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Aims Patients with acute coronary syndrome (ACS) frequently suffer from anaemia, but its role in patients admitted to an
intensive care unit (ICU) is unclear. This analysis evaluates the prognostic relevance of different degrees of anaemia
and their specific impact on disease severity and the outcome in critically ill ACS patients.

Methods and
results

and results The multi-centre electronic Intensive Care Unit Collaborative Research Database was used, and all patients
admitted with ACS were included in a retrospective analysis. Anaemia and its degrees were defined according to the
criteria by the World Health Organization. A multi-level logistic regression analysis was used to fit three sequential re-
gression models for the binary primary outcome of hospital mortality. A total of 7418 patients were included; 3437 pa-
tients (46%) had anaemia on admission. Patients with anaemia were significantly older [61 (53–70) vs. 70 (61–78) years,
P < 0.001], more often female (P< 0.001), and required an increased rate of vasopressor use (P< 0.001) and mechanical
ventilation (P< 0.001). With the higher Sequential organ failure assessment score (1 vs. 2; P< 0.001) and Acute
Physiology And Chronic Health Evaluation (35 vs. 47; P< 0.001) scores, a higher degree of anaemia was associated
with prolonged ICU stay (2 vs. 5 days, P< 0.001). Even patients with mild anaemia needed significantly from more inten-
sive treatment and suffered worse outcome. Intensive care unit and hospital mortality were inversely associated with
haemoglobin levels.

Conclusion Nearly half of critically ill patients with ACS suffer from anaemia, which is associated with increased illness severity, com-
plex ICU procedures, and mortality—even in mild anaemia. Haemoglobin on admission is an independent factor for ad-
verse outcome.
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Introduction
Morbidity and mortality of patients with acute coronary syndromes
(ACS) decreases due to improved strategies in revascularization and
pharmacological treatment, but the incidence and relevance of co-
morbidities are increasing.1 There is no convincing evidence for ef-
fective dedicated treatment of comorbidities in ACS such as
hyperglycaemia, iron deficiency, and anaemia, although they are piv-
otal for the short- and long-term prognosis.2–4 In fact, anaemia is a
common comorbidity in patients suffering fromACS.5–8 Under these
circumstances, anaemia may reflect its own entity but also might mir-
ror several other comorbidities such as consumptive cancer, malnu-
trition, and advanced renal failure, among others. In addition, anaemia
also directly aggravates tissue hypoxia, as critical anaemia may be
more relevant in local perfusion deficits such as in ACS. The inci-
dence of this comorbidity is still rising.9,10 The estimated prevalence
of anaemia on admission in the setting of ACS is between 10 and
43%.11 Several cohort studies have consistently demonstrated that
lower haemoglobin levels at admission are associated with adverse
outcomes in patients suffering from chronic coronary syn-
drome4,12,13 and in ACS.14 Wester et al.14 demonstrated in the
VALIDATE-SWEDEHEART trial that patients with anaemia had
nearly doubled mortality after 180 days. Significantly less information
exists about patients with high-risk ACS and anaemia admitted to an
intensive care unit (ICU).15,16 Most of the studies investigating the
role of pre-existing anaemia on the impact of critically ill ACS patients
were only single-centred and analysed comparatively few patients, al-
though anaemia in cardiovascular ICU patients has a significant num-
ber of consequences, including its influence on blood pressure, tissue

perfusion, renal function, neurohumoral activation, and its haemo-
dynamic consequences.17

However, until now, the role of different degrees of anaemia in-
cluding mild anaemia, on the one hand, and general disease severity,
on the other, has not been investigated for the outcome of critically
ill ACS patients. The present retrospective cohort analysis closes this
gap using a multi-centre ICU database including over 200 000 admis-
sions from the electronic Intensive Care Unit (eICU) Collaborative
Research Database.18

Methods

Study subjects
The eICU-Database was initially drawn from the eICU telehealth system.
This system complemented on-site ICU teams with remote support. The
eICU Collaborative Research Database comprises a multi-centre ICU
database that includes over 200 000 admissions from 335 ICUs of 208
hospitals throughout the USA for 2014 and 2015.18 The database is dis-
tributed under the Health Insurance Portability and Accountability Act
(HIPAA) safe harbour provision.

