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Aims To study the prevalence and long-term prognostic significance of changes in haemoglobin levels
during hospital course in survivors of acute myocardial infarction (AMI).

Methods and results A prospective study involving 1390 patients who were admitted with AMI. Median
follow-up was 24 months. Multivariable Cox models were used to evaluate the relationship between
nadir and discharge haemoglobin and mortality after hospital discharge. Anaemia was present in 248
patients on admission (17.8%) and in 502 patients at discharge (36.1%). Nadir haemoglobin during hos-
pital course was 1.3 g/dL lower (IQR 0.6-2.2) when compared with baseline haemoglobin (P < 0.0001).
Low nadir haemoglobin and discharge haemoglobin were strongly associated with increased mortality.
After adjusting for clinical variables and ejection fraction, the hazard ratios for a 1 g/dL decrease in
nadir haemoglobin and discharge haemoglobin were 1.36 (95% CI 1.19-1.55; P <0.0001) and 1.27
(95% Cl 1.16—1.40; P < 0.0001), respectively.

Conclusion The development of anaemia during hospitalization for AMI is frequent and is associated

with an increased long-term mortality.

Introduction

Recent studies have shown that anaemia on admission is an
independent indicator of in-hospital or short-term mortality
in patients with acute coronary syndromes."? Anaemia is
usually viewed as an acute risk factor because of the risks
associated with bleeding complications®* and its potential
to decrease oxygen supply to the ischaemic myocardium.’
Very little information exists regarding the long-term prog-
nostic impact of anaemia after hospital discharge.?®

Pharmacological interventions such as anti-thrombotic
and thrombolytic therapy, as well as invasive procedures
are potential sources for blood loss in patients admitted
with acute myocardial infarction (AMI).>* Bleeding is
currently the most common non-cardiac complication of
therapy in patients with acute coronary syndromes.
However, anaemia can develop or worsen during hospitaliz-
ation even in the absence of overt bleeding.”® Therefore,
many patients who survive the acute event are discharged
with haemoglobin levels that are lower than admission
values. The prognostic consequences of the changes in hae-
moglobin concentrations in patients with acute infarction
have not been studied.

* Corresponding author. Tel: +972-48-542790; fax: +972-48-542176.
E-mail address: daronson@techunix.technion.ac.il

In patients with chronic heart failure (HF), the adverse
cardiovascular effects of anaemia are well established.”"°
In addition to its effect on oxygen delivery, anaemia is
associated with adaptive haemodynamic changes that may
have deleterious effects on myocardial remodelling.""'* In
this context, the presence or the development of anaemia
during AMI may impose haemodynamic load during a
period of active left ventricular (LV) remodelling and con-
tribute to the development of HF.

The aim of the present study was to prospectively deter-
mine the effect of changes in haemoglobin levels during hos-
pital stay on long-term outcome among survivors of AMI.
To this end, we evaluated the relationship between the
presence and severity of anaemia at baseline, or anaemia
occurring during hospital stay, and long-term mortality and
HF after hospital discharge.

Methods
Patients

The study cohort consisted of patients enrolled in a prospective
observational trial designed to study predictors of post-infarction
HF. Patients presenting to the intensive coronary care unit were eli-
gible for the study if they had a diagnosis of MI'* and were alive at
the time of discharge. LV ejection fraction (LVEF) was determined in
all patients prior to hospital discharge. To avoid possible
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confounding effects, patients were excluded if they had known
malignancy, inflammatory disease, surgery, or trauma within the
previous month. The study was conducted in accordance with the
principles of the Declaration of Helsinki and approved by the insti-
tutional review committee on human research.

