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Abstract
Hypertension represent one of the most important co-
morbid factors in chronic kidney disease (CKD) patients 
and its prevalence increases from 65% to 95% according 
to glomerular filtration rate decline. CKD patients need to 
maintain their blood pressure levels into 130/80 mmHg 
according to most recent guidelines. Despite of many 
therapeutic agents, achievement of ideal blood pressure 
levels remains so far from the ideal ones. Hypertensive 
disease represent most important risk factor to develop 
a type Ⅳ cardiorenal syndrome, while prevalence of end 
stage renal disease is still raising and it represents world-
wide epidemiological challenge. Correct management of 
hypertensive disease can obtain better control on CKD 
progression.

Key words: Hypertension; Type Ⅳ cardiorenal syndrome; 
Renin-angiotensin system inhibitors; Calcium channel 
blockers; Chronic kidney disease

© The Author(s) 2017. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Treat hypertensive disease can delay chronic kidney 
disease progression and type Ⅳ cardiorenal syndrome onset.
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INTRODUCTION
Hypertensive disease represents major risk factor in 
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CKD-related cardiovascular disease. Table 1 shows risk 
factors involved in the pathogenesis of CKD-related 
hypertension. The prevalence of hypertension increases 
from 65% to 95% according to glomerular filtration rate 
(GFR) decline from 85 to 15 mL/min per 1.73 m²[1]. 
Hypertension itself is actually recognized as a risk factor 
for renal disease progression till to end-stage renal 
disease (ESRD)[2,3]. Hypertension can be also accounted 
for higher risk of all-cause and cardiovascular mortality 
in CKD patients, as referred in several randomized 
controlled clinical trials[4-9]. Current guidelines actually 
suggest to reach less than 130/80 mmHg BP values in 
CKD patients’ population. Despite of many therapeutic 
agents, achievement of ideal blood pressure levels 
remains so far from the ideal ones[10,11]. 

TREATMENT
RAS inhibitors 
RAS is an important therapeutic target and drugs that 
block this system have been extensively developed, such 
as ACE inhibitors (ACE-I) and Angiotension Ⅱ receptor 
blockers (ARB). This blocking has been postulated as 
the first choice for treatment of hypertension in CKD 
patients[12,13]. Several ARB inhibitor trials for CKD patients 
were conducted and showed a slower decline in renal 
function with the use of this class of antihypertensive 
medication related mainly to proteinuria reduction than 
to intensive blood pressure control[9,14-17]. Antiproteinuric 
effect was postulated as the corner stone of renoprotection 
and it is more effective if it’s associated to low sodium 
diet or to combination therapy with diuretics leading 
to extracellular volume (ECV) depletion. ECV depletion 
and RAS inhibition is particularly suitable in proteinuric 
CKD patients allowing to reach because the best renal 
outcomes[18].

RAS inhibitors are highly effective in diabetic patients 
with renal involvement, reducing protein excretion and 
preventing to shift from microalbuminuria to proteinuria 
and renal failure, as it occurs in proteinuric normotensive 
patients[19,20]. Renoprotective properties of ARBs has 
been pointed up in type 2 diabetic nephropathy, but 
combination therapy with ACEi is still a critical issue[21,22]. 
Additive antiproteinuric effect has been reported in 
proteinuric nondiabetic CKD patients affected by glo-
merular nephropathies (i.e., IgA nephropathy). At the 
same time an increased efficacy in terms of slowing 
CKD progression has been proven in the same patients’ 
population[13]. Combination therapy approach could be 
indicated in the in the majority of CKD patients because 
ACEi stand alone therapy doesn not allow to obtain  less 
than 500 mg/d proteinuria[23]. Preliminary exclusion of 
patients suffering adverse effects of strong RAS inhibition 
(hyperkalemia, marked increase in serum creatinine 
concentration) has to be realized as far as extensive 
abuse of diuretics. Plasma creatinine and potassium 
concentrations should be measured in the first weeks of 
therapy.

Salt restriction
Sodium and fluid retention paly fundament role in the 
pathogenesis of CKD-related hypertension, even if 
extracellular volume (ECV) expansion is not able to induce 
edema, as it occurs in heart failure patients. Urinary 
fractional excretion of sodium increases as GFR declines 
contributing to hypertension, especially in those patients 
undergoing on RAS inhibitors therapy[24]. CKD patients 
take benefits by small reduction of salt intake in respect 
of essential hypertensive patients undergoing major 
restriction of salt intake, probably due to basal ECV 
amount[25-27]. 

