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Abstract

Purpose: Patients in the intensive care unit (ICU) are often transfused with red blood cells (RBC). During storage, the
RBCs and storage medium undergo changes, which may have clinical consequences. Several trials now have assessed
these consequences, and we reviewed the present evidence on the effects of shorter versus longer storage time of
transfused RBCs on outcomes in ICU patients.

Methods: We conducted a systematic review with meta-analyses and trial sequential analyses (TSA) of randomised
clinical trials including adult ICU patients transfused with fresher versus older or standard issue blood.

Results: We included seven trials with a total of 18,283 randomised ICU patients; two trials of 7504 patients were
judged to have low risk of bias. We observed no effects of fresher versus older blood on death (relative risk 1.04, 95%
confidence interval (Cl) 0.97-1.11; 7349 patients; TSA-adjusted Cl 0.93-1.15), adverse events (1.26, 0.76-2.09; 7332
patients; TSA-adjusted Cl 0.16-9.87) or post-transfusion infections (1.07, 0.96-1.20; 7332 patients; TSA-adjusted Cl
0.90-1.27). The results were unchanged by including trials with high risk of bias. TSA confirmed the results and the
required information size was reached for mortality for a relative risk change of 20%.

Conclusions: We may be able to reject a clinically meaningful effect of RBC storage time on mortality in transfused
adult ICU patients as our trial sequential analyses reject a 10% relative risk change in death when comparing fresher
versus older blood for transfusion.
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Introduction

Patients in the intensive care unit (ICU) are often anae-
mic and 37-44% are transfused with red blood cells
(RBCs) during their ICU admission [1, 2]; higher rates
may be observed in ICU subpopulations (e.g. patients
with sepsis and septic shock [3]).

Storage of red blood cell units

Donated whole blood is separated into blood products,
namely cells (containing erythrocytes and a few leuko-
cytes), plasma and platelets. The blood cells are suspended
in a preservative solution and stored for a maximum of
35-42 days, depending on national regulations. The maxi-
mum storage time is defined by the in vitro amount of
haemolytic cells (aim < 0.8-1%) and surviving donated
RBCs after 24 h in the recipient (aim > 75%) [4]. It is com-
mon practice to use older units first, in order to avoid waste
[5, 6], and the mean storage time for the overall RBC used
in Europe and USA is 16 and 23 days, respectively [7, 8].

Adverse effects of RBC transfusion

When blood is stored, ex vivo rheological and biochemi-
cal changes occur. These changes are uniformly referred
to as the “storage lesion” [9], which gradually develops
with increasing storage time [10, 11]. The RBC becomes
more fragile, and leakage and haemolysis occur more fre-
quently, which leads to free iron, potassium, cytokines
and increasing acidosis of the storage medium. The
stored RBCs change in shape and become less deform-
able [10], and their gas transport ability changes during
storage [12]. Finally, blood flow is affected by storage,
because of an increased number of RBCs adhering to the
endothelium [13] and inhibition of nitric oxide (NO)-
mediated vasodilation [14].

Patients in the ICU may be particularly susceptible to
the deleterious effects of the storage lesion, because the
pro-inflammatory response of critical illness may be
enhanced, and impaired microcirculatory blood flow may
be further affected by transfusion of stored RBCs, result-
ing in tissue hypoxia and organ failure [15]. Therefore, we
conducted a systematic review with meta-analysis and
Trial Sequential Analysis (TSA) to investigate if trans-
fusion with fresher blood compared with that of older
blood would improve patient-centred outcome measures
in adult ICU patients.

Methods

This systematic review was conducted according to the
protocol which was registered in PROSPERO database
(CRD42017065366) and published [16]. We followed the
recommendations by the Cochrane Collaboration [17],
the preferred reporting items for systematic review and

Take-home message

We observed no effect of RBC storage time on mortality in trans-
fused adult ICU patients and we may reject a 10 percent relative risk
reduction of death when comparing fresher versus older blood for
transfusion.

meta-analysis (PRISMA) statement [18], and the grading
of recommendations assessment, development, and eval-
uation (GRADE) guidelines [19].