Assessment of renal function

Estimated glomerular filtration rate (eGFR) was calculated using
the abbreviated MDRD (Modification of Diet in Renal Disease) study
equation.'®

Haemoglobin measurements

Haemoglobin concentration was determined on admission and at
24-, 48-, and 72-h thereafter. After the first 72-h from admission,
haemoglobin concentrations were obtained at various time points
according to the discretion of the treating physician. For the
present analysis, the following haemoglobin values were used: (i)
admission haemoglobin, (ii) nadir haemoglobin (the lowest haemo-
globin value during hospital stay), and (iii) discharge haemoglobin
(the last haemoglobin levels obtained during hospital stay). Bleed-
ing complications were defined according to the Thrombolysis in
Myocardial Infarction (TIMI) criteria'® and data on blood transfusions
was collected.

Study endpoints

The primary endpoints of the study were: (i) all-cause mortality;
(ii) development of HF, defined as readmission to hospital for the
management of HF (defined by the presence of new symptoms of
dyspnoea with pulmonary venous congestion on X-ray with intersti-
tial or alveolar oedema and one or more concurrent signs, including
ventricular gallop rhythm, bilateral post-tussive rales in at least the
lower third of the lung fields, and elevated venous pressure). The
diagnosis of HF was confirmed using hospital records and discharge
summaries. Following hospital discharge, clinical endpoint infor-
mation was acquired by reviewing the national death registry and
by contacting each patient individually and independently reviewing
the hospital course for major clinical events if the patient had been
re-hospitalized. In addition, data was collected on recurrent infarc-
tion events.

Statistical analysis

The baseline characteristics of the groups were compared using
analysis of variance for continuous variables with post-test for
linear trend and using the linear-by-linear y* test for categorical
variables. Changes in haemoglobin at different time points were
carried out with the Friedman test, followed by pair-wise compari-
sons using the Wilcoxon signed-rank test with Bonferroni correction.

Multivariable logistic regression model was used to determine
independent predictors of haemoglobin drop during hospitalization.
Variables known to be potential contributors to anaemia in patients
with acute coronary syndromes®*7 were considered in the multi-
variable process (age, gender, eGFR, diabetes, smoking habit,
Killip class at admission, use of antiplatelet agents, heparin, GP
IIb/1lla receptor blockers and thrombolytic therapy, percutaneous
coronary revascularization). The linearity of the logit among the
continuous variables used in the multivariable analysis was con-
firmed with the Box-Tidwell test.

Survival curves for various groups were constructed using the
Kaplan-Meier method, and comparisons were made using the
log-rank test. Cox proportional hazard modelling was performed
to test the association between haemoglobin levels at various
time points and mortality. Admission haemoglobin, nadir haemo-
globin, haemoglobin drop during hospital course, and discharge hae-
moglobin were entered into the model as either continuous
variables or categorical variables (quartiles of the distribution).

Variables thought to have clinical importance, and those with
P < 0.1 in the univariable analysis, were included in a Cox multivari-
able model. The following baseline clinical characteristics were
considered in the model: age, gender, prior infarction, prior HF,
history of diabetes, history of hypertension, smoking status, Killip
class on admission, anterior location of infarction, ST-elevation
infarction, thrombolytic therapy, primary angioplasty, coronary
revascularization during index hospitalization, and LVEF stratified
as above or below 45%. In addition, because changes in haemoglobin
values during hospitalization may be related to the length of hospi-
tal stay we also adjusted for this variable.

The proportional hazards assumption was confirmed by testing
whether the hazard ratio changed with time. This was done by
testing the interaction of the variable with time using this multipli-
cative term as a time-dependent covariate. There was no evidence
to suggest that the assumption was invalid. When continuous
variables were tested for linearity, nadir haemoglobin had to be
transformed to its natural logarithm before inclusion in the Cox-
regression analysis.

Because anaemia is related to HF and reduced kidney function,
which are frequent in patients with AMI, additional analyses were
performed after stratifying the study population based on the pre-
sence of preserved (LVEF >45%) or reduced systolic function and
presence of normal or mildly impaired eGFR (>60 mL/min), or mod-
erately/severely impaired eGFR (<59 mL/min).

