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Abstract

Background: Impact of in-ICU transfusion on long-term outcomes remains unknown. The purpose of this study was
to assess in critical-care survivors the association between in-ICU red blood cells transfusion and 1-year mortality.

Methods: FROG-ICU, a multicenter European study enrolling all-comers critical care patients was analyzed (n=1551).
Association between red blood cells transfusion administered in intensive care unit and 1-year mortality in critical care
survivors was analyzed using an augmented inverse probability of treatment weighting-augmented inverse probabil-
ity of censoring weighting method to control confounders.

Results: Among the 1551 ICU-survivors, 42% received at least one unit of red blood cells while in intensive care unit.
Patients in the transfusion group had greater severity scores than those in the no-transfusion group. According to
unweighted analysis, 1-year post-critical care mortality was greater in the transfusion group compared to the no-
transfusion group (hazard ratio (HR) 1.78, 95% Cl 1.45-2.16). Weighted analyses including 40 confounders, showed
that transfusion remained associated with a higher risk of long-term mortality (HR 1.21, 95% Cl 1.06-1.46).
Conclusions: Our results suggest a high incidence of in-ICU RBC transfusion and that in-ICU transfusion is associated
with a higher 1-year mortality among in-ICU survivors.

Trial registration (NCT01367093; Registered 6 June 2011).
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Graphic Abstract

Association between in-ICU red blood cells transfusion and one-year mortality

in ICU survivors

Association between red blood cells transfusion and one-year mortality in critical care survivors was analyzed in the FROG-ICU cohort using an
augmented inverse probability of treatment weighting-augmented inverse probability of censoring weighting method to control confounders.
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Introduction

Blood transfusion is one of the most common proce-
dures performed during hospitalization, especially in
intensive care units (ICU). Patients received, appro-
priately or not, a transfusion of RBC alone or, in some
cases, combined with fresh frozen plasma and/or plate-
lets. Data on transfusion in critical care patients are
scarce, declarative, and studies have focused only on
short-term mortality [1, 2]. Thus, Vincent et al. evi-
denced, already two decades ago, in a prospective
European cohort of 3534 patients in ICU, an associa-
tion between transfusion and both organ dysfunction
and short-term mortality [1]. The transfusion of RBC,
when properly indicated, yields short-term benefits,
including an increase in oxygen delivery to tissues. By
contrast, RBC transfusion, especially when it is unduly
prescribed, could be also associated with short-term
harm, including volume overload, transfusion-related
acute lung injury, infections, hemolysis, or adverse
immunomodulation [3]. Apart from these quite rare
adverse events, transfusion could be associated, in rela-
tion or not with its storage, with a faster transfusion
clearance resulting in hemolysis and systemic inflam-
mation and ultimately with a possible higher risk of
kidney dysfunction [4—7]. Thus, to avoid these harm-
ful effects, a restrictive approach toward transfusion

practice has been advocated and shown to be non-
inferior to the liberal strategy, and it is now recom-
mended by practice guidelines [8—12]. Recommended
transfusion thresholds are a hemoglobin concentra-
tion [Hb] <7 g/dL for stable non-bleeding patients, and
[Hb] <8 g/dL in patients with coexisting cardiovas-
cular disease and those undergoing cardiac or ortho-
pedic surgery [13]. Restrictive transfusion strategies
have been shown to improve short-term outcomes in
several patient populations, including cardiac surgery
[14, 15]. Conversely, the long-term impact of various
transfusion strategies remains unknown. Furthermore,
whether a highly restrictive strategy is associated with
benefits or harm during the months following an ICU
stay remains unknown. To test this hypothesis, a ran-
domised controlled study would be the recommended
approach, achieving similar groups and thus a straight
assessment of the effects of transfusion on the long-
term outcome. However, such a randomised controlled
study would be difficult to perform since transfusion
may be considered by many investigators as essential
for the potential survival of some critically ill patients.
The use of a cohort study raises other issues. Due to dif-
ferences in patient characteristics affecting the decision
to treat, a direct association between transfusion and
long-term outcome might result in a biased estimation.



