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Abstract

There have been remarkable advancements in treating acute coronary syndrome
with different angioplasty techniques, novel antithrombotic and antiplatelet
agents, and heart failure therapies using mechanical assist devices. However,
most of these interventions are done in patients with complex comorbidities,
which lead to an increased risk of bleeding. Anemia is one of the most prevalent
coexisting conditions in patients with heart failure and acute coronary syndrome.
There is growing evidence that anemia in these patient populations is an independent
predictor of mortality and adverse outcomes. Increasing the hemoglobin through
blood transfusion should in theory increase oxygen delivery and reduce myocardial
ischemia. However, there are several risks associated with transfusion. Randomized
trials in some patient populations have demonstrated that restrictive use of blood
transfusion, using a hemoglobin trigger of <7 g/dL, is associated with similar or
even better outcomes compared with a liberal transfusion strategy using 10 g/dL
as a transfusion trigger. However, it is not clear which strategy is safest for patients
with ischemic heart disease or heart failure. The aim of this chapter is to describe
and attempt to understand the pathophysiology of anemia in heart failure and
ischemic heart disease and summarize recent advances and evidence behind
using blood transfusion to treat anemia in patients with heart disease.
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4.1 Introduction

Advanced congestive heart failure (CHF) and coronary artery disease (CAD) are
commonly associated with anemia. Approximately 4-61 % [1-16] of patients
with CHF and 10-20 % [17-19] of patients with CAD have anemia. Variability in
prevalence of anemia is attributable to varying and inconsistent definition of ane-
mia reported in each study. There is ample evidence that anemia in heart disease is
associated with adverse clinical outcomes like worsening of symptoms, decreased
exercise tolerance and quality of life, as well as increased hospitalization and
mortality rates [20-23].

Different strategies have been tried for treating anemia in patients with heart
disease, including intravenous iron, erythropoiesis-stimulating agents, and red
blood cell (RBC) transfusion. The aim of this chapter is to describe and understand
the pathophysiology of anemia in heart diseases and to summarize recent advances
and evidence of using RBC transfusion for treating anemia in patients with heart
disease, including potential risks and benefits.

4.2 Cardiac Oxygen Consumption

The heart has the highest resting oxygen consumption per tissue mass compared to
other organs in our body. The resting coronary blood flow is 250 ml/min, which
represents approximately 5 % of cardiac output. Also oxygen extraction, defined as
the difference between arterial and venous concentrations in oxygen (CaO,—Cv0,),
is high in the heart, with 70-80 % compared to 25 % for the rest of the body. In
addition, there is an observed fivefold increase in the oxygen consumption during
any exertion like exercise. Hence, increase in oxygen consumption must be met by
an increase in coronary blood flow, which is impaired in the setting of anemia due
to low oxygen content.

4.3  Pathophysiology of Anemia in Heart Disease

Deficiency in new erythrocyte production relative to the rate of removal of old
erythrocytes causes anemia. Erythropoietin, a glycoprotein hormone produced
primarily by the kidney, plays a pivotal role in tissue oxygen delivery and red blood
cell homeostasis by preventing apoptosis of progenitor red blood cells [24, 25]. Any
abnormality in renal production or decreased bone marrow response to erythropoietin
can result in anemia.

Many factors probably contribute to the development of anemia in heart disease,
including comorbid chronic kidney disease, blunted erythropoietin production,
hemodilution, advanced age, aspirin-induced gastrointestinal blood loss, the use of
renin—angiotensin—aldosterone system blockers, cytokine-mediated inflammation,
gut malabsorption, and iron deficiency [16, 19]. Anemia is seen commonly in patients
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Fig.4.1 Cardiorenal anemia syndrome in congestive heart failure (Tang and Katz [16])

with more severe symptoms (30-61 %) when compared with less symptomatic
ambulatory populations (4-23 %) [16], but some reports indicate that anemia is also
prevalent in patients with CHF and preserved ejection fraction [26-28]. Iron
deficiency is reported only in <30 % of patients with heart disease, and hence most
of the anemia is normocytic. Cardiorenal anemia syndrome is an important concept
in CHF pathophysiology. This entity is a complex vicious cycle of congestive heart
failure, chronic kidney disease, and anemia, each entity compounding the severity
of the others via numerous mechanisms, some long understood, and others newly
realized as explained in Fig. 4.1.