Cox proportional hazards modelling was also used to determine
the relationship between quartiles of haemoglobin at various time
points and admission for the treatment of HF. Known predictors of
the development of HF in patients following MI'” (age, LVEF, base-
line heart rate, Killip class at admission, history of hypertension
and diabetes, previous infarction) and other potential predictors
were considered (gender, previous HF, anterior infarction,
ST-elevation infarction, and use of reperfusion therapy) if they
demonstrated association with HF on univariable analysis
(P < 0.1). Statistical analyses were performed using the SPSS stat-
istical software version 12.0 (Chicago, IL, USA).

Results

Between July 2001 and June 2005, 1606 patients who were
willing to participate were identified. We excluded 216
patients due to malignancy (n = 40), inflammatory disease
(n=10), surgery or trauma within the previous month
(n=129), missing repeated haemoglobin measurements
(n = 22), and in-hospital death (n = 115). The study popu-
lation consisted of the 1390 remaining patients.

The clinical characteristics of patients according to quar-
tiles of baseline haemoglobin are shown in Table 1. Patients
with lower haemoglobin values were older, more likely to be
females, and had higher baseline creatinine levels. They
were more likely to have a history of diabetes and hyperten-
sion and less likely to have a history of smoking and present
with ST-elevation infarction; they presented with higher
heart rates and higher Killip class and had lower LVEF.
They were more likely to undergo revascularization during
the index hospitalization and to receive thrombolytic
therapy and glycoprotein IIb/llla receptor blockers.

Using the World Health Organization definitions (haemo-
globin <13g/dL in men and <12g/dL in women),
anaemia was present in 248 patients on admission (17.8%).
During hospital course, major and minor bleeding occurred
in 3.7% and 9.7% of patients, respectively. Changes in hae-
moglobin levels during hospital stay are depicted in
Figure 1. Median nadir haemoglobin concentration was
1.3 g/dL lower (IQR 0.6-2.2) when compared with baseline
haemoglobin (P < 0.0001), and the number of patients
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Table 1

Baseline patient characteristics according to quartiles of haemoglobin on admission

Characteristic

Quartile of admission haemoglobin (range, g/dL)

First (n = 361) Second (n = 345) Third (n = 356) Fourth (n = 328) P for
(<13.0) (13.1-14.3) (14.4-15.3) (>15.4) trend

Age (years) 68 +12 61+12 58 + 11 56 + 11 <0.0001
Female gender 161 (45) 83 (22) 36 (10) 18 (6) <0.0001
eGFR (mL/min) 74438 88 +39 89 +26 95+30 <0.0001
Prior infarction 102 (28) 78 (23) 63 (18) 52 (16) <0.0001
Diabetes 144 (40) 96 (28) 94 (26) 75 (23) <0.0001
Smoking habit 94 (26) 147 (43) 189 (53) 188 (57) <0.0001
Hypertension 283 (66) 186 (54) 161 (45) 145 (44) <0.0001
Anterior infarction 146 (40) 140 (40) 161 (45) 155 (47) <0.0001
Killip class >1 109 (30) 65 (17) 61 (17) 57 (17) <0.0001
Heart rate (b.p.m.) 77 +19 76 +18 77 +17 80+17 0.08
SBP (mmHg) 132 +28 132+25 129 +23 138 +26 0.003
Ejection fraction (%) 44+13 46 112 47 +12 47 +12 0.006
ST-elevation infarction 214 (59) 249 (72) 255 (72) 261 (80) <0.0001
Thrombolytic therapy 61 (17) 83 (24) 85 (24) 94 (29) <0.0001
Primary angioplasty 67 (19) 88 (26) 101 (28) 85 (26) 0.01
Any revascularization 93 (26) 129 (37) 154 (43) 135 (42) <0.0001
Medications