Propensity score matching may help to overcome this
issue by minimising potential biases. However, this
approach has three well-known major shortcomings
[16]. (1) unmeasured or persisting confounders may
result in a biased association. (2) variables associated to
the outcome but not to the treatment are not included
in the analysis. (3) many patients are excluded when a
matching procedure is performed, restricting the gen-
eralisability of the results. To overcome these limita-
tions, we performed an augmented inverse propensity
weighted statistical method that is based on a propen-
sity score, but no patient is excluded and a specific
regression model focused on outcome-associated vari-
ables is added to account patient’s severity unrelated to
the transfusion [17].

The purpose of this study was to assess the associa-
tion, first, between RBC transfusion during the ICU stay
and long-term survival after ICU discharge and, second,
between transfusion, hemolysis, and kidney function.

Methods

Study design and Patients

We analysed data from the French and European Out-
come Registry in Intensive Care Units (FROG-ICU). The
FROG-ICU study (www.clinicaltrials.gov/show/NCTO01
367093) was a prospective, observational, multicenter
cohort study, designed to assess all-cause 1-year mortal-
ity after ICU discharge and to identify the mortality risk
factors during the year following discharge from the ICU
[18]. The study protocol has been previously published
[19]. Briefly, the study was conducted in France and in
Belgium and was approved by ethical committees of both
countries [20]. The study involved ICUs of 21 centers.
The study cohort included 2087 consecutive patients,
who were admitted to the ICU in any of the participating
centers from August 2011-June 2013 when the following
inclusion criteria were met: invasive mechanical ventila-
tion support for at least 24 h and/or treatment with a vas-
oactive agent (norepinephrine, epinephrine, dobutamine,
levosimendan, phosphodiesterase inhibitors) for more
than 24 h. Non-inclusion keys criteria were: <18 years
old, severe brain injury or brain death or a persistent veg-
etative state, pregnancy or breastfeeding, transplantation
in the past 12 months, not expected to survive or to leave
the hospital and/or no social security coverage [18].

Data collection and biological samples

In the FROG-ICU study, the following patient data were
collected at the time of inclusion: demographics, past
medical history, measure of premorbid status (Mac Cabe
score classifies all hospitalised patients into 3 categories:
(1) non-fatal disease, (2) fatal disease within 5 year and

(3) fatal disease within 1 year), ICU admission diagno-
sis, hemodynamic, and severity of disease classification
scores. The need for organ support (vasopressors, renal
replacement therapy) and the number of transfused units
(packed RBC, fresh frozen plasma, or platelets) were
recorded throughout the ICU stay. In addition, criti-
cal parameters and clinical events between admission
and inclusion were also recorded (e.g.transfusion status,
SAPS 2, antiplatelets treatments, coronary revasculariza-
tion, heparin treatment...). Biological routine parameters
were collected at inclusion and at discharge to study risk
factors associated with 1-year survival. Hemoglobin con-
centration was measured daily from inclusion to day 3,
and then bi-weekly until discharge or death. A biobank
was created and stored at — 80 °C with blood samples
collected within 24 h after patient inclusion and at dis-
charge. Among the 1551 patients discharged alive from
ICU and who were included in this study, the follow-
ing biomarkers were centrally measured a posteriori (1)
plasma levels of hs troponin I (Abbott, Abbott Park, IL,
USA), N-Terminal pro-Brain Natriuretic Peptide (NT-
proBNP, Roche Diagnostics GmbH, Mannheim, Ger-
many), proenkephalin A 119-159 (penKid, Sphingotec
GmbH, Hennigsdorf, Germany), neutrophil gelatinase
associated lipocalin (NGAL), galectin-3 (Abbott, Abbott
Park, IL, USA), haptoglobin (Architect, Abbott Park, IL,
USA), interleukin 6 (IL-6, Elecsys, Roche, Penzberg Ger-
many) and (2) urine concentrations of: NGAL (Abbott,
Abbott Park, IL, USA), cystacin C (Abbott, Abbott Park,
IL, USA), liver fatty acid binding protein (L-FABP, Nor-
dia L-FABP; Sekisui Medical Co., Ltd., Tokyo, Japan).
To account the close relationship between haptoglobin
expression and IL-6 levels, haptoglobin level was normal-
ised on IL-6 level at discharge time point [21].

