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Impact of the age of stored blood on trauma 
patient mortality: a systematic review

Background: The impact of the age of stored red blood cells on mortality in patients 
sustaining traumatic injuries requiring transfusion of blood products is unknown. The 
objective of this systematic review was to identify and describe the available literature 
on the use of older versus newer blood in trauma patient populations.

Methods: We searched PubMed, Embase, Lilac and the Cochrane Database for 
published studies comparing the transfusion of newer versus older red blood cells in 
adult patients sustaining traumatic injuries. Studies included for review reported on 
trauma patients receiving transfusions of packed red blood cells, identified the age 
of  stored blood that was transfused and reported patient mortality as an end point. 
We extracted data using a standardized form and assessed study quality using the 
 Newcastle–Ottawa Scale.

Results: Seven studies were identified (6780 patients) from 3936 initial search results. 
Four studies reported that transfusion of older blood was independently associated 
with increased mortality in trauma patients, while 3 studies did not observe any 
increase in patient mortality with the use of older versus newer blood. Three studies 
associated the transfusion of older blood with adverse patient outcomes, including 
longer stay in the intensive care unit, complicated sepsis, pneumonia and renal dys
function. Studies varied considerably in design, volumes of blood transfused and def
initions applied for old and new blood.

Conclusion: The impact of the age of stored packed red blood cells on mortality in 
trauma patients is inconclusive. Future investigations are warranted.

Contexte : On ne connaît pas l’incidence de la durée de stockage des globules rouges 
sur la mortalité des patients atteints de lésions traumatiques qui ont besoin de transfu
sions de produits sanguins. L’objectif de cette revue systématique était de trouver et 
d’analyser la documentation scientifique qui compare les transfusions de sang chez les 
patients adultes victimes de trauma en fonction de la durée de stockage du sang.

Méthodes  : Nous avons effectué des recherches sur PubMed, Embase et Lilac et 
dans la Cochrane Database of Systematic Reviews. Les études retenues portaient sur 
des transfusions de concentré de globules rouges chez les patients atteints de lésions 
traumatiques, tenaient compte de la durée de stockage du sang transfusé et faisaient 
état des décès de patients. Nous avons extrait les données à l’aide d’un formulaire nor
malisé et évalué la qualité des études selon l’échelle Newcastle–Ottawa.

Résultats  : Nous avons sélectionné 7 études (totalisant 6780 patients) parmi les 
3936 ré sultats de la recherche initiale. D’un côté, 4 études rapportaient que la transfu
sion de sang dont la durée de stockage était longue était indépendamment associée à 
l’augmentation de la mortalité chez les patients atteints de lésions traumatiques; de 
l’autre, 3 études ne faisaient état d’aucune augmentation de la mortalité en fonction de 
la durée de stockage du sang transfusé. Trois études associaient la transfusion de sang 
stocké depuis longtemps à des résultats indésirables, notamment un séjour prolongé 
aux soins intensifs ainsi que la septicémie compliquée, la pneumonie et l’insuffisance 
rénale. Le modèle d’étude, le volume des transfusions et les définitions de ce qui con
stitue une longue ou une courte durée de stockage du sang variaient considérablement 
d’une étude à l’autre.

Conclusion : Les résultats de cette revue systématique des effets de la durée de stock
age des concentrés de globules rouges sur la mortalité des patients atteints de lésions 
traumatiques ne sont pas concluants. D’autres recherches devront être menées pour 
éclaircir la question.
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T he transfusion of packed red blood cells (pRBCs) is 
considered a cornerstone principle for the manage-
ment of traumatically injured patients.1,2 In cases of 

both blunt and penetrating trauma, the loss of intravascular 
blood volume is a common occurrence — so much so that 
any degree of hemodynamic instability is assumed to reflect 
hemorrhage.3 Although crystalloid intravenous fluids are 
often used in these patients to establish hemodynamic stabil-
ity, the early administration of pRBCs has also been advo-
cated.4,5 However, the use of donor blood products is not 
without risk of complication. Recent investigations in car-
diac surgery,6,7 interventional cardiology8 and critical care9–12 
have determined that the transfusion of older pRBCs is 
associated with increased adverse events, including increased 
mortality. Although the exact mechanism responsible for 
this is unknown, it is thought that structural, biochemical 
and immunologic changes occur within RBCs during their 
storage (also known as “storage lesion”) and that these 
changes limit the benefits of pRBC transfusions.13–15