Aspirin 344 (95) 338 (98) 347 (98) 320 (98) 0.10

Clopidogrel 250 (69) 240 (70) 259 (73) 212 (65) 0.37

UFH/LMWH 337 (93) 318 (92) 329 (92) 311 (95) 0.48

GP lIb/Illa receptor blockers 63 (18) 71 (21) 86 (24) 79 (24) 0.016

ACE-inhibitors or ARBs 268 (81) 255 (83) 259 (83) 245 (83) 0.60

B-blockers 277 (77) 292 (85) 303 (85) 301 (92) <0.0001

Values are number (%) of patients or mean value + SD. ACE, angiotensin-converting enzyme; ARB, angiotensin Il receptor blockers; GP, glycoprotein; LMWH,
low molecular weight heparin; SBP, systolic blood pressure; UFH, unfractionated heparin.
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Figure 1 Box-and-whisker plots of changes in haemoglobin level during hos-
pital stay. The line within the box denotes the median and the box spans the
interquartile range (25th-75th percentiles). Whiskers extend from the 10th
to 90th percentiles. *P < 0.0001 compared with admission haemoglobin;
TP < 0.0001 compared with nadir haemoglobin.

with anaemia increased to 667 (48.0%). At discharge, hae-
moglobin values were significantly higher when compared
with nadir values (median 0.5g/dL; IQR 0.0-1.1,
P < 0.0001), and the number of patients with anaemia
decreased to 502 (36.1%).

Multivariable logistic regression model identified several
predictors of a reduction in haemoglobin concentration
above median (1.3 g/dL), including moderately or severely

reduced (<60 mL/min) eGFR (OR 1.4; 95% Cl 1.1-2.0;
P =0.02), thrombolytic therapy (OR 1.6; 95% CI 1.2-2.1;
P =0.001), percutaneous coronary revascularization (OR
1.9; 95% Cl 1.5-2.5; P < 0.0001), diabetes (OR 1.3; 95% ClI
1.1-1.7; P=0.03), and Killip class above | on admission
(OR 1.9; 95% CI 1.4-2.5; P < 0.0001).

Anaemia and mortality

The median duration of follow-up after hospital discharge
was 24 months (range 6-48 months). During the follow-up
period, 157 patients died. Table 2 shows the results of unad-
justed and adjusted Cox regression models for mortality
according to baseline haemoglobin, haemoglobin drop
during hospital stay, nadir haemoglobin, and discharge hae-
moglobin. There was a graded inverse unadjusted relation-
ship between baseline haemoglobin and post-discharge
mortality. However, the effect of baseline haemoglobin on
mortality observed in crude analyses was markedly attenu-
ated by adjustments for other clinical variables and LVEF.

In contrast, in a multivariable Cox proportional hazards
model adjusting for other potential clinical predictors of
mortality and for LVEF, there was a significant independent
direct association between haemoglobin drop during hospi-
tal stay and post-discharge mortality (Table 2). In addition,
there was a strong inverse association between nadir hae-
moglobin and post-discharge mortality (Table 2, Figure 2).
Using pre-discharge haemoglobin in the same model gave
similar results (Table 2).
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Table 2 Unadjusted and adjusted Cox’s proportional hazards model for mortality according to baseline, nadir and discharge haemoglobin

analysed as categorical and continuous variable?

