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Abstract

Background: Massive blood transfusion (MBT) following older adult trauma poses
unique challenges. Despite extensive evidence on optimal resuscitative strategies in
the younger adult patients, there is limited research in the older adult population.
Methods: We used the Trauma Quality Improvement Program (TQIP) database from
2013 to 2017 to identify all patients over 65 years old who received a MBT. We strati-
fied our population into six fresh-frozen plasma:packed red blood cell (FFP:pRBC)
ratio cohorts (1:1, 1:2, 1:3, 1:4, 1:5, 1:6+). Our primary outcomes were 24-h and 30-

day mortality. We constructed multivariable regression models with 1:1 group as the

baseline and adjusted for confounders to estimate the independent effect of blood
ratios on mortality.

Results: A total of 3134 patients met our inclusion criteria (median age 73 + 7.6 years,
65% male). On risk-adjusted multivariable analysis, 1:1 FFP:pRBC ratio was indepen-
dently associated with lowest 24-h mortality (1:2 odds ratio [OR] 1.60, 95% confi-
dence interval [CI] 1.25-2.06, p<0.001) and 30-day mortality (1:2 OR1.44, 95%
Cl11.15-1.80, p = 0.002).

Conclusions: Compared to all other ratios, the 1:1 FFP:pRBC ratio had the lowest
24-h and 30-day mortality following older adult trauma consistent with findings in the

younger adult population.
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INTRODUCTION initiated in the emergency department (ED).! MBT replenishes in-
travascular volume, restores oxygen carrying capacity, and corrects
coagulopathies through the transfusion of red blood cells (pRBCs),

fresh-frozen plasma (FFP), and platelets (PLTs).2 While the benefit

Massive blood transfusion (MBT) is a lifesaving tool used for se-

vere, acute blood loss, particularly in the setting of trauma often
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of massive transfusion in the setting of severe blood loss has been
demonstrated,’® there remains debate about which ratio of blood
products confers the highest survival among trauma patients.“’5

In the 1970s, the use of blood components rather than whole
blood became widespread. As a result, many patients received
higher amount of pRBCs and crystalloids in comparison to FFP and
PLTs.®” Although these changes were not supported by evidence,
it was thought that patients take time to develop coagulopathy and
therefore the benefits did not merit the logistical challenges and
cost of preparing additional units of FFP.3? In recent years, however,
numerous studies have suggested that this practice is detrimental
because many patients have a coagulopathy at the time of presenta-
tion, which is then worsened by the dilutional effect of excess RBCs
and fluids on PLTs and plasma.®1%'2 This led to the evaluation of
the effect of higher blood-to-plasma ratios on survival.* However,
a large randomized control trial (PROPPR) ultimately showed no
difference in 24-h or 30-day mortality in 1:1:1 vs. 1:1:2 ratios of
FFP:PLTs:pRBCs.> This has caused further debate on the ideal ratio.

While many studies have examined the effect of different ratios
of FFP:PLTs:pRBCs in MBT, few focus on special populations such
as older adults patients. These patients are more likely to have de-
creased cardiac output, increased systemic vascular resistance, and
impaired renal function, which makes it harder for them to compen-
sate for physiologic aberrations.*® Additionally, older adults are more
likely to have multiple comorbidities and increased polypharmacy,
which further alters their hemodynamics and response to trauma.*®
In the PROPPR trial, the mean age of participants was 34.5years
with the oldest participant being 51 years, limiting the generalizabil-
ity of their results to the older adult population.®

The older adult population is growing rapidly in the United States
in part due to increased life expectancy.’* As a result, the frequency
of older adult trauma will also likely continue to rise. Therefore, it
is paramount to identify how to best manage this population with
the goal of maximizing survival and minimizing morbidity. Identifying
which ratio confers the highest survival in this group is an important
step in improving outcomes. In this study, we use a national trauma
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database to compare survival in older adult patients who received

different ratios of FFP:pRBCs during massive transfusion for trauma.

METHODS

Data source

We performed a multicenter, retrospective, cohort analysis of all pa-
tients with trauma from 2013 to 2017 using the American College
of Surgeons (ACS) Trauma Quality Improvement Program (TQIP)
National Trauma Data Bank (NTDB). ACS TQIP is a national program
that gathers data from over 850 trauma centers in the United States.
The data were collected by a trained clinical reviewer through chart
review and is submitted voluntarily on a regular basis from individ-
ual centers and standardized before being entered into the NTDB.
Variables include patient demographics, comorbidities, ED presen-
tation, injury characteristics, Injury Severity Score (ISS), procedures
performed within 24h of admission, and disposition at discharge.
Our study was exempt from the institutional review board as it used
a deidentified data set. Exact definitions of each variable are avail-
able on the TQIP website.

Inclusion and exclusion criteria

We included all patients who were 65 years or older who received a
MBT (Figure 1). We defined MBTs as receiving 210units (3000 mL)
of pRBCs within 24h or >5units (1500mL) of pRBCs within 4h of
admission to the ED for trauma.’> We calculated standardized
FFP:pRBC ratios at 24 h and stratified our population into six cohorts
(1:1, 1:2, 1:3, 1:4, 1:5, 1:6+). We rounded patient ratios to the near-
est integer.

