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Abstract

The interaction between cronic heart failure, cronic kidney insufficiency and anemia, form a vicious cycle, termed as the
cardio-renal anemia syndrome. The interaction between these three conditions causes deterioration of the cardiac and
renal function and increases anemia. Each of the three can cause or be caused by the others.

We herein analyze and speculate the mechanisms involved in the pathophysiology of this new syndrome highlighting the
main points of interest that seem to expand upon more than one specialty. The cardio-renal anemia syndrome is emerging
in the area of clinical investigation with progressively elevated significance.

Additionaly we report the data related to anemia treatment as part of therapeutic perspective concerning the management

of patients manifesting the profile of this syndrome. Hippokratia 2008; 12 (1): 11-16
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Congestive heart failure (CHF) remains a major chal-
lenge for medical community. The current prevalence of
CHF is about 2% (= 5 million people in USA). However
among people older than 65 this prevalence is elevated
more than 5% and becomes 10% among people older
than 80 years of age'.

Despite remarkable advances in diagnosis and ther-
apy over the past decade, the prognosis of patients with
heart failure remains poor. During the decade 1950-1959
according to data extracted from the Framingham Study
the 1% year mortality for CHF in men was 30%. In the
period from 1990 to 1999, even when adjusted for many
confounding factors, this mortality rate was almost un-
changed at 28%?. This unacceptable rate of improvement
rendered the investigation to search for novel mecha-
nisms by which to address the unchanged morbidity and
mortality associated with CHF.

The first approach has been done by Silverberg et al,
evaluated the records of 142 patients seen in outpatient
CHEF clinic®. They found that, despite the fact that these
patients were all being treated with ACE inhibitors and
b-blockers in the highest recommended doses, in addi-
tion to digoxin, nitrates, aldospirone and furosemide, a
remarkable percentage among them did not respond to
therapy, resulting in poor outcome. Severe fluid retention,
extreme fatigue, shortness of breath on no or minimal ex-
ertion (New York Heart Association (NYHA) functional
class IV) were still present. The great majority of these
patients were anemic. Anemia (Hb < 12 g/dl) was present
in 55.6% of all patients, increasing in prevalence from
9.1% in mild CHF (NYHA I) to 79.1% in severe CHF

(NYHA 1V). The mean Hb fell from group I to IV, from
13.734£0.83 g/dl to 10.9£1.70 g/dl, concluding that ane-
mia is more prevalent and severe along with the severity
of the CHF.

In patients with Chronic Kidney Disease (CKD) the
severity of anemia is an independent predictor of death**
whereas the risk for cardiovascular events, including
stroke, is increased significantly when anemia is pres-
ent’’.

Other source of information suggesting that ane-
mia contribute to the CHF is the literature on cor-
recting anemia with erythropoietin (EPO) in patients
with CKD and patients with End Stage Renal Disease
(ESRD), who are under renal replacement therapy®’. In
both groups, anemia was associated with left ventricu-
lar dilation and hypertrophy, an increased prevalence
and incidence of CHF and an increased mortality and
hospitalization.!” Anemia may also increase the rate of
deterioration of renal function in patients with CKD
and therefore the rate of progression of renal failure to
dialysis''. On the other hand, correction of anemia in
CKD patients reduced hospitalization for CHF'2. Simi-
larly in ESRD patients, correction of anemia prevented,
improved or even corrected LV dilation and LV hyper-
trophy'?, reduced hospitalization and mortality’ and im-
proved quality of life'.

The importance of the interaction between CHEF,
Chronic Kidney Insufficiency (CKI) and anemia was
suggested by a study including approximately 1 million
elderly patients, who represented a 5% sample of the
Medicare population in the USA.* The 2-year risk for dy-
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Table 1. Two-year mortality and incidence of ESRD in a 5%
sample of Medicare patients from the USA

Two-year . Tv.vo—year
mortality(%) incidence of

ESRD (%)
No anemia, CHF or CKI 7,7 0,1
Anemia 16,6 0,2
CHF 26,1 0,2
CHF and anemia 34,6 0,3
CKI 16,4 2,6
CKI and anemia 27,3 5,4
CHF and CKI 38,4 3,5
CHECKI and anemia 45,6 5,9

CHF: Congestive Heart Failure, CKI: Chronic Kidney Insufficiency,
ESRD: End Stage Renal Disease

ing or starting dialysis is shown in table 1. Individually,
each of these three conditions increases the risk of death
or ESRD by 50-100% and the three together increase the
probability up to 300%.