Extracted data
We extracted the baseline characteristics and organ support on Day 1 as
described previously.19–21 Acute coronary syndrome was identified using
APACHE (Acute Physiology And Chronic Health Evaluation) IV diagnosis
to select patients as described previously by Pollard et al.18 The inclusion
criterion was a diagnosis of ACS. In this study, patients with ACS were
identified via the method established by Pollard et al.18,22,23 The pro-
longed ICU stay was defined with a duration of >168 h.23,24 Also, data
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of further treatments were extracted as well as data on critical illness
scores such as SOFA (Sequential organ failure assessment score),
APACHE, and pre-existing comorbidities using the Elixhauser comorbid-
ity score as described previously.25 Scores were calculated with data
within the first 24 h. Furthermore, also outcome data were extracted.
The primary outcome was hospital mortality; secondary outcomes
were the management strategies, mechanical ventilation, and vasopres-
sor use.

Classification of anaemia and illness severity
Patients were classified following theWHO recommendations according
to their haemoglobin levels on admission26 into mild (men≥ 15 years:
11–12.9 g/dL, non-pregnant women≥ 15 years: 11–11.9 g/dL, pregnant
women≥ 15 years: 10–10.9 g/dL), moderate (men≥ 15 years:
8–10.9 g/dL, non-pregnant women≥ 15 years:8–10.9 g/dL, pregnant wo-
men≥ 15 years: 7–9.9 g/dL), and severe (men≥ 15 years: <8 g/dL, non-
pregnant women≥ 15 years: <8 g/dL, pregnant women≥ 15 years:
<9 g/dL, Figure 1). This classification was used for a subgroup analysis
that compared various degrees of anaemia severity. Illness severity was
classified according to the initial SOFA score into patients with less
and patients with a SOFA≥ 2.

Stratified sensitivity analysis
Sensitivity analyses, analysing only patients ageing <65 years, 65–79, or
>79 years (arbitrary cut-off), Caucasian vs. non-Caucasian ethnicity, lac-
tate≥/>2.0 mmol/L (arbitrary cut-off), with and without mechanical ven-
tilation, male or female gender, non-teaching and teaching hospital,
vasopressor use or no vasopressor use, were performed.

Statistical analysis
Continuous data are expressed as median± interquartile range.
Differences between two independent groups were calculated using
the Mann–Whitney U-tests for non-normally distributed data, accord-
ingly. Categorical data are expressed as numbers (percentages), χ2 tests
were applied to calculate univariate differences between groups. We
used three sequential random effect multi-level logistic regression

models to assess the impact of anaemia on ICU mortality. A baseline
model with anaemia as a binary variable as a fixed effect and ICU as a ran-
dom effect (Model 1) was installed. Second, SOFA (Model 2) was added
to Model 1 to correct for illness severity. Third, APACHE 2 was added to
Model 1. Adjusted odds ratios (aORs) with respective 95% confidence
intervals (CIs) were calculated. Both models were repeated for the three
categories of anaemic severity (mild, moderate, severe). Last, the
Elixhauser comorbidity score was added to Models 2 and 3, respectively,
to correct for illness pre-existing comorbidities (see Supplementary
material online, Tables S1 and S2).

All the tests were two-sided, and a P-value of <0.05 was consid-
ered statistically significant. Stata 16 was used for all the statistical
analyses.

