2:1 (Unbalanced Ratios,
UR) versus <2:1 (Balanced Ratios, BR), hypothesizing decreased risk of mortality with BR.

Methods The Trauma Quality Improvement Program was queried (2014-2016) for PTPs receiving a MT. A multivariable
logistic regression model was used to determine risk of mortality.

Results From 239 PTPs receiving an MT, 98 (41%) received an UR, whereas 141 (59%) received a BR. The median ratios,
respectively, were 2.7:1 and 1.2:1. Compared to BR patients, UR patients had no differences in injury severity score (ISS),
hypotension on admission, and intensive care unit stay (all p > 0.05). The mortality rates for BR and UR were similar (46.1%
vs. 52.0%, p=0.366). Controlling for age, ISS, and severe head injury, UR demonstrated similar risk of mortality compared
to BR (p=0.276). Additionally, >4:1 ratio versus <2:1 showed no difference in associated risk of mortality (p=0.489).
Conclusion In contrast to adult studies, this study demonstrated that MT ratios of >2:1 and even >4:1 were associated with
similar mortality compared to BR for PTPs. These results suggest pediatric MT resuscitation may not require strict BR as
has been shown beneficial in adult trauma patients. Future prospective studies are needed to evaluate the optimal ratio for
PTP MT resuscitation.

Level of evidence III; Retrospective Care Management Study.
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Introduction

According to the Center of Disease & Control, on average,
12,175 0-to-19-year olds died each year from noninten-
tional trauma, placing trauma as the first leading cause
of death in pediatric patients [1]. Children are capable of
maintaining normal blood pressures while suffering up to a
30% loss of blood volume, yet hemorrhage is still the most
preventable form of death in pediatric trauma patients
(PTPs), accounting for up to 40% of all early-trauma-
related deaths [2—4]. Coagulopathy has been shown to be
an independent predictor of mortality in children [2, 3]. It
is estimated that < 2% of PTPs require a massive transfu-
sion (MT), compared to 3% of adult trauma patients [5-7].
Furthermore, pediatric patients receiving a MT have been
found to have a mortality rate up to 50% [2, 8—13].

A recent survey of 46 hospitals serving pediatric
patients in the United States and Canada reported MT
activation was at physician discretion and 78% used a tar-
geted high (< 2:1) packed red blood cells (PRBC): plasma
ratio [5, 9]. This is predominantly based on prior adult
studies and guidelines [16-21], such as a prior retrospec-
tive military analysis by Borgman et al. showing up to an
eight-fold improved mortality with ratios closest to 1:1
[18]. However, there are limited pediatric studies regard-
ing the benefit of a balanced resuscitation for PTPs [22,
23, 25-29]. Further confusing this issue is the lack of uni-
formity with the definition of MT for pediatric trauma.
Neff et al. defined MT as 40 ml/kg for all blood products
as an inflection point for identifying critically injured
children at high risk for early and in-hospital death [14].
Others have used > 50% total body volume (TBV) in 3 h
or transfusion > 100% TBYV in 24 h [9, 15].

Due to the lack of consensus data on the appropriate
ratio of MT for pediatric trauma patients, we sought to
use a large national database to determine the risk for
mortality in PTPs receiving a MT of > 6 units of PRBC
within 24 h. We compared PRBC: plasma ratio of > 2:1
(Unbalanced Ratio, UR) versus <2:1 (Balanced Ratio,
BR), hypothesizing decreased risk of mortality with a BR.

Methods

We performed a retrospective database analysis, approved
by the institutional review board at the University of Cali-
fornia, Irvine. The Trauma Quality Improvement Pro-
gram (TQIP) database is a national de-identified database
backed by the American College of Surgeons with 825
participating trauma centers across the USA. We que-
ried the TQIP database from 2014 to 2016 to identify
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PTPs < 18 years old receiving a MT after trauma. For this
study, MT was defined as receiving > 6 units of PRBC
within 24 h. Patients with no documented data on blood
product transfusion were excluded. We compared PTPs
receiving PRBC: plasma ratio of > 2:1 (UR) versus <2:1
(BR). An additional analysis of severely UR of >4:1
PRBC: plasma and BR of <2:1 was also performed. Two
additional multivariable regression analyses were per-
formed on subgroups based on age of the patients, one
evaluating PTPs 1-to-12 years old and a second evaluating
PTPs 13-to-17 years old.