Therefore, Silverberg et al, proposed a new mecha-
nism involved in the interaction between CHF, CKI and
anemia, which form a vicious cycle, termed as the car-
dio-renal anemia syndrome (Figure 1). The interaction

CARDIO - RENAL ANEMIA SYNDROME

ANEMIA

CHF CKI

Figure 1. The interaction between anemia, congestive heart
failure (CHF) and chronic kidney insufficiency (CKI)

between these three conditions causes deterioration of the
cardiac and renal function and increases anemia. Each of
the three can cause or be caused by the others.'s

Pathophysiology
The causative role of anemia in CHF and CKI

Since the beginning of 1990s, the mechanism by
which anemia can induce cardiac and renal damage, have
been gradually elucidated.'® Indeed it has been shown
that severe anemia, could be causative factor for cardiac
and renal disease in patients without previous basic heart
disease."’

Tissue hypoxia due to anemia, leads to peripheral
vasodilatation and decreased vascular resistance, which
in turn reduces blood pressure. The sympathetic system
is activated and this causes tachycardia, increased stroke
volume and peripheral vasoconstriction in order to main-

tain adequate blood pressure. However, increased sympa-
thetic activity also causes renal vasoconstriction, resulting
in renal blood flow and glomerular filtration rate (GFR)
reduction, leading consequently to renal ischemia. The
reduced renal blood flow activates the renin-angiotensin-
aldosterone system (RAAS) and antidiuretic hormone,
causing further renal vasoconstriction, as well as salt and
water retention. The renal insufficiency thus produced
may also cause anemia through reduced eryptropoietin
production and bone marrow activity. The fluid retention
mentioned above, causes plasma volume expantion which
leads to LV dilatation and stress on an already stressed
myocardium. The consequent LV hypertrophy leads to
necrosis and apoptosis of myocardial cells, myocardial
fibrosis and cardiomyopathy resulting in CHF. Addition-
ally, elevated levels of renin, angiotensin and aldosterone
cause damage of cardiac cells directly, exacerbating the
damage already done.'®"

The levels of tumor-necrosis factor a (TNFa) are in-
creased in CHF and there is evidence that cardiac cells
produce this cytokine in response to injury, which dam-
age the heart further.? This increased production of cy-
tokines has also been implicated in the development of
chronic disease anemia®! and may also worsen anemia in
CKD and CHF patients, thus forming a ‘vicious cycle’ of
disease progression (Figure 2).
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Figure 2. The mechanism by which anemia can cause heart
failure and renal failure

The causative role of CKD in anemia and
heart failure

In patients with advanced renal disease, progres-
sive renal deterioration leads to decrease in circulating
levels of erythropoietin, with a subsequent decrease in
bone marrow erythrocyte production and Hb levels.? It is
well-established that anemia in patients with ESRD is as-
sociated with a variety of adverse cardiac consequences,
including the development of left ventricular dilation, hy-
pertrophy and clinical HF.?>?

Despite the high prevalence of renal dysfunction, cir-
culating levels of EPO are generally normal-to-elevated
in HF, with a correlation between the degree of EPO el-
evation and worsening functional class.!” The worsening
cardiac performance leads to renal hypoperfusion and hy-
poxia, which are powerful stimulus for EPO production.
In light of this elevation of EPO levels in advanced HF,
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the high prevalence of anemia in this group of patients is
notable. It seems that anemia in HF may be a condition
of relative resistance to the EPO action, with persistent
anemia despite the usually high levels of EPO.

The role of CKI as a causative factor of HF, apart
from the anemia related consequences is well known. As
CKI progresses inevitably to the end stage, volume ex-
pansion due to water and sodium retention causes over-
load hypertension, which is the rule in ESRD patients.
Among other factors, accelerated untreated hypertension
leads to LVH and HF. Additionally, atherosclerotic events
due to accelerated atherogenesis attributed to traditional
and uremia-related risk factors in CKD patients, are in-
volved significantly in myocardial damage causing HF in
a wide proportion of these patients.

