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Background: Blood transfusion and old age have been independently associated with worse outcomes and higher mortality in the
trauma population. Determining specific volumes and ratios of blood
products for the elderly population, a special population with varied
hemodynamic responses to traumatic injury, is a challenge. This study
was aimed at delineating the relationship between specific transfusion
volumes and mortality with an ultimate goal of finding an optimal
threshold where risk outweighs benefit.

Introduction
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The US aging population is rapidly growing. According to the
United States Census Bureau, residents aged 65 and older grew
from 35.0 million in 2000 to 49.2 million in 2016, accounting
for 12.4% and 15.2% of the total population, respectively [1].
Elderly trauma specifically accounts for nearly 23% of all trauma admissions and one-third of all injury-related deaths [2].
When compared to the younger population, geriatric trauma
patients have greater morbidity and mortality, longer hospital
stays and increased usage of hospital resources [3]. Therefore,
it is important to understand the proper management of the
geriatric trauma population.
Currently, transfusion guidelines in the elderly trauma
population have been a contested topic among many physicians, due to the complex physiological nature of elderly patients. Studies focused on the elderly trauma population have
shown that older age and massive transfusions independently
increase the risk of mortality and worse outcomes in the trauma population and have therefore supported more restrictive
transfusion strategies [4-8]. Conversely, meta-analysis and
systematic reviews have shown that liberal transfusions might
produce better outcomes in the geriatric population compared
to restrictive transfusion strategies [9]. In this study, a retrospective review was conducted to delineate the relationship
between specific transfusion volumes and mortality, with the
goal of finding an optimal threshold where risk outweighs benefit. It was hypothesized that a restrictive transfusion approach
would lead to a decreased mortality when compared to a more
liberal transfusion approach.
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Materials and Methods

Methods: A retrospective study of data from patients aged 65 and
older at a level II urban trauma center was conducted. All patients
who were included in the study presented to the emergency department between January 2013 and January 2016 and received a blood
product transfusion (n = 93). The primary outcome was defined as
mortality 24 h after transfusion, while the secondary outcome measured was length of hospital stay. Optimal cut-off points were estimated using Youden J coefficients, and Cox proportional hazard ratio
(HR) was performed to calculate mortality risk.
Results: Patients receiving less than 5 units of blood product had a
shorter length of stay (5.19 days) and decreased risk of mortality (HR
= 2.48, P = 0.01). Patients receiving ≥ 5 units of a blood product had
a statistically significant increase in risk of mortality (HR = 6.207, P
< 0.001) and length of hospital stay (12.47 days), regardless of injury
severity score. The administration of fresh frozen plasma was also an
independent predictor of mortality. Patients who received a plasma
transfusion had an increased risk of mortality (HR = 3.25, P < 0.001).
Conclusion: In this study, a threshold point of greater than 5 units
of blood products has been associated with increased mortality and
length of hospital stay. A more restrictive transfusion strategy has potential for improved outcomes.
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This study was a single-center retrospective observational
study of elderly trauma patients who received blood transfusion at a level II urban trauma center, between January 2013
and January 2016. Data were acquired from the hospital’s trauma registry. The study was IRB approved and patient consent
was waived due to the observational nature of the study. A total
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of 1,186 elderly patients presented to the emergency department and the patients’ age, sex, mechanism of injury, length
of hospital stay (LOS), quantity and type of blood products,
injury severity score (ISS) and mortality status were recorded
and reviewed. Patients who expired or were discharged within
24 h of presentation to the trauma bay were excluded from the
study. Patients were defined as having received a transfusion
if they received packed red blood cells (PRBCs), fresh frozen
plasma (FFP), platelets, or any combination of the aforementioned blood products during any point of their hospital stay; a
total of 93 patients received blood products. Hospital mortality
after 24 h from admission was measured as the primary outcome. The secondary outcome was LOS.
Analysis was performed using Stata 15. In order to detect
skewness and kurtosis in the multivariate setting, the DoornikHansen test was carried out. The test was shown to follow a
parametric distribution. Due to adherence of a parametric distribution, significant differences between survivors and nonsurvivors as well as group demographics were assessed using
a Student’s t-test. Categorical variables were assessed using χ2.
Powerwise correlation using Bonferroni adjustment was used
to determine significant variable interactions. In order to determine optimal cut-off points of blood product volumes, Youden
J coefficients were used. To define the independent predictors
of mortality, Cox proportional hazard ratio (HR) was calculated to assess the mortality risk in patients with specific transfusion volumes and to assess the mortality risk in patients with
specific blood product transfusion. Regression analysis was
used to determine LOS as a secondary outcome. Analysis was
performed for the entire patient population and repeated based
off stratification. A P-value of < 0.05 was considered significant.

