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Abstract
Purpose  Red-blood-cell (RBC) transfusion is one of the most frequent interventions in critical care patients. While 
patients with acute cardiac conditions are more likely to receive transfusions at higher haemoglobin thresholds than 
other critically ill patients, data on RBC transfusion practice for critically ill patients with pre-existing cardiac conditions 
are scarce.

Methods  Using the International Point-Prevalence Study of Intensive-Care Unit Transfusion Practices cohort, 
weighted logistic regression investigated the association between the RBC units transfused and the primary 
composite outcome of 28-day mortality, new-onset acute kidney injury or ventilatory weaning failure. Interactions 
with cardiac history (acute coronary syndrome and/or heart failure) were tested.

Results  Cardiac history was present in 746 of 3643 patients (20%) and 894 of 3643 (25%) received at least one 
RBC unit. Transfusion rates were similar in patients with and without cardiac history (25% vs. 24%; p = 0.51). Among 
transfused patients, median nadir haemoglobin during ICU stay was slightly higher in those with cardiac history 
(7.6 g/dL vs. 7.4 g/dL respectively; p = 0.007), whereas stated haemoglobin transfusion threshold did not statistically 
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Introduction
Red blood cell (RBC) transfusion remains one of the 
most common bedside interventions in intensive care 
with 25 to 50% of patients receiving at least one unit dur-
ing their stay [1–3]. Although RBC transfusion is life-
saving in patients with haemorrhagic shock or trauma, 
conditions representing only 10 to 20% of intensive care 
unit (ICU) admissions, it is most often prescribed to treat 
anaemia [1, 2]. The latter affects up to 60% of patients 
at ICU admission and up to 90% during their stay [4]. 
Large randomised trials and current guidelines support a 
restrictive transfusion strategy as safe for almost all criti-
cally ill patients. However, adherence in clinical practice 
remains disappointingly low, particularly among patients 
with cardiac history [5–10]. While, there is no universally 
accepted definition of what constitutes a cardiac history, 
the World Health Organization considers acute coronary 
syndrome (ACS) and heart failure (HF) among the lead-
ing causes of chronic cardiovascular disease [11]. Thus, 
up to 40% of critically ill patients have a cardiac history 

at ICU admission. In this population, anaemia is highly 
prevalent and represents an independent, actionable 
risk factor for both hospitalisation and mortality [2, 12]. 
Whereas current guidelines recommend a higher trans-
fusion threshold in acute cardiac conditions, the latest 
meta-analysis on this topic found no clear difference in 
myocardial infarction or death at 30  days, leaving the 
optimal approach for pre-existing cardiac history poorly 
documented [8–10].

In this analysis of the The International Point Preva-
lence Study of Intensive Care Unit Transfusion Practices 
(InPUT), we investigated transfusion practice in critically 
ill patients focusing on their cardiac history and assessed 
whether the latter interfered in the association between 
RBC transfusion with 28-day composite outcome of 
death or acute kidney injury (AKI) or ventilatory weaning 
failure (VWF) [1].

differ (8.5 g/dL vs. 8.0 g/dL; p = 0.11). Each additional RBC unit increased the odds of the composite outcome in the 
whole cohort (2.18, 95% CI 1.85–2.56, p < 0.0001), without interaction with cardiac history (p = 0.44).

Conclusions  RBC transfusion was commonly and similarly prescribed in critically ill patients with or without cardiac 
history. Each additional unit was associated with a worse outcome with no evidence of differential effect due to 
cardiac history.

Trial registration  NL9049 (Dutch Trial Register), registered on 16 November 2020.

Keywords  Red blood cell transfusion, Intensive care units, Critical care, Heart failure
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Methods
Study design and oversight
This analysis is based on the InPUT-study, an interna-
tional, multicentre, prospective observational cohort 
study of transfusion practices in ICUs [1]. In brief, the 
study was conducted across 233 centres in 30 countries 
spanning six continents from March 2019 to October 
2022. All adult patients admitted to the ICU during a 
predefined study week were included. For each unit of 
RBC transfusion, the clinical indication was recorded. 
Patients were followed for up to 28 days during their stay 
in the ICU.