Objectives

The primary objective was to describe the association
between in-ICU RBC transfusion and 1-year mortal-
ity after ICU discharge. Exploratory analyses were also
conducted to determine the discharge factors associated
with 1-year post-ICU mortality, specifically hemolysis
and kidney injury.

Statistical methods
Additional file 1: Figure S1 summarises the statistical
analysis performed.

Patients were separated into two groups: those who
received RBC transfusion (i.e.: at least one unit of packed
RBC) during their ICU stay, and those who did not. Sur-
vival was observed over a period of 1 year following ICU
discharge.



Of note, to assess the impact of transfusion in patient
selection at discharge, 1-year survival curves were addi-
tionally also drawn from admission to ICU with the
whole FROG cohort population.

Primary outcomes

The primary outcome was 1l-year survival after ICU
discharge. The average treatment effect of RBC transfu-
sion on survival was estimated from the survival curves
of patients with and without RBC transfusion, from
the associated hazard ratio, and from the differences in
restricted mean survival times (RMST). The latter cor-
responds to the average number of days gained or lost
in terms of 1-year overall survival after ICU discharge
between patients transfused and not transfused during
their ICU stay. The confidence intervals associated with
these estimated values were computed from 100 boot-
strap samples.

Data description

Data were expressed as median (inter-quartile range,
IQR), mean =+ standard deviation (SD), or number (per-
centage). Numerical data were compared using t-test or
Wilcoxon rank test, while categorical variables were com-
pared using x* or Fischer’s test, as appropriate. Repeated
measures of continuous variables were handled by a lin-
ear mixed model tested with Kenward-Roger’s F tests.

Management of missing data

Two approaches were used for handling the missing
values: a parametric one with multiple imputations by
chained equations (MICE), and a non-parametric one
with random forest-missingness incorporated in attrib-
utes (MIA). Details of the two methods are provided in
the Additional file 2. Number of missing values per vari-
able was also added in Additional file 1: Figure S2.

Models
Semi-parametric and non-parametric approaches to
estimate models.

Two different approaches were considered to estimate
the effect of RBC transfusion on 1-year mortality: a semi-
parametric approach and a non-parametric approach.
In the semi-parametric approach, we used Cox mod-
els to model the survival and the censoring. Treatment
allocation was modelled with a propensity score calcu-
lated from a logistic regression. In the non-parametric
approach, we modelled with random survival forests the
survival, the censoring, and the treatment allocation.

Under these semi-parametric and non-parametric
approaches, two estimators (see estimators performed
below) were applied to assess the study’s primary out-
comes based on models in which identification of con-
founding factors was required.

Confounding variables selection.

A three round Delphi method including experts in critical
care and transfusion was used to identify the confounding
variables necessary to build the different models. Additional
file 1: Figure S3 shows the causal inference diagram applied
in a directed acyclic graph, differentiating variables assessed
as predictors of the outcome but unrelated to the treatment
assignment and the variables assessed as predictors of both
treatment and outcome.

Causal inference estimators
Estimator performed to draw survival curves.

The unweighted curves were estimated with the Kaplan
Meier estimator, the unweighted hazard ratio was estimated
with a Cox regression with only the transfusion status as a
variable. The weighted survival curves were built with the
non-parametric doubly robust estimator, ie. augmented
inverse probability of treatment weighting—augmented
inverse probability of censoring weighting (AIPTW-AIPCW
using survival and random forests-MIA method for manage-
ment of missing values, see Additional file 2). The weighted
hazard ratio was computed from the weighted survival
curves by averaging the hazard ratio at each time point. This
estimator was calculated in our main population of interest:
ICU-survivors from ICU-discharge but also, to ensure that
the result was not driven by patient’s ICU stay, in the whole
initial population (including ICU-survivors and non-survi-
vors) from ICU admission.

