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Abstract
Cardiovascular diseases represent the main causes of morbidity and mortality in patients with
chronic kidney disease (CKD). According to a well-established classification, cardiovascular
involvement in CKD can be set in the context of cardiorenal syndrome type 4. Left ventricular
hypertrophy (LVH) represents a key feature to provide an accurate picture of systolic-diastol-
ic left heart involvement in CKD patients. Cardiovascular involvement is present in about 80%
of prevalent hemodialysis patients, and it is evident in CKD patients since stage IlIb-IV renal
disease (according to the K/DOQI CKD classification). According to the definition of cardiore-
nal syndrome type 4, kidney disease is detected before the development of heart failure, al-
though timing of the diagnosis is not always possible. The evaluation of LVH is a bit hetero-
geneous, and few standard imaging methods can provide the accuracy of either CT- or
MRI-derived left ventricular mass. Key principles in the treatment of LVH in CKD patients are
mainly based on anemia and blood pressure control, together with the management of sec-
ondary hyperparathyroidism and sudden cardiac death prevention. This review is mainly fo-
cused on the clinical aspects of CKD-related LVH to provide practical guidelines both for car-
diologists and nephrologists in the daily clinical approach to CKD patients.
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Introduction

Cardiovascular diseases such as coronary artery disease, congestive heart failure,
arrhythmias and sudden cardiac death represent the main causes of morbidity and mortality
in patients with chronic kidney disease (CKD). According to a well-established classification
of cardiorenal syndrome, cardiovascular involvement in CKD is also defined as cardiorenal
syndrome type 4 (chronic renocardiac).

The term known as ‘cardiorenal syndrome’ (CRS) includes a broad spectrum of diseases
in which heart and kidney are both involved. A consensus conference of the Acute Dialysis
Quality Initiative Group [1] has recently proposed the term ‘cardiorenal syndrome’ to define
a clinical overlap between kidney and heart dysfunction. A clear classification of CRS is crucial
and its wide correct application is required to allow correct interactions between cardiolo-
gists and nephrologists. The CRS classification (table 1) essentially describes two main groups,
cardiorenal and renocardiac CRS, on the basis of the primum movens of the disease (cardiac
or renal); then it is divided into acute and chronic according to the disease onset. Left
ventricular hypertrophy (LVH) represents the key feature in uremic cardiopathy and it is
related to CRS type 4 (chronic renocardiac/cardiorenal syndrome).

Cardiovascular complications can occur at any stage of CKD irrespective of glomerular
filtration rate (GFR) levels.

According to the definition of CRS type 4, kidney disease is detected before the devel-
opment of heart failure. However, timing of the diagnosis is not always possible.

Epidemiology

It should be clear by now that there is a close relationship between CKD and increased
risk for cardiovascular disease: major cardiac events actually represent almost 50% of the
causes of death in CKD patients [2].

From the early stages of CKD to end-stage renal disease (ESRD), cardiovascular
involvement is present, in part due to the aging population and in part due to higher rates of
diabetic, dyslipidemic and hypertensive patients among the CKD population [3].

The HEMO study clearly demonstrated a high prevalence (about 80%) of cardiovascular
disease in hemodialysis patients related to age, prevalence of diabetes and dialytic age [4].
Stage I-1V CKD patients show lower degrees of cardiovascular involvement compared to
dialysis patients (both hemodialysis and peritoneal dialysis), which becomes more evident as
the GFR falls below 60 ml/min/1.73 m? [5, 6].

A meta-analysis by Tonelli et al. [7] conducted on 1.4 million patients found higher
mortality rates for all causes, which is correlated with decreasing eGFR levels and with a
relative death odds ratio of 1.9, 2.6 and 4.4 for GFR levels of 80, 60 and 40 ml/min, respectively.

Cardiovascular risk is particularly evident in patients with stage I1Ib-1V renal disease
(according to the K/DOQI CKD classification) and in those who underwent renal replacement
therapy (hemodialysis, peritoneal dialysis and transplant) [8].

In the study by Go et al. [9], the risk of adverse cardiovascular events was 43% higher in
patients with a GFR between 45 and 59 ml/min/1.73 m? and 343% higher in those with a GFR
<15 ml/min/1.73 m? compared to the control group with a normal GFR. Stage V CKD patients,
not on renal replacement therapy, showed mortality rates similar to those on dialysis therapy.
Cardiovascular diseases may account for 50% of deaths in CKD patients regardless of
biological age [10].