Eligibility criteria

Only randomised clinical trials (RCTs) were included
in the meta-analyses, but observational studies includ-
ing more than 500 transfused patients were included
for possible detection of rare serious adverse events. We
included studies comparing groups of adults admitted
to an ICU and treated with RBC transfusions of differ-
ent storage time. The ICU patients could be either the
primary patient population or a predefined subgroup in
the trials. Comparator group patients were required to
be transfused with RBCs of longer storage time than the
intervention group. We included all definitions of fresher
and older (or standard-issue) RBCs.

Search strategy

We did not restrict the search by language, date, publica-
tion status or any other study characteristics. The following
electronic databases were searched by one review con-
tributor (SLK): Cochrane Central Register of Controlled
Trials (CENTRAL) in The Cochrane Library, Embase
Ovid, MEDLINE Ovid, Science Citation Index Expanded
(SCI-EXPANDED) and Conference Proceedings Cita-
tion Index—Science (CPCI-S), BIOSIS and CINAHL. The
search strategies are published in the protocol [16].

We manually identified other potentially eligible trials
by using the reference lists of the included studies, other
relevant systematic reviews, and searched the trial regis-
tries. The last search date was 12 September 2017.

Selection of studies

Two review authors (SLR, ABJ) independently selected
studies from the systematic search by title and abstract.
All trials that fulfilled the eligibility criteria were investi-
gated in full text.

Data extraction and management

Two review authors (SLR, ABJ) independently
extracted data from the included studies [standard data
extraction forms in the electronic supplementary mate-
rial (ESM)].
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In case of duplicate, companion publications or mul-
tiple reports of a primary study, we used the most com-
plete dataset combined across all known publications.

Outcomes

Predefined primary outcomes were all-cause mortality
and the proportion of patients with one or more severe
adverse events, as defined by International Conference
on Harmonisation (ICH) guidelines [20]. Secondary out-
comes were health-related quality of life, proportion of
patients with post-transfusion infections occurring after
randomisation, proportion of patients with renal failure,
proportion of patients with thromboembolic events and
economic and blood stock inventory outcomes, all as
defined in the included trials. Outcomes were primarily
assessed at day 90, or at the time point closest to day 90.

Risk of bias assessment
Two review authors (SLR, MBM) assessed the risk of
bias for each included trial separately using the Cochrane
Collaboration’s tool for assessment of risk of bias [17,
21] including the following domains: random sequence
generation (selection bias), allocation sequence conceal-
ment (selection bias), blinding of patients and person-
nel (performance bias), blinding of outcome assessment
(detection bias), incomplete outcome data (attrition
bias), selective outcome reporting (reporting bias), vested
financial interest, other bias risk and overall risk of bias.
In addition, we assessed the domains ‘Blinding of out-
come assessment, ‘Incomplete outcome data’ and ‘Selec-
tive outcome reporting’ for each outcome. On the basis
of this assessment, the included trials and each outcome
result were defined as low risk of bias if all bias domains
were judged as low risk of bias. In regards to blinding, we
judged trials to be of low risk of bias if both the patients
and clinical personnel were blinded, and we accepted
that the blood bank personnel and clinical personnel
who were not involved in the treatment of the patient
were not blinded, because of necessary safety procedures
related to RBC transfusions.

We judged trials to be at ‘overall high risk of bias’ if they
were assessed as having uncertain or high risk of bias in
one or more of the above domains.

Grading quality of evidence

In accordance with the GRADE approach [19], we
assessed the overall quality of evidence for each outcome
measure. We evaluated the quality of evidence and our
confidence in the effect estimates on the basis of trial
design, quality, consistency and directness. Additionally
imprecision and high risk of reporting bias were contrib-
uting factors in the quality assessment. Accordingly, we

rated the overall quality of evidence as “high’, “moderate’,
“low” or “very low”.