Estimators performed.

The three following causal inference estimators were
performed to calculate the RMST: (1) the unweighted
estimation with no adjustment, then, in parametric
and non-parametric approaches of missing values: (2)
the inverse probability of treatment weighting with
the Kaplan Meier estimator (IPTW), (3) the AIPTW-
AIPCW. Details of each estimator are provided in the
Additional file 2.

Exploratory analysis
Except for the packed red blood cells unit number
threshold associated with 1-year mortality (see below),
all exploratory analyses were performed using parametric
(with MICE) imputed FROG-ICU cohort.

Packed red blood cells threshold.



With non-imputed data, we looked for the number of
the packed RBC units for which there was a maximal
increase in 1-year mortality after ICU discharge. First,
the log linearity assumption was checked using the
restricted cubic spline method. Given the lack of log
linearity, the number of transfused packed RBC units
has been dichotomized according to an optimal level
determined using the most significant p value from the
log rank test. Subsequently, this threshold has been val-
idated using a univariate Cox model.

A two-tailed p value of less than 0.05 was considered
significant. Statistical analyses were performed using R
v3.6.3 (R Foundation for Statistical Computing, Vienna,
Austria).

Results

Characteristics of FROG-ICU cohort

Of the 2087 ICU patients who consented to participate
in the FROG-ICU study, 1635 were discharged alive from
the ICU. Among them, 84 patients were excluded from

Table 1 Characteristics of patients discharged alive in the FROG-ICU cohort

Variables n Global median n No in-ICU transfusion n In-ICU Transfusion p value

(Q1-Q3) or n (%) median (Q1-Q3) or n (%) median (Q1-Q3) or

n (%)

Demographic
Age (years) 1551 61 (49-73) 892 60 (48-71) 659 63 (51-74) 0.0003
Female gender 1551 566 (36%) 892 314 (35%) 659 252 (38%) 0.22
Medical history
Charlson score 1551 1(0-2) 892  0(0-2) 659  1(0-2) <0.0001
Hypertension 1550 634 (41%) 892 337 (38%) 658 297 (45%) 0.004
Coronary artery disease 1550 123 (8%) 892 49 (5%) 658 74 (11%) <0.0001
Chronic heart failure 1550 106 (7%) 892 54 (6%) 658 52 (8%) 0.15
Diabetes mellitus 1550 271 (17%) 892 143 (16%) 658 128 (19%) 0.080
Chronic obstructive pulmonary disease 1550 171 (11%) 892 102 (11%) 658 69 (10%) 0.56
Chronic renal disease 1550 162 (10%) 892 58 (7%) 658 104 (16%) <0.0001
Chronic liver disease 1550 98 (6%) 892 49 (5%) 658 49 (7%) 0.12
Active or recent malignant disease 1550 186 (12%) 892 77 (9%) 658 109 (17%) <0.0001
Causes for admission 1551 892 659 <0.0001
Cardiac causes of admission 221 (14%) 150 (17%) 71 (11%)
Hemorrhagic shock* 83 (5%) 10 (1%) 73 (11%)
Acute respiratory failure 299 (19%) 204 (23%) 95 (14%)
Neurologic causes of admission 240 (15%) 200 (22%) 40 (6%)
Others 96 (6%) 45 (5%) 51 (8%)
Polytrauma 86 (6%) 38 (4%) 48 (7%)
Post-surgery 156 (10%) 73 (8%) 83 (13%)
Sepsis 370 (24%) 172 (19%) 198 (30%)
Severity scores
SAPS Il score 1550 46 (34-60) 891 46 (34-59) 659 46 (35-61) 0.085
SOFA score 1146 7 (4-10) 633 7(4-10) 513 8(5-11) <0.0001
Management
Renal replacement therapy 1551 283 (18%) 892 102 (11%) 659 181 (27%) <0.0001
Red blood cell transfusion 1551 659 (42%) 892 0 (0%) 659 659 (100%) <0.0001
Platelets transfusion 1551 223 (14%) 892 20 (2%) 659 203 (31%) <0.0001
Number of red blood transfusions 1551 0(0-3) 892  0(0-0) 659 4 (2-7) <0.0001
QOutcomes
Length of stay in ICU (days) 1551 12(7-21) 892 10(6-16) 659  16(9-27) <0.0001
One-year mortality 1551 312 (20%) 892 141 (16%) 659 171 (26%) <0.0001