Outliers were removed if they were lesser or greater than 1.5
times interquartile range (IQR) and treated as if they were miss-
ing. This was done for ISS, total Glasgow Coma Scale (GCS), systolic

Patients with MBT in NTDB 2013-2017

Baseline

n= 28,863

Exclusion
1. Dead on arrival to Emergency Department
2.pRBC and FFP given at 4 hours > 24
> hours
3. Transferred from outside hospital
4.Received >300 units pRBC
5. Did not receive FFP

Older Adults Younger Adults
Age > 65 with MBT Age > 18 and < 65 with MBT
. T =3,134 =20,733
FIGURE 1 Exclusion criteria. FFP, n "

fresh-frozen plasma; MBT, massive blood
transfusion; NTDB, National Trauma Data
Bank; pRBCs, packed red blood cells.

Abbreviation: MBT=massive blood transfusion, NTDB=National Trauma Database, pPRBC=packed red
blood cells, FFP=fresh frozen plasma
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blood pressure, pulse rate, respiratory rate, and length of stay in
days. We excluded patients who were transferred from another fa-
cility to enable consistent ratio reporting for each patient because
all necessary blood transfusions were from a single hospital. We
excluded all patients who were dead on arrival to the ED to remove
patients who would not respond to treatment irrespective of trans-
fusion ratios. We also excluded patients who had discordant and
implausible blood ratios, such as patients who received more FFP
than pRBCs and were not able to be rounded to 1:1 group and pa-
tients who received more than 300units of pRBCs. Patients who
did not receive any plasma were excluded. We excluded PLT data
from our analysis due to a high proportion of missing and inconsis-
tent data.

Outcomes of interest

Our primary outcomes of interest were 24-h and 30-day all-cause
mortality. Secondary outcomes included hospital and intensive care
unit (ICU) length of stay, ventilator days, presence of complications,
and need for emergency surgery for hemorrhage control. To bet-
ter characterize injuries, we used ICD-9 or ICD-10 codes provided
by TQIP to identify injury types and body locations. We specifically
analyzed femur fractures, gastrointestinal injuries, lung injuries, pel-
vic fractures, rib fractures, and traumatic brain injuries due to their

strong effect on hospital outcomes in the older adults.

Missing data

The percentage of missing data for each variable was calculated and
then compared between the different cohorts. On missing variable
analysis seven variables were noted to have missing data (Table S1).
Of this, temperature was noted to have the highest proportion of
missingness (43.28%). As a result, we chose to exclude this vari-
able from all models. The other six variables had a relatively lower
proportion of missingness, and for all models that included these
variables, we utilized a multivariate imputation chained equations
scheme to impute all missing data.!® The data were collected across
multiple hospitals from over 1000 patients, but we also manually in-
spected and visualized imputed data to verify our missing at random

assumptions.’’

Statistical and machine learning analysis

On baseline, we evaluated over 60 variables including ISS, vitals, in-
jury type, comorbidities, and hospital trauma level certification. To
evaluate for confounding variables, we performed a univariate ex-
ploratory analysis after stratifying our patients based on their blood
ratio cohorts. Continuous parametric data were analyzed using a
one-way analysis of variance test, and continuous nonparametric

data were analyzed with a Kruskal-Wallis test.*®

To determine the association between blood ratios and our
primary outcomes, i.e., 24-h and 30-day all-cause mortality, we
constructed multivariable, least absolute shrinkage and selection
operator (LASSO) logistic regression models. LASSO is a regression
analysis method that was created to help overcome overfitting of
a regression model.’’ This method uses both regularization and
shrinkage to select the fewest number of model covariates or inputs.
This included patient demographics, comorbidities, injury character-
istics, units of transfused FFP in 24 h, vitals recorded at presentation
in the ED, and ACS trauma center level. We used the 1:1 cohort as
our reference group for each LASSO regression.

To test the goodness of fit of our model, we divided the data into
80% training and 20% testing data sets and evaluated for receiver oper-
ating characteristic area under the curve (ROC AUC) on the testing data
set. Missing values were imputed before division into training and test-
ing data sets with the outcome variables removed. In a LASSO model,
the parameter alpha balances the tradeoff between model accuracy,
in our case ROC AUC, and model complexity, in our case the number
of covariates that have nonzero coefficients, and must be set by the
user. To optimize for alpha, we utilized the procedure described by least
angle regression (LAR) optimized for the Bayesian information criterion
on the training data set. 202 The alpha selected from the LAR proce-
dure were used as the input for the LASSO model trained on the entire
training data set. We report the models' ROC AUC on the testing data
set. For each covariate with a statistically significant association with
outcome (p<0.05), we report the coefficient, odds ratios (ORs), and
their respective 95% confidence intervals (Cls). All statistical analysis
was performed using scientific Python libraries including scikit-learn,

SciPy, and statsmodels and the code is available upon request.?%-2*

RESULTS
Baseline characteristics

Of the 3,087,735 patients in the TQIP NTDB database from 2013 to
2017, 3134 met our inclusion criteria. Our study population was 65%
male with a median age was 73years. Most patients (66.34%) had at
least one comorbidity, with the three most common comorbidities
being bleeding disorder (10.72%), diabetes mellitus (15.95%), and hy-
pertension (38.54%). Other baseline population characteristics includ-
ing demographics, comorbidities, injury descriptions, transfused blood
products, vitals, and hospital characteristics are shown in Table 1. The
largest groups where the 1:1 and 1:2 cohorts, accounting for 30.7%
and 39.9% of the study population, respectively. The median numbers
of units of pRBCs given to the 1:1 FFP:pRBC cohort and 1:2 cohort
were 11 units and 12 units, respectively. The median numbers of units
of FFP given to the 1:1 cohort and 1:2 cohort were 9 units and 6 units,
respectively. The 1:1 FFP:pRBC and 1:2 FFP:pRBC cohorts had the
same mean ISS of 29 (p<0.001). We observed significant variation
at baseline in the types of injuries in the study population with 1:1
FFP:pRBCs having the highest proportion of gastrointestinal injuries
when compared to the other groups (56.28%, p<0.001).
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TABLE 1 Patient demographics, comorbidities, injury characteristics, units of FFP, and vitals at presentation and hospital level of the

blood cohorts

Variable

Population demographics
Age (years)
Male sex
Race

American Indian or Alaska
Native

Asian
Black or African American

Native Hawaiian or other
Pacific Islander

White
Comorbidities

Bleeding disorder
Cerebrovascular accident
COPD
Congestive heart failure
Chronic renal failure
Cirrhosis
Current smoker
Dementia
Diabetes
Disseminated cancer