Results

Patient characteristics
Baseline characteristics are presented in Table 1. In both groups, ACS
patients with and without anaemia, male were overrepresented.
However, this disproportionality was less pronounced in anaemic pa-
tients [71% (2832) vs. 60% (2064)]). Patients with anaemia were, on
average, slightly leaner [29 (26–33) vs. 28 (24–32) kg/m²; P< 0.001]
and, most importantly, older [61 (53–70) vs. 70 (61–78); P< 0.001].
There were no significant differences in laboratory values on
admission to the ICU with respect to serum lactate [2.1 (1.4–3.4)
vs. 1.8 (1.2–3.1) mmol/L; P= 0.093]. Platelets were comparably high
[(× 1000/mm³) 207.0 (172.0–246.0) vs. 205.0 (165.0–254.0); P=
0.62], but leucocytes were significantly lower in patients with an-
aemia [(× 1000/mm³) 10.3 (8.3–13.0) vs. 9.3 (7.2–12.1); P< 0.001].
Overall, scores for disease severity on admission were not high in ei-
ther group but were significantly higher in anaemic patients by com-
parison [SOFA 1 (1–3) vs. 2 (1–4); P< 0.001; APACHE 35 (27–45)
vs. 47 (36–58); P< 0.001]. With rising degrees of anaemia, the
Elixhauser Comorbidity Score increased as well.

Figure 1 CONSORT diagram.
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Intensive care treatment and outcome
During intensive care treatment, invasive ventilation and vasopres-
sors had to be used more frequently in this group (Figure 2). Both
the total length of stay and the proportion of long-stay patients
were higher in the group of patients with anaemia [39 (23–66) vs.
31 (21–48) h, P< 0.001]. Patients with anaemia showed significantly
higher ICU and hospital mortality (1 vs. 4%, P< 0.001 and 6 vs. 2%,

P< 0.001, respectively). In the multivariate model, the degree of an-
aemia was associated with an increased risk for hospital mortality
[2.55 (1.99–3.27; P< 0.001)] and remained significant after the
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Table 1 Baseline characteristics for patients suffering from acute coronary syndrome with and without anaemia

No anaemia Anaemia P-value
N=3981 N=3437

Male sex 71% (2832) 60% (2064) <0.001

BMI (kg/m²) 29 (26–33) 28 (24–32) <0.001

Age (years) 61 (53–70) 70 (61–78) <0.001

Elixhauser Comorbidity Score 0.83 (3.3) 2.3 (5.2) <0.001

Age categories <0.001

Age <65 years 61% (2439) 35% (1186)

Age 65 to <80 years 30% (1176) 42% (1458)

Age ≥80 years 9% (366) 23% (793)

Ethnicity <0.001

African American 7% (263) 10% (345)

Asian 1% (51) 2% (52)

Caucasian 83% (3220) 78% (2645)

Hispanic 3% (113) 3% (112)

Native American 0% (11) 0% (12)

Other/unknown 6% (243) 6% (204)

Values at admission

Maximum serum lactate on Day 1 2.1 (1.4–3.4) 1.8 (1.2–3.1) 0.093

Initial serum lactate > 2 mmol/L 43% (127) 37% (165) 0.083

Platelets× 1000/mm³ 207.0 (172.0–246.0) 205.0 (165.0–254.0) 0.62

WBC× 1000/mm³ 10.3 (8.3–13.0) 9.3 (7.2–12.1) <0.001

Haemoglobin (g/dL) 13.9 (13.3–14.7) 11.2 (10.1–12.1) <0.001

Maximum serum creatinine on Day 1 0.9 (0.8–1.1) 1.1 (0.8–1.6) <0.001

SOFA at admission 1 (1–3) 2 (1–4) <0.001

APACHE at admission 35 (27–45) 47 (36–58) <0.001

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Outcome of patients suffering from acute
coronary syndrome with and without with and
without anaemia

No anaemia Anaemia P-value
N=3981 N= 3437

ICU treatment

Mechanical ventilation 4% (155) 7% (232) <0.001

Vasopressor use 6% (225) 9% (319) <0.001

Outcome

Length of stay (h) 31 (21–48) 39 (23–66) <0.001

Length of stay >7 days 2% (95) 5% (187) <0.001

ICU mortality 1% (59) 4% (128) <0.001

Hospital mortality 2% (96) 6% (204) <0.001

Figure 2 Intensive care treatment in acute coronary syndrome
patients with and without anaemia on admission (%). ICU, intensive
care unit; *P< 0.001.
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adjustment for admission disease severity using SOFA [1.62 (1.24–
2.13; P< 0.001)] and APACHE [1.34 (1.01–1.78; P= 0.04), Table 3
and Figure 3].