Results
Between January 2013 and January 2016, 1,186 patients,
greater than 65 years of age, were admitted. Ninety-three patients, composed of 56 females (60%) and 37 males (40%),
received blood products and met the inclusion criteria. Transfusion patients had a mean age of 77.73 years (range 65 - 101
years, standard deviation (SD) 8.32 years), an average LOS
of 8.80 days (range 1 - 37 days, SD 8.60 days) and an average of 3.73 units of total blood products (range 1 - 20 units,
SD 4.05 units) given. Of the injuries, 92.47% in the transfused
patient population were penetrating with an average ISS of
19.13 (range 1 - 75, SD 10.47). Overall, 35 (38%) of the elderly transfusion trauma patients died, while 58 (62%) of the
transfusion patients survived. Using the Youden J coefficients,
a transfusion volume of 5 units was found to be the threshold value, where risk outweighed benefit. Of the 58 patients
who survived, 87.94% of patients received less than 5 units of
blood products, while 12.06% of the patients received ≥ 5 units
of blood products. Conversely, of the 35 patients who did not
survive, 44.29% received less than 5 units of blood products,
while 45.71% received ≥ 5 units of blood products.
Table 1 shows that LOS, receiving FFP, number of units
given and ISS were significantly different when comparing
survivors with non-survivors.
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Multiple Cox proportional analysis was performed to
highlight independent predictors of mortality in the study
group (Table 2).
The number of units received, FFP and ISS were found to
be independent predictors of mortality (Table 2). Although age
and gender were in the threshold of being significant as independent predictors of mortality within the general population,
they lost their significance when analyzed in the transfusion
population (Table 1).
Patients that received ≥ 5 units of blood transfusion were
shown to have increased mortality risk, with an HR of 6.27
(confidence interval (CI) 3.62 - 10.88), compared to those who
received < 5 units of blood transfusion, with an HR of 2.48 (CI
1.46 - 4.20) (Table 3 and Fig. 1). Both of these groups had significantly higher risk of mortality when compared to those who
received no transfusion. The ISSs between the two transfusion
groups were 18.63 for < 5 units and 22.22 for ≥ 5 units, with a
P value of 0.15 (Table 4).
Our secondary outcome, LOS was found to be statistically
different between the two groups (Table 5). Patients who received < 5 units had an average stay of 5.19 days (P < 0.001)
compared to average stay of 12.47 days for those who received
≥ 5 units (P < 0.001).
Receiving FFP was also found to be statistically different
between the two transfusion groups (Table 1) and an independent predictor of mortality (Table 2). FFP was found to have a
corresponding HR of 3.25 (CI 1.91 - 5.53, P < 0.001) (Table 6
and Fig. 2).