Anemia in CHF has multiple causes and effects. Ventricular dysfunction causes
backward failure and venous congestion, producing hypervolemia with hemodilu-
tion, but also forward failure with hypoperfusion and ischemic damage to critical
organs including the kidney. Advancing renal failure produces not only uremia and
accelerated atherosclerosis but also decreases erythropoietin production and may be
aggravated by angiotensin-converting enzyme inhibitors and angiotensin II receptor
blockers. These drugs also may suppress erythropoiesis, thus aggravating similar
effects of inflammatory cytokines, which are typically elevated in CHF. Uremia
produces platelet dysfunction, which may aggravate aspirin-induced gastric
bleeding. Bowel edema and the general debility of CHF lead to malnutrition and
poor iron and vitamin absorption. This multifactorial anemia reduces capacity and,
if severe enough, further stresses the compromised heart for which cardiac work is
increased as part of the physiological response to anemia. It is at this arc of the
vicious cycle that clinicians commonly believe that erythropoietin therapy or RBC
transfusion may improve cardiac function and patient status.
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4.4 Hemoglobin Triggers for Transfusion in Patients
with Heart Disease

Patients with coexisting heart disease tolerate moderate normovolemic hemodilution
or acute anemia well, provided that normovolemia is maintained [29-32]. However,
an aggressive hemodilution, including normovolemic hemodilution, can cause
myocardial ischemia that is reversible with a blood transfusion [33]. Among patients
refusing any blood transfusions for religious reasons who have coexisting cardio-
vascular disease, postoperative hemoglobin levels below 6.0 g/dL were associated
with an increased mortality and morbidity, and an increasingly greater difference in
mortality and morbidity was observed between patients with and without coexisting
cardiovascular diseases [34]. The question of when to transfuse an individual patient
with a coexisting cardiac disease thus remains unanswered except at extremely low
hemoglobin levels (e.g., <6.0 g/dL). Blood transfusions may be indicated in some
anemic patients with coexisting cardiac disease [34-37].

Pooled data from randomized controlled trials in heterogeneous patient populations
show that restricting blood transfusions to patients whose hemoglobin drops below
7 g/dL results in a significant reduction in total mortality, acute coronary syndrome,
pulmonary edema, rebleeding, and bacterial infection, compared to a more liberal
transfusion strategy [38]. The number needed to treat to save one life was 33. This
strategy resulted in a 40 % reduction in the number of patients receiving a blood
transfusion, with an average of 2 units less per person; however, over one-half of
patients were still transfused.

Observational studies have consistently shown that transfusions are associated
with an increased risk for adverse events after controlling for potential confounding
variables, even when using a restrictive transfusion strategy [39—41]. It has been the
traditional teaching that patients with cardiac ischemia should have a more liberal
transfusion strategy to maintain oxygenation, but pooled observational studies show
that transfusions are associated with especially high risk when given during an acute
coronary syndrome [42, 43]. For patients with non-acute cardiac disease, subgroup
analysis of data from a trial in critically ill patients showed that the restrictive
strategy was not associated with worse outcomes for critically ill patients with
cardiovascular disease [44].

It remains impossible to determine the optimum hemoglobin/hematocrit number
at which a transfusion would be indicated generally and hence guidelines pub-
lished in 2006 by the American Society of Anesthesiologists which state that “the
decision of red blood cell transfusions should be based on the patient’s risk of devel-
oping complications of inadequate oxygenation” is valid even for patients with
coexisting cardiovascular disease [36]. It is therefore important to recognize signs of
inadequate oxygenation in patients with coexisting heart diseases. Inadequate
oxygenation may become manifest locally in the form of myocardial ischemia or
globally in the form of a general hemodynamic instability with a tendency to hypo-
tension and tachycardia despite normovolemia [33]. Myocardial ischemia may be
detected by continuous electrocardiogram (ECG) monitoring and by transesopha-
geal echocardiography. New ST-segment depressions of greater than 0.1 mV or new
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Table 4.1 Transfusion indication in patients with coexisting cardiac diseases

Evidence based/
scientific Intraoperatively and ICU
New ST-segment depression >0.1 mV Yes Yes
New ST-segment elevation >0.2 mV Yes Yes
New wall motion abnormality in TEE Yes Yes
Oxygen extraction rate >50 % >40 %
SvO, <50 % <60 %
Decrease in oxygen consumption >10-50 % >10 %
Hemoglobin transfusion triggers®
All patients 6 g/dL 7 g/dL
Patients >80 years 7-8 g/dL
Patients with severe CAD 8 g/dL
Patients with signs of CHF 8 g/dL
Patients on >1 catecholamine infusion 8 g/dL
Patients with Sa0,<90 % 8-9 g/dL

Abbreviations: CAD coronary artery disease, CHF congestive heart failure, SvO, mixed venous
oxygen saturation, TEE transesophageal echocardiography

A blood transfusion is indicated at hemoglobin levels below the indicated threshold without specific
sign of inadequate oxygenation. The listed parameters are only an indication for a blood transfusion
after correction of hypovolemia, optimization of anesthesia, and ventilation and the correction of a
tachycardia (if any). Blood transfusions, however, are not mandatory in each case

ST-segment elevations of greater than 0.2 mV for more than 1 min are generally
regarded as a marker of myocardial ischemia (Table 4.1) [33]. During progressive
hemodilution, one observes mostly ST-segment depression, suggesting subendocar-
dial ischemia. In controlled studies such anemia-related ischemia is reversible by
decreasing the heart rate, if elevated, and by minimal transfusion to increase the
hemoglobin by 1-2 g/dL [45]. Also, new wall motion abnormalities clinically
detected by transesophageal echocardiography are suggestive of myocardial isch-
emia and can be treated by an increase in the hemoglobin of only 1-2 g/dL.