The Kidney Early Evaluation Program (KEEP) enrolled and screened about 100,000
people for kidney disease reporting various comorbid diseases including congestive heart
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Table 1. CRS classification

CRS general definition
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

CRS type I (acute CRS)
Abrupt worsening of cardiac function (e.g. acute cardiogenic shock or acutely decompensated congestive
heart failure) leading to acute kidney injury

CRS type II (chronic CRS)
Chronic abnormalities in cardiac function (e.g. chronic congestive heart failure) causing progressive and
potentially permanent CKD

CRS type Il (acute renocardiac syndrome)
Abrupt worsening of renal function (e.g. acute kidney ischemia or glomerulonephritis) causing acute
cardiac disorder (e.g. heart failure, arrhythmia, ischemia)

CRS type IV (chronic renocardiac syndrome)
CKD (e.g. chronic glomerular or interstitial disease) contributing to decreased cardiac function, cardiac
hypertrophy and/or increased risk of adverse cardiovascular events

CRS type V (secondary CRS)
Systemic condition (e.g. diabetes mellitus, sepsis) causing both cardiac and renal dysfunction

failure; the data analysis showed a cardiovascular disease risk rising by 15% for every
increasing stage of CKD [11].

The Chronic Renal Insufficiency Cohort (CRIC) study investigators focused their attention
on 190 patients presenting with stage III to ESRD and performed serial echocardiographic
evaluations; in the 2 years’ observation period during which the patients shifted from stage
V to ESRD, the ejection fraction (EF) dropped from 53 to 50% [12].

Cardiovascular events are not only restricted to ESRD; early CKD stages are also asso-
ciated with variable degrees of heart failure as underlined in the Atherosclerosis Risk in
Communities (ARIC) population study [13] that focused on incident cardiovascular events in
about 15,000 subjects (subjects with preexisting heart failure were dropped out). Statistical
analysis found an increase in heart failure in subjects with an eGFR <60 ml/min/1.73 m?.

Cox regression analysis demonstrated a relative hazard of incident heart failure of 1.10
in subjects with a GFR range of 60-89 ml/min/1.73 m? and of 1.94 in those with a GFR <60
ml/min/1.73 m?.

The prevalence of LVH is estimated to be between 16 and 31% in individuals with a GFR
>30 ml/min; it increases to 60-75% prior to starting renal replacement therapy, and rises to
90% after the initiation of dialysis [14]. Foley et al. [15] followed 596 incident hemodialysis
patients with no prior history of cardiac disease to investigate whether the incidence of LVH
correlates with the duration of dialysis. After 18 months of dialysis, the author reported that
62% of the patients had an increased LV mass volume index and that 49% of them developed
overt LV failure. These observations raise the question of whether dialysis therapy develops
into LVH in ESRD patients [16].

Pathophysiology of LVH in CKD Patients

Echocardiographic abnormalities (impairment of EF and increased end-systolic and end-
diastolic LV volumes) are frequently reported from the early stages of CKD to ESRD.
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Pathophysiologic factors involved in LVH of CKD and ESRD patients have generally
been divided into 3 categories [17-19]: (1) related to afterload, (2) related to preload, and
(3) notrelated to afterload or preload. The ones in the first category are represented by an
increase in systemic arterial resistance, elevated arterial blood pressure, and reduced
large-vessel compliance [17-20] related in part to aortic ‘calcification’, which is typical in
CKD patients; all these factors result in myocardial cell thickening and concentric LV
remodeling often together with activation of the intracardiac renin-angiotensin system
[19, 21].

Oxidative stress and xanthine oxidase activation as well as the phosphodiesterase-5
pathway may also be involved in the development of LVH [22] as demonstrated by pharma-
cological effects of sildenafil therapy that attenuates LVH [23]. Among the preload-related
factors, the role of intravascular volume expansion (salt and fluid loading) has to be under-
lined, as well as secondary anemia and the presence of arterovenous fistulas [14, 24, 25],
resulting in myocardial cell lengthening and eccentric or asymmetric LV remodeling. Both
afterload- and preload-related factors operate with additive and synergistic effects.

As a result, myocardial hypertrophy induces the activation of cellular apoptotic signals
and activates metabolic pathways able to increase extracellular matrix production up to
fibrosis [26, 27]. Fibrosis leads to progressive impairment in contractility with stiffening of
the myocardial wall, systolicand diastolic dysfunction, dilated cardiomyopathy and congestive
heart failure [28]. It also leads to disturbances of cardiac electrophysiology because of
ventricular electrical conduction impairment and to the development of re-entry pathway
arrhythmias [17].