Functionally dependent health
status

Hypertension
Mental/personality disorder
Myocardial infarction
Peripheral arterial disease
Steroid use

Advanced directive limiting
care

Injury characteristics
Blunt trauma
Penetrating trauma
Femur fracture
Gastrointestinal injury
Lung injury
Pelvic fracture
Rib fracture
Traumatic brain injury
Injury Severity Score

Management
Units of FFP in 24h

Vitals
Glasgow Coma Scale score
Pulse oximetry

Pulse rate (beats/min)

1:1 (n = 963)

73 (68-81)
641 (66.63)

3(0.31)

41 (4.26)
86 (8.93)
1(0.1)

740 (76.84)

113 (11.73)
24 (2.49)
74 (7.68)
48 (4.98)
3(1.35)
4 (2.49)
67 (6.96)
6(2.70)
159 (16.51)
8(0.83)
5(2.60)

377 (39.15)
8(6.02)
13(1.35)
12 (1.25)

3(0.31)
43 (4.47)

673 (69.89)
355(36.86)
221 (22.95)
542 (56.28)
585 (60.75)
511 (53.06)
642 (66.67)
429 (44.55)
9 (£13)

9 (7-15)
13 (3-15)

98 (94-100)
97 (£26)

1:2 (n = 1253)

73 (68-80)
820 (65.44)

4(0.32)

66(5.27)
110(8.78)
5(0.4)

949 (75.74)

136 (10.85)
30(2.39)
70 (5.59)
45 (3.59)
21(1.68)
32(2.55)
76 (6.07)
31(2.47)

190 (15.16)
13 (1.04)
23(1.84)

480 (38.31)
73(5.83)
13 (1.04)
12 (0.96)
11 (0.88)
67 (5.35)

844 (67.36)
500 (39.90)
281 (22.43)
652 (52.04)
753 (60.10)
664 (52.99)
824 (65.76)
514 (41.02)
9 (£12)

6 (4-10)
13(3-15)

97 (93-100)
96 (£25)

1:3 (n = 438)

74 (68-82)
291 (66.44)

1(0.23)

14 (3.2)
43(9.82)
1(0.23)

337 (76.94)

41 (9.36)
6(1.37)
9(6.62)
9 (4.34)
0(2.28)
10 (2.28)
25(5.71)
9 (2.05)
74 (16.89)
4(0.91)
15 (3.42)

169 (38.58)
31(7.08)
4(0.91)
4(0.91)
6(1.37)
25(5.71)

311 (71.00)
151 (34.47)

2(21.00)
201 (45.89)
253 (57.76)
228 (52.05)
277 (63.24)
196 (44.75)

28 (+13)

4(2-5)
13 (3-15)

97 (93-100)
96 (+£26)

1:4 (n = 165)

71 (67-79)
98 (59.39)

1(0.61)

2(1.21)
8(4.85)
0(0)

137 (83.03)

21(12.73)
3(1.82)
11 (6.67)
0 (6.06)
(1.82)
(3.03)
(7.27)
5(3.03)
27 (16.36)
1(0.61)
4(2.42)

3]
5
12

62 (37.58)
17 (10.30)
2(1.21)
1(0.61)
1(0.61)
6(3.64)

100 (60.61)
70 (42.42)
0(24.24)
75 (45.45)
4(50.91)
78 (47.27)

106 (64.24)
2 (49.70)
7 (£12)

3(2-3)
13 (3-15)

98 (94-100)
95 (x23)

1:5 (n = 110)

74 (68-79)
69 (62.73)

1(0.91)

7 (6.36)
8(7.27)
0(0)

87 (79.09)

8(7.27)
1(0.91)
6 (5.45)
5(4.55)
0(0)

0(0)

3(2.73)
4(3.64)

17 (15.45)

3(2.73)
4(3.64)

46 (41.82)
10 (9.09)
3(2.73)
)

0(0
0(0)
10 (9.09)

4(67.27)
6(32.73)
19 (17.27)
8(52.73)
4(58.18)
55 (50.00)
77(70.00)
57 (51.59)
29 (£13)

2(2-3)
14 (3-15)

97 (93-99)
96 (£26)

1:6+ (n = 196)

75 (68-82)

121 (61.73)

1(0.51)

13(6.63)
14 (7.14)
0(0)

144 (73.47)

7 (8.67)
4(2.04)
6(8.16)
7 (3.57)
2(1.02)
2(1.02)
12 (6.12)
9 (4.59)
33(16.84)
3(1.53)
11 (5.61)

74 (37.76)
21(10.71)
2(1.02)

0(0)
0(0)
11 (5.61)

139 (70.92)
57 (29.08)
49 (25.00)
75 (38.27)

106 (54.08)
89 (45.41)

113 (57.65)
58 (29.59)

25 (x13)

1(1-2)

14 (3-15)

97 (93-100)