Statistical analysis

We calculated the summary estimates using Review
Manager (RevMan, version 5.3, Copenhagen: The Nor-
dic Cochrane Centre, The Cochrane Collaboration, 2014)
and TSA program version 0.9 beta (www.ctu.dk/tsa)
[22]. We used a P value of 0.05/[(2 + 1)/2] = 0.033 or
less as statistically significant in the analyses of the pri-
mary outcomes [23, 24], and we used a P value of 0.05/
[(5+ 1)/2] =0.017 or less as statistically significant in the
analyses of the secondary outcomes [23].

Dealing with missing data

We used the results of the analyses in the intention-to-
treat populations of the trials and tried to obtain missing
outcome data from the authors. If trials had non-obtaina-
ble missing outcome data, we performed sensitivity anal-
yses using imputations of missing outcome data in best
worst-case and worst best-case scenarios.

Assessment of heterogeneity

We identified statistical heterogeneity by inspecting the
Forest plots and the estimates of the diversity (D?) [25]
and inconsistency (1) statistics. D* is a different hetero-
geneity measure than /> and accounts for the total relative
reduction in variance, when changing the model from
random-effects model to fixed-effects model [25]. In this
way, D? can adjust for the required increase in informa-
tion size due to heterogeneity. In case of substantial
clinical, methodological and statistical heterogeneity, we
would not report the results as pooled effect estimates
in a meta-analysis. If > = 0, we would use and report a
fixed-effects model [26, 27], and if > > 0, we would use
and report both a fixed- and random-effects model [26,
28, 29]. If the intervention effects differed in the two
models, we would emphasize the most conservative esti-
mate (point estimate closest to the null effect), and if the
intervention effects were approximately equal in the two
models, we would emphasize the result with the widest
confidence interval [23].

Subgroup analyses

We planned to report a subgroup analysis of trials with
overall low risk of bias versus overall high or unclear risk
of bias, and to compare estimates of the pooled interven-
tion effect in subpopulations.

Trial Sequential Analysis
Because cumulative meta-analyses are at risk of produc-
ing random errors due to sparse data and multiple testing
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of accumulating data [22, 30-32], we used TSA [33] to
assess this risk. The calculated required information size
takes into account the event proportion in the control
group, the assumption of a plausible relative risk reduc-
tion (RRR) and the anticipated heterogeneity variance
(D% [34] of the meta-analysis [25]. This enables one to
determine the statistical inference concerning cumulative
meta-analysis that has not yet reached the required infor-
mation size [22, 31, 35].

We used a family-wise error rate (FWER) of 5% [23]
leading to a statistical significance level of 3.3% for each
of the two co-primary outcomes and 1.7% for the antici-
pated five co-secondary outcomes, a beta of 20%, and a
D? [25] suggested by the trials in the meta-analysis [23]
or a D* of 20% if the actual measured heterogeneity was
in fact zero because in this case heterogeneity would
most likely increase when further trials are added until
the required information size is reached [36]. As antici-
pated intervention effects for the primary and secondary
outcomes in the TSA we used a realistic a priori RRRs
or relative risk increases (RRIs) of 20%. Furthermore, we
planned to use an RRI based on the confidence limits
(CL) in the traditional naive meta-analysis. We present
naive 95% CLs and ClIs adjusted for multiplicity of out-
comes as well as sparse data called TSA-adjusted ClIs for
all estimates.

For a more detailed description of the statistical analy-
sis plan and TSA, see the published protocol [16].

Results

Selection of studies

We identified 1705 records and assessed 25 full-text
articles of these for eligibility. We included seven RCTs
[37-43], six observational studies [44-49] and finally
two publications of additional post hoc subgroup analy-
ses [50, 51] and one publication of predefined secondary
outcomes of one of the RCTs [52] (Fig. S1, ESM). Stud-
ies were all published in English, except for one observa-
tional study published in French [44], and all studies were
published between February 2004 and October 2017. The
seven RCTs included a total of 18,283 ICU patients. We
excluded nine records; their details are provided in the
ESM.

