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Over the last two decades, major improvements in clinical
outcome have been achieved in the management of acute
coronary syndromes (ACS), with or without ST-segment
elevation. In both these clinical settings, the pharmacologi-
cal approach comprising anti-platelet agents, (or a combi-
nation thereof), anticoagulants, thrombolytic treatment in
case of ST-elevation MI (STEMI) combined with mechanical
or surgical revascularization or reperfusion, has led to a dra-
matic reduction in the rate of ischaemic events, namely
death, death/myocardial infarction (MI), or death/MI/
stroke. However, this has been achieved at the cost of a
higher risk of bleeding complications, which were con-
sidered, until recently, to be inherent to ACS management,
and to be a side effect devoid of serious clinical impli-
cations, except for intra-cranial bleeding. Bleeding compli-
cations were thought to be the price to pay for the
improvement in the risk of ischaemic events, and were con-
sidered to be easily controlled, particularly thanks to a
liberal transfusion policy. In this context, the risk factors
for bleeding have been identified, and include baseline
characteristics, such as age, female gender, renal failure,
diabetes, and heart failure. In addition, the number and
dosage of anti-thrombotic drugs, the use of fibrinolytic
treatments, and the use of invasive strategies, required to
achieve mechanical reperfusion or revascularization, also
play an important role.1,2

However, over the last 5 years, it has become clear that
bleeding complications occurring during the initial phase of
ACS have a considerable impact on prognosis, especially in
terms of death, MI, and stroke, both in the short- and long-
term. A four- to five-fold increase in the risk of death, MI,
and stroke at 30 days has been observed in patients with
bleeding events, as compared to those without.2–4

The potential mechanisms by which bleeding leads to a
deterioration of prognosis are multiple, and include haemo-
dynamic compromise, hyperadrenergic state triggered by
blood loss and blood pressure drop, worsening of myocardial
ischaemia, exaggeration of the inflammatory response,
and also discontinuation of anti-thrombotics. In addition,
transfusion may also add to the risk. A three- to four-fold
increase in the risk of death at 30 days was observed in
patients who were transfused, as compared to those who
were not, in a meta-analysis of several trials in the setting
of ACS.5 Depletion of 2,3-diphosphoglycerate and nitric
oxide in stored blood cells leading to reduced oxygen deliv-
ery at tissue level, an exaggeration of myocardial ischaemia,
and generalized vasoconstriction are thought to be the main
factors explaining the potential deleterious effects of trans-
fusion on outcome.6,7 Lastly, anaemia at baseline has also
been shown to be a predictor of the risk of ischaemic
events, with a ‘J-shaped’ relation between baseline haemo-
globin levels and the rate of ischaemic events. Higher rates
of ischaemic events have been observed with both high and
low baseline haemoglobin levels, with the lowest rate of
events being observed for haemoglobin levels in the range
of 14–16 g/dL.8 Decreased oxygen supplies to the myocar-
dium, compounded by increased myocardial oxygen
demand because of the higher cardiac output required to
maintain adequate systemic oxygenation, are the potential
mechanisms by which anaemia exerts its deleterious
effects. Inadequate remodelling may also play a role in
the risk.

Interestingly, data from a large trial in the setting of
NSTE-ACS showed that the risk reduction for bleeding at 9
days had a huge impact on the risk of death, death/MI,
and death/MI/stroke, shown to be significantly reduced at
30 days and 6 months.9 In this trial, almost the entire
reduction in the risk of death was explained by the risk
reduction for bleeding. In other words, the loop is closed—
an excess of bleeding leads to an excess of ischaemic
events, but a reduction in bleeding complications leads to
a risk reduction for ischaemic events. A new concept is
therefore born—bleeding carries a high risk of death and
MI, and transfusion could be potentially deleterious. Preven-
tion of bleeding has the potential to reduce the risk of
death, MI, and stroke, and has become as equally as import-
ant as the prevention of ischaemic events.

In this regard, the paper by Aronson et al.10 sheds further
light on this issue. This is a prospective study assessing the
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impact of admission, nadir, and discharge haemoglobin
levels during hospital stay, on the in-hospital, and long-term
outcome in terms of ischaemic events and occurrence of
congestive heart failure. In this paper, anaemia at admis-
sion, according to the WHO definition, was observed in
only 17.8% of patients. Major and minor bleedings occurred
in 3.7 and 9.7%, respectively. However, more than 50% of
patients experienced a drop in haemoglobin of .1.3 g/dL
during hospitalization, which means that many of them
may have had occult bleeding, or oozing, not serious
enough to be reported as an adverse event, but sufficient
to lead to a significant decrease in haemoglobin levels.

This paper confirms that baseline haemoglobin level has
an impact on prognosis—the lower the haemoglobin, the
higher the rate of events. However, after adjustment on
baseline characteristics and left ventricular function, the
relation between baseline haemoglobin level and rate of
events becomes weak. In contrast, nadir and discharge hae-
moglobin levels were shown to have a strong impact on
death and occurrence of heart failure in the short- and long-
term. The study by Aronson et al.10 also confirms another
known fact, namely that renal function, use of thrombolytic
treatment, or revascularization procedures, diabetes, and
heart failure are all independent predictors of development
of anaemia during hospital stay. Unfortunately, the impact
of blood transfusion on outcome could not be rigorously
assessed in this study. According to the authors, many
factors may explain the deterioration of prognosis induced
by anaemia, or worsening of anaemia, during hospital stay.
These include increased inflammatory response, inappropri-
ate excentric remodelling of the myocardium, higher oxygen
consumption, increased diastolic wall stress, and acceler-
ated myocyte loss. Furthermore, greater neuro-hormonal
activation may also play a role.