94 (£26)

p-value

0.126
0.704

0.890

0.063
0.449
0.639

0.322

0.440
0.698
0.423
0.528
0.543
0.436
0.586
0.541
0.941
0.502
0.043

0.979
0.038
0.698
0.532
0.159
0.345

0.142
0.306
0.640
<0.001
0.127
0.306
0.160
<0.001
<0.001

<0.001

0.701
0.190

(CORties)
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TABLE 1 (Continued)

Variable

Respiratory rate (breaths/min)
Systolic blood pressure
ACS trauma center level
Level |
Level Il

Level IlI

1:1(n=963) 1:2(n=1253)
21 (+6) 20 (+6)
106 (+32) 104 (+31)
454 (75.67) 602 (71.07)
145 (24.17) 241 (28.45)
1(0.17) 4(0.47)

1:3 (n = 438) 1:4 (n = 165)
21 (+6) 20 (+6)
107 (+32) 107 (+34)
201 (68.14) 74 (67.27)
92 (31.19) 35(31.82)
2(0.68) 1(0.91)

1:5(n =110) 1:6+ (n=196) p-value
21 (+7) 21 (+6) 0.664
108 (+30) 103 (+31) 0.266
52 (68.42) 110 (74.83) 0.295
23(30.26) 37(25.17) 0.295
1(1.32) 0(0) 0.295

Note: Data are reported as median (IQR), number (%), or mean (+SD).

Abbreviations: ACS, American College of Surgeons; COPD, chronic obstructive pulmonary disease; FFP, fresh-frozen plasma; IQR, interquartile range.

Variable

ACS trauma center Level I?
Advanced directive limiting care
Age
Cirrhosis
Current smoker
Diabetes mellitus
Gastrointestinal injury
Glasgow Coma Scale score
Hypertension
Injury Severity Score
Lung injury
Mental/personality disorder
Pelvic fracture
Pulse oximetry
Traumatic brain injury
Units of FFP in 24h
Blood ratios®

1:2

1:3

1:4

1:5

1:6+

24-h mortality

1.03(1.02-1.05, <0.001)
0.59 (0.34-0.99,0.048)
0.71 (0.51-0.98, 0.040)
0.91 (0.89-0.93, <0.001)
0.62 (0.49-0.79, <0.001)
1.03 (1.02-1.04, <0.001)
1.32(1.03-1.69,0.027)
0.37(0.21-0.65, 0.001)
0.74 (0.59-0.92, 0.006)
0.97 (0.95-0.99, <0.001)
0.53 (0.42-0.67, <0.001)
1.05 (1.04-1.07, <0.001)

1.60 (1.25-2.06, <0.001)
1.62 (1.14-2.31, 0.007)
1.60(0.96-2.68, 0.072)
1.74 (0.94-3.21, 0.077)
2.70(1.72-4.25, <0.001)

30-day mortality

1.23(1.00-1.51, 0.045)

2.42(1.56-3.75, <0.001)
1.06 (1.04-1.07, <0.001)
4.16 (2.18-7.94, <0.001)

1.22(1.01-1.47,0.038)
0.90 (0.89-0.92, <0.001)
0.77 (0.63-0.94, 0.011)
1.03 (1.02-1.04, <0.001)

0.53(0.36-0.78,0.001)

0.98 (0.96-1.00, 0.010)

1.11 (1.09-1.13, <0.001)

1.44(1.15-1.80, 0.001)
1.60(1.17-2.19,0.003)
1.57 (1.01-2.45,0.044)
2.13 (1.26-3.60, 0.005)
2.00(1.31-3.04, 0.001)

Note: Data are reported as OR (95% Cl, p-value). Only significantly associated variables after
adjustment are listed here. For a list of all covariates that were used in the LASSO regression,

TABLE 2 Results from multivariable
regression model for covariates
independently associated with 24-h
and 30-day mortality for the older adult
population

please see Table S2. Risk adjusted using all variables from Table 1.

Abbreviations: ACS, American College of Surgeons; FFP, fresh-frozen plasma;
absolute shrinkage and selection operator.

2ACS trauma center Level Ill was used as reference category.

b1:1 group was used as reference category.

Primary outcomes

The ORs, 95% Cls, and p-values for each blood ratio cohort for both
of our primary outcomes are shown in Table 2, which was generated
after adjusting for all confounders related to patient demograph-
ics, comorbidities, injury characteristics, vitals, and hospital level

LASSO, least

variables. Only significantly associated covariates are in Table 2,
while a list of all covariates included in the model can be found
in Table S2. For our primary outcome of 24-h all-cause mortality,
we observed that the 1:1 ratio has significantly decreased odds of
mortality when compared to 1:2, 1:3, and 1:6+ (1:2 OR1.60, 95%
Cl 1.25-2.06, p<0.001; 1:3 OR1.62, 95% Cl 1.14-2.31, p = 0.007;
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1:6+ OR2.69, 95% Cl 1.71-4.24, p<0.001). With 30-day all-cause
mortality, we observed that the cohorts greater than 1:1 FFP:pRBCs
are associated with increased odds of mortality (1:2 OR1.44, 95%
Cl 1.15-1.80, p = 0.002). The covariates that were independently
associated with 24-h and 30-day mortality are shown in Table S2
(ROC AUC 24-h mortality 0.72; 30-day mortality 0.75). Additionally,
we cross-validated our models to the younger adult population, pa-
tients ages 18-64, to establish generalizability of our findings and

observed a similar effect in blood ratios (Table S3).