CKD patients compliance with the dietary prescription 
is generally poor in the setting of clinical practice. The 
determination of urinary excretion of sodium (target: ≤ 
100 mEq/d, equal to ≤ 6 g NaCl/d), is very important to 
monitor the patient’s adherence to dietary prescriptions, 
specifically reducing added salt in the diet, cooking with 
spices rather than salt, choosing fresh food, eating low-
salt bread.

Diuretic treatment
Natriuretic agents become the cornerstone of treatment of 
CKD-related hypertension, especially in patients with poor 
compliance to salt restriction (urinary sodium excretion 
> 100 mEq/d)[28]. In patients with stage Ⅰ to Ⅲa CKD, 
thiazide diuretics are indicated, since they can restore the 
antiproteinuric effect of ACE-I in patients not compliant to 
a low-salt diet. Thiazides could also prevent development 
of cardiovascular events in older people with isoled systolic 
hypertension and mild renal function impairment[29]. Loop 
diuretics are indicated when GFR falls under 40 mL/min 
and titrated until BP reaches guidelines recommended 
values (< 130/80 mmHg). Diuretics have to be carefully 
employed when so called patient’s “dry weight” is reached. 
Dry weight that is defined as the weight at which further 
fluid losses will lead to symptoms (orthostatic hypotension, 
cramps) or decreased tissue perfusion (an unexplained 
elevation of azotemia and plasma creatinine concentration 
can be observed). In Stage Ⅲa CKD patients tora-
semide (40 mg/d) or furosemide (80 mg/d) induce 
an antihypertensive effect closely linked to natriuretic 
response and ECV contraction[30]. Once sodium retention 
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Table 1  Selected factors implicated with hypertension in chronic 
kidney disease

Factor Dominant mechanism 

Impaired Na excretion Expansion of ECF volume 
Activation of RAS Direct vasoconstriction 

Sympathetic activation 
Sympathetic activation Direct vasoconstriction 

Stimulation of renin release 
Imbalance in PG or kinins Vasoconstriction 
Endothelin Direct vasoconstriction 

Renal injury 
Reduced nitric oxide Loss of vasodilatator effect 

RAS: Renin-angiotensin system; ECF: Extracellular fluid; PG: Prostaglandins.



is corrected (induction phase), and the achievement of 
normal BP values is reached, down-titration of loop diuretic 
dosage can be started and maintained (maintenance 
phase). Maintenance dose of loop diuretic is lower than 
that of the induction one and it should be clear that 
therapeutic dose of furosemide is characterized by a large 
inter-individual variability due to different bioavailability. 
It’s good clinical practice to start with a low diuretic dose 
gradually increasing to achieve progressive body weight 
reduction. On the other side, maintenance phase is 
fundamental to downtitrate the dose and detect the lowest 
target dose.

In the real world nephrologists are not confident 
with loop diuretics in their hypertensive CKD patients, 
because of their side effects, that can be avoided if renal 
function and serum electrolyte levels are periodically 
checked in the first weeks of treatment. 

Aldosterone antagonists
Aldosterone antagonists can provide reduction in urine 
albumin levels excretion, especially in combination therapy 
for resistant hypertension in CKD patients. Aldosterone 
antagonists also provide clinical benefits in non-CKD 
patients with heart failure, including heart failure following 
myocardial infarction. Because of the risk of hyperkalemia 
and reduction in GFR, they should be used at lower doses 
(i.e., 25-50 mg/d) and with caution in CKD patients. 

Other antihypertensive drugs
RAS inhibitors and diuretics are the cornerstones of 
therapy in hypertensive CKD patients, but they are not the 
only therapeutic strategies in CKD-related hypertensive 
disease. If specific cardiovascular disease and therapeutic 
targets are needed, additional agents shold be choosen in 
order to avoid side-effects and interactions, as it is showed 
in Figure 1[31]. 

Beta blockers
Beta-blockers are especially indicated in patients with 
cardiac chronic ischemic disease, congestive heart failure 
(and consequent diastolic dysfunction), tachycardia, 
headaches, and glaucoma. These agents should in 
general avoided in patients with bradycardia, second- 
or third-degree heart block, asthma, chronic obstructive 
pulmonary disease, severe peripheral vascular disease, 
depression. In CKD patients beta-blockers can induce 
hyperkalemia due to impaired transcellular distribution 
of potassium, especially for whom concerning non-
selective beta-blockers. All beta-blockers can induce 
hyperglycemia, due to insulin resistance, and dyslipidemia 
with a decrease in HDL cholesterol plasmatic levels. 