Patient demographic information was collected including
age, race, gender, hypotension on admission, and Glasgow
Coma Scale (GCS) score. The injury profile included the
injury severity score (ISS) and mechanism of injury. Asso-
ciated injuries included traumatic brain injury (TBI), spine,
upper extremity, lower extremity, heart, lung, stomach, small
intestine, colorectal, pancreas, liver, spleen, and kidney.
These were defined by the appropriate international clas-
sification of disease (ICD) version-9-diagnosis codes. The
primary outcome was mortality. In addition, we evaluated
total hospital length-of-stay (LOS), intensive care unit (ICU)
LOS, ventilator days, discharge disposition, and other com-
plications including acute kidney injury (AKI), pneumonia,
deep venous thrombosis (DVT), acute respiratory distress
syndrome (ARDS), and cardiac arrest.

Descriptive statistics were used to evaluate the study
population. A Student’s ¢ test or Mann—Whitney U test was
used to compare continuous variables and chi-square was
used to compare categorical variables for bivariate analy-
sis. Categorical data were reported as percentages, and con-
tinuous data were reported as medians with interquartile
range or as means with standard deviation. A multivariable
stepwise-forward hierarchical logistic regression model was
used for analysis. Covariates were chosen based on a review
of the literature and included age, ISS > 25, and severe head
injury [23, 25, 26, 29]. These variables were included in a
hierarchical multivariable logistic regression model and the
adjusted risk for mortality was reported with an odds ratio
(OR) and 95% confidence intervals (CI). An additional simi-
lar analysis was performed on patients receiving a severely
UR, defined as >4:1 ratio of PRBC: plasma. All p values
were two-sided, with a statistical significance level of <0.05.
All analyses were performed with IBM SPSS Statistics for
Windows (Version 24, IBM Corp., Armonk, NY).

Results

Demographics

From 239 PTPs receiving an MT, 98 (41%) received an
UR, whereas 141 (59%) received a BR. The median ratios
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of PRBC: plasma, respectively, were 2.7:1 and 1.2:1. The
median age and IQR were older for PTPs receiving BR
versus PTPs receiving UR (14 (6)- vs. 12 (9)-year-old,
p=0.007). In addition, the age of the BR group ranged
from 1 to 17 years old and the UR group also ranged from
1 to 17 years old. Both groups had a similar percentage
of males (69.5% vs. 70.4%, p=0.910). There were no
differences in ethnicities (all p > 0.05) and median GCS
scores (3 vs. 3, p=0.517) between the two groups. There
was also no difference in rate of hypotension on admis-
sion (34.8% vs. 39.1%, p=0.513) and median ISS (32 vs.
29.50, p=0.910) between PTPs receiving a BR compared
to an UR (Table 1).

Risk of mortality

After adjusting for covariates, there was no difference in
associated risk of mortality when comparing patients
receiving an UR compared to a BR (OR 1.44, C1 0.75-2.78,
p=0.271). The strongest independent variable associated
with increased risk of mortality was severe head injury (OR
5.27, C12.71-10.2, p<0.001) followed by ISS >25 (OR
2.35, CI 1.06-5.18, p=0.035) (Table 2). On a sub-analysis,
patients that received severely UR compared to a BR<2:1
(OR 1.42 CI 0.53-3.80, p=0.489) still had no difference in
associated risk of mortality. (See Table 3). The analysis for
patients 1-12 years old (n=90) showed that there was no