Secondary outcomes

Unadjusted secondary outcomes including inpatient morbidity and
length of stay are noted in Table 3. Overall, 57.31% of the patients
had at least one hospital complication with the three most com-
mon being cardiac arrest (18.89%), acute kidney injury (7.91%), and
intubation (5.78%). Patients in the 1:1 cohort had a higher propor-
tion of acute respiratory distress syndrome and myocardial infarc-
tion (5.92%, p = 0.022; and 3.53%, p = 0.028, respectively). The 1:1
FFP:pRBC cohort had the longest median total length of stay (7 days,
p = 0.004). Patients in the 1:1 FFP:pRBC and 1:2 FFP:pRBC cohorts
had higher incidence of laparotomy for hemorrhage control (44.13%
and 40.54%, respectively, p = 0.001) while patients in the 1:3, 1:4,
1:5, and 1:6+ cohorts had higher incidence of having no surgery for
hemorrhage control (42.92%, 46.06%, 43.64%, and 44.39%, respec-
tively, p<0.001).

DISCUSSION

In this multicenter, retrospective, cohort analysis of older adult
trauma patients (265years), risk-adjusted the 1:1 FFP:pRBCs ratio
was associated with the lowest mortality at both 24 h and 30days.
We observed similar associations with FFP:pRBCs ratio and mortal-
ity in the younger adult population (18-64years) in our supplemen-
tary analysis, indicating that these populations are similar in their
response to MBTs.

Our results of 1:1 ratio agree with previous large studies on MTP.
The PROPPR trial randomized 680 participants who were 15 years or
older to either a 1:1:1 FFP:PLT:pRBC or a 1:1:2 FFP:PLT:pRBC ratio to
treat major bleeding and found no significant difference in mortality
at 24 h or 30days. A 1:1:1 ratio was associated with improved hemo-
stasis and fewer deaths due to exsanguination at 24 h, findings that
cannot be directly compared to our study due to being unadjusted.
Although they did not show a significant association between a 1:1
ratio and decreased mortality, this study has been interpreted by
clinicians as support for using a 1:1 ratio in massive transfusions due
to the secondary findings.> Our study reinforces these findings in
the older adult population, with lower mortality in patients receiving
a 1:1 FFP-to-pRBCs ratio.

Our findings are relevant and timely because the older adult
population is growing rapidly'* and is uniquely vulnerable to high

| &

‘Academic Emergency Medicine

rates of mortality due to trauma.?®> We found that increasing age was
associated with higher mortality among older adult trauma patients
receiving MBT. Currently, there are few studies examining outcomes
of older adult patients receiving MBT. Importantly, age has been
independently associated with mortality in patients who receive
MBT.2® However, other studies have found no significant difference
in mortality.?’ Conflicting results from these reports may indicate
the presence of confounding variables such as patient-level and
institutional-level factors like comorbidities and triage. Our study
attempts to control for these confounders by including patient de-
mographics, comorbidities, injury characteristics, interventions, and
hospital level.

In our study, patients in the 1:1 FFP:pRBC cohort had overall
higher rates of complications such as increased rates of acute respi-
ratory distress syndrome. However, we were unable to perform a
risk-adjusted analysis for all of our secondary outcomes. When com-
pared to the 1:2 cohort, the 1:1 FFP:pRBC cohort had longer hospital
length of stay and increased incidence of myocardial infarctions. It is
likely these results are confounded by survival bias, where patients
in the 1:1 FFP:pRBC cohort observed to have decreased mortality
were, therefore, more likely to remain in the hospital for a longer

duration.

LIMITATIONS

We acknowledge that our findings have limitations. First, this was
a retrospective cohort study from a large trauma database and
as such we were unable to balance all population characteristics
across cohorts. To circumvent unbalanced populations, we risk ad-
justed for all possible patient- and institutional-level confounders.
However, we were only able to adjust for confounders that were
recorded in the TQIP database, and it is therefore possible that
there may be unreported confounders. For example, ACS TQIP
does not record the cause of death, which may be an important
outcome to analyze. Second, while ACS has multiple checks to en-
sure the quality of data, there is always a possibility for erroneous
values. To counteract this, we created additional criteria to detect
erroneous and improbable values that included a visual evaluation
of data with dot plots and IQRs and subsequently masked outli-
ers. Third, we were not powered to perform an adjusted analysis
of secondary outcomes. Therefore, our interpretation of them is
limited. Fourth, the term “older adult” is broadly encompassing,
and there are no well-defined clinical criteria to ascertain such
a label. Biological and chronological aging may be two separate
entities. We predetermined an acceptable cutoff to aid analysis,
but these cutoffs may not capture the continuous relationship of
age with mortality.?® Fifth, we could not divide patients into exact
blood cohort ratios; most patients were rounded to their nearest
whole integer cohort. While this may weaken our association to
clinical outcomes, this may be more reflective of the clinical ad-
ministration of MBTs. Sixth, we were unable to account for other
fluid or medication administration that may have affected patient
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TABLE 3 Unadjusted secondary outcomes for each of the blood cohorts for the older adult population