Definitions
The composite outcome was defined as any of the fol-
lowing events within 28 days of admission: death, organ 
dysfunction manifested as new-onset AKI or VWF. 
Acute kidney injury was characterized by an increase in 
serum creatinine by ≥ 0.3  mg/dL (≥ 26.5  mmol/l), within 
48  h or an increase in serum creatinine to ≥ 1.5 times 
baseline, which is known or presumed to have occurred 
within the prior 7 days, or urine volume < 0.5 ml/kg/h for 
6  h. Ventilatory weaning failure was considered present 
in the event of failure to pass a spontaneous-breathing 
trial or the need for reintubation within 48  h following 
extubation.

A cardiac history referred to a documented history of 
ACS history or HF history prior to ICU admission. In 
subgroup analyses comparing patients with an ACS his-
tory with those who had HF history, patients who had 
both conditions were classified in the HF group.

Acute coronary syndrome encompassed a spectrum 
of clinical presentations consistent with acute myocar-
dial ischemia including unstable angina, non–ST-seg-
ment elevation myocardial infarction and ST-segment 
elevation myocardial infarction. Heart failure definition 
included an ejection fraction < 40% and HF must have 
been recorded prior to this current hospital-admission as 
a chronic condition (existing > 6 months) or patient must 
be using drugs prescribed with the indication HF.

Nadir haemoglobin level was the lowest haemoglobin 
level recorded during the whole ICU stay. Haemoglobin 
threshold indicated the threshold used to determine the 
indication for each RBC transfusion.

Outcomes
The primary outcome of this study was to assess the asso-
ciation between RBC transfusion and the primary com-
posite endpoint in the whole InPUT cohort and whether 
cardiac history modified this association.

Data collection
In the InPUT study, the following data were collected 
from the time of ICU admission until day 28, or until 

death or discharge, whichever occurred first: demo-
graphic information, past medical history including HF 
and ACS, ICU admission diagnosis, daily laboratory 
results including nadir haemoglobin levels on the whole 
ICU stay, and organ support therapies such as renal 
replacement therapy or mechanical ventilation. New-
onset adverse events were recorded, including ACS, AKI, 
sepsis, acute respiratory distress syndrome, gastro-intes-
tinal bleeding, VWF, liver failure, cerebrovascular event, 
bone marrow failure, retinal haemorrhage.

Particular attention was given to transfusion events, 
with documentation of the declared haemoglobin thresh-
old, the number of RBC units transfused, and the time 
from ICU admission to the first RBC unit transfused. For 
each RBC transfusion event, the reasons behind the deci-
sion to transfuse were recorded and categorized as either 
clinical criteria or pathophysiological triggers.

Statistical analyses
Description
Analytical data are presented as the median with first and 
third quartiles for continuous variables whereas categori-
cal variables as numbers and percentages. Comparisons 
of baseline characteristics according to groups were con-
ducted by using Wilcoxon or Kruskal–Wallis tests for 
continuous variables and the Fisher exact test or X2 test 
for categorical variables.

First, comparisons were made between patients with a 
cardiac history and those without; and second, between 
patients with a HF history (with or without an ACS his-
tory) and those with an ACS history alone.

The reasons and triggers for transfusion were analysed 
according to cardiac history using the non-imputed data-
set. Since individual patients could receive multiple RBC 
units for different indications, a generalised linear mixed-
effects model with a binomial distribution and a random 
effect for patients was used to assess the association with 
the cardiac history. P-values corresponding to the fixed 
effect (cardiac history) were reported.