Above all, the paper by Aronson et al.10 demonstrates that
even in the absence of clinically overt bleeding, a drop in
haemoglobin frequently occurs during the course of ACS,
and leads to adverse events, in terms of both death and
heart failure post-discharge, incurred by several different
mechanisms. This is further evidence that bleeding, what-
ever the mechanism and intensity, has a strong impact on
prognosis. Prevention of bleeding has become equally as
important an objective in the treatment of ACS as the pre-
vention of ischaemic events. Recent evidence has shown
that a reduction of bleeding events has a positive impact
on prognosis, and leads to a risk reduction for death,
death/MI, and death/MI/stroke.9

The risk factors for bleeding and ischaemic events con-
siderably overlap, with the result that patients at high risk
of ischaemic events are also at high risk of bleeding compli-
cations. Risk stratification for ACS should therefore involve
careful evaluation of both ischaemic and bleeding risks,
with a view to reducing both through a judicious choice of
pharmacological environment and reperfusion/revasculari-
zation strategies. The choice of the pharmacological
environment (dual or triple antiplatelet therapy and antic-
oagulants) has become critical, as has the dosage of the
drugs. Registry data have shown that the risk of bleeding
increases as a function of the number of anti-platelet and
anticoagulants agents used in combination. In addition,
excessive doses are frequently used in clinical practice,

particularly in elderly patients and in renal dysfunction.1

Reducing the risk of bleeding implies that the anti-thrombotic
agents must be carefully selected, favouring those that
reduce bleeding risk. Particular attention has to be paid to
renal dysfunction, known to be frequent in elderly and dia-
betic patients. The risk of bleeding is already seriously
increased for moderate renal dysfunction, with creatinine
clearance between 30 and 60 mL/min.2 In this range corre-
sponding to moderate renal failure, the pharmacokinetics
of drugs with complete or partial renal elimination have to
be reassessed and the dosage reduced accordingly. Last but
not least, as an invasive strategy is a main contributor to
the risk of bleeding, the choice of the vascular approach in
patients at high bleeding risk is also critical. The choice of
a radial route over the femoral route may help to reduce
bleeding risk.

In conclusion, a complete shift in the paradigm has
occurred. From now on, clinicians will have to take into
account not only the ischaemic risk, but also the risk of
bleeding complications in patients with ACS. They will
have to do their best to reduce both. The time has come
to hammer home this message!

Conflict of interest: none declared.

References
1. Alexander KP, Chen AY, Roe MT, Newby LK, Gibson CM, Allen–LaPointe NM,

Pollack C, Gibler WB, Ohman EM, Peterson ED; CRUSADE Investigators.
Excess dosing of antiplatelet and antithrombin agents in the treatment
of non-ST-segment elevation acute coronary syndromes. JAMA 2005;
294:3108–3116.

2. Moscucci M, Fox KA, Cannon CP, Klein W, Lopez–Sendon J, Montalescot G,
White K, Goldberg RJ. Predictors of major bleeding in acute coronary
syndromes: the Global Registry of Acute Coronary Events (GRACE).
Eur Heart J 2003;24:1815–1823.

3. Eikelboom JW, Mehta SR, Anand SS, Xie C, Fox KA, Yusuf S. Adverse
impact of bleeding on prognosis in patients with acute coronary
syndromes. Circulation 2006;114:774–782.

4. Rao SV, Eikelboom JW, Granger CB, Harrington R, Califf R, Bassand JP.
Bleeding and blood transfusion issues in patients with non-ST-segment
elevation acute coronary syndromes. Eur Heart J. Advance Access
published on April 24, 2007. doi:10.1093/eurheartj/ehm019.

5. Rao SV, Jollis JG, Harrington RA, Granger CB, Newby LK, Armstrong PW,
Moliterno DJ, Lindblad L, Pieper K, Topol EJ, Stamler JS, Califf RM.
Relationship of blood transfusion and clinical outcomes in patients with
acute coronary syndromes. JAMA 2004;292:1555–1562.

6. Welch HG, Meehan KR, Goodnough LT. Prudent strategies for elective red
blood cell transfusion. Ann Intern Med 1992;116:393–402.

7. Stamler JS, Jia L, Eu JP, McMahon TJ, Demchenko IT, Bonaventura J,
Gernert K, Piantadosi CA. Blood flow regulation by S-nitrosohemoglobin
in the physiological oxygen gradient. Science 1997;276:2034–2037.

8. Sabatine MS, Morrow DA, Giugliano RP, Burton PB, Murphy SA, McCabe CH,
Gibson CM, Braunwald E. Association of hemoglobin levels with clinical
outcomes in acute coronary syndromes. Circulation 2005;111:
2042–2049.

9. Yusuf S, Mehta SR, Chrolavicius S, Afzal R, Pogue J, Granger CB, Budaj A,
Peters RJ, Bassand JP, Wallentin L, Joyner C, Fox KA, Fifth Organization
to Assess Strategies in Acute Ischemic Syndromes Investigators. Efficacy
and safety of fondaparinux compared to enoxaparin in 20,078 patients
with acute coronary syndromes without ST-segment elevation. The OASIS
(Organization to Assess Strategies in Acute Ischemic Syndromes)–5 Inves-
tigators. N Engl J Med 2006;354:1464–1476.

10. Aronson D, Suleiman M, Agmon Y, Suleiman A, Blich AM, Kapeliovich M,
Beyar R, Markiewicz W, Hammerman H. Changes in haemoglobin levels
during hospital course and long-term outcome after acute myocardial
infarction. Eur Heart J 2007;28:1289–1296. First published on March
15, 2007, doi:10.1093/eurheartj/ehm013.

Editorial1274

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/article/28/11/1273/2887533 by U

.S. D
epartm

ent of Justice user on 16 August 2022