1:1 i) 1:3 1:4 g5 1:6+
Secondary outcomes (n=963) (n = 1253) (n = 438) (n = 165) (n = 110) (n = 196) p-value
Hospital complications
Acute kidney injury 1(9.45) 89 (7.10) 35(7.99) 12(7.27) 10 (9.09) 11 (5.61) 0.310
Acute respiratory distress syndrome 7 (5.92) 41 (3.27) 16 (3.65) 7 (4.24) 2(1.82) 5(2.55) 0.022
Cardiac arrest with CPR 196 (20.35) 245 (19.55) 73(16.67) 18 (10.91) 23(20.91) 37(18.88) 0.069
Pressure ulcer 41 (4.26) 45(3.59) 17 (3.88) 8(4.85) 3(2.73) 5(2.55) 0.794
Deep surgical site infection 8(0.83) 7 (1.36) 3(0.68) 5(3.03) 0(0) 2(1.02) 0.117
Deep vein thrombosis 47 (4.88) 9 (5.51) 22 (5.02) 9 (5.45) 1(0.91) 10 (5.10) 0.468
Extremity compartment syndrome 9 (0.93) 6(0.48) 4(0.91) 2(1.21) 0(0) 1(0.51) 0.637
Myocardial infarction 34(3.53) 8(2.23) 7 (1.60) 5(3.03) 0(0) 1(0.51) 0.028
Organ space surgical site infection 10 (1.04) 5(1.20) 4(0.91) 1(0.61) 1(0.91) 0(0) 0.730
Pulmonary embolism 19 (1.97) 32(2.55) 7 (1.60) 2(1.21) 0(0) 3(1.53) 0.384
Stroke 23(2.39) 22(1.76) 7 (1.60) 4(2.42) 1(0.91) 3(1.53) 0.774
Superficial incisional surgical site 9(0.93) 17 (1.36) 4(0.91) 2(1.21) 2(1.82) 2(1.02) 0.908
infection
Unplanned intubation 65 (6.75) 64 (5.11) 22(5.02) 15(9.09) 7 (6.36) 8(4.08) 0.181
Osteomyelitis 1(0.10) 3(0.24) 0(0) 0(0) 0(0) 0(0) 0.788
Unplanned return to the operating 53(5.50) 83(6.62) 20 (4.57) 12(7.27) 1(0.91) 4 (2.04) 0.018
room
Unplanned admission to the ICU 33(3.43) 30(2.39) 14 (3.20) 8 (4.85) 2(1.82) 3(1.53) 0.283
Severe sepsis 40 (4.15) 47 (3.75) 11(2.51) 11 (6.67) 5(4.55) 3(1.53) 0.106
Catheter-associated urinary tract 12 (1.25) 5(0.40) 2(0.46) 0(0) 0(0) 2(1.02) 0.123
infection
Central line-associated bloodstream 4(0.42) 5(0.40) 1(0.23) 1(0.61) 0(0) 0(0) 0.881
infection
Ventilator-associated pneumonia 26(2.70) 30(2.39) 6(1.37) 4(2.42) 1(0.91) 0(0) 0.146
Surgery for hemorrhage control
Amputation 26(2.70) 38(3.03) 17 (3.88) 4(2.42) 1(0.91) 4(2.04) 0.560
Extremity 40 (4.15) 60 (4.79) 20 (4.57) 8 (4.85) 6(5.45) 9 (4.59) 0.980
Neck 5(0.52) 9(0.72) 4(0.91) 1(0.61) 2(1.82) 2(1.02) 0.726
Laparotomy 425 (44.13) 508 (40.54) 152 (34.70) 58 (35.15) 37 (33.64) 64 (32.65) 0.001
Other soft tissue 11(1.14) 8(0.64) 5(1.14) 1(0.61) 0(0) 4(2.04) 0.337
Sternotomy 6(0.62) 8(0.64) 2(0.46) 1(0.61) 0(0) 3(1.53) 0.640
Thoracotomy 69 (7.17) 126 (10.06) 23 (5.25) 7 (4.24) 10 (9.09) 16 (8.16) 0.007
None 326 (33.85) 441 (35.20) 188 (42.92) 76 (46.06)  48(43.64) 87 (44.39) <0.001
Disposition at discharge
Deceased 526 (55.25) 681 (55.82) 229 (54.27) 68 (41.72) 61(57.01) 7 (45.79) 0.020
Home 4(0.42) 5(0.41) 0(0) 0(0) 0(0) 1(0.53) 0.020
Hospice 13(1.37) 0(1.64) 5(1.18) 4 (2.45) 5(4.67) 4(2.11) 0.020
Transitional care/skilled nursing 374 (39.29) 468 (38.36) 167 (39.57) 78 (47.85) 34(31.78) 7 (45.79) 0.020
facility
Other 35(3.68) 46(3.77) 21 (4.98) 13(7.98) 7 (6.54) 11(5.79) 0.020
Time in hospital
Total length of stay 7 (1-20) 6 (1-18) 6 (1-16) 8(1-22) 3(1-14) 5(1-17) 0.004
ICU length of stay 5(1-14) 5(1-13) 5(1-12) 7 (2-15) 3(1-10) 3(1-10) 0.001
Ventilator days 3(1-11) 3(1-10) 3(1-9) 4 (1-10) 2(1-8) 2 (1-7) <0.001

Note: Data are reported as median (IQR) or number (%).
Abbreviations: CPR, cardiopulmonary resuscitation; ICU, intensive care unit.
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outcomes. Seventh, we excluded patients who were transferred
or dead on arrival to the ED, which may introduce some survi-
vorship bias into our results, as patients with significant injuries
that required relocation or passed quickly are disproportionally
excluded. However, within this excluded cohort of patients we
could not guarantee that they received consistent ratios between
hospitals or that any transfusion ratio influenced outcome. Finally,
we excluded PLT data from our analysis due to a high proportion
of missing and inconsistent data. This precludes us from drawing
conclusions about the role of PLT ratio in the outcomes of these
patients.

CONCLUSIONS

We demonstrate that the 1:1 fresh-frozen plasma:red blood cell
ratio is associated with increased survival at both 24-h and 30-
days for both the older adult and younger adult populations. Many
factors, including physiologic differences, comorbidities, and poly-
pharmacy may affect how older adults respond to trauma and
massive blood transfusion. Further clinical trials may be able to
better quantify and identify how all these factors interact to affect

outcomes.