Management of missing data
A missing data map was initially generated to visualise 
both the proportion and the distribution of missing val-
ues across the dataset. To address missingness, a non-
parametric imputation method using the Random Forest 
algorithm was applied. The imputation was performed 
using the missForest package, with a maximum of 10 
iterations and 100 trees per forest. To assess the quality 
of the imputation, we compared the distributional con-
sistency of each continuous variable before and after 
imputation. Specifically, density plots of the observed 
(non-imputed) data were overlaid with those of the 
imputed data. A good overlap between the distributions 
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indicates that the imputation was correct. The imputed 
data set was used in all following analyses.

Weighted analyses
All analyses presented are weighted. To control for con-
founding, a stabilised inverse probability of treatment 
weighting (IPTW) approach was used based on a logistic 
regression propensity score model. The model included 
the following variables: continent of origin, age, sex, Do 
Not Resuscitate order, Do Not Intubate order, referral 
status, referring facility, patient type (medical/surgical), 
reason for admission, presence of ACS, HF, chronic kid-
ney disease, malignant haematological diseases, solid 
tumours, presence of shock, APACHE IV score, haemo-
globin and platelet count at admission, prothrombin time 
at admission, use of mechanical ventilation, and renal 
replacement therapy. Propensity scores were derived 
from this model, and stabilised IPTW were calculated 
accordingly. To limit the influence of extreme weights, 
values above five were truncated. The final weights 
were normalized to preserve sample size. The distribu-
tion of stabilised IPTW by transfusion status was plot-
ted. Covariate balance before and after weighting was 
assessed using mean standardised differences with a 
threshold limit of 0.15.

Primary outcome analyses
Associations between the number of RBC units trans-
fused or the status of transfusion (yes/no) and the pri-
mary composite outcome, as well as its individual 
components, were assessed using weighted logistic 
regression models. Stabilised IPTW, previously calcu-
lated, were applied to account for baseline confounding. 
The number of RBC units transfused was modelled as a 
continuous variable using restricted cubic splines, with 
knots defined according to Harrell’s recommendations 
[13]. The reference value was set to zero unit transfused. 
Wald tests were used to assess both the overall associa-
tion and departure from linearity. In addition, interac-
tion effects between the number of RBC units transfused 
and cardiac history were evaluated. Results were visual-
ised as odds ratios with 95% confidence intervals across 
the range of RBC transfused units. E-Value was also 
computed to quantifies how strong an unmeasured con-
founder would need to be, with respect to both treatment 
and primary outcome, to reduce the observed association 
to null.

Secondary outcomes
Weighted logistic regression models using stabilised 
IPTW on the imputed dataset assessed the interactions 
of transfusion status with cardiac history (ACS alone vs. 
HF with or without ACS vs. neither ACS nor HF) on the 
composite outcome and its individual components. In 

addition, subgroup analyses were performed in patients 
transfused for non-bleeding reasons only and in those in 
whom no physiological trigger influenced the decision to 
transfuse.

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

Results
Population characteristics
The entire cohort of 3,643 patients was included in this 
post hoc analysis. Baseline characteristics are detailed 
in Table 1. In summary, 746 patients (20%) had a docu-
mented cardiac history, including 381 with an ACS his-
tory and 427 with a HF history. Compared to patients 
without cardiac history, those with a cardiac history were 
older (70 [61–77] vs. 62 [49–71] years, p < 0.0001) and 
less frequently female gender (31% vs. 40%, p < 0.0001). 
Reasons for ICU admission differed significantly between 
patients with and without a cardiac history (p < 0.0001): 
out-of-hospital or in-hospital cardiac arrest (7% vs 3%) 
and shock (15% vs 11%) were more frequent in those with 
a cardiac history, whereas acute brain injury (3% vs 7%), 
trauma (1% vs 6%), and metabolic disturbances (4% vs 
8%) were less frequent.

Events during the ICU stay are summarized in Table S1 
in Supplement 1. Patients with cardiac history were more 
frequently managed with invasive mechanical ventilation 
(51% vs. 43%, p = 0.0001) and renal replacement therapy 
(5% vs. 3%, p = 0.004) and had a higher median Sequential 
Organ Failure Assessment score during their ICU stay (4 
[2–7] vs. 3 [2–6], p < 0.0001). Additionally, during their 
ICU stay they experienced a higher incidence of organ 
dysfunction, including ACS, AKI, sepsis, or VWF.

