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ABSTRACT:
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Background: Kidney disease and cardiovascular disease
seem to be lethally synergistic and both are approaching
the epidemic level. A reduced glomerular filtration rate is
associated with increased mortality risk in patients with
heart failure. Many patients with congestive heart failure are
anemic. Anemia is very often associated with chronic kidney
disease.
Objectives: To assess — in relation to New York Heart Ass-
ociation class — the prevalence of anemia and chronic kidney
disease in patients with normal serum creatinine in a cohort
of 526 consecutive patients with coronary artery disease
undergoing percutaneous coronary interventions.
Methods: GFR was estimated using the simplified MDRD
formula, the Cockcroft-Gault formula, the Jeliffe and the
novel CKD-EPI formula.
Results: According to the WHO definition the prevalence of
anemia in our study was 21%. We observed a progressive
decline in GFR and hemoglobin concentration together with
arise in NYHA class. Significant correlations were observed
between eGFR and systolic blood pressure, diastolic blood
pressure, age, NYHA class, complications of PCl, including
bleeding, and major adverse cardiac events.
Conclusions: The prevalence of anemia and chronic kidney
disease is high in patients undergoing PCl despite normal
serum creatinine, particularly in higher NYHA class. Lower
eGFR and hemoglobin are associated with more complications,
including bleeding after PCl and higher prevalence of major
adverse cardiac events. In patients with risk factors for
cardiovascular disease, GFR should be estimated since renal
dysfunction and subsequent anemia are important risk factors
for cardiovascular morbidity and mortality.
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idney disease and cardiovascular disease seem to be

lethally synergistic and both are approaching the level of
an epidemic, particularly in the elderly. As the populationss life
expectancy increases, the incidence of both congestive heart
failure and end-stage renal disease is progressively increasing.
Both diseases are inexorably linked. Chronic kidney disease is
common in patients with CHEF, and its presence adversely affects
patients’ survival [1]. Furthermore, cardiovascular disease is the
major cause of mortality in CKD. Clinical guidelines recom-
mend screening patients with cardiovascular risk factors for the
presence of CKD. The detection and classification of CKD is
based on the estimated glomerular filtration rate, calculated by
the MDRD formula [2]. Anemia is frequently seen in CHE with
a prevalence ranging from 4% to 55%, depending on the popula-
tion studied [1]. In an analysis from the SOLVD trial, 22% of the
patients had hematocrit < 39% and 4% had values < 35% [2]. A
similar rate of anemia (17%) was noted in a population-based
cohort of 12,065 patients with newly diagnosed CHF [3]. The
incidence of anemia appears to increase with worsening func-
tional class, from 9% for New York Heart Association class I to
79% for NYHA class IV [4]. Moreover, anemia in CHF patients
has been associated with increased mortality, increased number
of hospitalizations and a greater severity of CHF, as compared
to non-anemic subjects [5]. In our previous study we reported
that in a cohort of 1413 patients with normal serum creatinine
undergoing percutaneous coronary intervention, as many as
33% had stage 3 CKD, i.e., estimated GFR < 60 ml/min/1.73 m2
[6]. The aim of the present study was to assess — in relation to

CHF = congestive heart failure

CHD = chronic kidney disease

GFR = glomerular filtration rate

NYHA = New York Heart Association

eGFR = estimated GFR

PCI = percutaneous coronary intervention

MDRD = Modification of Diet in Renal Disease study
SOLVD = Studies Of Left Ventricular Dysfunction
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NYHA class - the prevalence of CKD and anemia in a cohort
of 526 consecutive patients with coronary artery disease and
normal serum creatinine undergoing coronary angiography.