AUTHOR CONTRIBUTIONS

Study conception and design: Rae D. Hohle, Jillian K. Wothe, Victor
R. Vakayil, Christopher J. Tignanelli, Benjamin M. Hillmann, James
V. Harmon. Acquisition of data: Rae D. Hohle, Jillian K. Wothe,
Victor R. Vakayil. Analysis and interpretation of data: Benjamin M.
Hillmann, Rae D. Hohle, Victor R. Vakayil. Drafting of manuscript:
Rae D. Hohle, Jillian K. Wothe, Benjamin M. Hillmann. Critical revi-
sion: Rae D. Hohle, Jillian K. Wothe, Victor R. Vakayil, Christopher
J. Tignanelli, Benjamin M. Hillmann, Victor R. Vakayil, James V.

Harmon.

CONFLICT OF INTEREST

The authors declare no potential conflict of interest.

ORCID
Rae D. Hohle "= https://orcid.org/0000-0001-7940-7767
REFERENCES

1. Lim G, Harper-Kirksey K, Parekh R, Manini AF. Efficacy of a mas-
sive transfusion protocol for hemorrhagic trauma resuscitation. Am
J Emerg Med. 2018;36(7):1178-1181.

2. Hess JR.Blood and coagulation support in trauma care. Hematol Am
Soc Hematol Educ Program. 2007;2007:187-191.

3. Nunn A, Fischer P, Sing R, Templin M, Avery M, Britton CA.
Improvement of treatment outcomes after implementation of a
massive transfusion protocol: A level i trauma center experience.
Am Surg. 2017;83:394-398.

4. Holcomb JB, del Junco DJ, Fox EE, et al. The prospective, obser-
vational, multicenter, major trauma transfusion (PROMMTT) study:
comparative effectiveness of a time-varying treatment with com-
peting risks. JAMA Surg. 2013;148(2):127.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Holcomb JB, Tilley BC, Baraniuk S, et al. Transfusion of plasma,
platelets, and red blood cells in a 1:1:1 vs a 1:1:2 ratio and mortality
in patients with severe trauma: The PROPPR randomized clinical
trial. JAMA. 2015;313(5):471.

Kornblith LZ, Howard BM, Cheung CK, et al. The whole is greater
than the sum of its parts: Hemostatic profiles of whole blood vari-
ants. J Trauma Acute Care Surg. 2014;77(6):818-827.

Holcomb JB. Optimal use of blood products in severely in-
jured trauma patients. Hematol Am Soc Hematol Educ Program.
2010;2010:465-469.

Hess JR, Holcomb JB, Hoyt DB. Damage control resuscitation:
The need for specific blood products to treat the coagulopathy of
trauma. Transfusion (Paris). 2006;46(5):685-686.

Gonzalez EA, Moore FA, Holcomb JB, et al. Fresh frozen plasma
should be given earlier to patients requiring massive transfusion.
J Trauma. 2007;62(1):112-119.

Cannon JW, Khan MA, Raja AS, et al. Damage control resuscita-
tion in patients with severe traumatic hemorrhage: A practice man-
agement guideline from the eastern association for the surgery of
trauma. J Trauma Acute Care Surg. 2017;82(3):605-617.

Holcomb JB, Jenkins D, Rhee P, et al. Damage control resuscitation:
Directly addressing the early coagulopathy of trauma. J Trauma.
2007;62(2):307-310.

Borgman MA, Spinella PC, Perkins JG, et al. The ratio of blood
products transfused affects mortality in patients receiving
massive transfusions at a combat support hospital. J Trauma.
2007;63(4):805-813.

Banks SE, Lewis MC. Trauma in the elderly. Considerations for an-
esthetic management. Anesthesiol Clin. 2013;31(1):127-139.

Cire B. World's older population grows dramatically. National Institute
on Aging; 2016.

Mitra B, Cameron PA, Gruen RL, Mori A, Fitzgerald M, Street A.
The definition of massive transfusion in trauma. Eur J Emerg Med.
2011;18(3):137-142.

Azur MJ, Stuart EA, Frangakis C, Leaf PJ. Multiple imputation by
chained equations: what is it and how does it work? Int J Methods
Psychiatr Res. 2011;20(1):40-49.

Sterne JAC, White IR, Carlin JB, et al. Multiple imputation for
missing data in epidemiological and clinical research: potential
and pitfalls. BMJ (Online). 2009;338(7713):b2393. https://doi.
org/10.1136/bjm.b2393

Heiman GW. Understanding Research Methods and Statistics: An
Integrated Introduction for Psychology. 2nd ed. Mifflin and Company;
2001.

Tibshirani R. Regression shrinkage and selection via the lasso. J R
Stat Soc B Methodol. 1996;58(1):267-288.

Efron B, Hastie T, Johnstone I, Tibshirani R. Least angle regression.
Ann Stat. 2004;32:2.

Zou H, Hastie T, Tibshirani R. On the “degrees of freedom” of the
lasso. Ann Stat. 2007;35(5):2173-2192.

Pedregosa F, Varoquaux G, Gramfort A, et al. Scikit-learn: machine
learning in python. J Mach Learn Res. 2011;12:2825-2830.
Virtanen P, Gommers R, Oliphant TE, et al. SciPy 1.0: fundamen-
tal algorithms for scientific computing in python. Nat Methods.
2020;17(3):352.

Seabold S, Perktold J. Statsmodels: Econometric and statistical
modeling with python. In: Proceedings of the 9th Python in Science
Conference; 2010.