Renin-angiotensin-aldosterone system activation induces hyperaldosteronemia
promoting cardiac fibrosis through the generation of signals leading to profibrotic trans-
forming growth factor production [21]. The LVH can also be promoted by iron and/or eryth-
ropoietin [29] or vitamin D deficiency [30]. Calcimimetics therapy can induce cardiac fibrosis
regression without affecting the left ventricular mass [31]. The presence of arterovenous
fistulas can contribute to the development of LVH because of excess blood flow that increases
the myocardial workload [14].

Arterial stiffness is mainly caused by increased collagen production and deposition with
a consequent raise in peripheral resistance due to vasoconstriction. Stiffness can also be
caused by elevations in plasma sodium concentration (>135 mmol/l) directly affecting the
vascular endothelium and nitric oxide release [32]. The modulation of plasma sodium concen-
trations during dialysis sessions can produce positive effects on blood pressure levels and left
ventricular compliance [33].

Recent studies have pointed up novel biomarkers involved in the pathogenesis of LVH.
One of these is represented by FGF23, a member of the fibroblast growth factor family
primarily involved in CKD-mineral and bone disorder (MBD) and secondary hyperparathy-
roidism. The pathogenesis of CKD-MBD has always been ascribed to a decline in 1,25-dihy-
droxyvitamin D [1,25(0H)2 D3] levels leading to increases in serum parathyroid hormone
(PTH) and subsequent alterations in calcium and phosphorus metabolism [34, 35]. Vitamin
D deficiency, together with secondary hyperparathyroidism and hyperphosphatemia, was
reported as a main factor contributing to high cardiovascular risks in CKD patients [36]. The
discovery of FGF23 changed what has been described above because of its role in secondary
hyperparathyroidism pathophysiology. At the present time, FGF23 represents the earliest
detected serum abnormality in patients with CKD-MBD [37] and FGF23 levels rise before any
changes in PTH, 1,25(0H)2 D3, or serum phosphate levels are detected [38]. FGF23 is impli-
cated in the regulation, growth, and differentiation of cardiac myocytes holding paracrine
functions in the kidneys because of its phosphaturic properties; it blocks vitamin D3 synthesis
and inhibits proximal nephron reabsorption [39].
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Serum levels of FGF23 increase gradually as kidney function decreases. FGF23 levels are
often 2-5 times the normal level during early and intermediate stages of CKD easily reaching
more than 200 times the normal levels in cases of advanced renal failure [40]. First data about
correlations between FGF23 levels and mortality were reported in 2008 when Gutierrez et
al. [40] evaluated FGF23 levels in over 400 incident hemodialysis patients. The increased
FGF23 levels at the beginning of dialysis were independently associated with a significantly
increased risk of mortality during the first year on dialysis.

Results of these observations were confirmed in two large longitudinal cohort studies in
predialysis CKD patients. The CRIC study enrolled 3,879 patients with CKD stages 2-4 with a
median follow-up of 3.5 years [41]; higher levels of FGF23 were associated independently
with a greater risk of death. In a post-hoc analysis of the HOST study [42], a strong relation
between higher FGF23 levels and higher risks of cardiovascular events was found. Elevated
C-terminal FGF23 levels were also strongly associated with an increased risk of acute
myocardial infarction and lower-extremity amputation.

The results of several clinical trials suggest a close relationship between FGF23 and LVH.
One of the above-cited trials included 124 hemodialysis patients in whom the FGF23 levels
were independently associated with the degree of LVH [43]. Another study of 162 predialy-
sis CKD patients showed that FGF23 is independently associated with LV mass index and
LVH [44].

Referring to the CRIC study [32], higher C-terminal FGF23 levels were independently
associated with reduced EF, greater LV mass index and prevalence of both eccentric and
concentric LVH [32].

Several studies indicate a relationship between vitamin D, survival, vascular calcification
and inflammation [45, 46], closely linked to the clinical features of CKD-MBD, together with
a central role in the regulation of bone and mineral metabolism.

Vitamin D is also involved in the regulation of immune, cardiovascular, and endocrine
systems through the activation of the high-affinity nuclear vitamin D receptor (VDR).