Early signs of an inadequate circulation are a general hemodynamic instability char-
acterized by a relative tachycardia and hypotension, an oxygen extraction rate of greater
than 50 %, a low mixed-venous oxygen partial pressure (PvO,), and a decrease in oxy-
gen consumption [33]. In a position paper of the College of American Pathologists, an
oxygen extraction rate of greater than 50 %, a PvO, less than 25 mmHg, and a reduction
in oxygen consumption to less than 50 % of baseline are described as threshold values
above which a blood transfusion would be indicated [35]. An oxygen extraction of greater
than 50 % has been found to indicate exhaustion of compensatory mechanism in several
studies and thus represents a clear transfusion indication [46, 47]. In contrast, a threshold
of 25 mmHg for PvO, appears very low, since the PvO, decreases below the threshold
of 25 mmHg only after circulatory collapse. A PvO, threshold of 32 mmHg appears
more reasonable, because oxygen consumption started to decrease at a PvO, of
32 mmHg during progressive normovolemic hemodilution in pigs [33]. A decrease in
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oxygen consumption by greater than 50 % at normovolemia is certainly a transfusion
indication; however, such a large reduction usually is observed only after hemodynamic
collapse. Indeed, oxygen consumption decreases very late. Therefore, any decrease of
greater than 10 % in oxygen consumption at low hemoglobin levels should be viewed as a
potential sign of a compromised oxygenation of the organism, and a blood transfusion
should be considered, provided that normovolemia has been achieved [48].

The main goal of blood transfusions is to increase oxygen-carrying capacity
and mitigate myocardial ischemia, but experimental studies indicate no increase in
tissue oxygenation and improvement in clinical outcomes with transfusion in any
setting or with any nadir hemoglobin level [39, 49, 50]. This inability to improve
oxygen uptake in vital organs is due to the hemodynamic response to increased blood
viscosity as well as to chemical changes in red cells during preservation and storage,
such as depletion of 2,3 diphosphoglycerate and nitric oxide, that diminish the ability
of transfusion to deliver oxygen [51-55]. With millions of blood transfusions given
yearly over the past century, it would be hard to calculate how many deaths may have
been contributed to by transfusions. The adverse effects seen with blood transfusions,
including bacterial infections, acute respiratory distress syndrome, multiorgan failure,
rebleeding, and total mortality, may be due to an inflammatory response to the trans-
fused blood product. Very little mechanistic explanation is known for no benefit or
increased risk with transfusion using liberal strategy among patients with anemia and
ACS. One such recent work by Silvain et al. found that blood transfusion was associ-
ated with modest but significant increase in measures of platelet reactivity and was
more robust in patients previously on P2Y12 inhibitors [56]. At present, there is no
randomized trial evidence that blood transfusions improve oxygen delivery or clini-
cal outcomes in any setting, which underscores the urgent need for a randomized
control trial of transfusion strategies especially in patients with ACS and
CHF. There are two randomized trials, the CRIT study [57] and the MINT trial [58]
examining liberal vs restrictive transfusion strategy in patients with ACS and had con-
trasting results. However, they had small sample sizes and were grossly underpowered
to make any relevant conclusions regarding clinically important intervention effects and
essentially showed divergent results on clinical outcomes such as mortality.

There remains an urgent and unmet need, as noted in recent guidelines [59], for
more studies to help guide clinicians in finding optimal treatment threshold and
options in the setting of anemia and bleeding in patients with ACS and CHE.

4.5 Conclusions

With the limited available evidence, we conclude that a restrictive transfusion
strategy with a hemoglobin transfusion trigger of <7 g/dL might be safely prac-
ticed in patients with ischemic heart disease, including stable coronary artery dis-
ease and acute coronary syndrome unless they are symptomatic from anemia. We
believe that at this threshold, benefits of transfusion probably exceed the risks. For
patients who are symptomatic even at rest, hemoglobin transfusion trigger for
these patients could be <8 g/dL. Also, other individual factors like severity of
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myocardial ischemia, plans for coronary artery revascularization, and rate of blood
loss should be considered. Our conclusions are similar to European practice guide-
lines published recently where transfusion is recommended for hemoglobin of less
than 8 g/dL or symptomatic from anemia in patients with unstable angina or non-
ST-segment elevation MI [59].
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