RBC transfusion
Admission laboratory values were comparable between 
groups. The overall transfusion rate was similar in 
patients with and without cardiac history with one of 
four patients receiving RBC transfusion in both groups 
(p = 0.51, Table  2). Among RBC transfused patients, the 
number of RBC units administered was also similar: 2 
[1–4] in patients without cardiac history and 2 [1–3] 
in those with cardiac history (p = 0.98, Table  3). More-
over, RBC transfused patients with a cardiac history had 
slightly higher nadir haemoglobin levels during their ICU 
stay than those without such a history (7.6 [6.9–8.5] vs. 
7.4 [6.7–8.1] g/dL; p = 0.007), whereas their haemoglobin 
transfusion thresholds (8.5 [8.0–9.0] vs. 8.0 [7.0–9.0] g/
dL; p = 0.11) and the interval from ICU admission to the 
first RBC unit (2 [1–4] vs. 2 [1–3] days; p = 0.30) were 
comparable (Table  3). Among patients with a nadir Hb 
threshold < 8  g/dL, only 205 patients (6%) in the overall 
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Variables n (2897) No cardiac history n (746) Cardiac history p-value
Age, y 2897 62 (49—71) 746 70 (61—77)  < 0.0001
Female Gender 2897 1148 (40%) 746 228 (31%)  < 0.0001
Medical history (multiple options possible)
 Acute coronary syndrome 2897 0 (0%) 746 381 (51%)  < 0.0001
 Heart failure 2897 0 (0%) 746 427 (57%)  < 0.0001
 Chronic kidney failure 2897 197 (7%) 746 132 (18%)  < 0.0001
 Chronic obstructive pulmonary disease 2897 301 (10%) 746 111 (15%) 0.0006
 Liver failure 2897 93 (3%) 746 17 (2%) 0.18
 Benign haematologic disease 2897 27 (1%) 746 8 (1%) 0.73
 Haematologic malignancy 2897 79 (3%) 746 16 (2%) 0.37
 Organ transplant 2897 43 (1%) 746 11 (1%) 0.98
 Bone marrow transplant 2897 9 (0%) 746 0 (0%) 0.27
 None 2897 1387 (48%) 746 0 (0%)  < 0.0001
Code Status
 Do not resuscitate 2873 128 (4%) 734 47 (6%) 0.028
 Do not intubate 2879 99 (3%) 737 37 (5%) 0.044
 Do not transfuse 2729 12 (0%) 699 1 (0%) 0.43
 APACHE IV score 2446 46 (28—69) 572 50 (27—76) 0.041
 Emergency admission 2897 1895 (65%) 746 477 (64%) 0.45
Referred from 2895 746 0.027
 Emergency department 897 (31%) 248 (33%)
 General Ward 507 (18%) 116 (16%)
 Operation theater/OR 1218 (42%) 295 (40%)
 Other (i.e., home, other ICU) 30 (1%) 17 (2%)
 Other hospital 243 (8%) 70 (9%)
Referring specialty 2897 746  < 0.0001
 Cardiology 110 (4%) 185 (25%)
 Cardiothoracic surgery 366 (13%) 172 (23%)
 Gastrointestinal surgery 271 (9%) 44 (6%)
 Gynaecology 77 (3%) 3 (0%)
 Internal medicine 569 (20%) 123 (16%)
 Neurology 127 (4%) 22 (3%)
 Neurosurgery 272 (9%) 19 (3%)
 Orthopaedic surgery 87 (3%) 21 (3%)
 Other (i.e., emergency, ENT) 84 (3%) 5 (1%)
 Pulmonology 344 (12%) 57 (8%)
 Surgery 365 (13%) 75 (10%)
 Trauma surgery 141 (5%) 10 (1%)
 Urology 84 (3%) 10 (1%)
 Surgery < 24 h before ICU admission 2891 1295 (45%) 745 307 (41%) 0.079
Reason for ICU admission 2891 744  < 0.0001
 Acute brain injury 204 (7%) 25 (3%)
 In- or out-of-hospital cardiac arrest 81 (3%) 52 (7%)
 Metabolic disturbances 238 (8%) 30 (4%)
 Postoperative monitoring 1046 (36%) 259 (35%)
 Other 228 (8%) 80 (11%)
 Respiratory failure 608 (21%) 183 (25%)
 Shock 322 (11%) 110 (15%)
 Trauma 164 (6%) 5 (1%)
Outcomes
 28-day mortality 2691 472 (18%) 708 146 (21%) 0.059