*Hemorrhagic shock patients receiving transfusion before admission in ICU but not in ICU or between admission an inclusion in the FROG-ICU study



the current study due to missing data on transfusion sta-
tus or follow-up (Additional file 1: Flow chart, Figure E4),
leaving 1551 ICU survivors in our cohort.

The main reasons for ICU admission are presented in
detail in Table 1. On admission, SAPS-II score was 46
(34—60) and Charlson’s score was 1 (0-2). The all-cause
mortality at 1 year after ICU discharge for these patients
was 20%. Within the cohort, 659 (42%) patients received
at least one unit of RBC transfusion during their ICU
stay, and 248 (16%) patients received a combination of
RBC transfusion and platelets and/or plasma transfusion.
Patient characteristics including demographics, comor-
bidities, need for a renal replacement therapy and autol-
ogous transfusion as well as outcomes (length of ICU
stay and 1-year mortality) are presented in Table 1. The
median number of RBC transfused was 4 (2-7) and 49
patients received only one RBC unit. The first transfusion
was administered at 2 (1-6) days following ICU admis-
sion (Additional file 1: Figure S5). Additional file 1: Figure
S6 shows the time-course of hemoglobin concentration
for transfused and non-transfused patients over the ICU
stay.

Primary outcomes: Transfusion and outcome in ICU
survivors

Figure 1 panel A shows the unweighted 1-year post-ICU
survival in the FROG-ICU cohort from ICU discharge
in ICU-survivors, in the transfusion group compared to
the non-transfusion group (Hazard ratio (HR) 1.78, 95%
CI 1.45-2.16). Distribution of propensity scores estimat-
ing regions of common support were calculated from the
parametric approach and the non-parametric approach
(Additional file 1: Figure S7, panel A and B). Additional
file 1: Figure S8 shows the standardized mean differences
between transfusion and no transfusion groups in non-
weighted and propensity score-weighted populations.
After weighting of confounding variables using AIPTW-
AIPCW estimator, the risk of death remained higher in
the transfusion group (HR 1.21, 95% CI 1.06-1.46, Fig. 1
panel B). Moreover, RMST was consistently reduced in
the transfusion group whatever the estimators used with
both parametric and non-parametric approaches of miss-
ing values management (Fig. 2). For instance, in the trans-
fusion group compared to the non- transfusion group,
the RMST was — 30, 95% CI —42 to — 18 days in the non-
weighted cohort and the RMST, calculated from the non-
parametric approach, was -16, 95% CI—28 to—3 days
after the AIPTW-AIPCW estimation. As a sensitivity
analysis, Fig. 1 also shows the unweighted (panel C) and
weighted (panel D) 1-year survival from admission in the
transfusion group and in the non-transfusion group in
the whole population. Curves were superimposed in the
two panels during the first month.
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Fig. 1 One-year survival according to transfusion status from
discharge in unweighted (A) and weighted (B) populations

and from admission in the whole population in unweighted (C)
and weighted (D) populations. Weighting has been performed
with an AIPTW-AIPCW estimator from the random forest-MIA
(non-parametric) imputation. For the whole population sample size
from 2087 patients, 72 patients had no or partial follow up and 30
no transfusion data resulting in 1071 patients in the no transfusion
group and 914 patients in the transfusion group