Previous studies investigating the age of transfused blood 
in patients with traumatic injury have yielded inconsistent 
results.16–18 To our knowledge, no systematic review cur-
rently exists that exclusively examines the impact of the age 
of transfused RBCs on mortality in the trauma patient popu-
lation, although other patient populations have been investi-
gated.19–24 The objective of this review was to assess the avail-
able evidence for the impact of the age of stored RBCs given 
as transfusions in the trauma population on patient mortality.

Methods

Literature search

A systematic search of PubMed (1966 to February 2014), 
Embase (1974 to February 2014), Cochrane and Lilac 
databases was executed in February 2013 and updated in 
February 2014. We examined all articles describing the 
transfusion of stored pRBCs in a trauma patient popula-
tion and reporting on the age of the blood transfused or 
the duration for which it was stored. Our a priori outcome 
was all-cause mortality, although this was not specified in 
the original search parameters in order to conduct a broad 
and exhaustive search that identified all relevant investiga-
tions. A university librarian assisted with the development 
of the search strategy. Our specific research question was 
the following: In patients sustaining traumatic injuries 
presenting to an emergency department or trauma centre 
and requiring transfusion of pRBCs during their initial 
management, does the age of the transfused blood prod-
ucts subsequently have an impact on patient mortality? 
Search terms (medical subject headings, Emtree headings 
and free text words) related to trauma patients, age of 
stored blood, transfusion of pRBCs and patient mortality 
were used with Boolean logic to identify all potentially 
relevant articles. No language restrictions were applied.

Study eligibility criteria were determined a priori and 
used to review citations for relevant studies. Criteria for 
inclusion were the following: the study was specific to 
blunt and/or penetrating trauma population, the study 
population received a transfusion of RBCs, the age of the 
transfused blood products was described and the study 
included the end point of patient mortality. All citations 
were reviewed in accordance with these criteria. As pRBCs 
are the most frequently transfused blood product in the 
trauma population, we limited our search to studies that 
examined the storage age of RBCs; studies that focused on 
the transfusion of other blood products, such as platelets or 
plasma, were excluded.

A single author (N.S.) initially reviewed the titles of 
all studies identified using the search strategy. Studies 
that were not relevant and any duplicate articles were 
excluded. Two of us (N.S. and P.F.) independently 
reviewed the abstract and/or full text of publications 
related to both the trauma population and the receipt of 
blood products. Studies that met all of the eligibility cri-
teria were then reviewed by a third author (R.G.) for 
inclusion. Any discrepancies regarding the selection of 
articles for inclusion were resolved by consensus among 
the study authors.

Study selection

Our study population was trauma patients of any age who 
received a transfusion of RBCs at an emergency depart-
ment or trauma centre. We included any randomized con-
trolled trial, case–control series or cohort study that met 
the eligibility criteria. In addition, previously published 
review papers or meta-analyses related to RBC storage 
lesions including but not specific to the trauma population 
were reviewed to identify additional studies.

Our primary outcome of interest was patient mortal-
ity. Secondary outcomes included intensive care unit 
(ICU) admission and length of stay, renal failure, severe 
sepsis and multiorgan failure, deep vein thrombosis 
(DVT) and any other complications that were reported. 
Since a standard definition for the age of stored blood 
does not currently exist, we also extracted the definition 
that was used for the age of stored blood from each 
included study.

Critical appraisal of included studies

The quality of all included studies was assessed independ-
ently by a single blinded author (M.E.) using the 
 Newcastle–Ottawa Quality Assessment Scale for cohort 
studies.25 Studies were evaluated based on their selection 
of study groups, their comparability and their assessment 
of the outcome of interest. A score was calculated for each 
study, with a maximum score of 9 representing the highest 
methodological quality.
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Data extraction

Data elements were evaluated for all publications independ
ently by a single nonblinded author (N.S.) using a standard
ized data collection form. Extracted information included the 
year and country of publication, patient age and sex, inclu
sion and exclusion criteria, primary and secondary outcomes, 
definitions of old versus new blood, injury severity scores 
(ISS), blunt and penetrating trauma population distribution 
and strength of association (odds ratios [OR], relative risks 

[RR]) between the age of transfused blood and outcomes of 
interest. Our intent was to perform a metaanalysis of previ
ous studies. Only data explicitly stated in the manuscript of 
included studies were extracted. Study authors were con
tacted when clarification of data was required.