PATIENTS AND METHODS

Our study population comprised 526 patients (mean age
57.89 + 11.33 years) with coronary artery disease (confirmed
angiographically, class II/III CCS) and normal serum creati-
nine (< 1.2 mg/dl in females and < 1.5 mg/dl in males). The
patients were recruited prospectively for PCI from the Invasive
Cardiology Department. All patients were informed about the
aim of the study and gave their informed consent. We excluded
patients with preexisting CKD, namely elevated serum crea-
tinine and/or history of kidney disease, such as proteinuria,
erythrocyturia, etc. The study was approved by the Medical
University Ethics Committee. Anemia was defined according to
the World Health Organization criteria, i.e., hemoglobin below
12 g/dl in females and 13 g/dl in males [7]. CHF was defined
according to the NYHA classification. Echocardiography was
performed in each patient to assess the ejection fraction and
left ventricular end-diastolic dimension. Hemoglobin, albumin,
cholesterol and serum creatinine were analyzed by the standard
laboratory methods in the central laboratory at the University
Hospital. GFR was estimated using the simplified MDRD for-

CCS = Canadian Cardiovascular Society

Table 1. Basal clinical and biochemical characteristics of the studied groups

NYHA NYHA NYHA NYHA

class| class Il class Il class IV

(n=237) (n=261) (n=20) (n=12)
Age (yrs) 55.94+10.91  57.75+11.42  61.07+11.11 60.58 +11.77
Systolic BP (mmHg) 136+ 25 127+ 31 123+ 45 121+ 32
Diastolic BP (mmHg) 84+19 8022 79+25 78+ 21
Ejection fraction (%) 58.76+19.54 52.76+17.43  48.54 + 14.85* 44,32 + 14.43**
LVIDd (mm) 4.29+0.72 4.35+1.14 5.49 + 1,02% 5.67 £1.01**
Hb (g/dl) 14.35 + 1.56 13.46 + 0.69 12.69 +0.89 * 11.74 £1.12%**
Urea (mg/dl) 37.97£12.07 41.46+£2.94*  43.79 +12.65* 48.76 + 13.54
eGFR (ml/min) (MDRD) 90.77£21.32 8254 +29.71*  74.00 + 30.95*** 59.23 + 24.36***
eGFR (ml/min) (CKD-EPI) 86.52+17.93  78.43+18.60* 69.69 + 23.35*** 49.53 + 19.30***
Creatinine clearance (ml/min)  73.88+23.28  68.07£23.56  65.92 + 22.48* 58.15 £ 19.77***
(Cockcroft-Gault formula)
Creatinine clearance (ml/min)  79.42+25.17  72.33+28.65* 68.94 £ 21.55 62.95 = 25.08***
(Cockcroft-Gault formula,
weight adjusted)
eGFR (ml/min) (Jeliffe formula) 76.65+25.17  72.33+28.65  70.42 +24.92 63.52 + 25.81***
Creatinine (mg/dl) 1.06 + 0.26 1.09 + 0.46 1.12£0.38* 1.22 £ 0.25%**
Cholesterol (mg/dl) 183.78 +58.54 180.45+47.89 172.89+52.76  169.76 + 41.09

Values are mean + SD

*P<0.05, ** P<0.01,

***%P¢0.001 vs. NYHA class |
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mula: eGFR = 186.3 x serum creatinine (mg/dl)-1.14 x age-0.203
x 0.742 if female x 1.21 if Afro-American; the Cockcroft-Gault
formula: creatinine clearance = (140-age) x body weight/serum
creatinine x 72 if female x 0.85; and the Jeliffe formula: 0.9 x
98 - (0.8 x [age {years} - 20}])/serum creatinine (mg/dl). The
CKD-EPI formula (Chronic Kidney Disease Epidemiology
Collaboration) is represented as the equation below, in which
the values of the constants of a, b, and ¢ vary on the basis of
race, gender, and serum creatinine [8].

GFR = a x (serum creatinine/b)c x (0.993 )age
The variable a takes on the following values on the basis of
race and gender:

o Black
> Women = 166
> Men = 163

+ White/other
> Women = 144
> Men = 141
The variable b takes on the following values on the basis of
gender:
« Women = 0.7
e Men=0.9
The variable ¢ takes on the following values on the basis of
gender and creatinine measurement:
« Women
> Serum creatinine < 0.7 mg/dl = -0.329
> Serum creatinine > 0.7 mg/dl = -1.209
« Men
> Serum creatinine < 0.9 mg/dl = -0.411
> Serum creatinine > 0.9 mg/dl = -1.209

We also estimated GFR using this new formula. Comparisons
between groups were made by ANOVA (Statistica 6.0, StatSoft,
Poland). Correlations between hemoglobin and other variables
were evaluated by Pearson’s or Spearman’s test, as appropriate.