Due to the relevant role of vitamin D in heart disease, the association between LVH and
VDR gene polymorphisms has recently been investigated, and it has been reported that VDR
Bsml gene polymorphism is involved in the development of LVH in ESRD patients [47, 48]
and is independently related to LVH progression in dialysis patients and in stage I1Ib CKD
patients. The presence of the Bsml mutated variant of the VDR gene in ESRD patients has
been proposed as a novel marker of disrupted vitamin D signaling pathway, inducing an
increase in the LV mass index [48]. Despite these pieces of evidence, it should be highlighted
that the PRIMO study [49] failed to demonstrate any effect of paricalcitol on cardiac structure
and LV function.

Clinical Consequences of Increased LV Mass and Fibrosis in CKD and ESRD
Patients

As a consequence of LVH, myocardial apoptosis, and intermyocardial fibrosis, the
decrease in myocardial capillary density occurs together with diastolic (impaired diastolic
filling of the ventricle to increased myocardial stiffness) and systolic dysfunction, distur-
bances inintraventricular conduction, and chamber dilation. Progressively, we might observe
more compensatory hypertrophy, dilation and dysfunction of the heart (uremic cardiomy-
opathy) [18]. The severity and persistence of LVH are strongly associated with mortality risk
and cardiovascular events in CKD and ESRD patients as reported by Zoccali et al. [50] and
London et al. [51] who observed how a 10% decrease in LV mass was translated into a 28%
decrease in cardiovascular mortality risk in a cohort of patients on hemodialysis. The
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predictors of LVH regression include better control of systolic blood pressure, a lower pulse
wave velocity and higher hemoglobin levels [52].

Despite the control of optimized risk factors (blood pressure, chronic ischemic heart
disease and diabetes), sudden death often occurs in ESRD patients, which underlines that
other factors (apart from coronary artery disease) have to be involved, such as LVH and
myocardial fibrosis.

The presence of LVH has almost doubled the risk of sudden cardiac death in the patients
enrolled in the 4D trial [52]. In this study, the authors show that the rising plasma levels of
NT-pro-BNP have also been linked to sudden cardiac death together with the following
factors:

- metabolic (e.g. hyperphosphatemia, hyperparathyroidism) and electrolyte (potassium,
pH) impairment,

- sympathetic overactivity,

- autonomic nerve dysfunction,

- concomitant obstructive sleep apnea,

- coronary artery calcification,

- acquired or hereditary QT interval prolongation,

- systolic and/or diastolic dysfunction,

- acute volume overload, and

- acute myocardial ischemia [17].

Autoptic studies in CKD patients show the presence of specific diffuse intermyocar-
diocyte fibrosis, not observed in similarly hypertensive patients without kidney disease [53].
LVH is strongly associated with poor outcomes in patients both with and without CKD; longi-
tudinal and cross-sectional studies of LV mass underlines an increase in LVH prevalence as
renal dysfunction develops [54].

Systolic hypertension and elevated pulse pressure are strongly associated with LVH in
those patients with advanced CKD, suggesting that fluid overload and increased arterial
stiffness play a role in LVH even before the start of dialysis therapy [53]. The younger age, the
lower pulse pressure, and the higher GFR are related to a positive response to LV mass
reduction [55]. Persistent or progressive LVH is strongly associated with an increase in
the risk of mortality and cardiovascular events including sudden cardiac death in ESRD pa-
tients [50].

The reduction in the degree of LVH can be achieved by fluid balance and blood pressure
control together with anemia control [56]. Foley et al. [57] found that improvements in LV
mass and systolic function 1 year after the initiation of dialysis therapy were associated with
reduction rates of cardiac failure but not ischemic cardiac events and death.

As confirming further, Covic et al. [58] reported a regression of LV mass in hemodialysis
patients associated with improvements in anemia, serum phosphate level, and calcium-phos-
phate product.

Marchais et al. [59] found increased diastolic and mean arterial pressures, a higher
cardiac index, higher heartrates, and an increased stroke index in hyperphosphatemic versus
normophosphatemic patients. In fact, higher plasma phosphate is associated with signs of
diastolic dysfunction and myocardial fibrosis and it is accountable for enhancing LVH; hence,
hyperphosphatemia might be an appropriate target for treatment [60].

In conclusion, LVH develops beginning at early stages of CKD and it is quite common in
patients on renal replacement therapy.

Although LV mass reduction is clearly associated with better rates of cardiovascular
morbidity and mortality, it is not actually clear if scheduling more aggressive dialysis
treatment could affect LVH development or regression [60].
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LVH Management in CKD and ESRD Patients: Key Messages

Key principles in the treatment of LVH in CKD patients are mainly based on anemia and
blood pressure control, together with the management of secondary hyperparathyroidism.