Discussion
Blood transfusion protocol has been a contested topic for many
years, especially in the elderly patient population. Blood products carry their own mortality risks with increased inflammatory markers, coagulopathy, immunosuppression and infection
potential. In addition, elderly patients carry their own mortality risks, such as a delicate physiology and increased comorbidities. Clinical protocols and literature have argued for both
restrictive and liberal transfusion protocol for elderly trauma
patients, making it difficult to decipher best practice for this
patient population.
Some literature supports a more restrictive transfusion
protocol. Mostafa et al, in his retrospective review of patients
who received blood transfusion in the first 24 h after injury,
indicated higher mortality risk with increased PRBC transfusion volume in elderly patients when compared to the younger
population [10]. Their analysis demonstrated that the mean
packed cell transfusion volume for all survivors decreased
significantly with age [10]. Furthermore, Veenith et al indicated in their research similar results [11]. Their retrospective
cohort study demonstrated increased duration of stay in the
intensive care unit and increased odds ratio of mortality with
increased transfusion amounts after considering EuroSCORE
and body mass index for elderly patients following cardiac
surgery [11].
Conversely, other studies support a more liberal resuscitation approach. Mitra et al, in a retrospective review in a level
I trauma center, demonstrated in their analysis a total of 20
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Table 1. Characteristics of Transfused Elderly Trauma Patients
Transfused study population (N = 94)

Survivor (N = 59)

Non-survivor (N = 35)

  Mean

8.80

11.46

4.37

  Median

6.0

9

1

  Range

1 - 37

1 - 37

1 - 25

  SD

8.60

8.99

5.87

  Mean

77.73

78.22

76.80

  Median

78.0

79.0

77.0

  Range

65 - 101

65 - 97

65 - 101

  SD

8.32

8.15

8.66

Female (%)

60.22

58.62

62.86

0.6551

Male (%)

39.78

41.38

37.14

0.6551

PRBC (% received)

66.67

67.2

65.71

0.8813

FFP (% received)

33.33

24.13

48.57

0.0152

Platelets (% received)

3.73

29.31

28.57

0.9402

LOS (days)

P value
< 0.001

Age (years)

0.2262

Total no. of products

0.0044

  Mean

3.73

2.87

5.14

  Median

2.5

2

5.5

  Range

1 - 20

1 - 12

1 - 20

  SD

4.05

2.41

8.20

Blunt injury (%)

92.47

93.11

97.14

< 0.0001

Penetrating injury (%)

7.53

6.89

2.86

< 0.0001

Received ≥ 5 units (%)

19.52%

12.06%

45.71%

0.0002

  Mean

19.13

16.13

25.11

  Median

17

14

25

  Range

1 - 75

1 - 43

9 - 75

  SD

10.47

8.19

11.52

ISS ≥ 16 (%)

37.63

43.10

85.71

ISS

< 0.001

< 0.001

LOS: length of hospital stay; SD: standard deviation; PRBC: packed red blood cell; FFP: fresh frozen plasma; ISS: injury severity score.

(39.2%) deaths in an elderly massively transfused patient population compared to 55 (21.1%) deaths among younger masTable 2. Cox Proportional Analysis: Independent Predictors of
Mortality

sively transfused patients [12]. These results counteract a restrictive transfusion strategy, instead demonstrating survival to
hospital discharge in elderly patients receiving massive transfusions after trauma despite the mortality risks. Simon et al in
their systematic review and meta-analysis similarly agreed that
liberal transfusion strategies might produce better outcomes in
geriatric patients than restrictive transfusion strategies [13].
Our retrospective study at a level II trauma center furthers

Variable

Hazard ratio

P value

Age (per year)

1.0232

0.05

Gender

1.5

0.048

Number of units received

1.52

< 0.001

Received FFP

14.73

< 0.001

Transfusions

Hazard ratio

P value

95% CI

ISS

1.233

< 0.001

< 5 Units

2.48

0.01

1.46 - 4.20

Severe injury (ISS > 16)

17.732

< 0.001

≥ 5 Units

6.27

< 0.001

3.62 - 10.88

FFP: fresh frozen plasma; ISS: injury severity score.