RESULTS

We observed a progressive decline in eGFR, creatinine clear-
ance and hemoglobin concentrations, together with a rise in
NYHA class [Table 1].

PREVALENCE OF CKD

The mean estimated GFR using the MDRD equation was 82
ml/min/1.73 m2; with the new CKD-EPI formula it was 77
ml/min, while the mean creatinine clearance according to
the Cockeroft-Gault formula was 68 ml/min. A higher degree
of NYHA class was observed in more advanced stages of
kidney disease [Table 1]. In 163 patients with stage 1 CKD
(eGFR > 90 ml/min/1.73 m2) the mean NYHA class was 1.41
+ 0.63. In 272 patients with stage 2 CKD (eGFR 60-89 ml/
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min/1.73 m2) the mean NYHA class was 1.59 + 0.73 (P <
0.01 vs. stage 1 CKD). The mean NYHA class in 86 patients
with stage 3 CKD (eGFR 30-59 ml/min/1.73 m2) was 1.8 +
0.83 (P < 0.001 vs. stage 1 CKD), and in 5 patients with stage
4 CKD (eGFR 15-29 ml/min/1.73 m2) it was 2.03 + 0.93 (P
< 0.001 vs. stage 1 CKD). The prevalence of stages 3 and 4
CKD (eGFR below 60 ml/min/1.73 m2) in the study popula-
tion was dependent on the formula used for assessing kidney
function: 17% using the MDRD formula, 22% with the CKD-
EPI formula, 48% with the Jeliffe formula, 49% according to
the Cockeroft-Gault formula (weight adjusted), and 55% with
the Cockcroft-Gault formula. The estimated GFR (MDRD)
correlated significantly with systolic blood pressure (r = 0.18,
P <0.001), diastolic blood pressure (r = 0.19, P < 0.001), age
(r =-0.63, P < 0.001), NYHA class (r = -0.16, P < 0.001),
complications after PCI (r = -0.12, P < 0.01), especially bleed-
ing from the insertion site (r = -0.19, P < 0.001), and major
adverse cardiac events (r = -0.16, P < 0.01). The prevalence
of diabetes mellitus in the study population was 23% and the
prevalence of hypertension 79%. With regard to medications,
72% of the patients were treated with angiotensin-converting
inhibitors, 90% with beta-blockers and 70% with statins.

PREVALENCE OF ANEMIA

According to the WHO definition, the prevalence of anemia in
the studied cohort was 21%. The hemoglobin concentrations
declined concomitantly with a rise in NYHA class [Table 1].
The mean hemoglobin concentration in patients with NYHA
class I was 14.35 + 1.56 g/dl. Hemoglobin concentration
declined to 13.46 + 0.69 g/dl in patients with NYHA class II, to
12.69 + 0.89 g/dl in patients with NYHA class III (P < 0.05 vs.
NYHA class I) and to 11.74 + 1.12 g/dl in patients with NYHA
class IV (P < 0.001 vs. NYHA class I). Hemoglobin correlated
significantly with NYHA class (r = -0.21, P < 0.01), presence
of diabetes (r = -0.17, P < 0.01), presence of hypertension (r =
-0.18, P < 0.01), ejection fraction (r = 0.25, P < 0.001), LVEDd
(r=0.16, P <0.01), serum creatinine (r = -0.43, P < 0.001) and
estimated GFR (r = 0.18, P < 0.01).

COMPLICATIONS AFTER PCI

The most frequent complication was bleeding from the
insertion site. This complication was observed in 8.3% of
the patients undergoing PCI in the study. Three percent of
patients developed cardiac arrhythmias and 1% developed
a major cardiac adverse event. Hematuria was detected
in 0.8% of patients after the PCI. Stroke was present in
0.6% of patients, 0.4% developed hemophthisis and 0.3%
experienced acute coronary syndrome. All of the above-
mentioned complications occurred in patients with eGFR
below 60 ml/min.