Results

Seven studies met all of our selection criteria (Fig. 1). We 
excluded 289 studies because they did not report the age of 

Fig. 1. Study selection.

References identi�ed by 
literature search:

2781 PubMed
1095 Embase
37 Cochrane

23 Lilac

296 abstracts/full text articles 
reviewed

3936 titles screened

7 studies included for analysis

Excluded n = 3640
• duplicates, animal studies, laboratory 

studies, or not relevant to study 
population

Excluded n = 291
• 256 no age of blood
• 8 meta-analyses or review 
• 18 not speci�c to trauma
• 7 no mortality endpoint
• 1 feasibility study
• 1 premature termination

2 articles included from 
bibliographic review
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transfused blood or storage lesion (n = 256), they were 
review articles or meta-analyses (n = 7), they were not spe-
cific to the trauma population (n = 18), they lacked report-
ing of mortality as an end point (n = 7), or the study was 
prematurely terminated owing to logistical issues at the 
investigation site (n = 1). Three of these studies that are rel-
evant in the trauma literature on this subject were excluded 
because the primary outcome measured was not mortal-
ity.17,26,27 We identified 2 additional studies through biblio-
graphic review of included studies;28,29 neither was included 
for analysis (bringing the total number of excluded studies 
to 291) because 1 was a review article and 1 a feasibility 
study. Our search strategy is shown in  Figure 2.

Study characteristics and design

Table 1 summarizes the characteristics and design of the 
7  included studies,30–36 representing a total of 
6780 patients. All included studies were single-centre ret-
rospective cohort studies performed at trauma centres in 
the United States and published between the years 2005 
and 2010. Studies were limited to adult patients, a major-
ity of whom had incurred blunt trauma (range 74.4%–
100%). All studies reported all-cause in-hospital mortality 
as a primary outcome. The mean ISS varied between 14.4 
and 26.3,30,32–34 and the median ISS varied between 18 and 
29.31,35,36 Overall mortality ranged from 2.7% to 20.3%.

Fig. 2. Search strategy for PubMed.

 (((((("randomized controlled trial"[Publication Type] OR "controlled clinical trial"[Publication Type] OR randomized[tiab] OR 
placebo[tiab] OR randomly[tiab] OR trial[tiab] OR groups[tiab])) OR ("Case-Control Studies"[Mesh] OR "Control 
Groups"[Mesh] OR (case[TIAB] AND control[TIAB]) OR (cases[TIAB] AND controls[TIAB]) OR (cases[TIAB] AND 
controlled[TIAB]) OR (case[TIAB] AND comparison*[TIAB]) OR (cases[TIAB] AND comparison*[TIAB]) OR "control 
group"[TIAB] OR "control groups"[TIAB])) OR (cohort[TIAB] OR Cohort Studies[Mesh] OR longitudinal[TIAB] OR 
prospective[TIAB] OR retrospective[TIAB])) and ((((((((((((((((((aged[tw]))) OR (time[tw])) OR (stored[tw])) OR (storage[tw])) 
OR (duration[tw])) OR ("older red blood cells"[tw] OR "older rbc"[tw] OR "older blood"[tw] AND "older erythrocytes"[tw])) 
OR ("old erythrocytes"[tw] OR "old red blood cells"[tw] OR "old rbc"[tw] OR "old blood"[tw])) OR ("blood preservation"[mh])) 
OR ("time factors"[mh]))))) AND ((((((((((((((("Blood Transfusion"[Mesh])) OR (transfused blood[tw])) OR (component 
exchange[tw] OR component exchanges[tw] OR component exchanged[tw])) OR (erythrocyt*[tw] AND (transfus*[tw] OR 
exchange*[tw]))) OR ("red cell"[tw] AND (transfus*[tw] OR exchange*[tw]))) OR (transfused cell*[tw])) OR ("transfused 
red blood cells"[tw])) OR ("packed cells"[tw])) OR ("packed red blood cells"[tw]))))) OR (blood transfus*[tw])) OR (blood 
exchange*[tw]))) AND (((((((((((((wound*[tw])) OR (trauma*[tw])) OR (injur*[tw])) OR (fracture*[tw])) OR (burn*[tw])) OR 
(stab[tw] OR stabbed[tw] OR stabbing[tw] OR stabbings[tw] OR stabs[tw])) OR (shot*[tw])) OR (shoot*[tw])) OR 
(lacerat*[tw])) OR (accident*[tw])) OR ("wounds and injuries"[mh])) OR ("trauma centers"[mh])))) NOT (((animals[mh])) NOT 
(humans[mh])) AND (English[lang])))) AND ("1966/01/01"[Date - Publication] : "2014/02/01"[Date - Publication]). 