Scher CS. Trauma and transfusion in the geriatric patient. Curr Opin
Anaesthesiol. 2018;31(2):238-242.

Barbosa RR, Rowell SE, Sambasivan CN, et al. A predictive model
for mortality in massively transfused trauma patients. J Trauma.
2011;71(2 SUPPL. 3):5370-S374.

Murry JS, Zaw AA, Hoang DM, et al. Activation of massive transfu-
sion for elderly trauma patients. Am Surg. 2015;81(10):945-949.

85UB017 SUOLULLOD BATE81D 3(ealdde ayy Aq peusenob ae ssppiie YO ‘8sn JO s3I 10} A%iqiT8UIIUO AB]IAN UO (SUOIPUOD-PUR-SLLIBILIOD" A 1M Aeiq Ul UOy/:SANY) SUONIpUOD pue sW | 841 88s *[zz0z/zT/vz] Uo Ariqi]auliuo A|IM *Beis| aUeiyood Ad 08GKT Wede/TTTT 0T/I0p/W0d 48| IM AiqiBul|uoy/Sdny Woi) pepeojumod ‘2T ‘220z ‘ZT.ZeSsT


https://orcid.org/0000-0001-7940-7767
https://orcid.org/0000-0001-7940-7767
https://doi.org/10.1136/bjm.b2393
https://doi.org/10.1136/bjm.b2393

MASSIVE BLOOD TRANSFUSION FOLLOWING OLDER ADULT TRAUMA: THE EFFECT OF BLOOD

1430 | ALCANA

RATIOS ON MORTALITY

PRSI 4%

‘Academic Emergency Medicine

28. Kuhne CA, Ruchholtz S, Kaiser GM, Nast-Kolb D, Working Group
on Multiple Trauma of the German Society of Trauma. Mortality in
severely injured elderly trauma patients—when does age become a
risk factor? World J Surg. 2005;29(11):1476-1482.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Hohle RD, Wothe JK, Hillmann BM,
Tignanelli CJ, Harmon JV, Vakayil VR. Massive blood
transfusion following older adult trauma: The effect of blood
ratios on mortality. Acad Emerg Med. 2022;29:1422-1430.
doi: 10.1111/acem.14580

85UB017 SUOLULLOD BATE81D 3(ealdde ayy Aq peusenob ae ssppiie YO ‘8sn JO s3I 10} A%iqiT8UIIUO AB]IAN UO (SUOIPUOD-PUR-SLLIBILIOD" A 1M Aeiq Ul UOy/:SANY) SUONIpUOD pue sW | 841 88s *[zz0z/zT/vz] Uo Ariqi]auliuo A|IM *Beis| aUeiyood Ad 08GKT Wede/TTTT 0T/I0p/W0d 48| IM AiqiBul|uoy/Sdny Woi) pepeojumod ‘2T ‘220z ‘ZT.ZeSsT


https://doi.org/10.1111/acem.14580

PennState Health
Emergency Medicine
Residency Program Director

Penn State Health Milton S. Hershey Medical Center is seeking an Emergency Medicine
Residency Program Director to join our exceptional academic team located in Hershey, PA. This
is an excellent opportunity to join an outstanding academic program with a national reputation
and inpact the lives of our future Emergency Medicine physicians.

What We're Offering: What We're Seeking:
Competitive salary and benefits e MD, DO, or foreign equivalent
Sign-On Bonus * BC/BE by ABEM or ABOEM
Relocation Assistance Leadership experience
Leadership for Emergency Medicine Outstanding patient care qualities

Residency Program _ . Ability to work collaboratively within a
Comprehensive benefit and retirement options diverse academic and clinical environment

FOR MORE INFORMATION What the Area Offers:
PLEASE CONTACT: Located in a safe family-friendly setting, Hershey, PA, our
local neighborhoods boast a reasonable cost of living
Heather Peffley, PHR CPRP whether you prefer a more suburban setting or thriving
Physician Recruiter city rich in theater, arts, and culture. Known as the home of
Penn State Health the Hershey chocolate bar, Hershey’s community is rich in
history and offers an abundant range of outdoor activities,
Email: hpefﬂey@pen nstatehea]th_psu,edu arts, and diverse experiences. We're conveniently located
Website: careers.pennstatehealth.org within a short distance to major cities such as Philadelphia,
Pittsburgh, NYC, Baltimore, and Washington DC.

Penn State Health is fundamentally committed to the diversity of our faculty and staff. We believe diversity is unapologetically expressing itself through every person's perspectives and lived
experiences. \We are an equal cpportunity and affirmative action employer. All qualified applicants will receive consideration for employment without regard o age, color, disability, gender identity
or expression, marital status, national or ethnic origin, political affiliation, race, religion, sex (including pregnancy), sexual orientation, veteran stalus, and family medical or genetic information


https://onlinelibrary.wiley.com/action/showCampaignLink?uri=uri%3Ab204554e-58d4-4825-95f2-1f30cabeb32a&url=https%3A%2F%2Fwww.pennstatehealth.org%2Fcareers&pubDoi=10.1111/acem.14580&viewOrigin=offlinePdf

	Massive blood transfusion following older adult trauma: The effect of blood ratios on mortality
	Abstract
	INTRODUCTION
	METHODS
	Data source
	Inclusion and exclusion criteria
	Outcomes of interest
	Missing data
	Statistical and machine learning analysis

	RESULTS
	Baseline characteristics
	Primary outcomes
	Secondary outcomes

	DISCUSSION
	LIMITATIONS
	CONCLUSIONS
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST
	REFERENCES