LVEDd = left ventricular end-diastolic dimension

DISCUSSION

Congestive heart failure and CKD share a number of risk
factors and pathophysiologic pathways. CKD is common
in patients with CHE, reaching up to 34.3% in the report by
Gotsman et al. [9]. In the present study we found that many
patients with stable coronary artery disease and normal serum
creatinine levels have impaired kidney function. Zamora and
co-authors [10] recently reported that even a mild degree of
renal function impairment is associated with higher mortality
rates. In the study of Freimark et al. [11] renal failure was more
commonly the cause of death in patients with CHF than stroke
and acute myocardial infarction. CHF and CKD appear to act
together in a vicious cycle in which each condition causes or
exacerbates the other. Both CHF and CKD are often under-
diagnosed and undertreated in patients with normal or slightly
elevated serum creatinine. In the present study, higher NYHA
class was associated with more advanced stages of CKD and
with a progressive decline in eGFR and creatinine clearance.
In current practice, serum creatinine is an imperfect measure-
ment to assess the GFR, because the production of creatinine
differs among and within people over time. Serum creatinine
depends on various variables, such as age, gender, muscle
mass and metabolism, medications and the hydration status.
Efforts have been made to estimate the GFR from a single
measurement of creatinine, using various formulas, to account
for dependent variables, such as in the MDRD study. In our
study, clinically significant CKD (as defined by estimated GFR
below 60 ml/min/1.73 m?) was found in 17-55% of the study
population, depending on the formula used to estimate GFR.
It should be mentioned that age over 65 years is usually, but
not always, associated with lowered GFR [12,13]. As reported
by Antonelli and colleagues [14], patients over 70 years old
had more cardiovascular pathologies and require significantly
more drugs, including those known to affect GFR, than their
younger counterparts.

Since current equations have limited precision and sys-
tematically underestimate measured GFR at higher values, a
new estimating equation for GFR was needed. Developed by
Levey et al. [8], the Chronic Kidney Disease Epidemiology
Collaboration equation was derived from research studies
and clinical populations ("studies") with measured GFR
(using iothalamate) and NHANES (National Health and
Nutrition Examination Survey) during the period 1999-2006
on 8254 subjects and validated in 3896 participants (with
GFR assessed by iothalamate and other markers).

The new formula was proven to be more accurate and
more precise than MDRD, but it does have limitations. The
sample did not comprise enough elderly people, racial and
ethnic minorities with measured GFR. In our study we found
that the estimated GFR was slightly lower when using the
CKD-EPI formula compared to the MDRD formula.
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On the basis of our results, it should be emphasized that
the prevalence of CKD in patients with coronary artery dis-
ease undergoing PCI is probably underestimated. Moreover,
it should be stressed that the prevalence of CKD is high
among patients with apparently normal serum creatinine
undergoing PCI. We must also keep in mind that the risk of
contrast-induced nephropathy is enhanced in patients with
CKD, as reported by Shema et al. [15]. Therefore, CKD has
to be diagnosed before any procedure using contrast agents,
particularly in the elderly with comorbidities as we discussed
recently [16].

Anemia is more prevalent in advanced CHE Previous
studies in CHF patients showed that anemia may be inci-
dental or directly related to CHF itself. Increased circulating
cytokines, hemodilution, iron deficiency, the use of ACE
inhibitors, renal dysfunction, poor nutrition and decreased
bone marrow perfusion may all contribute to the develop-
ment of anemia in this population [17]. In the present study
the prevalence of anemia in the studied cohort was 21%. We
found a progressive decline in hemoglobin concentration
which correlated to a rise in NYHA class. In our population,
ACE inhibitors were administered to 72% of the patients.
However, the expected relative decrease in hemoglobin con-
centration with those drugs might only be 0.2-0.3 g/dl [1].
In our study, patients treated with ACE inhibitors had signifi-
cantly lower eGFR and lower hemoglobin levels. The adverse
effect of ACE inhibitors may be mediated by Ac-SDKP (gora-
latide), a tetrapeptide that inhibits erythropoiesis [18]. In the
last century, anemia in CHF was under-recognized and not
even discussed in the U.S. guidelines committee report [19].
However, after several trials, including the SOLVD, ELITE
II, COPERNICUS, CHARM, VAL-HEFT and others, anemia
was recognized as an important risk factor for morbidity and
mortality in CHF patients [20,21]. The odds ratio of mortal-
ity and hospitalization in patients with anemia are similar
to those of four other common cardiovascular risk factors,
namely smoking, diabetes mellitus, hypertension and hyper-
cholesterolemia. It is for this reason that we have termed
anemia "the fifth cardiovascular risk factor" [22].