Table 1  Characteristic of the population at inclusion according to cardiac history status
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cohort did not receive an RBC transfusion: 163 (6%) with 
a cardiac history and 42 (6%) without (Table S2 in Sup-
plement 1). Reasons and triggers for RBC transfusion 
were similar between patients with and without cardiac 
history (Table S3 in Supplement 1).

Except for a higher nadir Hb threshold higher in 
patients with an ACS history alone, no significant differ-
ence in RBC transfusion practices was observed between 
patients with an ACS history and those with HF history 
(Table S4 in Supplement 1).

Missing data are shown in Figure S1 in Supplement 1. 
The distribution of stabilized IPTW between the RBC 

transfused and non-transfused groups, along with the 
mean standardized differences before and after weight-
ing, are displayed in Figures S2 and S3 in Supplement 1, 
respectively.

Primary outcome
Figure  1 shows unweighted and weighted association 
between RBC transfusion and the composite outcome 
or its components In the overall cohort, each additional 
RBC unit was associated with higher odds of the com-
posite outcome (OR 2.18, 95% CI 1.85–2.56; p < 0.0001) 
but no interaction by cardiac history status was observed 
(p = 0.44). Using the E-value (which quantifies how strong 
an unmeasured confounder would need to be to nullify 
the association), the minimum strength of association 
that an unmeasured confounder would need to have with 
both RBC transfusion and the composite outcome in the 
overall cohort to explain away the observed association 
was 2.32 for the point estimate and 2.06 for the lower 
bound of the 95% CI, conditional on measured covari-
ates. Figure  2, panel A illustrates the incremental asso-
ciation between the number of transfused RBC units and 
the composite outcome in all studied patients. Figure  2 
further shows similar association in patients with and 
without cardiac history, whether for the primary com-
posite endpoint (panel B), for the 28-day risk of death 
(panel C) and for the risk of new-onset AKI or VWF 
(panel D).

Secondary outcomes
Figure  3 depicts the association between RBC transfu-
sion and both the composite outcome and its individual 

Table 2  Transfusion characteristics during intensive care unit 
stay according to cardiac history
Variablesa n 

(2897)
No cardiac 
history

n 
(746)

Cardiac 
history

p-
val-
ue

Transfusion
 Received RBC 2897 704 (24%) 746 190 (25%) 0.51
 Number of days 
of transfusion

660 1 (1—2) 186 1 (1—2) 0.43

 No. of RBC units 
transfused per 
transfused dayb

659 1 (1—2) 186 1 (1—2) 0.33

 Number of RBC 
unit transfused

704 2 (1—4) 190 2 (1—3) 1.00

 ESA administered 2897 20 (1%) 746 14 (2%) 0.003
 Iron administered 2897 29 (1%) 746 6 (1%) 0.62
Admission labo-
ratory values
 Hb level, g/dL 2308 12 

(10—14)
609 12 

(10—14)
0.55

 Anemia
 Female 894 519 (58%) 195 112 (57%) 0.87
 Male 1414 825 (58%) 414 241 (58%) 0.96
Laboratory 
values during 
ICU stay
 Nadir Hb, g/dL 2849 10 (8—12) 739 10 (8—12) 0.34
 Anemia during 
ICU stayc