n  Events (%) Unadjusted Adjusted
R (95% Cl) P-value P trend R (95% CI) P-value P trend
Effect of baseline haemoglobin (g/dL)
Continuous (per 1 g/dL decrease) - - 1.32 (1.22- <0.0001 1.10 (0.99- 0.06
1.43) 1.21)
Quartile
First (<13.1) 361 76 (21.1) 3.1 (2.0- <0.0001 <0.0001 1.6 (0.9-2.6) 0.07 0.08
Second (13.2-14.3) 345 31 (9.0) 1.2 (0.7-2.1 0.49 1.2 (0.8-2.1) 0.32
Third (14.4-15.4) 356 26 (7.3) 1.0 (0.6-1 0.99 1.2 (0.7-2.1) 0.45
Fourth (>15.5) 328 24 (7.3) 1.0 — 1.0 —
Effect of haemoglobin drop (g/dL)
Continuous (per 1 g/dL increase)® - - 1.47 (1.24- <0.0001 - 1.21 (1.0-1.45) 0.03
1.74)
Quartile
First (<0.5) 337 27 (8.0) 1.0 - <0.0001 1.0 - 0.02
Second (0.6-1.3) 362 33 (9.1) 1.2 (0.7-1.9) 0.54 1.3 (0.7-2.1) 0.40
Third (1.4-2.2) 350 39 (11.1) 1.4(0.9-2.4) 0.14 1.3 (0.8-2.2) 0.25
Fourth (>2.3) 341 58 (17.0) 2.3 (1.5-3.7) <0.0001 1.7 (1.1-2.8) 0.03
Effect of nadir haemoglobin (g/dL)
Continuous (per 1 g/dL decrease) 1.76 (1.57- <0.0001 1.36 (1.19- <0.0001
1.97) 1.55)
Quartile
First (<11.3) 350 88 (25.1) 8.5 (4.7-15.6) <0.0001 <0.0001 3.3 (1.7-6.3) 0.0004 <0.0001
Second (11.4-12.8) 357 40 (11.2) 3.4 (1.8-6.5 <0.0001 2.1 (1.1-4.1) 0.03
Third (12.9-13.9) 342 17 (5.0) 1.4 (0.7-3.0 0.32 1.1 (0.5-2.3) 0.83
Fourth (>14.0) 341 12 (3.5) 1.0 — 1.0 —
Effect of discharge haemoglobin
Continuous (per 1 g/dL decrease) 1.48 (1.37- <0.0001 1.27 (1.16- <0.0001
1.60) 1.40)
Quartile
First (<11.9) 344 82 (23.8) 6.3 (3.6-10. <0.0001 <0.0001 2.6 (1.5-4.7) 0.001  <0.0001
Second (12.0-13.3) 350 39 (11.1) 2.7 (1.5-4.9 0.001 2.0 (1.1-3.7) 0.026
Third (13.3-14.5) 355 21 (5.9) 1.4 (0.7-2.7 0.90 1.4 (0.7-2.7) 0.32
Fourth (>14.6) 341 15 (4.4) 1 - 1.0 -

2All models were adjusted for age, gender, eGFR, previous infarction, hypertension, diabetes, smoking, ST-elevation infarction, Killip class, heart rate, and
blood pressure on admission, coronary revascularization, LVEF, and length of hospital stay.
The distribution of nadir haemoglobin was skewed. Therefore, a natural log transformation was applied to normalize distribution of the data. HR rep-

resents a 1-SD increment in In haemoglobin drop.

Additional analyses were performed after dividing the
study population into eight groups based on nadir haemo-
globin quartile and presence of preserved (LVEF >45%) or
reduced systolic function. Figure 3A shows that the graded
increase in risk associated with decreasing quartiles of
nadir haemoglobin was present in both patients with
reduced and preserved LVEF. Similar results were observed
in patients with normal or mildly impaired eGFR (>60 mL/
min) and in patients with moderately or severely impaired
eGFR (Figure 3B).

Anaemia and heart failure

During median follow-up of 2 years, 150 patients were
admitted for the treatment of HF. At 2 years, Kaplan-
Meier survival free of HF was 79.3% (95% Cl 74.3-84.3),
87.8% (95% Cl 84.1-91.4), 92.6% (95% Cl| 89.9-95.4), and
94.3% (95% Cl 91.7-97.0) in the first, second, third and
fourth haemoglobin quartile, respectively (Figure 4). After
adjustments clinical variables and LVEF, compared with
patients in the upper nadir haemoglobin quartile, the

adjusted HRs for HF progressively increased with lower quar-
tiles of nadir haemoglobin [third quartile 0.9 (95% Cl 0.5-
1.7); second quartile 1.6 (95% Cl 0.9-2.8); first quartile
1.8 (95% Cl 1.1-3.1); P for trend = 0.004). Using nadir hae-
moglobin as a continuous variable, the HR for HF was 1.17
per 1g/dL decrease in nadir haemoglobin (95% ClI 1.04-
1.31; P=0.008). The incidence of recurrent infarction
was not significantly different across quartiles of nadir hae-
moglobin (11.1%, 6.4%, 9.6%, and 9.1%, respectively; P for
trend = 0.67).