Calcium channel blockers
Among calcium channel blockers (CCB), the nondi-
hydropyridine ones show positive effects on CKD pro-
gression and cardiovascular outcomes. Reduction in 
proteinuria levels is observed in diabetic patients with 
renal disease treated with diltiazem and verapamil[31]. 
Nondihydropyridine calcium-channel blockers can provide 
poor cardiovascular outcomes due to negative effects 
on cardiac contractility and conduction. Therefore, they 
should not be used in patients with severe left ventricular 
dysfunction, sick sinus syndrome, or second- or third-
degree heart block. Constipation represent very common 
side effects occurring in up to 25% of patients on vera-
pamil treatment. Among long-acting dihydropyridine 
agents, some of them do not hold cardiac depressant 
activity, as amlodipine and lacidipine and they have to 
be preferred rather than short-acting CCB. Therefore 
dihydropyridines are associated with vasodilation-related 
side-effects as peripheral edema, dizziness, headache, 
and flushing[31].

Alpha-adrenergic agents (methyldopa, doxazosine, 
clonidine)
Alpha-adrenergic agents should not be considered as 
first-line therapy in CKD patients because of higher side 
effects incidence, such as dry mouth, sedation, and sexual 
dysfunction[31]. Headache, weakness, dizziness, and syn-
cope are frequent in patients on selective α-1 blockers. 
Dizziness and syncope can be minimized by starting with 
a low dose of a long-acting agent such as doxazosin and 
administering the initial dose at bedtime[31].

Peripheral vasodilators
Direct powerful vasodilators, as minoxidil, are often 
administered together with beta-blocker and loop diuretic 
to minimize reflex tachycardia, hirsutism, pleural or pe-
ricardial effusion and lower extremity edema. It should be 
reserved for those patients on three drugs combination 
therapy who cannot achieve adequate BP levels according 
to international hypertension guidelines[31].

TYPE Ⅳ CARDIORENAL SYNDROME
Type Ⅳ cardiorenal syndrome (CRS), also defined as 
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Ace-i/ARB + low salt diet

CAD 
heart 
failure
stroke

Loop diureticsThiazides diuretics

Calcium channel 
antagonists

b blockers

Spironolattone (low dose)

Clonidine; doxazosina, etc .

eGFR > 
30 mL/min

BPCO

eGFR < 
30 mL/min

Figure 1  Algorithm of hypertension treatment in chronic kidney disease 
proteinuric patients. ARB: Angiotension Ⅱ receptor blockers; GFR: Glomerular 
filtration rate; CAD: Coronary artery disease.
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plications[33,34].
CKD patients present, at early and late stages of 

disease, higher prevalence of coronary artery disease 
at angiographic evaluation; these patients also show 
multivessel disease and ECG evidence of previous silent 
ischemia[35].

Recent data showed that dobutamine stress echo-
cardiography presents best accuracy for non-invasive 
coronary artery disease (CAD) screening in renal trans-
plant candidates[36].

To assess CAD prevalence in early stages of CKD, an 
accurate review has evaluated coronary catheterization 
in 261 patients with eGFR between 30 and 90 mL/min; 
despite preserved renal function, more than half patients 
with eGFR > 90 mL/min had a 70% stenosis in at least 
one coronary artery. On the other hand, more than 84% 
patients with late stages of CKD (eGFR < 30 mL/min) 
showed significant CAD with higher involvement of left 
coronary artery and multivessel disease[37].

Coronary calcification, myocardial calcification and 
aortic compliance
Accelerated coronary atherosclerosis is not sufficient to 
completely explain higher rates of cardiovascular involve-
ment in CKD patients.

We are now confident that osteoblastic transformation 
of smooth muscle cells is a key point in pathogenesis of 
vascular and valvular calcification during CKD.

Impaired vitamin D synthesis, secondary hyperpara-
thyroidism and altered calcium-phosphate metabolism 
contribute to vascular calcification because of their direct 
effects on osteoblastic cells[38].

Coronary calcifications can predict major cardiac 
events contributing to reduced coronary reserve in CKD 
patients and higher risk of coronary acute syndromes[39,40] 
raising with progression of renal disease.