Table 1 Demographics of

o . Characteristic MT (n=239) BR (n=141) UR (n=98) p value
pediatric trauma patients
receiving unbalanced ratios Age, year, median (IQR) 14 (6) 14 (6) 12(9) 0.007
Eﬁlﬁggi‘;if;?;‘f&?““ ISS, median (IQR) 35 (17) 32(19) 2050 (23) 0910
resuscitation Male, n (%) 167 (69.9%) 98 (69.5%) 69 (70.4%) 0.881
Teaching-university patients, n (%) 178 (74.5%) 106 (75.2%) 72 (73.5%) 0.766
Hypotension on admission, n (%) 82 (36.6%) 46 (34.8%) 36 (39.1%) 0.513
Glasgow Coma Scale Score, median (IQR) 3(11) 3(12) 0.517
Ethnicities, n (%)
Black 66 (35.3%) 42 (38.2%) 24 (31.2%) 0.323
White 121 (50.6%) 68 (48.2%) 53 (54.1%) 0.373
Asian 5 (4.0%) 4 (5.6%) 1(1.9%) 0.292
Hispanic 40 (18.5%) 21 (16.0%) 19 (22.4%) 0.243
Specific Mechanisms, n (%)
Bicyclist 8 (3.3%) 6 (4.3%) 2(2.0%) 0.349
Blunt mechanism 105 (70.5%) 60 (67.4%) 45 (75.0%) 0.320
Pedestrian 18 (7.5%) 8 (5.7%) 10 (10.2%) 0.192
Stab 6 (2.5%) 2 (1.4%) 4(4.1%) 0.196
Gunshot Wound 33 (13.8%) 24 (17.0%) 9(9.2%) 0.084
Fall 3(1.3%) 32.1%) 0(0.0%) 0.146
Suicide 52.1%) 32.1%) 2(2.0%) 0.963
MCV 64 (26.8%) 36 (25.5%) 28 (28.6%) 0.602
Associated Injuries, n (%)
Traumatic Brain Injury 85 (35.6%) 50 (35.5%) 35 (35.7%) 0.968
Spine fracture 48 (20.1%) 31 (22.0%) 17 (17.3%) 0.379
Upper extremity fracture 34 (14.2%) 23 (16.3%) 11 (11.2%) 0.268
Lower extremity fracture 42 (17.6%) 28 (19.9%) 14 (14.3%) 0.266
Lung 84 (35.1%) 50 (35.5%) 34 (34.7%) 0.903
Heart 7 (2.9%) 4 (2.8%) 3(3.1%) 0919
Stomach 6 (2.5%) 4 (2.8%) 2(2.0%) 0.699
Small intestine 23 (9.6%) 17 (12.1%) 6(6.1%) 0.126
Colorectal 23 (9.6%) 14 (9.9%) 9(9.2%) 0.848
Pancreas 7(2.9%) 7 (5.0%) 0(0.0%) 0.025
Liver 42 (17.6%) 28 (19.9%) 14 (14.3%) 0.266
Spleen 40 (16.7%) 24 (17.0%) 16 (16.3%) 0.887
Kidney 22 (9.2%) 11 (7.8%) 11 (11.2%) 0.368

IQR interquartile range, ISS Injury Severity Score, MVC motor vehicle collision, MT massive transfusion,
UR unbalanced ratio (> 2:1 PRBC:Plasma), BR balanced ratio (<2:1 PRBC:Plasma)
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Table 2 Multivariate analysis of risk of mortality in pediatric trauma
patients receiving unbalanced ratios of MT resuscitation versus bal-
anced ratios of MT resusciatation, adjusting for age, ISS, and severe
head injury

Risk factors Odds ratio CI p value
UR of MT Resuscitation 1.44 0.75-2.78 0.271
Age 0.95 0.89-1.02 0.174
1SS 2.35 1.06-5.18 0.035
Severe Head Injury 5.27 2.71-10.2 <0.001
Pancreas Injury 1.18 0.17-8.09 0.867

CI confidence interval, ISS injury severity score, MT massive transfu-
sion, UR unbalanced ratio (>2:1 PRBC:Plasma), BR balanced Ratio
(<£2:1 PRBC:Plasma)

Table 3 Multivariable analysis of risk of mortality in pediatric
trauma patients receiving unbalanced ratios of MT (>4:1) versus bal-
anced ratios of MT (<2:1), adjusting for age, ISS, and severe head
injury

Risk factors QOdds ratio CI p value

UR of MT Resuscitation 1.42 0.53-3.80 0.489
Age 0.97 0.88-1.06 0.451
1SS 3.22 1.18-8.82 0.023
Severe Head Injury 5.02 2.32-10.87 <0.001

CI confidence Interval, ISS injury severity score, MT massive transfu-
sion, UR unbalanced ratio (>4:1 PRBC:Plasma), BR balanced ratio
(<£2:1 PRBC:Plasma)

difference in the associated risk of mortality between those
receiving BR and UR (OR 1.71, CI 0.65-4.50, p=0.277).
For those aged 13-to-17 years old (n=149), there was again
no difference in the associated risk of mortality between
those receiving BR and UR (OR 1.58, CI 0.60-4.16,
p=0.351).