Stratified sensitivity analysis
The stratified sensitivity analysis revealed that anaemia was signifi-
cantly associated with adverse outcome in all the assessed subgroups
with the exception for critically ill females. There was no difference
comparing patients with lower and higher baseline serum lactate and
in patients with mechanical ventilation (Figure 3).

Subgroup analysis of the various degrees
of anaemia severity
With a rising degree of anaemia, the need for mechanical ventilation
and vasopressor use rose (Table 4). In the subgroup analysis of the
various degrees of anaemia severity, only a very small proportion
of patients suffered from severe anaemia (Figures 4 and 5). Most pa-
tients had mild or moderate anaemia. African Americans were over-
represented in the severe anaemia group [19% (25); P< 0.001].
Disease severity, measured as SOFA, was lowest in patients without
anaemia and highest in patients with severe anaemia [1 (1–3) vs. 4 (2–6);
P<0.001]. Similar results were found for APACHE [35 (27–45) vs. 53
(43–66); P<0.001]. There were no relevant differences in serum lactate
on admission to the ICU [2.1 (1.4–3.4) vs. 2.1 (1.2–6.9) mmol/L; P=
0.23], but serum creatinine increases steadily with increasing anaemia se-
verity [0.9 (0.8–1.1) vs. 1.3 (0.9–2.2); P<0.001].

The length of stay in the ICU increased with the severity of an-
aemia, while mortality grew accordingly. In the adjusted regression
analyses, the presence of all grades of anaemia was associated with
a significantly increased risk of ICU and hospital mortality (Table 5),
but severe anaemia evidenced the highest risk (hospital mortality:
12%, P< 0.001). The association of moderate and severe anaemia
with hospital mortality remained stable in these models even after
adjustment for Elixhauser Comorbidity Score (see Supplementary
material online, Table S2).

In a subgroup analysis on patients with low (<2) SOFA and high
(≥2) SOFA, growing degrees of anaemia were associated with worse
outcome (Figure 5). Even in patients with low SOFA, anaemic patients
required more vasopressors and mechanical ventilation. In patients
with high SOFA, anaemic patients evidenced worse outcome and re-
quired more intensive care therapy than patients without anaemia.

Discussion
The present retrospective analysis examines ACS patients admitted
and treated in an ICU. In these particularly vulnerable patients, base-
line anaemia was associated with an increased need for intensive care
treatment, prolonged ICU length of stay, and significantly higher ICU
and hospital mortality—regardless of baseline disease severity. This
result is important because almost half of the patients studied suf-
fered from anaemia. Therefore, anaemia is very common in ACS pa-
tients in the ICU and is associated with a poor outcome.
Pre-existing anaemia is an independent risk factor for patients with

ACS, but it remains unclear whether and how it needs to be trea-
ted.27 In general, there exist different treatment strategies for an-
aemia—depending on its aetiology: supplementation of iron in case
of iron deficiency, administration of erythropoietin α in case of
hypo-regenerative anaemias,28–31 or transfusion of erythrocyte con-
centrate9—regardless of the aetiology.
In general, anaemia might be caused by the impaired production of

red blood cells or by an increased loss of red blood cells. Several—
often coexisting—conditions affect haematopoiesis, such as iron de-
ficiency, a lack of erythropoietin due to chronic kidney disease or a
shortage of folic acid, vitamin B-12. In addition, haemato-oncologic
diseases, for example, leukaemia or osteomyelofibrosis, infectious
diseases, or drugs such as mycophenolic acid impair haematopoiesis.
At last, chronic illness with a pro-inflammatory state is a common
finding. Increased blood loss might be caused by gastrointestinal
bleeding, haemodialysis, or haemolytic diseases. Thus, the most cru-
cial step in treating anaemia is identifying its aetiology.
Transfusion of erythrocyte concentrates is a common method in

critical care medicine to treat anaemia.32 However, there is growing
evidence about the negative consequences of red blood cell transfu-
sion. Transfused erythrocytes have functional defects that might
cause harmful effects. These effects seem to be time-dependent be-
cause erythrocyte concentrates stored for >14 days are known to
contribute to statistically worse outcomes than those receiving
‘fresher’ erythrocyte concentrates. Low nitric oxide bioavailability
might play a critical role that leads to vasoconstriction, decreased
microcirculatory blood flow, and insufficient oxygen delivery to
end organs.33 The European Society of Intensive Care Medicine re-
cently published a clinical practice guideline about transfusion strat-
egies in non-bleeding critically ill adults.34 In patients with ACS, this
guideline suggests ‘a liberal transfusion threshold (9–10 g/dL) vs. a re-
strictive transfusion threshold (7 g/dL)’. However, a more recently