Clinical studies conducted with high resolution mul-
tislice computed tomography (CT) demonstrated early 
detection of coronary calcifications since CKD stage 3 
according to NKF classification; patients data showed 
how 83% of them presented coronary calcification did 
not related to CKD stage[41]. Calcifications were also 
extended to low limbs arteries explaining high rates 
of lower extremity amputation among ESRD patients 
presenting also greater quantity and density of calcium 
deposits not limited to intima, but extended to vessels’ 
media[42]. In other studies immunostaining assay of 
calcified areas demonstrated presence of bone matrix 
proteins such as osteopontin, type Ⅰ collagen and bone 
sialoprotein[43].

An autoptic evaluation showed how medial calcification 
was present in 16% of uremic patients but only in 3% of 
patients with normal renal function; medial calcification was 
also associated to presence of osteocalcin, inflammatory 
markers (TGF-α) and activated complement elements (C3 
and C4)[44].

Increased calcium content can be accountable both 
reduced left ventricular compliance and prevalence of 

chronic renocardiac, is characterized by cardiovascular 
involvement in patients affected by chronic kidney 
disease at any stage according to National Kidney Foun-
dation (NKF) classification.

Hypertensive disease represent most important risk 
factor to develop a type Ⅳ CRS. Prevalence of end stage 
renal disease (ESRD) is still raising and it represents 
worldwide epidemiological challenge[32]. Last US data 
estimate up to 13% population present CKD at any stage 
of disease. 

It’s well established how renal dysfunction is an 
independent risk factor for cardiovascular disease; CKD 
patients show higher mortality risk for myocardial infection 
and sudden death[32].

At present time pathophysiological mechanisms 
leading to increased cardiovascular risk in CKD patients 
are not completely known but we are confident in strict 
connections between heart and kidney.

Decline of glomerular filtration rate (GFR) leads to 
activation of RAAS and sympathetic nervous system and, 
on the other hand, it stimulates calcium-parathyroid axis; 
this can be due to primary diseases such as diabetes 
or hypertension, main causes of CKD development in 
western countries.

Loss of kidney function usually leads to accumulation of 
sodium and water with consequent stimulus to angiotensin 
Ⅱ and aldosterone production and development of arterial 
hypertension. Hypertension, together with angiotensin 
and aldosterone, accelerates left ventricular hypertrophy 
and cardiac fibrosis.

Pathophysiology
To better understand pathophysiological pathways under-
lying type-4 CRS (Figure 2), we have to consider various 
aspects of this cardio-renal syndrome from atherosclerotic 
damage to vascular calcifications development up to left 
ventricular hypertrophy development and cardiomyocites 
remodelling. Finally galectin-3 and FGF-23 roles will be 
cleared based on last experimental evidences.

Coronary atherosclerotic heart disease
Epidemiological and clinical evidences have been proved 
association between renal dysfunction and cardiovascular 
disease; it’s well established that late stages of CKD are 
closely associated to higher cardiovascular morbidity. 
On the other hand it’s still unclear increased incidence of 
cardiovascular disease at early stages of chronic kidney 
disease.

CKD patients present increased rates of atherosclerotic 
coronary disease, acute coronary syndrome, left ven-
tricular hypertrophy and sudden death.

Cardiovascular risk for patients with eGFR less 30  
mL/min per 1.73/m2 is ten fold higher in respect of patients 
with eGFRs above 60 mL/min per 1.73/m2.

These higher rates are in contrast with risk expected 
from typical risk factor present in CKD patients (hyper-
tension, diabetes, dyslipidemia and so on); CKD is pro-
bably able to directly contribute to cardiovascular com-

Di Lullo L et al . Hypertension, type IV cardiorenal syndrome and CKD
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and RAAS activation. Atherosclerosis and hypertension 
directly promote myocites hypertrophy with consequent 
increased left ventricular mass, increased ventricular wall 
thickness, secondary myocardial fibrosis and compensatory 
hypertrophy[50].

In CKD patients aortic compliance is affected by 
accelerated atherosclerotic damage but other typical 
CKD variables, such as hyperphosphatemia, can affect 
aortic compliance[51].

In middle and end stage of CKD progression, pro-
gressive loss of nephron leads to salt and water accu-
mulation with hypertension and volume/pressure over-
load; these changes up-regulate RAAS with release of pro-
fibrotic factors such as galectin-3, TGF-b and endogenous 
cardiac steroids[52].

As a LVH consequence, myocytes enlarge capillaries 
density because of increased oxygen demand; myocite 
diameter and interstitial volume space are increased in 
CKD patients compared to other patients groups: Long 
lasting periods of hemodynamic load promote cardiac 
remodeling and increase cardiac expression of interstitial 
myofibroblasts not ever present in normal myocardium[53].