Exploratory analysis in the FROG cohort

According to the sensitivity analysis, the interaction
between chronic kidney function and 1-year ICU mor-
tality in patients who received transfusion was the only
significant clinical variable (»p=0.0008, Additional file 1:
Figure S9). Plasmatic and urinary renal biomarkers of
acute kidney injury (plasmatic and urinary N-GAL, uri-
nary L-FABP, plasmatic Penkid) measured at discharge
were all increased in the transfusion group compared to
the no transfusion group (see Additional file 1: Table S1).
Regarding plasmatic cardiac biomarkers measured at
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discharge, high sensitivity troponin I was similar between
transfusion and no transfusion groups while galectin-3
and NT-pro BNP were both increased in the transfu-
sion group (Additional file 1: Table S2). Except for plasma
N-GAL, no interaction was found between biomarkers
and in-ICU transfusion on 1-year mortality (Additional
file 1: Figure S10). Additional file 1: Figure S11 panel A
further shows that, at discharge, patients in the transfu-
sion group had a lower plasma haptoglobin/IL-6 ratio.
Additional file 1: Figure S11 panel B also shows that the
lower the haptoglobin/IL-6 ratio the lower creatinine
clearance at discharge (p <0.0001).

Finally, the association between transfusion and 1-year
mortality appeared to be significant from the very first
RBC unit prescribed (see Additional file 1: Figure S12).

Discussion

In our large cohort of ICU survivors, we observed a high
incidence of in-ICU RBC transfusion and a higher risk of
1-year mortality in patients who received RBC transfu-
sion during their ICU stay. Few studies have compared
outcomes between transfused and non-transfused criti-
cally ill patients and most often for short-term mortality.
Vincent et al. compared in an international cohort study
the effects of RBC transfusion on hospital mortality. They
found, in patients receiving RBC transfusion, a slight
reduced risk of in-hospital mortality in most severely ill
patients and lowest admission hemoglobin levels. This
result is not inconsistent with our, while being difficult to
compare as we only studied the effect of in-ICU transfu-
sions in ICU-survivors on 1-year outcome [2]. Pattakos

et al. analysed patients undergoing cardiac surgery who
refused transfusion (Jehovah’s Witnesses) and compared
them to matched patients who received transfusions.
They observed a better 1-year survival and similar 20-year
survival in patients who did not receive transfusion [22].
In critically ill patients, studies have only compared two
strategies of transfusion—liberal versus restrictive—asso-
ciated with different pre-transfusion thresholds of hemo-
globin, on short-term outcomes [14, 23]. These studies,
including exclusively patients requiring a transfusion,
recommended a restrictive strategy. We observed that
most transfused patients had a nadir of hemoglobin that
was above than the recommended guideline thresholds of
7 or 8 g/dL [8, 11, 12]. Several observational studies also
reported pre-transfusion hemoglobin concentrations that
were higher than the recommended guideline thresholds
[2, 24]. Accordingly, the high incidence of transfusion
in our cohort and in other cohorts suggests that patient
blood management programs need to be more aggres-
sively implemented in ICUs since the suggested detri-
mental effects on 1-year survival appears upon the very
first packed RBC. Nevertheless, transfusion alone is not
accountable for the progressive survival decline observed
in both groups. One-year mortality is also affected by the
events occurring the ICU stay: RRT, ICU-acquired weak-
ness. An effective blood management program should
also be integrated in a more global program to reduce the
burden of ICU.

Missing data and unmeasured confounders will
always remain significant limitations to causal inference
approaches applied on cohort studies. To handle miss-
ing data, we applied both parametric and non-parametric
methods to manage missing values according to the best
actual standards. While results were similar with these
two methods, the non-parametric method (random for-
est- MIA method) seemed to provide more accuracy with
less variability compared to other estimators. Compared
to usual propensity-derived techniques, AIPTW-AIPCW
estimation included not only variables that were associ-
ated to treatment and outcome, but also variables only
associated with outcome. This estimator also has a “dou-
bly robust” property, meaning that to be asymptotically
unbiased, only one of the two model needs to be prop-
erly specified [25]. Taken as a whole, this approach gives
a better estimate of transfusion effect than an estimation
based on a matched cohort from a propensity score.