Characteristics of the included RCTs

Three of the included trials were multicentre trials (from
6 to 64 centres), randomising from 2510 to 10,578 ICU
patients [41-43]. Four were single-centre trials ran-
domising 20 to 100 ICU patients [37—40]. In one trial,
the ICU population was a predefined subgroup of the
trial population comprising 51% of the population in
that trial [42]. Authors of all the trials were contacted
and six responded. No missing data or additional data on

outcomes of interest were available. Details regarding the
included RCTs are presented in Table 1 and in the ESM.

Description of the intervention
In all trials, patients received allogenic red blood cells;
and, except in one trial (n = 20) [40], all RBC units were
leukocyte reduced. The preservative solution was saline
with adenine, glucose and mannitol (SAGM) for five tri-
als [37, 38, 41-43], and two trials did not apply informa-
tion on the storage medium [39, 40]. The intervention
was defined by a maximum RBC unit age in four trials
[37, 39-41], ranging from 6 to 10 days. In the remain-
ing three trials, they defined intervention as the freshest
available RBC unit [38, 42, 43]. In all but two trials, the
comparator was standard of care, which was equivalent
to the oldest available RBC unit [38, 39, 41-43]. In the
remaining two trials, the comparator was defined as an
age of more than 15 and 19 days, respectively [37, 40].
The observed storage time of blood in the intervention
groups in the trials varied from a median of 2 days to a
mean of 12 days; in the comparator groups, the observed
storage time was from a median of 21 days to a median
of 28 days. The process variables from the included trials
are presented in the ESM.

Risk of bias assessment

Two trials were judged as overall low risk of bias [41, 43]
(Fig. 1); the remaining five trials were judged as having
overall high risk of bias [37-40, 42]. Regarding blinding,
four trials concealed the collection and expiration dates
on the RBC unit [37, 38, 41, 43], two trials did not con-
ceal the information on the RBC unit [39, 42] and one
trial did not apply information on RBC unit concealment
[40] (Table S10 in the ESM). Risk of bias assessment for
each trial is provided in the ESM.

Outcomes

Mortality

Five trials reported mortality [38, 39, 41-43], and three of
the trials had mortality as the primary outcome [41-43].
Three trials reported in-hospital mortality [38, 39, 42],
two trials reported 90-day mortality [41, 43] and one trial
followed the patients for vital status at day 180 [43].

In the two trials having overall low risk of bias, the
ABLE trial and TRANSFUSE trial, randomising a total of
7504 patients, 7349 patients were included in the analysis
of all-cause mortality; the relative risk of death at day 90
was 1.04 (95% CI 0.97-1.11; P = 0.32; I? = 0%) for trans-
fusion of fresher versus older RBC units [41, 43] (Fig. S3,
ESM). The TSA-adjusted CI was 0.93-1.15 with the
cumulative Z-curve reaching the futility area for an RRI
of 10% (Fig. 2). The GRADE quality was judged to be high
(Table 2).
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Fig. 1 Risk of bias summary for all included trials

In the five trials reporting mortality of 18,077 patients
independent of overall risk of bias, fresher versus older
RBC units did not affect the relative risk of death (1.04,
95% CI 0.98—1.10; P = 0.25; I> = 0%) (Fig. S4, ESM) [38,
39, 41-43]. The TSA-adjusted CI was 0.96-1.11 and
again with the cumulative Z-curve crossing the boundary
for futility for an RRI of 10% (Fig. 3). The GRADE quality
was judged to be moderate and downgraded because of
bias risk (Table 2). We could not detect a bias effect in the
subgroup analysis of trials with low risk of bias compared
to trials with high risk of bias (Fig. 4).

The sensitivity analyses showing the range of uncer-
tainty of the effect estimate due to losses to follow-up
showed an effect estimate for the relative risk of death of
0.99 (95% CI 0.93-1.05) for the best worst-case scenario
and 1.08 (95% CI 1.02-1.15) for the worst best-case sce-
nario (Figs. S9 and S10, ESM).

