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& Untroduction

INTRODUCTION

The cardiorenal syndrome (CRS) can be generally defined
as a pathophysiologic disorder of the heart and kidneys,
whereby acute or chronic dysfunction in one organ may

induce acute or chronic dysfunction in the other organ
(Ronco et al., 2010).

The complex pathophysiologic interactions between
heart and kidney depend on four potential cardiorenal
connectors: inflammation, nitric oxide/reactive oxygen species
balance, the sympathetic nervous system and renin -

angiotensin-aldosterone system (Volpe and Testa, 2010).

Numerous epidemiologic studies have shown an
association between cardiovascular morbidity and mortality and
decreased kidney function. Approximately 50% of deaths in
patients with chronic kidney disease (CKD) are attributable to
cardiovascular disease. Mortality rate in the 2-year interval
after acute myocardial infarction is about 50 % in stage 5 CKD.
In general, CKD patients have a 10 to 20 fold increased risk of
cardiac death, when compared with age — gender — matched
controls (Wall, 2010).

In meta-analysis reported that 63% of heart failure
patients had mild degree of renal impairment and that
29% of patients had moderate to sever degree of renal

impairment (Volpe and Testa, 2010).
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& Untroduction

The development of worsening renal function in
congestive heart failure 1is associated with increased
hospitalizations and death. So, the using of urinary biomarkers
offer a rapid and non invasive method for detecting acute
kidney injury more quickly and specifically than using of the
serum creatinine. Urinary biomarkers able to identify patients at
high risk for cardiorenal syndrome, establish prognosis and

assess response to therapies (Comnick et al., 2011).

Understanding the complex interactive aspects of the
cardiorenal relationship, 1i.e. from pathophysiology to
epidemiology and diagnosis is essential to understand the
mechanisms that linking chronic kidney disease (CKD) and
chronic vascular disease (CVD) which is essential to have more
clear perspectives on the future therapeutic approaches to this
deadly association (Berbari et al., 2010).

Without better understanding the pathophysiology of this
complex interaction between the heart and kidney, the outcome

for these patients remains poor (Sarraf et al., 2010).
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AIM OF THE ESSAY

The aim of this essay was to understand the
pathophysiology, epidemiology, diagnosis and treatment

of cardiorenal syndrome.
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& Physiology of Cardiorenal Axis

4

PHYSIOLOGY OF CARDIORENAL AXIS

1- Physiological functions of the kidney:

he kidneys perform their most important functions
Tby filtering the plasma and removing substances from the
filtrate at variable rates, depending on the needs of the
body. The kidneys clear unwanted substances from the filtrate
(and therefore from the blood) by excreting them in the urine
while returning substances that are needed back to the blood.
The kidneys play the central role in regulating the water
content, inorganic-ion composition and volume of the internal
environment. Second, the kidneys excrete metabolic waste
products into the urine such as urea from the catabolism of
protein, uric acid from nucleic acids, creatinine from muscle
creatine, the end products of hemoglobin breakdown and many
others like excretion of some foreign chemicals such as drugs.
Also, the kidney share in acid-base control with lung. The third
function is gluconeogenesis, during prolonged fasting. Finally,
the kidneys act as endocrine glands, secreting some important
hormones like erythropoietin, renin, 1,25- dihydroxy vitamin
D3 and prostaglandin synthesis. Also, catabolism of
polypeptide hormones (e.g parathyroid hormone, insulin)
occurs in the kidney (Vander et al., 2001).

There are only two physiological functions that are
routinely and easily measured in the ICU, which are unique to
the kidney and which are considered clinically important: the

production of urine and the excretion of water soluble waste
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& Physiology of Cardiorenal Axis

products of metabolism. Thus, clinicians have focused on these
two aspects of renal function to help them define the presence
of acute renal failure (Bellomo et al., 2012).

» Renal blood supply:

Blood flow to the two kidneys is normally about 20 % of
the cardiac output or 1100 ml/min. The renal artery enters the
kidney through the hilum and then branches progressively to
form the interlobar arteries, arcuate arteries, interlobular
arteries and afferent arterioles which lead to the glomerular
capillaries where large amounts of fluid and solutes (except the
plasma proteins) are filtered to begin urine formation. The
distal ends of the capillaries of each glomerulus coalesce to
form the efferent arteriole which leads to a second capillary
network, the peritubular capillaries, that surrounds the renal
tubules. The peritubular capillaries empty into the vessels of the
venous system, which run parallel to the arteriolar vessels and
progressively form the interlobular veins, arcuate veins,
interlobar veins and renal vein, which leaves the kidney beside
the renal artery and ureter (Figure 1) (Guyton and Hall,
2006a).

Humoral influences on the renal vasculature are mediated
by wvasoconstrictors and vasodilators. Vasoconstrictors are
angiotensin II, noradrenaline, thromboxane A2, B2, platelet-
activating factor, endothelin-1 and vasopressin. Vasodilators are
prostaglandins E,, E,, I, acetylcholine, bradykinin, nitric oxide
and atrial natriuretic peptide (ANP) (Banerjee, 2001).
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Figure (1): Section of the human kidney showing the major vessels that
supply the blood flow to the kidney and schematic of the microcirculation
of each nephron (Guyton and Hall, 2006 a).

» Physyological steps of urine formation:

1- Glomerular filteration:

The glomerular filtration barrier allows the filtration of
small molecules but restricts the passage of macro molecules
(e.g. the plasma proteins). The range of the glomerular filtration
rate is 60-80 ml/min/m® or 100—140 ml/min per 1.73 m®. The
rate falls with increasing age by about 1 ml/min/ m® per year
beyond the age of 40 years. Net glomerular filtration pressure =

the glomerular capillary hydrostatic pressure(PGC) — Bowman
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