Clinical outcomes and complications

When comparing PTPs who received a BR to patients
who received an UR, there was no difference in terms of
LOS (9 vs. 8.5 days, p=0.900), ICU LOS (5 vs. 4 days,
p=0.722), or ventilator days (3 vs. 3, p=0.304). (See
Table 4). There was also no difference in all complications
including AKI, pneumonia, DVT, ARDS, and cardiac arrest
(all p>0.05). PTPs in the BR group had a mortality rate
of 46.1% compared to 52% in the UR group (p =0.366).
PTPs receiving BR after penetrating trauma had a similar
mortality rate compared to those receiving UR (41.4% vs
46.7%, p=0.737). PTPs receiving BR after blunt trauma
had a similar mortality rate compared to those receiving UR
(48.3% vs. 55.6%, p=0.464). There were no differences in
discharge dispositions (p=0.886) between the BR and UR
cohorts (Table 4). PTPs in the BR group received a higher
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median number of units of plasma and platelets within 24 h
compared to the UR group; (7.27 vs 3.00, p <0.005) and
(2 vs 1.63, p=0.002). There was no difference in units of
PRBC (8.7 vs 8.08, p=0.816) and cryoprecipitate (0.6 vs
0.55, p=0.898) within 24 h between the cohorts.

Discussion

While the need for MT in PTPs is relatively uncommon, it
is associated with a high mortality rate. Contrary to adult
studies, this retrospective analysis spanning two years of
national data demonstrates no difference in rate and associ-
ated risk of mortality when comparing a BR to UR for PTPs
receiving a MT. In addition, there was no difference in LOS,
ventilator days and complications between the two cohorts.
Finally, even patients who received a severely UR had no
difference in associated risk of mortality compared to PTPs
who received a BR.

The ratio of PRBC to plasma in adult trauma patients has
previously been shown to improve mortality. The Prospec-
tive Observational Multicenter Major Trauma Transfusion
(PROMMTT) trial demonstrated that higher plasma and
platelet ratios early in resuscitation were associated with
three to four times decreased mortality in patients transfused
at least three units of blood products [17]. However, the few
pediatric trauma studies that have looked into the use of
balanced ratios of MT for PTPs have found mixed results
[22-29]. Four studies to date have found no improvement
with balanced 1:1 ratios of PRBC: plasma for mortality in
children [22-25]. For instance, a retrospective single-center
study by Hwu et al. studied 38 children receiving a MT, with
a median age of 6 years and demonstrated no significant dif-
ference for in-hospital mortality between high (<2:1 PRBC:
plasma) and low (>2:1) ratio groups (45.8% vs. 64.3%,
p=0.278) [23]. In contrast to our findings and these studies,
one retrospective study that utilized two years of TQIP data,
looking at 465 PTPs undergoing MT, found > 10% survival
benefit with increased ratios of PRBC: plasma (14% mortal-
ity in low ratio group vs 14% in medium ratio vs 2% in high
ratio group within 4 h of admission, p <0.01) [27]. How-
ever, this study replaced missing weight data, which may
have introduced bias into their results. Another retrospective
analysis by Butler et al., observed 583 PTPs undergoing a
low, medium, and high ratio of PRBC: plasma and found a
52% lower risk of mortality at 24 h amongst PTPs receiv-
ing high transfusion ratios (attributed risk reduction of 0.48,
95% confidence interval of 0.39-0.92) [28]. However, this
study limited its study population to PTPs < 14 years old and
only evaluated patients who survived greater than 4 h and
chose an endpoint of 24-h mortality. In addition, while these
authors used a weight-based definition for MT which would
be ideal, unfortunately in TQIP 30% of weight data were
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Table 4 Clinical outcomes

