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Introduction

The multiple connections that exist between the
cardiovascular system and the kidney lead to a
complex cardiovascular and renal medicine
relationship. It is well established in the
literature that chronic kidney disease (CKD) is
an important and independent risk factor for
cardiovascular disease (CVD). This article is an
overview of the current knowledge in the joint
cardiological and nephrological fields on the
heart—kidney interrelation topic.

The cardio-renal link is a well-documented
chain of events that can be initiated by either of
the organs involved. The relatively recently
proposed term of ‘cardio-renal syndrome’
(2008), although easily accepted in theory,
encounters taxonomic difficulties as its
definition is not globally approved yet.

The CKD concept

The concept of CKD was introduced by the
National Kidney Foundation’s Kidney Disease
Outcomes Quality Initiative (KDOQI) in 2002
and has been defined as: kidney damage
(abnormalities in the blood or urine -
albuminuria/proteinuria/lhaematuria - and
abnormal imaging or pathology tests) for more
than 3 months and/or estimated glomerulal
filtration rate (eGFR) <60ml/min/1.73m?2 for
more than 3 months. Based on the level of
kidney function (eGFR), CKD has five stages:
stage 1 for eGFR >90; stage 2 for eGFR
60-89; stage 3 for 30-59; stage 4 for 15-29
and stage 5 for eGFR <15ml/min/1.73m?2 or 5D
when the patient is dialysis dependent.

A workgroup established by KDIGO (Kidney
Disease Improving Global Outcome — managed
by National Kidney Foundation in USA) is
currently revising the classification of KDOQI’s
2002 CKD definition, analysing the necessity of

including albuminuria level in the staging of CKD.

According to USRD (Unites States Renal Data)
and European renal registries data, in both the
USA and Europe the most frequent causes of CKD
are diabetes and hypertension.

Although the prevalence of CKD in the general
population is similar to diabetes prevalence, CKD
is still a ‘silent epidemic’ ignored by most of the
European governments’ health plans (i.e. 2007
Italy’s National Institute of Statistics Report did not
include CKD among the chronic diseases), as the
EUGLOREH programme revealed.

The prevalence of CKD in various populations

CKD is becoming an economic burden and a
public health issue all over the world. A systematic
review of the studies conducted in Europe,
America, Asia, and Australia in 2008 showed that
the median prevalence of CKD in the general
population was 7.2% (for those over 30 years old)
and varied from 23.4 to 35.8% for the elderly
(more than 64 years old), with a slightly higher
prevalence among women.

In the US CVD patient population, the prevalence
of CKD varies from 50% to more than 60% (up to
9-times higher than in the general population),
depending on the CV diagnosis (congestive heart
failure or acute myocardial infarction in Medicare
hospitalized patients).

Data on the prevalence of CKD in CVD patients in
Europe is scarce, but seems to correspond with
the US results. Our data from Romania show a
prevalence of CKD stage 3-5 in the general
population of 11.7%, based mainly on GFR <60
ml/min/1.73m?2, in a cohort of over 19,000 patients.

Personal data analysing more than 2000 high-risk
patients (CVD, stroke, diabetes, peripheral artery
disease) hospitalized in a county hospital in
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western Romania showed a prevalence of CKD ranging
between 34 and 46%, a significantly 2-fold higher risk of
in-hospital mortality and a significantly higher prevalence of
acute kidney injury in the CKD group.

The prevalence of CVD in the CKD population

Compared to non-CKD patients, where the prevalence of
CVD ranges between 13.9% (men) and 9.3% (women), the
prevalence of CVD among stage 1-5 non-dialysis (ND)
CKD patients is 17.9% (men) and 20.4% (women) and
rises up to 40% in patients starting dialysis, and at this
stage up to 85% of the patients having impaired left
ventricular function or structure (echocardiographic
criteria).

Cardiovascular mortality follows the same trend, from 40%
in the US general population to more than 50% in ND-CKD
patients and 15-times higher in end-stage renal disease
(ESRD) patients than the general population.

In type 1 and 2 diabetic patients, any amount of
albuminuria/proteinuria (which means that the patient is a
CKD diabetic patient) is associated with an increase in
cardiovascular risk and mortality. Peripheral artery disease
(PAD) has a prevalence of 7% in stage 1-5 ND-CKD and
17— 48% in CKD-5D patients, respectively. Sudden cardiac
death has a 5.5% rate annually and represents approx.
22% of all dialysed patient deaths.