The role of HF in causing CKI and anemia

Renal failure is quite common in patients with heart
failure, with a prevalence from 30% to 50% depending
on the definition used and the population studied.!” Hypo-
perfusion is considered as the leading direct mechanism
involved in CKI related to HF, whereas cytokines and
growth factors contribute to chronic kidney insufficiency
progression.

Even though anemia is common in patients with HF,
it is not well-documented whether this evidence is the
result of direct relationship between HF and anemia or
there are multiple potential mechanisms by which HF
could contribute to the development of anemia. Heart
failure is a disease of the elderly, a population where the
prevalence of anemia is high irrespective of cardiac sta-
tus.?* Multiple comorbid conditions are common in HF
patients and a major one is the renal insufficiency, which
is associated with the development of anemia.?>** On the
other hand, there are many anaemic patients with HF that
have normal levels of serum creatinine, and thus it is un-
likely that renal insufficiency is the unique causative fac-
tor of anemia in patients with HF.

Other possible comorbid factors causing anemia in
HF patients are haemodilution, proinflammatory cyto-
kines, malnutrition due to right-sided HF, iron deficien-
cy, decreased bone marrow perfusion and drug therapy
(ACE inhibitors, aspirin). It is likely that several of these
mechanisms act simultaneously, and that anemia in HF is
the result of a complex interaction between them.

A characteristic of HF syndrome is plasma volume
expansion, so that anemia may be due to hemodilution
rather than to true decrease in red blood cell mass.”” In a
recent study of 37 HF patients, true anemia (as expressed
by decreased red blood cell mass) was present in 54%,
and hemodilution was present in 46%. The interesting is
that both these situations were associated with adverse
survival, with the worst survival seen in patients with he-
modilution.?®

Chronic HF is known to be a state of persistent in-
flammatory activation, and higher levels of circulating
proinflammatory cytokines are known to be associated
with greater disease severity and worsened clinical out-

comes.”¥ The two major proinflammatory cytokines,
tumor necrosis factor (TNF)-alpha and interleukin-6,
have been found to have direct effect on the bone mar-
row, and are implicated to the mechanism of anemia of
chronic disease.’! Elevated levels of these cytokines lead
to decreased EPO production and resistance to the effects
EPO on the bone marrow production of red blood cells.
Furthermore, proinflammatory cytokines inhibit the re-
lease of iron from the reticuloendothelial system so that
it cannot reach the bone marrow to be utilized in hemo-
globulin production, and lastly they inhibit iron absorp-
tion through the gut. This is done through cytokine pro-
duction of the protein hepcidin in the liver which inhibits
iron absorption in the small bowel.>>* It has been shown
that the higher the TNF-a level in patients with CHF, the
lower the Hb level.**

Patients with severe CHF have often reduced appe-
tite and, consequently, show signs of malnutrition such
as weight loss, anemia and hypoalbuminemia.** The con-
verse may also be true, namely that anemia itself could
cause loss of appetite and malnutrition. Additionally, iron
deficiency, which is common in anemic HF patients, may
be due to malnutrition. Aspirin, which often is used in
HF patients, may cause blood loss in the gut. Also, these
patients often have proteinuria which causes the loss of
significant amounts of EPO, iron and transferrin in the
urine contributing to the anemia.’® CHF alone may cause
malabsorption, probably because of edema in the gut and
through hepcidin production in the liver.

Finally, treatment with ACE inhibitors is a mainstay
of HF therapy, with clearly documented improvements
in long-term survival.’*® Some data have suggested,
however, that ACE inhibitor therapy may reduce Hb con-
centration in patients with HF. Therapeutic doses of ACE
inhibitors have been shown to decrease renal secretion of
EPO in patients with hypertension,* renal insufficiency,*
polycythemia*! and chronic HF.*?