Effect of blood transfusion

Eighty-five patients (6.1%) received blood transfusions
during hospital course. All patients receiving transfusions
were in the lower nadir haemoglobin quartile, and 67
patients (79%) remained in the lower discharge haemoglobin
quartile after receiving blood transfusions. Therefore,
patients in the lower nadir haemoglobin quartile were
reclassified into two groups according to transfusion
status. Compared with patients in the upper nadir
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Figure 2 Kaplan-Meier plot showing the crude cumulative incidence of death according to quartiles of nadir haemoglobin.

(A)
14 1 —— LVEF 245% 300

— LVEF <45%

Adjusted HR for death
o

2 1
Nadir Haemoglobin quartile

(B) 186
14 | — eGFR 280 mL/min T
1 eGFR <60 mL/min

12 -

15
§"
L

10 4

Adjusted HR for death

iz |——|
4 3 2 1
Nadir Haemoglobin quartile

Figure 3 Adjusted hazard ratios (and 95% confidence intervals) for mortality
after hospital discharge according to quartiles on nadir haemoglobin and (A)
LVEF; (B) eGFR. The percentage of events in each group is given on each bar.

haemoglobin quartile, the adjusted HR for death was 3.0
(95% CI 1.7-5.5, P=0.0003) for patients in the lower
nadir haemoglobin quartile who were transfused and 2.2
(95% Cl 1.3-3.7, P =0.002) for patients in the lower nadir
haemoglobin quartile who were not transfused.

Discussion

In a prospective study of patients who survived an episode of
AMI we found a graded inverse independent association
between anaemia during hospital course and at discharge
and adverse long-term outcome. The lowest haemoglobin
concentrations during hospital stay were most strongly
associated with poor outcome, and remained independent
predictor of long-term mortality after adjustment for mul-
tiple clinical variables and for LVEF.

There was a striking increase in the prevalence of anaemia
during hospital course. In addition to blood loss, several
other mechanisms may contribute to the development of
anaemia or impair the ability to recover from an acute
blood loss in patients with AMI. Patients who developed
anaemia had more evidence of congestion (Killip class Il-
IV), suggesting that haemodilution might contribute to
anaemia. A robust inflammatory response is an integral com-
ponent of the response to tissue injury in patients with AMI,
and persists for several weeks.'® The infarction-related
inflammatory state with excess cytokine production may
suppress erythropoiesis'®?° and impair intestinal iron
absorption.2! Use of angiotensin converting-enzyme inhibi-
tors may contribute to anaemia by inhibiting erythropoi-
esis.?? Finally, low baseline haemoglobin was associated
with reduced eGFR, and baseline eGFR corresponding to
stage Ill to IV chronic kidney disease was a strong predictor
of a reduction in haemoglobin level.
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Figure 4 Kaplan-Meier plot showing the crude cumulative incidence of admission for the treatment of heart failure according to quartiles of nadir haemoglobin.

It is widely recognized that blood loss in patients admitted
for acute coronary syndromes can be substantial.®*’
However, reduction in haemoglobin is generally viewed in
the context of the acute risk associated with bleeding.
The results of the present analysis demonstrate that the
prognostic implications of worsening anaemia and low hae-
moglobin levels that frequently occur during the course of
hospital stay extend beyond the early phase of infarction
and are important in predicting two major outcomes in
patients who survive the acute event. The graded associ-
ation between nadir and pre-discharge haemoglobin and
mortality and HF suggests that low haemoglobin concen-
trations may be causally related to adverse outcome.

Several mechanisms may explain the association between
anaemia and post-discharge mortality and HF. The adaptive
responses to anaemia may lead to LV dilatation and
eccentric remodelling,""'> which may have deleterious
effects on the myocardium, including higher oxygen con-
sumption, increased diastolic wall stress, interstitial fibro-
sis, and accelerated myocyte loss.?* The ability of anaemia
to promote LV dilatation may be particularly deleterious in
the post-infarction period.