Mortality and CV risk

The patient diagnosed with CKD stage 3 typically has a
higher risk of dying of CVD than of starting renal
replacement therapy, based on the observation that the
prevalence of CKD stage 5 (ESRD) is approximately
30-times lower than the prevalence of CKD stage 3. The
adjusted hazard ratio for death increases from 1.2 (for
eGFR 45-59 ml/min/1.73m2) to 5.9 (for eGFR
<15ml/min/1.73m2) and the adjusted hazard ratio for
cardiovascular events has the same trend: 1.4 (for eGFR of
45-59ml/min/1.73m2) to 3.4 (for eGFR <15ml/min/1.73m3).

However, new studies on diabetes mellitus CKD patients
reported more optimistic results regarding the
mortality—-ESRD competition: most of the old diabetic
patients with severe renal insufficiency and high-level
albuminuria reached ESRD during the 3 years of follow up.

CKD, expressed mainly by reduced eGFR
(<60ml/min/1.73m2) and albuminuria/proteinuria (>30mg/24
h or albumin/creatinine ratio >30 mg/g or >1 on specific
dipstick) is an independent cardiovascular risk factor and
the diagnosis of CKD implies a ‘very high cardiovascular
risk patient’. The newly-released ESC/EAS Guidelines for
the management of dyslipidaemias added CKD as a very
high global cardiovascular risk criterion, along with known

CVD, type 2 diabetes, type 1 diabetes with
microalbuminuria, and very high levels of individual risk
factors. This is a new approach to CV risk assessment;
previous ESC/EAS guidelines on cardiovascular disease
prevention in clinical practice and those on arterial
hypertension mentioned the kidney only from the target
organ damage perspective, although the KDOQI Clinical
Practice Guidelines for Chronic Kidney Disease have
recommended that ‘all patients with chronic kidney disease
should be considered in the “highest risk” group for
cardiovascular disease, irrespective of levels of traditional
CVD risk factor’ since 2000. This emphasis of CKD in the
later cardiology guidelines suggests that cardiologists
became fully aware of the importance of a diseased kidney
in the cardiovascular prognosis.

Markers of CKD - reduced eGFR and albuminuria/
proteinuria — have been evaluated in numerous studies that
have revealed an association between these markers and
progression to ESRD, mortality, and cardiovascular
disease. The lower the eGFR, the higher the probability of
progression to ESRD, death, or CVD, while albuminuria
was found to be a factor which, directly proportional to its
severity, aggravates the prognosis when combined with low
eGFR, as well as a factor that, independently from low
eGFR and other cardiovascular factors, increases CVD and
all-cause mortality in high-risk population and in general
population cohorts.

Low eGFR increases CV risk in patients with CV disease
(heart failure, myocardial infarction, arterial hypertension)
and also in the general population. A recently published
meta-analysis on 7 million participants reported that a 30%
lower eGFR increases by 20-30% the risk of major
vascular events and all-cause mortality. Albuminuria per se,
a marker of endothelial dysfunction, measured as
albumin/creatinine ratio and considered abnormal when
exceeding 30 mg/g (KDIGO), is associated with high CV
risk in the general population (MONICA, HUNT studies), as
well as in the at-risk population (HOPE, LIFE studies,
Mogensen report).

Given the previously presented data, one can draw the
conclusion that there is a vicious circle between the heart
and the kidney, which involves a mutually aggravating
interrelation. Moreover, many of the traditional risk factors
are the same for CKD as for CVD, acting as promoters of
endothelial dysfunction, which affects organ perfusion by
atherosclerosis in larger vessels and ‘vascular rarefaction’
in microcirculation, and represents one of the common
pathways to kidney and heart damage.

Traditional CV risk factors involved in CVD and progression
of CKD are: age, male gender, genetic background,
obesity, hypertension, dyslipidaemia, diabetes, increased
fibrinogen and other coagulation factors, and smoking.

©

v

Heart for LifellEEE

5/20 mg
5/40 mg

Camlosart’"

Amlodipine + Olmesartan Medoxomil tablet




Some of them (age, genetic background, hypertension,
and diabetes) increase susceptibility to or directly initiate
the kidney damage. High levels of proteinuria, high blood
pressure, poor glycaemic control, and smoking are renal
progression factors that worsen the cardiovascular
outcome too. CKD-specific risk factors (anaemia,
hypoalbuminaemia, acidosis, volume overload, natriuretic
peptides, proteinuria, CKD-mineral and bone disorder, and
other markers of endothelial damage) are subject to
intense research.