Table 1. Study and patient characteristics

Study

Characteristic Hassan et al.31 Murrell et al.36 Phelan et al.35 
Spinella  
et al.32

Weinberg  
et al.33

Weinberg  
et al.30 

Weinberg  
et al.34

No. of patients 820 275 399 202 1813 1624 1647

Study type R, C, SC R, C, SC R, C, SC R, C, SC R, C, SC R, C, SC R, C, SC

Age, yr, mean or median [IQR] 40 37 [22–53] 41.6 46.5 41 43.2 41.3

Male sex, % 67 67 78.2 74.8 65 70.6 66.7

Blunt mechanism, % 89 NR 76.4 92.6 76 100 74.4

ISS, mean (range) or median [IQR] 27 [18–34] 18 [10–29] 29 [22.0–39.5] 24 (13.5–34) 26 (NR) 14.4 (1–24) 26.3 (NR)

Overall mortality, % 14 19 19.5 20.3 10 17.7 2.7

Inclusion criteria Transfusion in 
ICU within 

24 hr

Transfusion of 
≥ 1u pRBC

Transfusion 
≥ 6u pRBC, 

surviving 48 hr

Transfusion  
≥ 5u pRBC, 

ICU admission

Transfusion
≥ 1u pRBC

in 24 hr

ISS < 25, no 
pRBC given in 
first 48 hr, ICU 

admission

Transfusion 
≥ 1u pRBC in 

24 hr

Exclusion criteria NR NR NR Patients who 
died in the ED

Patients who 
died within the 
first 24–48 hr

Patients who 
died within 

first 24–48 hr

Patients given 
new and old 
blood in first 

24 hr

New blood definition, d in storage ≤ 14 Variable Mean 14 < 28 < 14 < 14 < 14

Old blood definition, d in storage > 14 Variable Mean 21  ≥ 28 ≥ 14 ≥ 14 ≥ 14

Total pRBC units transfused, 
mean ± SD, mean (range) or 
median [IQR]

6 [4–11] 3 [2–6] 16.5 ± 16.3 9 [6–12.5] 4.9 (NR) 5.2 (1–104) 3.2 ± 1.8

C = cohort; ED = emergency department; ICU = intensive care unit; ISS = injury severity score; IQR = interquartile range; NR = not reported; pRBC = packed red blood cells; R = 
retrospective; SC = single centre; SD = standard deviation; u = unit(s).
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Definitions for the age of stored blood varied among the 
7 studies. Blood was considered old if it was in storage 
14 days or longer,30,33,34 longer than 14 days,31 or 28 days or 
longer.32 One study35 used the mean age of all units received 
within 14 days to define new blood and the mean age of all 
units stored 21 days or longer to define old blood, and 
1 study36 developed a composite variable that was defined by 
the proportionate age of each blood unit averaged over all 
units transfused and then multiplied by the total number of 
units transfused. The 7 studies also differed considerably in 
their eligibility criteria and the volume of pRBCs transfused. 
Owing to the heterogeneity in study design and populations, 
it was not possible to perform a meta-analysis. All studies 
were of high quality based on the Newcastle–Ottawa Scale, 
scoring at least 7 out of a possible 9 points (Table 2).