Reduction in myocardial capillary density may explain 
marked CKD patients susceptibility to myocardial ischemia, 
LVH and myocardial fibrosis[53].

Uremia and cardiac fibrosis
Lot of evidence now suggest that CKD patients, especially 
late stages, develop particular pattern of cardiac fibrosis. 
CKD and ESRD patients present inter-myocardial fibrosis 
features quite different from those of hypertensive 
and chronic ischemic heart disease patients in which 
endocardial and epicardial fibrosis predominate[54].

Mechanisms leading to CKD cardiac fibrosis are still 
understood but recent evidences suggest that uremic 
toxins such as indoxyl sulfate and p-cresol can contribute 
to cardiac fibrosis in renal patients. In CKD patients indoxyl 

arrhythmias.
Aortic calcification is strongly associated to reduced 

aortic compliance and coronary artery perfusion leading 
to increased central pressure inducing sub-endocardial 
ischemia because of reduced diastolic filling[45].

Left ventricular hypertrophy
Left ventricular hypertrophy (LVH) has been always 
recognized, together left ventricular systolic and diastolic 
dysfunction, main cardiovascular damage marker in 
CKD patients. LVH prevalence surely increases with de-
clining renal function because of traditional risk factors 
as hypertension, diabetes and volume overload. More 
recent data have focused their attention of secondary 
hyperparathyroidism, malnutrition and even dialysis as 
further risk factors for development of LVH in CKD. LVH 
prevalence varies from 16%-31% in patients with GFR > 
30 mL/min up to 60%-75% in ESRD and 90% prevalence 
in people starting renal replacement therapy[46].

Foley et al found that 74% of ESRD patients had 
echocardiographic evidence of LVH and 30% presented 
left ventricular failure[47].

In another survey including 596 incident hemo-
dialysis patients with no history of cardiac disease, Foley 
demonstrated that, after 18 mo of dialysis, left ventricular 
mass index (LVMI) increased in 62% patients with left 
ventricular failure in 49% of them[48].

At present time mechanisms contributing to left 
ventricular dysfunction in CKD patients are unknown but 
many evidences suggest uremia products can directly affect 
cardiac structure; many of these toxins are highly protein 
bound and they present limited clearance by conventional 
dialyzers; these limitations could be accountable of dialysis 
effects on LVH and left heart failure[49].

Clinical conditions leading to LVH in CKD patients 
are similar to those observed in other clinical patterns 
including hypertension, atherosclerosis, pressure overload 

CKD stage 1-2

CKD stage 3-4

Glomerular/interstitial damage

Anemia
Uremic toxins
Ca and P abnormalities
Nutritional status, BM
Salt and water overload
Chronic inflammation

Genetic risk factors
Acquired risk factors
Primary nephropathy
Diabetes mellitus

Smoking
Obesity
Hypertension
Dyslipidemia
Homocysteinemia
Chronic inflammation

Cardiac remodelling
Neurohormonal abnormalities
Increased ischemic risk
Left ventricular hypertrophy
Left diastolic dysfunction
Decreased coronary perfusion
Inflammation
Coronary and tissue calcification

Biomarkers
Cardiac troponin
Natriuretic peptides
Asymmetric dimethylarginine
Ischemia modified albumin
Acute phase proteins
Serum amyloid protein A
C-reactive protein

Figure 2  Pathophysiology of type Ⅳ cardiorenal syndrome. CKD: Chronic kidney disease.
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vascular involvement in CKD patients, correction of 
traditional and non traditional cardiovascular risk factors 
is crucial.

Therapeutic interventions for traditional risk factors are 
less effective in patients with chronic kidney disease[59]. 
also for certain kind of “therapeutic nihilism” for which 
treatments with antiplatelets, statins, b-blockers and ACEi 
in CKD patients with coronary artery disease are often 
denied[59].

Strategies to reduce cardiovascular risk in CKD patients 
have to target both traditional (hypertension, dyslipidemia, 
diabetes, obesity) and non traditional (anemia, chronic 
inflammation, secondary hyperparthyroidism, LVH, oxydative 
stress, RAAS and SNS hyperactivity, renal replacement 
therapy complications).

Specific treatment targets are quite complicated 
especially in hemodialysis patients in which a lot of 
evidences support existence of a U-shaped curve associating 
mortality with blood pressure levels, BMI, dyslipidemia and 
hyperphosphatemia[60,61].