Since all patients were discharged from ICU alive, we
hypothesised that some organs, namely the heart or the
kidney, might remain injured in the transfusion group
after ICU discharge. Our results indicate that alterations
in cardiovascular biomarkers at discharge were slightly
more pronounced in patients who received transfu-
sion versus those who did not. By contrast, eGFR and



all studied plasma and urinary markers of renal func-
tion were markedly altered in the transfusion group.
The relationship between altered kidney function at dis-
charge and the poor long-term post-ICU outcome has
already been described [26]. Accordingly, the observed
increase in 1-year mortality in the transfusion group
could potentially be related to clinical and/or subclinical
persistent acute kidney injury. The mechanism respon-
sible for the worse kidney function in the transfusion
group is unknown. However, we found lower circulat-
ing haptoglobin concentrations at discharge, suggesting
that hemolysis is possibly more frequent in transfused
patients during their ICU stay. Intravascular hemolysis
has consistently been proposed as a critical modulator of
vascular function after RBC transfusion [27, 28]. In many
settings, including critical illness, hemolysis has been
associated with worsening renal function and death [29].

Our study has several limitations. First, it is an obser-
vational retrospective study with all inherent biases to
this design. Thus, despite a complex weighting method
including 40 variables chosen a priori, uncontrolled con-
founders may persist. Our population of interest con-
sisted in ICU survivors transfused during their ICU stay,
and for whom follow-up started after ICU discharge. By
only selecting ICU-survivors, a selection bias might have
altered the true effect of transfusion on 1-year mortal-
ity. However, the association between transfusion and
one year mortality was also found in the whole popula-
tion at admission. Second, this cohort was not specifi-
cally designed to study transfusion and some important
variables were not comprehensively recorded such as the
delay between inclusion and first transfusion in ICU or
the hemoglobin level before an RBC transfusion. Third,
we also might have misclassified some patients who
were transfused and were included in the no-transfusion
group. Indeed, we did not consider potential transfu-
sions administered before ICU admission (ward, operat-
ing room, or emergency department) or following ICU
discharge as demonstrated by 10 hemorrhagic shocks
in the no in-ICU transfusion group who received RBC
transfusion before ICU admission and thus before the
inclusion. However, except for patients in the operat-
ing room with acute hemorrhage and stabilised with
transfusion and surgery, failing to recognise patients
that received transfusion before ICU would most prob-
ably result in less difference between the groups. Of
note, transfusion is much less frequent in other wards
than in ICU [30]. Fourth, two distinct transfusion pro-
files were found: patients urgently requiring transfu-
sion upon admission and patients requiring non-urgent
transfusion, most often lately in the ICU-stay. Inclu-
sion of these two distinct profiles might be considered

inadequate. However, the sensitivity analysis found that
the long-term impact of in-ICU transfusion was similar
for all causes of admission including a subgroup includ-
ing polytrauma and hemorrhagic shock patients. For the
latter, we still don’t precisely know the impact of high
in-ICU transfusion doses on the long-term outcome
as too few patients received more than 3 RBC transfu-
sion. Fifth, although we have used the most advanced
statistical methods to input missing data and have used
a large cohort to verify the robustness of our findings,
the timing of transfusion was highly variable among
patients. Thus, some confounding variables were inher-
ently uncontrolled. Sixth, the impacts on 1-year survival
of transfusion dose and/or co-transfusions (associat-
ing RBC with platelet concentrates and/or fresh frozen
plasma concentrates) were not evaluated in this study.

Finally, characteristics of RBC, especially duration of
storage and gender of RBC donors were unknown, pre-
venting us to assess their previously reported effect in
our cohorts [31-33].

In summary, analyses of a large ICU cohort from
Europe suggested a high incidence of in-ICU RBC trans-
fusion and that transfusion during the ICU stay was
associated with a higher risk of death during the year
following discharge. Our results suggest that, at bedside,
intensivists should pursue their efforts to restrict red
blood cell transfusion to patients who really need it.

Additional prospective randomised trials are needed to
evaluate the long-term effects of RBC transfusion in criti-
cally ill patients.
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