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 3 Logarithmic regression models for hospital mortality of patients suffering from acute coronary syndrome
with and without with and without anaemia

Crude events

No anaemia anaemia Model 1 Model 2 Model 3
N=3981 N= 3437 P-value OR (95% CI, P-value) aOR (95% CI, P-value) aOR (95% CI, P-value)

Hospital mortality 2% (96) 6% (204) <0.001 2.55 (1.99–3.27; P< 0.001) 1.62 (1.24–2.13; P< 0.001) 1.34 (1.01–1.78; P= 0.04)

Model 1.
Model 2—Model 1 plus SOFA.
Model 3—Model 1 plus APACHE.

Pre-existing anaemia and outcome in ACS patients on ICU 5

http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac040#supplementary-data
http://academic.oup.com/ehjopen/article-lookup/doi/10.1093/ehjopen/oeac040#supplementary-data


published randomized controlled study found no benefit of a liberal
regime.35–37 In sum, transfusion practice is an important factor in an-
aemic patients, but the eICU does not contain information about
transfusion in a sufficient quality. Furthermore, transfusion practice
changed over the last decade, and the general approach has become
more restrictive compared with the years 2014 and 2015.38,39

The present investigation found a high prevalence of pre-existing
anaemia (46.3%), which is higher than commonly reported. In a
meta-analysis by Liu et al.40 with 241 293 ACS patients, the cumula-
tive prevalence was 24.4%. The meta-analysis by Lawler et al.41 re-
ports a lower percentage of 19.1% from 233 144 patients. A major
difference between our retrospective cohort analysis is the gender
distribution: we found significantly more anaemic males than females
(60 vs. 40%, P< 0.001), although this imbalance was more pro-
nounced in non-anaemic patients. In contrast, Lawler et al.41 found
significantly more anaemic females than males, but the baseline

demographic data reveal a considerable heterogeneity of gender dis-
tribution across all included studies.
In the present study, patients with anaemia were significantly old-

er; age rose with declining haemoglobin. Currently, the incidence of
anaemia in older patients with acute myocardial infarction still
rises.9,10 Anaemia affects elderly patients with critical illness in par-
ticular.4,42 This is in line with the present analysis: in the subgroup
of ACS patients with moderate anaemia, 72% were ≥65 years.
The same observation was true for patients with severe anaemia
(73.3%).
Regarding mortality, our results are in line with the literature:

Lawler et al. observed increased all-course mortality (both early
and late) in anaemic ACS patients. Notably, anaemia was associated
with a higher re-infarction rate than non-anaemic ACS patients (rela-
tive risk 1.25, 95% CI 1.02–1.53).41 Another interesting finding by
Lawler et al. was that anaemic ACS patients evidenced higher rates

Figure 3 Forest plot of the adjusted odds ratio of anaemic vs. non-anaemic acute coronary syndrome patients for different subgroups according
to primary outcome hospital mortality (adjusted odds ratio 95% confidence interval).
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of other comorbidities like diabetes mellitus, congestive heart failure,
cerebrovascular disease, and history of major bleeding.41 Another
meta-analysis by Liu et al. reported an increased risk for early
[odds ratio (OR) 2.77; 95% CI 2.09, 3.65] and late mortality (OR
2.03; 95% CI 1.52, 2.71) in anaemic patients with myocardial infarc-
tion. Again, anaemic patients suffered significantly more often from
other comorbidities such as heart failure (OR 1.96; 95% CI 1.47,
2.62), cardiogenic shock (OR 1.95; 95% CI 1.04, 2.64), and major