2849 2389 (84%) 739 614 (83%) 0.61

ESA, Erythropoiesis−stimulating agents; Hb, hemoglobin; ICU, intensive care 
unit; RBC, red blood cell
aPresented as No. (%) for frequency data, continuous variables presented as 
median (shown first−third quartile borders)
bCalculated as the sum of RBC transfused divided by the days a transfusion was 
administered per patient
cAnemia defined as <12 g/dL for females and <13 g/dL for males, according to 
the definition by the World Health Organization

Table 3  Transfusion characteristics in RBC-transfused patients 
with and without cardiac history
Variables n No cardiac 

history
n Cardiac 

history
p-
val-
ue

Number of RBC units 
transfused

703 2.0 
(1.0—4.0)

190 2.0 
(1.0—3.0)

0.98

Nadir Hb during ICU 
stay, g/dL

701 7.4 
(6.7—8.1)

190 7.6 
(6.9—8.5)

0.007

Hemoglobin thresh-
old, g/dL

508 8.0 
(7.0—9.0)

137 8.5 
(8.0—9.0)

0.11

Time to the first RBC 
transfusion, days

659 2.0 
(1.0—3.0)

186 2.0 
(1.0—4.0)

0.30

Hb, hemoglobin; ICU, intensive care unit; RBC, red blood cell

Continuous variables presented as median (shown first−third quartile borders)

Variables n (2897) No cardiac history n (746) Cardiac history p-value
 Acute kidney injury or ventilatory weaning failure 2897 547 (19%) 746 214 (29%)  < 0.0001
 Composite endpoint 2714 815 (30%) 719 289 (40%)  < 0.0001
APACHE, Acute Physiology and Chronic Health Evaluation; ENT, ear, nose, and throat; ICU, intensive care unit; OR, operating room; RBC, red blood cell. Presented 
as No. (%) for frequency data, median (shown first−third quartile borders) for continuous variables. The APACHE IV score is used to reflect the patient’s severity of 
illness, expressed by a 0−286 range, in which higher severity of illness is reflected by a higher score

Table 1  (continued) 
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components, stratified by cardiac history; no ACS/HF 
history, ACS history alone, and HF history (with or with-
out ACS). The odds of new-onset AKI or VWF rose in 
patients with a HF history (OR 3.91, 95% CI 2.51–6.16) 
and in patients with no ACS or HF histories (OR 2.46, 
95% CI 2.00–3.01) but not in those with isolated ACS his-
tory (OR 1.55, 95% CI 0.83–2.83; interaction p = 0.047). 
In two subgroup analyses (patients without active bleed-
ing as the indication for RBC transfusion and those in 
whom no physiological trigger influenced the decision to 
transfuse), results were consistent with those in the over-
all cohort for the primary outcome: transfusion was asso-
ciated with harm in each subgroup, with no evidence of 
interaction with cardiac history (Table S5 in Supplement 
1).

Discussion
In this analysis, RBC transfusion was commonly and 
similarly prescribed in patients with and without car-
diac history. An incremental increase in RBC transfusion 
was associated, within the first 28-day, with worse organ 
dysfunction and death in the entire InPUT cohort. How-
ever, this detrimental association was similar among ICU 
patients regardless the cardiac history. Within the cardiac 
history subgroup, the effect appeared stronger in patients 
with a history of HF than in those with prior ACS.

RBC transfusion practice
RBC transfusion practices were comparable between 
patients with and without a cardiac history, in terms of 