. T . Outcomes MT (n=239) BR (n=141) UR (n=98) p value
in pediatric trauma patients
receiving unbalanced ratios LOS, days, median (IQR) 9(27) 8.5 (21) 0.900
gilﬁ:desrﬁzzaggi‘&ersus ICU, days, median (IQR) 5(13) 4(11) 0.722
resuscitation Ventilator, days, median (IQR) 3(5) 3(8) 0.304
Mortality, n (%)
All mortality 116 (48.5%) 65 (46.1%) 51 (52.0%) 0.366
Mortality among Blunt trauma 54 (51.4%) 29 (48.3%) 25 (55.6%) 0.464
Mortality among Penetrative trauma 19 (43.2%) 12 (41.4%) 7 (46.7%) 0.737
Blood Products within 24 h, median (units)
PRBC 8.7(7) 8.08 (6) 0.816
Plasma 7.27 (6) 3(2) <0.005
Platelets 2 (2.90) 1.63 (1.24) 0.002
Cryoprecipitate 0.6 (1.80) 0.55(0.97) 0.898
Discharge dispositions, n (%)
Home 69 (56.5%) 44 (57.9%) 25 (54.3%) 0.886
Long Term Acute Care 51 (41.8%) 31 (40.8%) 20 (43.5%) 0.886
Skilled Nursing Home 2 (1.6%) 1(1.3%) 1(2.2%) 0.886
Complications, n (%)
Acute Kidney Injury 10 (4.2%) 8 (5.7%) 2 (2.0%) 0.168
ARDS 6 (2.5%) 4 (2.8%) 2 (2.0%) 0.699
Cardiac Arrest 39 (16.3%) 20 (14.2%) 19 (19.4%) 0.284
Decubitus 15 (6.3%) 13 (9.2%) 2 (2.0%) 0.024
Deep Infection 4 (1.7%) 32.1%) 1 (1.0%) 0.512
Deep Venous Thrombosis 15 (6.3%) 8 (5.7%) 7 (7.1%) 0.645
Compartment Syndrome Extremity 1(0.4%) 0 (0.0%) 1 (1.0%) 0.229
Organ Space Infection 3(1.3%) 32.1%) 0 (0.0%) 0.146
Pneumonia 6 (2.5%) 32.1%) 3(3.1%) 0.650
Pulmonary Embolism 2 (0.8%) 0 (0.0%) 2 (2.0%) 0.088
CVA 6 (2.5%) 53.5%) 1(1.0%) 0.220
Superficial Infection 4 (1.7%) 3(2.1%) 1(1.0%) 0.512
Urinary Tract Infection 6 (2.5%) 4(2.8%) 2 (2.0%) 0.699
CRBSI 2 (0.8%) 2 (1.4%) 0 (0.0%) 0.236
Unplanned OR 8 (0.3%) 4 (2.8%) 4 (4.1%) 0.599
Unplanned ICU 4 (1.7%) 3(2.1%) 1(1.0%) 0.512
Severe Sepsis 3(1.3%) 2 (1.4%) 1(1.0%) 0.786
CAUTI 1 (0.4%) 1(0.7%) 0 (0.0%) 0.403
CLASBI 1(0.4%) 1(0.7%) 0(0.0%) 0.403

IQR interquartile range, LOS length-of-stay, /CU intensive care unit, MT massive transfusion, UR unbal-
anced ratio (>2:1 PRBC:Plasma), BR balanced ratio (<2:1 PRBC:Plasma), ARDS acute respiratory dis-
tress syndrome, CVA Cerebrovascular accident, CRBSI Catheter-related bloodstream infection, OR Operat-
ing room, CAUTI Catheter-associated urinary tract infection, CLASBI central line-associated bloodstream

infection.

missing. In contrast, our study would include the child in the
“golden hour” of hemorrhage control who dies, as well as
incorporate the true endpoint for success which would be the
child surviving to leave the hospital. Our study also uniquely
adds further insight into this issue by demonstrating that
even a severely unbalanced ratio (>4:1 PRBC to plasma)
was associated with similar risk of mortality compared to
a BR. In addition, even on subgroup analysis both teenag-
ers and children age 1-12 years old had similar findings.

Although the younger cohort was a relatively small popula-
tion and may be subject to a type II error. Possible explana-
tions for these findings include that some of these studies
contained large variations in the mechanisms of injuries, as
seen with the military setting studies demonstrating higher
rates of blast and penetrating injuries. In addition, one study
excluded PTPs with severe head injury [25], while another
excluded PTPs who died within the first 24 h, thus exclud-
ing patients who died from exsanguination [22]. When
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comparing adult data from the PROMMT study, median
ISS of 26 and median GCS 13, and PROPPR trial, ISS of
26.5 vs. 26 in the randomized 1:1 vs. 1:2 groups and median
GCS of 14 in both groups, these adult trauma patients were
severely injured similar to the pediatric patients in this
study [17, 18]. However, this study controlled for severe
head injury understanding in a pediatric population this is
significantly associated with mortality and was different then
the aforementioned adult studies [25, 26]. Also, there is no
standardization of the definition of MT for PTPs [30-32].
Most studies defined MT using a>40 ml/kg of PRBC or
TBV [14, 23, 28], while others employed > 70-80 ml/kg
or>50% total blood volume [25, 26]. Our study utilized a
definition of > 6 units of PRBC within 24 h due to limita-
tions of the database (i.e. incomplete weight data available).
This definition may have missed some infants and small chil-
dren, however, using this data point certainly captured PTPs
receiving even larger transfusions. Future randomized pro-
spective trials are greatly needed to further assess the benefit
of BR to mortality in PTPs.