bleeding (OR 4.28; 95% CI 1.05, 17.14).40 The Elixhauser
Comorbidity Score contains many comorbidities like congestive
heart failure, renal failure, liver disease, peptic ulcer disease, bleeding,
AIDS/HIV, coagulopathy, blood loss anaemia, and deficiency anaemia.
Thus, adjusting the model on anaemic patients for SOFA, and
APACHE, and the Elixhauser Comorbidity Score results in a signifi-
cant ‘over fitting’ regarding the impact of anaemia. However, despite
these adjustments, moderate and severe anaemia remained
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Table 4 Baseline characteristics for patients suffering from acute coronary syndrome with different degrees of
anaemia according to their haemoglobin

Degrees of anaemia according to WHO No anaemia Mild anaemia Moderate anaemia Severe anaemia P-value
N=3981 N= 1872 N=1430 N= 135

Male sex 71% (2832) 71% (1334) 46% (661) 51% (69) <0.001

BMI (kg/m²) 29 (26–33) 28 (24–32) 27 (24–32) 27 (23–32) <0.001

Age (years) 61 (53–70) 67 (59–76) 72 (63–81) 71 (64–81) <0.001

Elixhauser Comorbidity Score 0.8 (3.3) 1.6 (4.3) 3.2 (6.0) 3.3 (5.5) <0.001

Age categories

Age <65 years 61% (2439) 40% (750) 28% (400) 27% (36) <0.001

Age 65 to <80 years 30% (1176) 41% (768) 44% (629) 45% (61)

Age ≥80 years 9% (366) 19% (354) 28% (401) 28% (38)

Ethnicity <0.001

African American 7% (263) 9% (160) 11% (160) 19% (25)

Asian 1% (51) 2% (28) 2% (22) 1% (2)

Caucasian 83% (3220) 79% (1453) 78% (1096) 72% (96)

Hispanic 3% (113) 4% (67) 3% (42) 2% (3)

Native American 0% (11) 0% (5) 0% (6) 1% (1)

Other/unknown 6% (243) 6% (118) 6% (79) 5% (7)

Values at admission

Maximum serum lactate on Day 1 2.1 (1.4–3.4) 1.7 (1.2–3.0) 1.8 (1.3–3.5) 2.1 (1.2–6.9) 0.23

Initial serum lactate > 2 mmol/L 43% (127) 34% (66) 38% (88) 50% (11) 0.14

Platelets× 1000/mm³ 207.0 (172.0–246.0) 201.0 (168.0–246.0) 211.0 (162.0–265.0) 215.0 (155.0–291.0) 0.020

WBC× 1000/mm³ 10.3 (8.3–13.0) 9.3 (7.4–12.0) 9.3 (7.1–12.1) 9.4 (6.6–13.1) <0.001

Haemoglobin (g/dL) 13.9 (13.3–14.7) 12.0 (11.6–12.6) 10.0 (9.2–10.6) 7.4 (7.0–7.7) <0.001

Maximum serum creatinine on Day 1 0.9 (0.8–1.1) 1.0 (0.8–1.3) 1.2 (0.9–2.0) 1.3 (0.9–2.2) <0.001

SOFA at admission 1 (1–3) 2 (1–4) 3 (1–5) 4 (2–6) <0.001

APACHE at admission 35 (27–45) 43 (34–53) 51 (41–64) 53 (43–66) <0.001

Figure 4 Distribution of intensive care treatment and outcome according to anaemia and illness severity (Sequential organ failure assessment
score).
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independent risk factors for adverse outcome in the SOFA model
(see Supplementary material online, Tables S1 and S2).

Interestingly, there were no differences in maximum serum lactate
on Day 1 between anaemic and non-anaemic patients in the present
study. It is tempting to speculate that obviously red blood cell dys-
function occurs independently frommicrocirculatory hypoxia or dis-
turbances. Recently, Lorente et al.43 investigated the impact of
anaemia on the outcome of 629 patients suffering from non-ST seg-
ment elevation ACS admitted to an ICU. In their cohort, almost
one-third of the patients evidenced pre-existing anaemia. Even after
adjusting for confounders, anaemia was significantly associated with a
combined endpoint of mortality and readmission after 6 months (P=
0.031).