Age of transfused blood and trauma patient 
outcomes

The age of transfused blood and its association with 
trauma patient outcomes is summarized in Table 3. Evi-
dence for an association between the age of blood and in-
hospital mortality was conflicting, as 4 studies30,32–34 found 
transfusion of older blood to be associated with increased 
mortality in trauma patients, while 3 studies31,35,36 reported 
no increase in mortality associated with older versus 
newer blood. Two studies transfused RBCs that had been 
leukoreduced before storage; 1 study35 reported no 
increased risk of death associated with transfusion of 
prestorage leukoreduced RBCs but could not determine 
whether the effect on mortality was neutral or protective, 
and another study33 reported increased mortality associ-
ated with transfusion of older blood despite universal 
 leukoreduction.

In addition to the outcome of mortality, some studies 
investigated additional patient outcomes and their associa-
tion with the age of transfused blood. One study31 exam-
ined the incidence of complicated sepsis and reported that 
after controlling for age, sex, ISS and total pRBC units 
transfused, the administration of older blood was signifi-
cantly associated with the development of complicated 
sepsis (OR 1.9, 95% confidence interval [CI] 1.1–3.4). 
Another study32 looked at the incidence of DVT and 
found it to be higher in patients transfused with older 
blood than in patients receiving newer blood (17 of 39 
[43.6%] v. 7 of 44 [15.9%], p = 0.006). A third study36 
examined patient length of stay in the ICU and the 
requirement for ICU care and reported that patients 
receiving older blood had significantly longer ICU stays 
than patients receiving newer blood (RR 1.15, 95% CI 
1.11–1.20) but did not have significantly greater need for 
ICU care. One of the included studies30 focused on out-
comes in less severely injured patients and reported that 
the transfusion of older blood was associated with renal 
dysfunction (OR 1.12, 95% CI 1.02–1.23) and pneumonia 
(OR 1.10, 95% CI 1.04–1.17) but was not significantly 
associated with acute respiratory distress syndrome.

Discussion

We have conducted, to our knowledge, the first system-
atic review examining the impact of the age of trans-
fused RBCs on trauma patient mortality. Our broad 
search strategy identified 7  studies from the published 
literature involving a total of 6780 patients. Within 
these 7 studies, there was substantial heterogeneity in 
the applied defin itions for old versus new blood. The 
storage time after which new blood was defined as old 

Table 2. Quality assessment of included studies

Study*

Factor
Hassan  
et al.31

Murrell  
et al.36

Phelan  
et al.35

Spinella  
et al.32

Weinberg  
et al.33

Weinberg 
et al.30

Weinberg  
et al.34

Selection

Representativeness of the exposed cohort « « « « « « «

Selection of the nonexposed cohort « « « « « « «

Ascertainment of exposure « « « « « — «

Demonstration the outcome of interest not present at  
   start of study

« « « « « « «

Comparability

Comparability of cohorts on basis of design or analysis «« «« «« «« «« «« ««

Outcome

Assessment of outcome « « « « « « «

Was follow-up long enough for outcomes to occur « « « « « « «

Adequacy of follow up of cohorts — — — « — — —

Total score 8 8 8 9 8 7 8

*Based on the Newcastle–Ottawa Quality Assessment Scale for cohort studies, each study was awarded a maximum of 1 star for each item within the Selection and Outcome categories, 
and a maximum of 2 stars for the Comparability category. Total scores for each study were calculated by adding 1 point for each star awarded, with a maximum possible score of 9.
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blood ranged from 14 to 28 days. Studies also varied in 
the volume of blood transfused, ranging from 1 to 
6  units. Conclusions drawn from individual studies on 
the impact of the age of stored blood on patient mortal-
ity ranged from neutral to negative. Overall, the results 
of the 7 studies included in this review are inconclusive 
with regards to the effect of the age of stored RBCs on 
trauma patient mortality.