Severe adverse events

Two trials reported adverse transfusion events, the ABLE
and TRANSFUSE trials [41, 43]. TRANSFUSE reported
febrile non-haemolytic transfusion reactions (FNHTR)
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Fig. 2 Trial Sequential Analysis (TSA) of two trials with overall low risk of bias of the effect on mortality of fresher versus older blood. Control event
proportion of 27.8%, diversity (D?) of 20%, alpha of 3.3%, power of 80% and relative risk increase (RRI) of 10%. The anticipated RRI of 20% yielded a
required information size (RIS) lower than the 7349 actually accrued, and we therefore used an anticipated RRI of 10%. Additionally we used a D of
20%, projected in the protocol, as the actual D? was 0 and may be expected to increase if further trials are carried out. We used an adjusted maximal
type 1 error risk (a) due to two co-primary outcomes. The relative risk (RR) was 1.04 with a naive 95% Cl of 0.97-1.11 in a fixed-effect model and the
TSA-adjusted CI 0.93-1.15. As the cumulative Z-curve (etched blue line) reaches the futility area we may exclude a 10% RRI. RRR relative risk reduc-

tion

[43] and ABLE reported acute transfusion reactions [41].
We did not consider FNHTR as being severe, but a mild
reaction and an exclusion diagnosis, and acute trans-
fusion reactions cover FNHTR, but also more severe
reactions. Even though there was clinical heterogene-
ity between the outcome measures, we did pool the two
outcome data for 7332 patients, and the relative risk of
an adverse event was 1.26 (95% CI 0.76-2.09; P = 0.36;
PP = 21%) for transfusion of fresher versus older RBC
units (Fig. S5, ESM). The TSA-adjusted CI was 0.16—
9.87 (Fig. S6, ESM), and the GRADE quality was judged
to be very low because of indirectness and imprecision
(Table 2).

Post-transfusion infections

Both trials with overall low risk of bias reported infec-
tions after randomisation in 7332 patients and were
included in the analysis of post-transfusion infections
[41, 43]. In the ABLE trial, they reported all nosocomial

infections, including nosocomial pneumonia, deep-tis-
sue infections (peritonitis and mediastinitis) and bac-
teraemia; in the TRANSFUSE trial, they reported any
new bloodstream infection in the ICU. The rate of infec-
tions did not differ statistically significantly between the
fresher blood group and the older blood group (RR 1.08,
95% CI 0.96-1.20; P = 0.23; I* = 0%) (Fig. S7, ESM) and
the TSA-adjusted CI was 0.90-1.27 with the cumulative
Z-curve reaching futility area for an RRI of 20% (Fig. S8,
ESM). The GRADE quality was judged to be moderate
because of indirectness (Table 2).

Renal failure

The TRANSFUSE trial reported the number of patients
in renal replacement therapy (RRT) until day 28, and
there was no statistically significant difference between
the fresher and older blood group (RR 0.94 (95% CI
0.80—1.11); P = 0.48) [43]. In the ABLE trial, the num-
ber of days in supportive renal care (RRT) was reported
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Fig. 3 Trial Sequential Analysis (TSA) of all trials of the effect on mortality of fresher versus older blood despite risk of bias. Control event propor-
tion of 18.1%, diversity (D?) of 20%, alpha of 3.3%, power of 80% and relative risk increase (RRI) of 10%. The anticipated RRI of 20% yielded a required
information size (RIS) much lower than the 18,077 actually accrued; we therefore used an anticipated RRI of 10% similar to the upper limit of the
naive 95% confidence limit, and additionally we used a D? of 20%, as projected in the protocol, as the actual D?was 0 and may be expected to
increase if further trials are carried out. We used an adjusted maximal type 1 error risk (a) of 0.033 due to two co-primary outcomes. The relative
risk (RR) was 1.04 with a naive 95% Cl of 0.98-1.10 in a fixed-effect model and the TSA-adjusted Cl 0.96-1.11. As the cumulative Z-curve (blue line)
reaches the futility area we may exclude a 10% RRI. RRR relative risk reduction

as a secondary outcome, with no significant difference
between the fresher and the older blood group (mean dif-
ference 0.2, 95% CI —0.6 to 0.9) [41].