Treatment Conciderations

EPO is the gold standard for treatment of anemia
among end stage renal disease (ESRD) patients. Patients
under EPO therapy experienced significant improvement
in terms of quality of life and overall survival as well
as a decrease of left ventricular hypertrophy, increase of
cardiac output and left ventricular ejection fraction.*3#445
In this group of patients there was a benefit concerning
their exercise capacity, depression symptoms, social rela-
tionships, sexual function, sleep, appetite and nutritional
status. 4748 According to the same studies,***’** correc-
tion of anemia by EPO, is responsible for an increase in
aerobic metabolism and less anaerobic metabolism and
lactate production, improved peak oxygen utilization,
improved skeletal muscle function, an improvement in
angina pectoris, improved cerebral blood flow, improved
amino acid and glucose metabolism, improved endo-
thelial cell function and blood rheology. Ofsthun et al.
reported that between levels of 9 and 13 g/dL a 1 g el-
evation in hemoglobin was associated with improved 6-
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month survival among dialysis patients.*’ Li and Collins
reported an inverse association between lower hematocrit
at the start of dialysis and increased risk of death and hos-
pitalization from cardiovascular disease among 50,579
hemodialysis patients.*

However it is not yet precisely known which is the
ideal timing in a patient with CKD to start EPO treat-
ment and which should be the ideal hematocrit target in
order to reduce cardiovascular morbidity and mortal-
ity. The Canada—Europe Normalization of Hemoglobin
Study 3!, a randomized double-blind comparison of lower
(9.5-11.5 g/dL) versus higher (13.5-14.5 g/dL) hemoglo-
bin treatment targets of 596 hemodialysis patients, failed
to find significant differences between the two groups in
changes in left ventricular volume index. These findings
were supported by a small (n=155) randomized open-la-
bel trial which found that maintenance hemoglobin lev-
els above 12.0 g/dL compared with levels between 9.0
and 10.0 g/dL in patients with stage 3 or 4 CKD were
not associated with reduced left ventricular mass index
or risk of progressive left ventricular hypertrophy.> In an
another large, randomized trial, the Normal Hematocrit
Treatment trial,>* there were a non significant increase in
mortality among dialysis patients with clinical heart dis-
ease (congestive heart failure or coronary heart disease)
under EPO with a hematocrit treatment target of 42% vs.
30%. Relative risk of death or non fatal myocardial in-
farction was 1,3 (CI 95%: 0,9-1,9) in the group of higher
hematoctit. Despite the fact that the elevation in mortal-
ity was statistically none significant the safety monitoring
panel decided to discontinue the study. It is noteworthy
that when each group was examined separately, higher
hematocrit values correlated with reduced mortality rates.
Maybe the excess of deaths observed in higher hemato-
crit treatment arm was not due to the hematocrit itself but
due to other covariates not taken into consideration by
the investigators.

Levin et al. performed a randomized clinical trial
with 172 CKD patients in order to find out whether pre-
vention or early correction of anemia using EPO is supe-
rior to late onset of therapy concerning a retain in the of
left ventricular mass increase. Participants were divided
into two groups with a Hb target of 12.0-14.0 g/dL and
9.0-10.5 g/dL respectively. After 24 months of follow-
up, there was no significant difference in respect of left
ventricular mass growth between the two groups. The
authors conclude that the relationship between Hb lev-
els and left ventricular mass index, as it was documented
from observational studies, is not being verified by clini-
cal trials. Perhaps these two variables are not causally
related. * CHOIR study aimed to define the best level of
anemia correction in CKD patients. One thousand forty
hundred thirty two CKD patients participated and they
were divided into two groups. Both groups were treated
with EPO and a Hb target of 13.5 and 11.3 g/dL respec-
tively. After a mean follow-up of 16 months incidence
of deaths, myocardial infarctions, hospitalizations due to
congestive heart failure and cerebrovascular events were

assessed. According to the investigators tight correction
of hematocrit vs usual does not confer grater improve-
ment of quality of life in this group of patients while a
significant raise in cardiovascular morbidity and mortal-
ity is being observed.*