In addition, patients who develop anaemia during the
acute phase of infarction are expected to exhibit greater
neurohormonal activation,?* and this adverse neurohor-
monal state may persist if anaemia is not corrected. One
of the most important mechanisms that lead to late devel-
opment of HF and death in survivors of Ml is progressive LV
remodelling, which is closely linked to the degree of neuro-
hormonal activation. Importantly, patients with preserved
LVEF also incurred a graded increased risk of death with
decreasing quartiles of nadir haemoglobin. This finding is
consistent with recent findings in patients with HF.2>

Previous studies have shown that anaemia at baseline
is associated with adverse in-hospital or 30-day out-
comes.22® However, the relationship between baseline
haemoglobin and long-term outcome is controversial.
Nikolsky et al.? reported that anaemia at baseline was an
independent predictor of 1-year mortality in patients with
AMI who underwent primary angioplasty. Cavusoglu et al.?”
have shown that anaemia at baseline was an independent
predictor of the composite endpoint of death or AMI at 24
months. In contrast, in 30 341 patients hospitalized for
AMI, the presence of anaemia at baseline failed to be an
independent predictor of 1-year mortality.® The lack of an
association between baseline anaemia and long-term
outcome in the later study and in the present study probably
reflect the striking changes that occur in haemoglobin levels
during hospital course. Indeed, the number of patients with
anaemia increased from 17.8% on admission to 36.1% at dis-
charge, and nearly half of the patients had anaemia at some
point during their hospital stay.

Anaemia has been traditionally investigated in the
context of HF. Anaemia is a known comorbid condition in
HF and is associated with poor clinical outcomes, including
lower maximal exercise tolerance,?® recurrent hospitaliz-
ations,?” and increased mortality.""?> The association
between anaemia in the acute phase of infarction and
future admissions for the treatment of HF suggests that
anaemia can promote the development of HF after acute
cardiac injury.

Previous studies provided conflicting results with regard to
the effect of blood transfusion on 30-day mortality in
patients with acute coronary syndromes.”'®?® |n the
absence of randomized controlled clinical trials, the risks
and benefits of blood transfusion in patients with acute
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coronary syndromes are not known. In the present study,
anaemia during hospital course and at discharge was associ-
ated with a striking increase in mortality after hospital dis-
charge. In addition, 79% of the patients receiving
transfusions remained in the bottom discharge haemoglobin
quartile, and therefore at risk for long-term mortality. These
results emphasize the need to examine the effect of blood
transfusion in the context of long-term outcomes and the
haemoglobin levels achieved after transfusion.

Study limitations

Several study limitations should be considered in the
interpretation of the results. In contrast to previous
studies,"%%” baseline haemoglobin was not associated with
mortality in our study. The focus of our study was to
examine the relationship between changes in haemoglobin
during hospital course and outcome. Therefore, we
excluded patient who died during the index hospitalization.
Excluding patients who died in-hospital may have decreased
the power to detect an association between baseline hae-
moglobin and mortality because baseline anaemia is strongly
associated with early, in-hospital events.'?

Although haemoglobin levels were obtained daily during
the first three hospital days, later measurements were
obtained according to the discretion of the treating phys-
ician. Thus, it is possible that some patients were misclassi-
fied with respect to their nadir or discharge haemoglobin
levels. However, previous studies have shown that haemo-
globin declines early after admission,” and the marked
increase in mortality in patients with low nadir and dis-
charge haemoglobin levels suggests that such misclassifi-
cation would lead to underestimation of the true effect.
Finally, there was no information regarding haemoglobin
concentration after hospital discharge. Thus, the prognostic
implications of transient vs. persistent anaemia could not be
fully analyzed.

Conclusion

Our data suggest that anaemia during the course of hospital
stay and at discharge is a predictor of long-term mortality
and HF in survivors of AMI and provides prognostic infor-
mation beyond that provided by recognized risk factors
and the degree of LV systolic dysfunction. Nadir haemoglobin
concentrations appear to be the best predictor of long-term
outcome.

Conflict of interest: none declared.
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