the proportion transfused, the total units administered, 
and the interval from ICU admission to the first transfu-
sion. However, the transfusion threshold in patients with 
a cardiac history was 8.5  g/dL, with only 25% of these 
patients transfused at a threshold below 8  g/dL, glob-
ally above the most recent European and North Ameri-
can guidelines, which recommend a threshold of 7 g/dL 
and 7–8 g/dL, respectively, for the general ICU popula-
tion [8, 10]. Although patients with a cardiac history 
were more clinically severe at ICU admission, the over-
all reasons and triggers for RBC transfusion were similar 
in both groups. Given that some evidence suggests that 
the harmful effects of RBC transfusion can manifest in 
critically ill patients from the very first unit transfused, 
further efforts are crucial to improve adherence to the 
guidelines [14]. Finally, data on transfusion thresholds in 
critically ill patients with cardiac comorbidities remain 
scarce, and the two most recent guidelines do not spe-
cifically address this population. Ding et al. analysed a 
large cohort of 258,826 ICU episodes to assess how hae-
moglobin levels and cardiac history influence the asso-
ciation between RBC transfusion and hospital mortality. 
They suggested that in patients with a cardiac history but 
no acute cardiac event, transfusion was associated with 
reduced mortality only when the haemoglobin level was 
below 8.7 g/dL [12].

Transfusion outcome in cardiac patients
RBC transfusion was found more harmful in patients 
with a HF history with more new-onset AKI or VWF. 

Fig. 1  Forest plot illustrating the association between the number of transfused RBC units and the odds of the primary composite outcome or its compo-
nents, shown in the overall InPUT cohort and after stratification by cardiac history. Results are presented for the unweighted multivariable logistic‐regres-
sion model and the corresponding model weighted with IPTW. Black circles are point estimates (OR per additional RBC unit); horizontal bars indicate 95% 
confidence intervals; the dashed vertical line indicates OR = 1. pint values report the interaction term testing whether the RBC transfusion effect differs 
between patients with and without a cardiac history
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In a previous large European cohort of 1,551 unselected 
ICU patients, our team found that in-ICU transfusion 
was associated with increased mortality, possibly due to 
transfusion-related kidney injury [14]. Moreover, a post 
hoc analysis of the REALITY trial investigated outcomes 
stratified by HF history. The analysis showed that a liberal 
transfusion strategy was associated with higher 30-day 
all-cause mortality in patients with pre-existing HF. This 
difference was primarily driven by deaths related to HF, 
in line with our findings [15]. By contrast, in the same 
post hoc analysis of the MINT trial, restrictive transfu-
sion resulted in numerically (but not significantly) higher 
rates of death or myocardial infarction and death in 
patients with than in those without pre-existing HF [16]. 
Risk–benefit assessment of RBC transfusion in critically 

ill patients is delicate, particularly in those with a cardiac 
history.

Individual vs. collective benefits
Our results on the primary outcome, derived from 
observational data, should not be used to advocate for 
any particular transfusion strategy. The neutral result of 
our primary outcome suggests at first glance that a car-
diac history should not influence transfusion decision-
making in critically ill patients. However, the subgroup 
analyses also support a more nuanced and personalised 
transfusion strategy in critically ill patients with cardiac 
histories, where decisions should be guided by a compre-
hensive assessment of factors such as cause of admission, 
most often unrelated to cardiac origin, underlying dis-
eases, oxygen supply–demand balance or haemodynamic 