Thromboembolic events

Only one trial reported thromboembolic events, and that
reported no differences in the risk of cardiac ischaemia/
infarction or deep-vein thrombosis/pulmonary embolism
between the fresher and the older blood group (absolute
risk difference of 0.8 and 0.0% points, respectively) [41].

Health-related quality of life and economic outcomes

A pre-planned cost-utility analysis of the UK cohort of
the ABLE trial included an evaluation of health-related
quality of life (HRQoL) using the EQ-5D-3L or EQ-5D-5L
measurements and a cost-effectiveness analysis [52].
The results showed no statistically significant difference
in HRQoL between the two groups at 6 and 12 months
follow-up, and no statistically significant difference in

healthcare costs between the fresher and the older blood
group [52].

The TRANSFUSE trial planned to report HRQoL,
using the EQ-5D questionnaire at day 180 follow-up, but
this outcome is not reported in the primary publication,
and is expected to be reported in a later publication [43].

Subgroup analyses

It was not possible to perform the predefined analyses of the
intervention effect in subpopulations, as there were no out-
come data for the predefined subgroups of patients. A post
hoc analysis from the ABLE trial investigated the interven-
tion effect in perioperative patients (excluding elective car-
diovascular patients), comprising 13.3% of the trial patients
[51]. There was no statistically significant difference in effect
of fresher versus older blood for any outcomes [51]. The
ABLE trial did pre-plan a subgroup analysis of the interven-
tion effect in patients with sepsis/septic shock versus others,
but this analysis awaits publication [53].
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Fig. 4 Forest plot of mortality in trials with overall low risk of bias versus trials with overall high risk of bias. Size of squares for risk ratio reflects
weight of trial in pooled analysis. Horizontal bars represent 95% confidence intervals

Observational studies and adverse events
Among the six observational studies, none reported
adverse events of transfusion separately, but all investi-
gated the association of RBC storage time and mortality
[44—49]. The characteristics and findings of the observa-
tional studies are presented in the ESM.

Discussion
We did not find any benefit of transfusing patients in the
ICU with fresher blood versus older or standard issue
blood. There were no statistically significant associations
of RBC storage time with mortality or post-transfusion
infections, though there may be more adverse transfu-
sion reactions when using fresher blood as compared to
standard issue, but these may be of mild character. The
TSA of risk of all-cause mortality showed that the cumu-
lative Z-curve crossed the non-inferiority boundaries
after 62% of the required information size in the analy-
sis with trials of overall low risk of bias and with 87% of
the required information size in the analysis including
all trials despite risk of bias. These results indicate that
we now may have enough evidence to reject 10% relative
risk increase/decrease or more of death when transfusing
fresher versus older blood.

In the analysis of the risk of post-transfusion infections,
the cumulative Z-curve reached the futility area with 67%
of the required information size for an anticipated RRI

of 20%. Hence, we can reject 20% relative risk increase/
decrease or more of post-transfusion infections when
transfusing fresher versus older blood.

The analysis of the risk of adverse events was incon-
clusive, as only 12% of the required information size
was reached and none of the trial sequential monitoring
boundaries were passed.

Other reviews and observational studies

To our knowledge, no previous systematic reviews with
meta-analysis and TSA have focused on ICU patients, but
other well-performed systematic reviews have focused on
wider patient categories.

A Cochrane systematic review from 2015 included
all types of patients with all ages, but since the data was
sparse and there were clinical differences, differences in
the interventions, outcome measures and methodologi-
cal limitations, no meta-analysis was performed [54].

A recently published systematic review with meta-
analysis included 14 trials with 26,374 hospitalised
patients of all ages [55]. They found similar results to
ours with a statistically insignificant higher risk of death
at any time point in patients transfused with fresher
blood compared to older blood (RR 1.04, 95% CI 0.98—
1.12), with similar results for their secondary outcome
of in-hospital mortality (reported in six trials) (RR 1.06,
95% CI 0.97-1.15).
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In 2012 a systematic review with meta-analysis includ-
ing both RCTs and observational studies was published
[56], and this review was updated in 2016 [57]. They
found similar results in the meta-analysis of five RCTs,
with no statistically significant benefit or harm of fresher
versus older blood (OR 1.03, 95% CI 0.72-1.47). They
also performed a meta-analysis of 31 observational stud-
ies, and found a statistically significantly increased risk of
death when transfusing older versus fresher blood (OR
1.13, 95% CI 1.03-1.24)—a result completely opposite to
that of the meta-analysis of RCTs.