The early transfusion of blood products, often as part of a 
massive transfusion protocol, and the avoidance of large vol-
ume crystalloid resuscitations has become the standard of 
care in critically ill patients.37 Research into the impact of 
the age of stored RBCs in a variety of patient populations 
has evolved over the past decade. Studies from the cardiac 
surgery literature have generally shown mixed results; how-
ever, several large retrospective studies have demonstrated 
increased mortality in patients transfused with older blood.6,7 
Recently, 2 large studies in cardiology patients, including 
1 study of patients undergoing percutaneous coronary inter-
vention (PCI), demonstrated increased mortality in patients 
receiving transfusions of older blood.38,39 Within the critical 
care literature, there are a number of smaller retrospective 
studies that have been performed, some of which included 
trauma patients and reported mixed results regarding the 

impact of older blood on patient mortality. In a multicentre 
observational study of 757 ICU patients, an increase in mor-
tality was observed for patients who were transfused with 
older blood.40 The age of blood evaluation (ABLE) study is a 
double-blind, multicentre, parallel randomized controlled 
clinical trial of 2510 critically ill adults that is currently 
underway in 3 countries (Canada, France, United Kingdom) 
to test if transfusion with RBCs stored for 7 days or less is 
associated with lower 90-day mortality than transfusion with 
standard-issue RBCs (2–42 days of storage).41 If a difference 
is found, the results of the ABLE study will be applicable to 
critically ill adults but not to other patients.

In Canada, the supply of red blood cells is based on public 
donation through hospital-based or national organizations, 
such as Canadian Blood Services. Current practice in Canada 
is to transfuse older blood first to avoid waste. However, once 
blood donation has occurred it must be stored, and RBCs are 
known to undergo a series of physical and biochemical 
changes during storage, which are collectively known as “stor-
age lesion.”13–15 These changes include degradation of eryth-
rocytic 2,3-diphosphoglycerate (2,3-DPG), which diminishes 
the binding affinity of RBCs for oxygen.14 Storage lesion also 
includes depletion of cellular adenosine triphosphate (ATP) 
stores, which reduces the ability of sodium–potassium 

Table 3. Association between the age of transfused blood and trauma patient outcomes

Study
Age of blood transfused* 

(quantity) Outcome OR (95% CI) RR (95% CI)

Hassan et al.31 Old (≥ 7u) Mortality NS —

Old (≥ 7u) Complicated sepsis 1.9 (1.1–3.4) —

Murrell et al.36 Old In-hospital mortality NS —

Old Need for ICU care NS —

Old Longer ICU stay — 1.15 (1.11 – 1.20)

Phelan et al.35 Mean 14 d Mortality 0.426 (0.182 – 0.998) —

Mean 21 d Mortality 0.439 (0.225 – 0.857) —

Spinella et al.32 Old (≥ 5u) In-hospital mortality 4.0 (1.34 – 11.61) —

Old (≥ 10u) In-hospital mortality 8.9 (2 – 40) —

Weinberg et al.33 Old (overall) Mortality NS —

Old (1–2u) Mortality NS —

Old (≥ 3u) Mortality 2.18 (1.00 – 4.97) —

Weinberg et al.30 New Mortality NS —

Old Mortality 1.12 (1.02 – 1.23) —

New Renal dysfunction NS —

Old Renal dysfunction 1.18 (1.07 – 1.29) —

New Pneumonia NS —

Old Pneumonia 1.10 (1.04 – 1.17) —

New ARDS NS —

Old ARDS NS —

Weinberg et al.34 1–2u old v. new In-hospital mortality — NS

≥ 3u old v. new In-hospital mortality — 1.57 (1.14 – 2.15)

ARDS = acute respiratory distress syndrome; CI = confidence interval; ICU = intensive care unit; OR = odds ratio; NS = not significant; RR = 
relative ristk; u = unit(s).  
*Based on individual study definitions for old and new blood.
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 channels, glucose transport and oxidative stress defence 
mech anisms to function.42,43 Additionally, the shape of the 
RBC degrades in a linear fashion from typical biconcave discs 
to spiculated echinocytes to spherocytes, increasing viscosity, 
reducing the ability to transverse small capillary beds, and 
increasing cell aggregation and potentially thrombus forma-
tion, as well as proinflammatory and prothrombotic effects of 
free heme from hemolysis of stored RBCs.43 These changes 
are thought to have adverse effects on or limit cell survival in 
patients who receive transfusions of older blood. Historically, 
donor leukocyte contamination was thought to illicit adverse 
responses from the recipient’s immune system; however, since 
pretransfusion leukoreduction is now standard practice, this 
risk has largely been negated.14