Is CVD the same in the CKD population as in the
general population?

This question was raised by KDIGO at a 2010 conference
that gathered international experts in nephrology,
cardiology, neurology, and other relevant clinical
specialties, who analysed current data on CVD and CKD.

Coronary artery disease and myocardial infarction have a
particular pattern in CKD, mainly by medial vessel
calcification and diffuse involvement and carry a high risk
of death inversely proportional to the renal function and it is
rather dificult to detect with conventional methods, which
require contrast media, due to the renal toxicity of this
substances. Cardiac biomarkers (MB creatine kinase and
cardiac troponines) might be elevated in the presence of
renal failure alone.

Congestive heart failure, especially diastolic, is the most
frequent cardiac disease in CKD patients. The main
mechanism appears to be the myocardial remodelling by
fibrosis, which leads to left ventricular stiffening and
diastolic failure. Myocardial stunning during dialysis
worsens the prognosis. The best diagnostic tool is
echocardiography, while the natriuretic peptides (BNP and
NT-proBNP) are less useful.

Atrial fibrillation is the most common arrhythmia in CKD
patients (prevalence of 15-20% in CKD-5D) and has a
high incidence of left atrium emboli causing ischaemic
stroke, but the primary prevention of stroke with the use of
warfarin anticoagulation has revealed an increased risk of
bleeding in haemodialysed patients.

Apart from traditional risk factors, such as age, smoking,
male sex, diabetes, and hypertension, PAD is associated
with kidney-specific risk factors: dialysis duration, Kt/V (a
measure of dialysis adequacy), low parathyroid hormone,
low serum albumin, high phosphorus, inflammation, and
malnutrition.

Using ankle—brachial index for PAD diagnosis is not very
accurate because of the high percentage of calcified
vessels; toe—brachial index and pulse volume recordings
should be used instead.
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Sudden cardiac death is not a straightforward diagnosis in
dialysed patients because of the high mortality risk at any
time. There is only little data on the underlying cause of
sudden cardiac death, but the existing evidence in CKD-5D
points towards stroke (Japan), hyperkalaemia, ventricular
arrhythmias, and coronary artery disease, while in the
general population, coronary artery disease is the leading
cause.

Prevention and treatment of CVD in CKD patients

Prevention is the most desirable action for increasing the
CKD patient’s chance of survival, but an even more difficult
task than in the general population. Evidence-based
treatments and measures are poor, most of the trials
excluding patients with kidney failure. Managing CKD
patients should target lowering the CV risk factors and
target organ damage reduction (cardiac, cerebrovascular,
peripheral artery, and residual renal function).

Although they had not been analysed in randomized trials,
lifestyle changes should be made, in terms of smoking
cessation, exercise, weight loss, and low salt diet. A 2010
meta-analysis on diabetes-related CKD patients showed a
7/3 mmHg lower systolic/diastolic blood pressure when
dietary salt intake was reduced by 8.5 g/day, a result
similar with a single antihypertensive drug therapy,
reinforcing the fact that the salt intake restriction of up to
5-6 g/day recommended for general population should be
respected by diabetic CKD patients too.

Daily aspirin has a positive effect on cardiovascular risk,
even in dialysed patients, but with a higher rate of bleeding
events. When used for secondary prevention in CKD
patients with coronary artery disease, doses of 75-160
mg/day should be preferred.

Hypertension is a matter of intense debate among
nephrologists, the target blood pressure value being
<130/80 mmHg or even less (<125/75 mmHg) in the
presence of proteinuria/albuminuria. However, there is
certain data suggesting that values lower then 130/80
mmHg in CKD patients might increase adverse effects,
making randomized controlled trials on this particular
matter essential.

The antihypertensive drugs used for blood pressure control
that have also demonstrated cardiac and renal protection
effect are the combination of renin—angiotensine system
(RAS) suppressors with calcium-channel blockers
(benazepril and amlodipine in ACCOMPLISH study).

A meta-analysis from 2008 on CKD patients revealed
significant risk reduction of CV outcomes on CKD patients
of all causes when treated with RAS blockade compared to
placebo (0.84, 95% CI 0.78-0.91, p<0.0001) and 44% less
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