The diverging results of RCTs and observational studies
are similar to the findings of our search including large
observational studies in the ICU. Among the six observa-
tional studies, four studies found an association of RBC
storage time and adverse clinical outcomes (complicated
sepsis and hospital mortality), but no association with
other outcomes (severe kidney failure and 90-day mor-
tality). Two recently published very large observational
studies among hospitalised patients and perioperative
patients found results more alike the meta-analysis of this
review [58, 59]. The earlier observational studies (those
included in our search) did not use or did not exclusively
use leukocyte reduced RBC units, which might be an
explanation for the divergent results. However, the major
reason for the differing results of the observational stud-
ies and the RCTs is probably the impact of confounding
by indication.

Strengths and limitations of this review

The major strength in our review is the strict methodol-
ogy; we followed the recommendations of the Cochrane
Collaboration and PRISMA statement, including a pre-
published protocol, an up-to-date literature search and
independent study selection, data extraction and risk of
bias assessment by at least two review authors. We also
included GRADE evaluations of quality of evidence on
important outcomes, and we used the TSA to evaluate
the overall risk of random error to increase the reliability
of the meta-analyses results and to identify the required
information size.

A limitation of the results from our review is the pres-
ence of clinical differences between trials. To limit the
clinical heterogeneity and to obtain clinically applicable
results we only included trials with adult ICU patients;
however, there still were some important differences
between the study populations. Among the three largest
trials, the frequency of the primary outcome differed: one
trial reported hospital mortality, with a mortality rate of
13% [42], and the two others reported 90-day mortality,
with a mortality rate of 36% and 24%, respectively [41,
43]. The number of RBC units transfused per patient var-
ied between trials, but not within trial groups, and the

intervention and comparator groups from the included
trials did not overlap regarding the age of RBC units.
Despite successful separation of RBC age in the trial
groups, we still have no clear answers regarding the effect
of very fresh (e.g. less than 7 days old) or very old (e.g.
more than 21 days old) blood, as a result of the pragmatic
design of the largest trials, but there is no evidence sug-
gesting a different effect estimate when comparing exclu-
sively fresh versus exclusively older blood [60].

Bias in the included trials and losses to follow-up are
other limitations of this review. To account for these limi-
tations, we performed a subgroup analysis comparing
trials with overall low risk of bias with trials with overall
high risk of bias, and we did not find any bias effect. Even
though we are confident in the results of all trials despite
risk of bias, we cannot exclude a biased effect estimate in
the trials of overall high risk of bias; hence the quality of
evidence for all trials estimates was downgraded. We also
performed a sensitivity analysis to investigate the effect
of losses to follow-up and found that the point estimate
of the risk of death neither overlapped the TSA-adjusted
nor the 95% CI, and the potential effect of the losses to
follow-up is therefore small. Finally, limited data on the
predefined secondary outcomes made it impossible to
perform meta-analyses on all outcomes of interest for
this review, and the subgroup analyses planned were not
possible.

Conclusions

The effect of RBC storage time on outcomes of ICU
patients has now been investigated in large, high qual-
ity RCTs. In the conventional meta-analyses, fresher
versus older blood was not associated with the risk of
death, adverse events or post-transfusion infections. The
required information size was reached for both mortal-
ity and post-transfusion infections, and we may reject
a more than 10% relative risk increase or reduction of
death and a 20% relative risk increase or reduction of
post-transfusion infections when comparing fresher ver-
sus older or standard issue blood for transfusion in adult
ICU patients.

These results may positively impact the reduction of
waste in blood banks, as the current practice of using the
oldest available RBC unit for transfusion can be practised
safely in patients in the ICU.
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