In the trauma patient population, we identified 4 single-
centre retrospective studies examining the impact of storage 
lesion using a cutoff of 14 days to denote old blood. While 
studies have varied in their inclusion criteria, particularly the 
number of units transfused, there is a trend toward studies 
reporting an increase in adverse patient outcomes following 
transfusion of older blood, including multiorgan failure,26 
longer ICU/hospital length of stay,27 pneumonia44 and other 
major infections17,45 and all-cause mortality.30,32–34 Trauma 
patients who receive large volumes of blood as part of mas-
sive transfusion protocols may have an increased risk of death 
compared with those who receive smaller total volumes of 
old blood, suggesting that a dose effect of older blood may 
exist for various outcomes.28 Three of the studies32–34 
included in our review suggested that an increased overall 
volume of transfused blood likely reflects greater injury with 
an inherent increase in mortality. Within the transfusion lit-
erature, a standardized definition of old versus new blood 
does not exist. The most commonly used cutoff reported in 
published studies is 14 days, which dichotomizes all trans-
fused pRBCs into 1 of 2 treatment arms. This cutoff is 
derived from several biochemical laboratory studies demon-
strating that physiologic changes occur within stored blood, 
and that after 14 days in storage these changes may have a 
negative impact in transfusion recipients.43 We identified 
only 1 study35 that analyzed the mean age of blood as a con-
tinuous variable. Within our included studies, there was con-
siderable variability among the definitions used for the age of 
blood in storage, making it difficult to compare studies since 
blood considered to be old in one study would be considered 
new in another. Examining the age of transfused blood as a 
continuous variable may help to identify whether or not a 
transition age between new and old actually exists. Consist-
ency of a clear definition for the age of stored blood is para-
mount for further research within the field.

Limitations

It is important to note that 3 of the included studies30,33,34 
accounted for the majority of patients (5084 of 6780) and 
were all performed at the same institution and using the 

same database. After discussion with the lead investigator 
of these 3 studies, it is likely that some patients were 
included in multiple studies. However, because the inclu-
sion criteria were different and there was not substantial 
overlap of patients, we chose to include all patients from 
these 3 studies in our review.

As with all systematic reviews, the quality of our study is 
based on the quality of our initial literature search. To avoid 
missing any potentially appropriate studies during our search, 
we purposefully kept our search terms broad in order to gen-
erate wide search results, which were then reviewed. For 
example, we did not require any specifics regarding trauma as 
a search term. We were not specific in our initial search for 
age of blood or storage lesion, as these are not universally 
used terms; instead, we manually selected studies with those 
terms during the search. Furthermore, there was substantial 
heterogeneity in study design, eligibility criteria, volumes of 
transfused blood and definitions used for old and new blood 
across all 7 studies. These limitations draw into question the 
generalizability of these study results and reinforce the need 
to establish standard definitions for the age of stored blood.

Clinical relevance

Transfusion of RBCs is a key management principle in the 
traumatically injured patient. Previous findings suggest the 
transfusion of older RBCs is associated with adverse effects. 
If the transfusion of older blood in trauma patients is asso-
ciated with poor patient outcomes, it may promote the use 
of newer blood in this high-risk patient population. Several 
studies have shown that the negative effects of transfusing 
older blood are more significant when larger volumes of 
blood are transfused, although the true effect is currently 
unknown. However, should a properly conducted clinical 
investigation demonstrate that the transfusion of older 
blood negatively impacts patient outcomes, transfusion 
strategies targeting the use of new blood in trauma patients 
would represent an important shift in clinical practice.

ConClusion

The literature on the impact of the age of transfused blood 
on the mortality of trauma patients is inconclusive at present. 
The few studies available differ considerably in design and in 
their definitions for the age of stored blood. Agreement on a 
consensus definition for old and new blood is a crucial step 
toward better understanding the association between the age 
of transfused blood and poor patient outcomes.  
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