In the present study hemoglobin levels were correlated to
renal function, to the presence of diabetes and hypertension,
and to NYHA class. However, we studied only patients with
normal serum creatinine. The anemia in fact exacerbates the
CHEF [23]. Several controlled and uncontrolled trials showed
that successfully treating the anemia leads to a significant
amelioration of the CHF, especially in patients with CKD
[4]. However, in the recent TREAT trial, it was reported that
patients with type 2 diabetes, CKD (GFR between 20 and 60
ml/min calculated with the MDRD formula) and moderate
anemia did not benefit from darbepoetin alfa. Active treat-

ACE = angiotensin-converting enzyme

ment did not reduce the risk of either of the two composite
outcomes (death or a cardiovascular event, or death or a renal
event) and was associated with an increased risk of stroke
[24]. In the TREAT trial the prevalence of CHF was over
30% in the placebo and active treatment groups; it was even
significantly higher in the placebo group at baseline (35.2%
vs. 31.5%, P = 0.01). However, the ongoing RED-HF trial,
designed to evaluate the effect of the long-acting erythro-
poietin-stimulating agent darbepoetin alfa on mortality and
morbidity (and quality of life) in patients with heart failure
and anemia, will probably answer the question of potential
benefit of the correction of anemia in CHF [25].

In conclusion, since the prevalence of CKD is signifi-
cantly increased in patients with advanced CHF and higher
degree of NYHA class, and is also significantly related to a
higher rate of complications after PCI, all patients with car-
diovascular risk factors should be screened for the presence
of CKD before undergoing invasive cardiac interventions.
The currently used estimated GFR (MDRD) formula and
the new CKD-EPI equation seem to be more sensitive than
serum creatinine in detecting CKD and should be used for
this purpose.

Cooperation between cardiologists and nephrologists in
the treatment of patients with cardiovascular disease (par-
ticularly CHF) undergoing interventions may improve the
quality of care and the subsequent prognosis and reduce the
complications rate in this vulnerable population.

Corresponding author:

Dr. ). Malyszko

Dept. of Nephrology, Medical University 15-540 Bialystok, Zurawia14, Poland
email: jolmal@poczta.onet.pl

References

1. Felker GM, Adams KF Jr, Gattis WA, O'Connor CM. Anemia as a risk factor
and therapeutic target in heart failure. ] Am Coll Cardiol 2004; 44: 959-66.

2. Al-Ahmad A, Rand WM, Manjunath G, et al. Reduced kidney function
and anemia as risk factors for mortality in patients with left ventricular
dysfunction. ] Am Coll Cardiol 2001; 38: 955-62.

3. Ezekowitz JA, McAlister FA, Armstrong PW. Anemia is common in heart
failure and is associated with poor outcomes: insights from a cohort of 12 065
patients with new-onset heart failure. Circulation 2003; 107: 223-5.

4. Silverberg DS, Wexler D, Blum M, et al. The use of subcutaneous eryth-
ropoietin and intravenous iron for the treatment of the anemia of severe,
resistant congestive heart failure improves cardiac and renal function and
functional cardiac class, and markedly reduces hospitalizations. ] Am Coll
Cardiol 2000; 35: 1737-4.

5. Silverberg DS, Wexler D, Iaina A, Steinbruch S, Wollman Y, Schwartz D.
Anemia, chronic renal disease and congestive heart failure — the cardiorenal
anemia syndrome: the need for cooperation between cardiologists and
nephrologists. Int Urol Nephrol 2006; 38: 295-310.

6. Bachorzewska-Gajewska H, Malyszko ], Malyszko JS, Dobrzycki S,
Sobkowicz B, Musial W. Estimation of glomerular filtration rate in patients
with normal serum creatinine undergoing primary PCI: is it really normal?
Nephrol Dial Transplant 2006, 21: 1736-9.