Fig. 2  Associations between the number of transfused RBC units and the primary composite outcome and its components, stratified by cardiac history 
(A) OR for the composite outcome (28-day mortality, new-onset AKI or VWF) by number of transfused RBC units in the whole study population. (B) OR for 
the composite outcome by number of transfused RBC units, stratified by cardiac history. (C) OR for 28-day mortality by number of transfused RBC units, 
stratified by cardiac history. (D) OR for new-onset organ dysfunction (new-onset AKI or VWF) by number of transfused RBC units, stratified by cardiac histo-
ry. In all panels, the x-axis shows the number of transfused RBC units and the y-axis the corresponding OR. ORs and 95% confidence intervals were derived 
using weighted imputed logistic-regression models; shaded bands indicate the 95% confidence intervals, and the horizontal dashed line indicates OR = 1
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status. Although the indication for RBC transfusion 
should be limited to situations where the likelihood of 
benefit is highest, it is essential to emphasise that the best 
strategy remains prevention and the use of alternative 
treatments to increase haemoglobin level. In this cohort, 
the rate of iron and erythropoietin supplementations is 
particularly low. However, results from recent clinical tri-
als of iron supplementation have been conflicting in HF 
patients with iron deficiency, although the intervention 
appears safe [17, 18]. Erythropoiesis-stimulating agents 
(ESAs) also remain a matter of debate, as their use has 
not been shown to reduce the need for RBC transfu-
sion in critically ill patients [19]. However, meta-analyses 
of randomized controlled trials suggest that ESAs may 
decrease mortality in heterogeneous populations of criti-
cally ill adults [20]. French guidelines support their use in 
critically ill, anaemic patients (Hb 10.0–12.0 g/dL), in the 
absence of contraindications, to reduce RBC transfusion 
requirements and potentially decrease mortality [21]. In 
ambulatory patients with HF and anaemia, ESAs increase 
the risk of thromboembolic events and do not improve 
clinical outcomes [22]. Finally, the appropriateness of 
a 7  g/dL hemoglobin threshold warrants re-evaluation. 
Recent analyses of large ICU databases show no improve-
ment in organ dysfunction with RBC transfusion versus 
no transfusion at this threshold, suggesting that individu-
alized targets beyond a fixed 7 g/dL cut-off merit further 
evaluation [23].

Limitations
As for any observational study, causality cannot be ascer-
tained. Despite the use of weighting methods based on 
the propensity score, we cannot exclude the unmeasured 
confounding that may have influenced the assessment 

of RBC transfusion association with outcome. How-
ever, we found, using an E-value sensitivity analysis, that 
our adjustment is probably robust as only a confounder 
exhibiting ≥ 2.3-fold associations with both transfusion 
and the primary composite outcome could fully account 
for the observed effect. The inclusion of patients with 
specific conditions (e.g., acute brain injury, post-cardiac 
surgery, cardiology admissions), for whom transfusion 
practices are better defined, may have introduced het-
erogeneity and limited the interpretability of our findings 
despite statistical adjustment. Despite the large overall 
cohort size, the number of patients actually exposed to 
RBC transfusion, particularly among those with a cardiac 
history, was limited, with most patients receiving only 
one unit and many never reaching hemoglobin levels at 
which transfusion is typically considered. As a result, 
the effective sample size for assessing the association of 
interest was substantially reduced, likely limiting statisti-
cal power and increasing the risk of both type I and type 
II errors, particularly in the context of residual confound-
ing. This power issue is particularly relevant for sub-
group analyses; for instance, in the ACS-only subgroup, 
only 86 patients received an RBC transfusion. ACS and 
HF were only recorded on the medical history and not 
stratified according to their specific characteristics or 
severity. Similarly, to better understand our results more 
data on the haemodynamic status and cardiac function 
would have been necessary. Specifically, data on ejec-
tion fraction, cardiac index and biomarkers such as brain 
natriuretic peptides are lacking. While focusing on RBC 
transfusion, we did not specifically assess the impact of 
other blood products on outcomes. Notably, plasma 
transfusion practices differed between patients with and 
without a cardiac history in our study. Finally, we only 

Fig. 3  Forest plot illustrating the association between RBC transfusion and outcomes across baseline cardiac history strata. Patients were grouped as 
having (1) no history of ACS or HF, (2) ACS history alone, or (3) HF history (with or without prior ACS). The plot displays odds ratios and 95% CI for the com-
posite outcome, the 28-day mortality alone and AKI or VWF. Analyses were performed using weighted imputed logistic-regression models. The vertical 
dashed line indicates OR = 1
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included the continent of origin in the propensity score 
calculation and we cannot rule out that residual hetero-
geneity and clustering effects remain.

In conclusion, RBC transfusion is a common practice 
in critically ill patients often outside the recommended 
thresholds and is associated with increased 28-day mor-
tality or organ dysfunction, most notably new-onset AKI 
or VWF. However, a cardiac history per se does not con-
fer additional transfusion-related risk, except in patients 
with prior HF, highlighting the need for individualized 
transfusion strategies in this vulnerable subgroup.
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