While it’s clearly established role of secondary 
anemia correction[62] controversies are aroused about 
other risk factors corrections such as secondary hyper-
parathyroidism, hypertension and dyslipidemia.

For whom to concern secondary hyperparathyroidism, 
EVOLVE study conduced in hemodialysis patients found 
that cinacalcet therapy did not significantly reduce the 
risk of death or major cardiovascular events in patients 
with moderate-to-severe secondary hyperparathyroidism 
who were undergoing dialysis[63].

SHARP study investigated dyslipidemia treatment 
in CKD patients and it has been able to demonstrate 
a significant reduction in cardiovascular events, such 
as myocardial infarction, stroke, or need for coronary 
artery revascularization, with the use of a combination 
of ezetimibe plus simvastatin[64].

Pre-dialysis patients are closely recommended to 
maintain blood pressure levels below 130/80 mmHg, 
HbA1c levels below 7%, hemoglobin levels between 11 
and 12 g/dL, C-LDL below 90 mg/dL. Patients should 
avoid nephrotoxic drugs and follow low protein diet (0.6 
g/kg per day)[10].

Patients on dialysis should keep their blood pressure 
below 140/90 before starting dialytic session and below 
130/80 after dialysis session.

Special consideration have to be focused on mineral 
bone disorders preventing hyperphosphatemia and 
vascular calcifications, also in early stages of CKD[65].

Treatment of arrhythmias and sudden death is still a 
challenge for nephrologists and cardiologists; together 
with prior attention to electrolytes disorders prevention 
(low potassium dialysate), use of b-blockers appears 
beneficial. ACE inhibitors and ARBs efficacy have to be 
proven in more prospective trials[66].

Implantation of cardiac defibrillators in dialysis 
patients is associated with increased risk for bleeding and 
infection and does not significantly affect morbidity and 
mortality[66].

sulfate concentrations are 300 fold higher than control 
population and it directly contributes to cardiac fibrosis by 
synthesis of TGF-b, tissue inhibitor of metalloproteinase-1 
(TIMP-1) and alpha-1 collagen[54].

Fibroblast growth factor 23
Once verified close linkage between eGFR decline 
and cardiovascular structure changes, other further 
biomarkers have to be investigated.

One of them is represented by fibroblast growth 
factor-23 (FGF-23), member of fibroblast growth factor 
family (implicated in regulation, growth and differentiation 
of cardiac myocytes) holding paracrine functions in 
kidneys because of its phosphaturic properties; it blocks 
vitamin D3 synthesis and inhibits proximal nephron 
reabsorption[55].

During CKD progression, accumulation of phosphate 
leads to increase in FGF-23 incretion, which prolonged 
high levels can contribute to LVH and cardiac remodeling. 

New data have shown that modest reduction in GFR 
can stimulate FGF-23 production; echocardiographic 
assays demonstrated a 5% LVMI rise for every log 
increase in plasma FGF-23 levels. Patients included in 
highest tertile of FGF-23 also have a 2.4 fold higher risk 
for coronary artery calcifications[56].

Diagnosis
Type-4 CRS diagnosis is based on serological and ins-
trumental diagnosis of both chronic heart and kidney 
disease.

On one hand, cardiac function is more widely assessed 
by NT-proBNP serum levels, while, on the other hand, 
eGFR represent most employed biochemical test to 
evaluate kidney function.

Based on recent evidence, evaluation of FGF-23 levels 
can be helpful in monitoring secondary hyperparathyroidism 
status but it is also involved in cardiac fibrotic remodeling. 
Ultrasound diagnosis of type-4 CRS is classically based upon 
kidney and heart evaluation. Kidneys ultrasound evaluation 
usually shows classic features of chronic nephropathy such 
as thin and hyperechogenic cortex with reduced cortico-
medullary ratio. It’s quite frequent to observe small dilation 
of urinary tract and parapyelic cysts.

Echocardiographic assay allows to point out signs of 
volume overload, left ventricular dysfunction and right 
ventricular dysfunction especially in ESRD and hemo-
dialysis patients.

At echocardiographic evaluation we can find increased 
atrial volumes or areas, pleural or pericardial effusion and 
lung comets (all signs of volume overload)[57].

Cardiac ultrasound also allow to discover presence 
of valvular calcifications (related to secondary hyperpara-
thyroidism)[57] and possible right heart dysfunction features 
(high pulmonary artery pressure, low tricuspid annulus 
plane systolic excursion or right chamber dilation)[58].

Outcomes and treatment
Since type-4 CRS is characterized by chronic cardio-
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