Anaemia is one of ACS patients’ most common—and rising—co-
morbidities. Pre-existing anaemia independently contributes to sig-
nificantly worse short- and long-term prognoses. Although the
pathophysiologic link to adverse outcome seems to be logical and es-
tablished, there are still no effective evidence-based treatment op-
tions. Thus, the identification of its aetiology is the most essential
cornerstone. Future studies are urgently needed to identify effective
treatment options for this dangerous and common comorbidity.

Limitations
This retrospective analysis suffers from some limitations. First, it was
not possible to extract data about the aetiology of the anaemia from
the database. Consequently, we do not know the iron deficiency,
chronic bleeding, impaired production, or increased destruction.
We have no information on serum ferritin, transferrin saturation,
vitamin B12 and folic acid levels, reticulocytes, and erythropoietin le-
vels. Another important lack of information regards invasive ACS
management. Complicated percutaneous coronary intervention
procedures might influence both bleeding events and the outcome.
Furthermore, need for anticoagulation might result in an increased
incidence of gastrointestinal bleedings. Unfortunately, eICU does
not contain sufficient information about these complications
including transfusion practice. However, this is contrasted by the
high number of patients included. In fact, we see a very robust
association—even after adjustment—that anaemia is a strong pre-
dictor of adverse outcomes. Finally, this study contains data from
2014 and 2015, which were pre-defined by the database.

Conclusion
Anaemia is common in patients suffering from ACS whowere admit-
ted to an ICU. Nearly half of the ICU patients with ACS suffer from
anaemia. In most of the cases, patients are affected by a mild or

Figure 5 Distribution of the different degrees of anaemia ac-
cording to WHO classification26 in critically ill acute coronary syn-
drome patients (%). Intensive care treatment in patients with and
without anaemia on admission (%).

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 5 Outcome of patients suffering from acute coronary syndrome with and without with different degrees of
anaemia

No anaemia Mild anaemia Moderate anaemia Severe anemia P-value
N= 3981 N= 1872 N= 1430 N=135

ICU treatment

Mechanical ventilation 4% (155) 6% (108) 8% (112) 9% (12) <0.001

Vasopressor use 6% (225) 8% (145) 11% (158) 12% (16) <0.001

Outcome

LOS (h) 31 (21–48) 36 (23–60) 41 (25–72) 50 (28–85) <0.001

Length of stay >7 days 2% (95) 4% (82) 7% (97) 6% (8) <0.001

ICU mortality 1% (59) 3% (49) 5% (72) 5% (7) <0.001

Hospital mortality 2% (96) 4% (72) 8% (116) 12% (16) <0.001

Logistic regression for hospital mortality

Model 1 OR (95% CI, P-value) 1.62 (1.19–2.21; P= 0.002) 3.57 (2.71–4.72; P< 0.001) 5.44 (3.11–2.21; P< 0.001)

Model 2 aOR (95% CI, P-value) 1.18 (0.84–1.66; P= 0.352) 1.99 (1.47–2.71; P< 0.001) 2.51 (1.36–4.65. P= 0.003)

Model 3 aOR (95% CI, P-value) 1.05 (0.73–1.49; P= 0.80) 1.51 (1.10–2.07; P= 0.011) 2.51 (1.35–4.65; P= 0.004)

Logarithmic regression models for hospital mortality of patients suffering from acute coronary syndrome with and without different degrees of anaemia.
ICU, intensive care unit; LOS, length of stay; OR, odds ratio; aOR, adjusted odds ratio.
Model 2—Model 1 plus SOFA.
Model 3—Model 1 plus APACHE.
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moderate degree, but even mild degrees of anaemia are already as-
sociated with a higher need for intensive care treatment, a longer
length of stay, and higher hospital mortality. With growing anaemia,
these effects increase further—independently from the general ill-
ness severity. After adjustment for SOFA or APACHE, anaemia on
ICU admission remained an independent risk factor for adverse
outcomes.
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