Table 3. Hazard Ratio for Transfusion Groups

CI: confidence interval.
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Figure 1. Kaplan-Meier 40-day survival curves according to transfusion volume.

this discussion by focusing on the effect of blood transfusion
volume on elderly trauma patients, in terms of mortality and
LOS. Specifically, our study wanted to explore a threshold value of blood products, where risk outweighed benefit, a topic
not previously researched in other studies.
Using the Youden J coefficients, a threshold value of 5
units of blood products was found to be the cut-off value where
there was an increased mortality risk and LOS. When comparing survivors with non-survivors in the transfused patient
population, 12.06% of survivors compared to 45.71% of nonsurvivors received ≥ 5 units of blood products with a P value
of < 0.001.
ISS could affect the amount of blood products given. Our
study, however, took this into account and our analysis consistently showed that 5 units of blood products had an almost three
times increase in mortality risk regardless of ISS (Table 4) and
an almost over two times increase in LOS when compared to
those who received < 5 units. LOS is of serious concern in the
healthcare field. An increase in LOS increases the risk for hospital-acquired infections, cost and other complications among
patients, prompting clinicians to reduce hospital days across
the board when possible.
Table 4. ISS Stratified by Transfusion Group

Furthermore, these results support the concept that elderly patients have a delicate physiology and that even a small
amount of transfusion volume could increase the risk for adverse outcomes. Although 5 units is not the absolute cut-off
value for transfusion when it comes to the elderly population,
this study continues the conversation of being more conservative when it comes to giving blood products to elderly trauma
patients. Receiving FFP was also found to be an independent
predictor of mortality and had a significantly increased HR
when compared to those who did not receive FFP. This result should be considered in light of current increased use of
novel anticoagulants in elderly patients, pushing more FFP to
be given during transfusion. Furthermore, the increased use of
novel anticoagulants due to medical conditions, such as cardiac disease, raises the potential to study the effect of comorbidities on transfusion volume and mortality in future studies.
Another potential for future studies takes into consideration
pre-existing coagulopathy prior to transfusion. As no pointof-care mechanism exists in the trauma setting, it is difficult
to determine if coagulopathy is apparent. Some centers use
thromboelastography as a method to assess potential coaguTable 5. LOS Based on Transfusion Volume
Transfusions

LOS

P value

95% CI

Transfusions

< 5 Units

≥ 5 Units

P value

< 5 Units

5.19

< 0.01

3.68 - 6.70

Mean ISS

18.629

22.217

0.1475

≥ 5 Units

12.47

< 0.01

8.37 - 16.56

ISS: injury severity score.
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LOS: length of hospital stay; CI: confidence interval.
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independent predictor of mortality.

Table 6. Hazard Ratio
Received FFP

Hazard ratio

P value

95% CI

3.25

< 0.001

1.91 - 5.53

FFP: fresh frozen plasma; CI: confidence interval.

lopathy in patients. Future research could be aimed at using
these quantifiable values in further elucidating guidelines in
trauma management. Lastly, transfusion triggers should also
be considered in future studies. Future studies should analyze
baseline hemoglobin and hematocrit, lactate levels, blood pressure, central venous oxygen saturation and base deficit prior to
transfusion and see their effects on amount of blood products
given and consequently mortality.
Our study has certain limitations and weaknesses. There
was a relatively small transfusion population studied (n = 94).
Timetable of transfusion should also be looked at, specifically
when the products were administered and how that affected
mortality. Furthermore, our data are only generalizable to
patients over 65 years of age and we did not consider other
comorbidities. While there is a correlation between FFP and
mortality, we cannot determine a causal relationship. A randomized, case-matched study could be designed to tease out
this relationship.
Conclusions

Clinical significance
When it comes to the debate of liberal versus restrictive transfusion strategies, especially when it comes to elderly trauma
patients, our study’s results overall support a more restrictive
transfusion strategy.
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Figure 2. Figure 2. Kaplan-Meier 100-day survival curves according to FFP transfusion. FFP: fresh frozen plasma.
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