At the moment two studies are being at progress,
TREAT (the Trial to Reduce Cardiovascular Events with
Aranesp Therapy) and CREATE (Cardiovascular risk Re-
duction by Early Anemia Treatment with Epoetin Beta).
The first one is a multi-center, double-blind, randomized
controlled trial with 4000 patients. Primary end-point is
the assessment of EPO therapy on mortality and non-fatal
cardiovascular events (myocardial infarction, myocardial
ischemia, congestive heart failure and cerebrovascular
events) among patients suffering from CKD and diabetes
mellitus. Participants will be randomized in a 1:1 ratio
either to EPO, with a Hb target of 13.0 g/dL, or to pla-
cebo, as long as they have a Hb level of >9g/dL, or to ac-
tive treatment, if they have Hb<9 g/dL, with a Hb target
of >9g/dL.% The latter is a multi-center randomized trial
with 600 CKD patients, not yet under dialysis, dived into
two treatment arms. Half of the patients will be admin-
istered EPO at an earlier stage of anemia, Hb levels of
11.0-12.5 g/dL, while the rest of them will not get any
treatment unless their Hb levels drop below 10.5 g/dL.
The Hb target is set to 13.0-15.0 g/dL and 10.5-11.5 g/dL
respectively. The annual change of left ventricular mass
index and time until the first cardiovascular event are
going to be assessed.”” According to preliminary results
early onset of EPO therapy aiming to a fully correction
of anemia is not accompanied with a reduction in cardio-
vascular morbidity.>

Silverberg et al. were the pioneers in the area of clini-
cal trials on patients suffering from CHF and anemia. They
started with a small, uncontrolled trial with 26 patients suf-
fering from CHF with a functional class IV and anemia
(Hb<12 g/dL). All patients, who were already under maxi-
mum tolerated therapy, were assigned to EPO subcutane-
ously and iron (Venofer-iron sucrose) intravenously for
about 7 months. The subsequent rise of Hb correlated with
a significant increase of ejection fraction and a decrease of
the mean NYHA functional class. In addition, while be-
fore EPO treatment glomelural filtration rate (GFR) was
falling, it started rising at the end of the study. Compared
with the pre-treatment period, the rate of rehospitalization
fell markedly and the dose of oral and i.v. diuretics needed
was greatly reduced.’ These findings were supported from
another series of 32 patients.”

The same group of investigators recruited 126 CHF
patients, resistant to all CHF medications, who were suf-
fering from anemia and mild renal insufficiency as well.
The same treatment strategy was followed. After 12.4
months anemia, renal function and ejection fraction were
improved. In addition patients were asked on their first
visit and at the completion of the study to assess their fa-
tigue and shortness of breath on a visual analogue scale.
On this scale, 10 is the worst they could possibly feel and
0 is the best. The score fell from a mean of 8.8 at onset
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to a mean of 2.8 on completion.®®! Similar results were
observed after EPO and iron administration in 179 CHF
and anemic patients including a subset of diabetics.®> The
fact that renal function improved in both diabetics and
non diabetics at the same extent led the authors to as-
sume that the deterioration of renal function observed in
diabetics is in part due to the underlying anemia and the
poorly treated CHF.%

The above findings were supported by a randomized,
single-blind, placebo controlled trial conducted by Man-
cini et al. They evaluated the effect of 3 months of eryth-
ropoietin treatment on exercise capacity in 26 patients
with anemia and NYHA functional class III to IV CHF.
This study demonstrated significant improvement in peak
oxygen consumption with erythropoietin treatment vs. no
significant change in the control patients. A significant
correlation was observed between elevations in Hb with
EPO treatment and increased peak oxygen consumption.
Notably, the improvement in exercise performance with
EPO treatment was observed whether the anemia was
found to be from decreased red blood cell mass or from
hemodilution.®

New erythropoietin analogs, such as darbepoetin alfa,
with a greater half period of life, have now been devel-
oped which makes them more appealing for the treatment
of anemia in CHF patients. At the moment guidelines
concerning the use of EPO are referring exclusively to
CKD patients. All patients suffering from CKD and ane-
mia should be considered as candidates for EPO therapy,
irrespective of renal functional status or the need for dial-
ysis. Patients with CKD should maintain Hb levels above
11 g/dL (Hcet>33%) or achieve this target in a 4 month
period after the treatment onset, irrespective of age, gen-
der or race.
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