7. World Health Organization. Nutritional anaemias: Report of a WHO
Scientific Group. World Health Organ Tech Rep Ser 1968; 405: 5-37.

8. Levey AS, Stevens LA, Schmid CH, et al.; CKD-EPI (Chronic Kidney Disease



IMAJ e VOL 12 « AUGUST 2010

ORIGINAL ARTICLES

10.

11

12.

13.

14.

15.

16.

Epidemiology Collaboration). A new equation to estimate glomerular
filtration rate. Ann Intern Med 2009; 150: 604-12.

Gotsman I, Rubonivich S, Azaz-Livshits T. Use of angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers in patients with
congestive heart failure: an observational study of treatment rates and clinical
outcome. IMA] Isr Med Assoc ] 2008; 10: 214-18.

Zamora E, Lupén J, Urrutia A, et al. Estimated creatinine clearance: a
determinant prognostic factor in heart failure. Med Clin (Barc) 2008; 131:
47-51.

. Freimark D, Arad M, Matetzky S, et al. An advanced chronic heart failure day

care service: a 5 year single-center experience. IMAJ Isr Med Assoc ] 2009;
11: 419-25.

Collins AJ, Li S, Gilbertson DT, Liu J, Chen SC, Herzog CA. Chronic kidney
disease and cardiovascular disease in the Medicare population. Kidney Int
Suppl 2003; 87: S24-31.

Fliser D, Franek E, Joest M. Renal function in the elderly: impact of
hypertension and cardiac function. Kidney Int 1997; 51: 1196-204.

Antonelli D, Suleiman K, Turgeman Y. Cardiovascular diseases in the elderly in
a consultant outpatient cardiac clinic. IMA] Isr Med Assoc ] 2009; 11: 235-7.

Shema L, Ore L, Geron R, Kristal B. Contrast-induced nephropathy among
Israeli hospitalized patients: incidence, risk factors, length of stay and
mortality. IMA] Isr Med Assoc ] 2009; 11: 460-4.

Malyszko J, Bachorzewska-Gajewska H, Malyszko JS, Dobrzycki S. Prevalence
of chronic kidney disease in elderly patients with normal serum creatinine
levels undergoing percutaneous coronary interventions. Gerontology 2010;
56(1): 51-4.

20.

21.

22.

23.

24.

25.

. Ishani A, Weinhandl E, Zhao Z, et al. Angiotensin-converting enzyme

inhibitor as a risk factor for the development of anemia, and the impact of
incident anemia on mortality in patients with left ventricular dysfunction.
J Am Coll Cardiol 2005; 45: 391-9.

. van der Meer P, Lipsic E, Westenbrink BD, et al. Levels of hematopoiesis

inhibitor N-acetyl-seryl-aspartyl-lysyl-proline partially explain the occur-
rence of anemia in heart failure. Circulation 2005; 112: 1743-7.

. Packer M, Cohn JN. Consensus recommendations for the management of

chronic heart failure. Am J Cardiol 1999; 83: 1-38A.

Anand IS. Anemia and chronic heart failure implications and treatment
options. ] Am Coll Cardiol 2008; 52: 501-11.

Hunt SA, Abraham WT, Chin MC, et al; American College of Cardiology
Foundation; American Heart Association. ] Am Coll Cardiol 2009; 53: e1-e90.

Silverberg DS, Wexler D, Blum M, et al. The interaction between heart failure,
renal failure and anemia - the cardio-renal anemia syndrome. Blood Purif
2004; 22: 277-84.

Campbell RC, Sui X, Filippatos G, et al. Association of chronic kidney disease
with outcomes in chronic heart failure: a propensity-matched study. Nephrol
Dial Transplant 2009; 24: 186-93.

Pfeffer MA, Burdmann EA, Chen CY, et al,; TREAT Investigators. A trial of
darbepoetin alfa in type 2 diabetes and chronic kidney disease. N Engl ] Med
2009; 361: 2019-32.

McMurrayJJ, Anand IS, Diaz R, et al; RED-HF Committees and Investigators.
Design of the reduction of events with darbepoetin alfa in heart failure (RED-
HF): a phase III, anaemia correction, morbidity-mortality trial. Eur ] Heart
Fail 2009; 11: 795-801.