MT is an important intervention for exsanguination but is
not without its own infectious and non-infectious risks. MT
can also cause volume overload, electrolyte and metabolic
disturbances, such as hypokalemia and hypocalcemia, and
dilution coagulopathy [12]. However, a majority of the pedi-
atric trauma retrospective analyses have shown no difference
in rates of complications between their balanced and unbal-
anced groups [22-25, 27]. For example, Cunningham et al.
demonstrated no difference in ventilator free days (14 vs 11
vs 12, p=0.87), hospital-free days (0 vs 0 vs 0, p=0.91),
and ICU-free days (7 vs 9 vs 8, p=0.92) between their
three cohorts of low (>2:1 PRBC: plasma), medium (<2:1
to< 1:1), and high (<1:1) [27]. Similarly, we found no dif-
ference in ventilator days, LOS, and ICU LOS. When com-
paring patients who received a BR to PTPs who received
an UR in our study, there was also no difference in rates of
complications including AKI, pneumonia, DVT, ARDS, or
cardiac arrest. This has also been shown in other pediatric
trauma studies [27, 28]. Similarly, an adult pragmatic rand-
omized clinical trial, by Holcomb et al., found no significant
differences with AKI, pneumonia, ARDS, or cardiac arrest
between ratios 1:1:1 vs. 2:1:1 of PRBC: platelets: plasma
[16]. Prior studies have demonstrated age-related changes
in hemostasis and thrombosis in pediatric physiology [4, 10,
12, 32, 34-36]. A possible physiologic explanation for this
difference seen between adults and children can be attributed
to levels of pro-coagulants, such as Vitamin-K-dependent
coagulation factors, that remain decreased throughout child-
hood [34]. In addition, children have decreased rates of fail-
ure of non-operative management of solid organ injuries [35,
36], further suggesting improved hemostatic capabilities.
This suggests that the ratio of resuscitation is not related to
the occurrence of these complications and provides further
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evidence that strict adherence to BR for PTPs receiving a
MT may not be indicated.

Our study has many limitations, including those inherent
to a retrospective database study, such as misclassification,
reporting bias and missing data. In addition, missing perti-
nent variables include time to hemorrhage control, labora-
tory values related to coagulopathy, and the specific causes
of death and/or whether it was related to hemorrhage. A lack
of power creating a Type Il error is also possible. The deter-
mination for using 24 h was arbitrary, as this database lacks
documentation of the exact time hemostasis was achieved,
which was utilized in a prior adult study [16] and, thus, this
study may reflect time beyond the point where hemostasis
was achieved, and thereby introduce bias. Another signifi-
cant limitation to our study is that TQIP only had weight
data for seventy percent of patients, thus not allowing us
to utilize a weight-based definition of MT, which would be
ideal to evaluate our findings using this definition of MT as
well. Additionally, we are missing data regarding the time
to receiving transfusion, the order of the blood products
received and whether institutions had specific MT protocols
and/or access to viscoelastic assays, which in the adult popu-
lation have been demonstrated to improve mortality [33].

Conclusion

The rate of mortality overall for PTPs receiving a MT was
nearly 50%. In contrast to adult studies, in this national data-
base analysis, we found there was no difference in rate or
associated risk of mortality for PTPs receiving a BR com-
pared to those receiving an UR. Also, PTPs receiving an
UR had similar rates of complications and LOS compared
to PTPs receiving a BR. In addition, there was no difference
in associated risk of mortality for PTPs receiving a severely
UR. Continued work on developing future prospective stud-
ies is needed and will help elucidate the optimal ratio of
PRBC: plasma for PTP MT resuscitations.
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