The impact of anemia therapy (with erythropoiesis-stimulating agents) on LVH in CKD
and/or ESRD has been examined in several randomized controlled trials but most of them
have failed to show any beneficial effect.

Parfrey et al. [61] reported a meta-analysis of 15 trials and showed how LV mass was
reduced by anemia correction only in those subjects who had severe anemia at baseline (<10
g/dl) and who were treated to a lower target hemoglobin level (<12 g/dl).

Chen et al. [62] compared the effects of epoetin alfa versus darbepoetin alfa on LVH in
subjects with CKD. Both agents were equally effective in lowering LV mass. The correction of
severe anemia (hemoglobin <10 g/dl) with erythropoiesis-stimulating agents seems to
attenuate LVH progression [63], but the achievement of hemoglobin levels >12 g/dl does not
help reduce the LV mass.

Maintaining the systolic blood pressure at normal levels (<140 mm Hg) [64-66] and the
optimal fluid volume balance near the euvolemic state [67] is predicted to have beneficial
effects on the course of LVH in CKD and ESRD subjects.

The correction of abnormalities in divalent ion metabolism in CKD and ESRD (including
vitamin D deficiency, hyperphosphatemia and hyperparathyroidism) might have beneficial
effects on LVH, but there are no clinical trials at our disposal [68]. Patients receiving vitamin
D therapy show a lower frequency of cardiovascular events and improved survival in obser-
vational studies [68]. Furthermore, several trials have detected that higher PTH levels (intact
PTH levels >500 pg/ml) are associated with failure of LVH regression [58].

Although the EVOLVE trial has not shown that cinacalcet improves survival in ESRD
patients, a post hoc analysis suggests that this drug that lowers PTH may also lower the risk
of sudden cardiac death and/or cardiac failure [69].

Another key point in the management of LVH is to better manage hemodialysis sessions
and peritoneal dialysis exchanges. More frequent hemodialysis (including short daily or long
nocturnal dialysis) has been suggested as a new paradigm of treatment [70-72], and obser-
vational studies have shown how more frequent and longer hemodialysis sessions are asso-
ciated with a lower prevalence of LVH [70-72].

As previously discussed, sudden cardiac death mainly accounts for cardiovascular
mortality in ESRD [73]. Small randomized controlled trials showed a reduction in sudden
cardiac death from 10.4 to 3.4% with carvedilol in ESRD patients with dilated cardiomy-
opathy [74], although further larger trials with 3-blockers are needed. 3-Blocker therapy
should be routinely used in CKD and ESRD patients with prior nonfatal coronary artery
ischemic events. An independent trial has shown a risk reduction of sudden cardiac death
associated with sevelamer [75].

In conclusion, more clinical trials are needed to assess guidelines for treating CKD-related
hypertrophic cardiomyopathy. At the present time, it is quite difficult to sort out regression
parameters of LVH both in experimental and clinical models.

Diagnosis and Assessment of LVH
Electrocardiography, 2D (fig. 1,2) and 3D echocardiography (ECHO) and cardiac magnetic

resonance imaging (CMRI) represent three next steps to quantify and estimate the degree of
LVH.
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Fig. 1. 2D ECHO (four-chamber
apical view) showing LVH in a
stage I1Ib CKD patient.

Fig. 2. 2D ECHO (short-axis view)
showing LVH in a hemodialysis
patient.

Historically, electrocardiography was the first test employed to evaluate LVH because it
is noninvasive, cheap and easily performed by nurses and physicians. It is considered an
insensitive but quite specific method, although the criteria for ruling out LVH are not satis-
factory [76].

On the other hand, CMRI represents the gold standard to evaluate LV dimensions because
it is accurate in defining LV mass as well as the volume and pattern of LVH (eccentric,
concentric or asymmetric). It may also assess the degree of fibrosis.

In hemodialysis patients, M-mode ECHO often overestimates LV mass compared to CMRI
[77]; however, at present, the use of CMRI is not widespread due to its costs and side effects
such as claustrophobia. Moreover, it cannot be employed in the presence of implantable
devices [78].

Because of these clear limits of CMRI, ECHO is still established as the main device to
evaluate LV mass in daily clinical practice although there are limitations in the determination
and quantification of LVH. The accuracy of ECHO depends on:

- the technique used,
- the timing relative to the dialysis session, and
- the index used for the ‘normalization’ of generated data.

Color version available online
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Therefore, ECHO is subject to the skills of the operator, the patients’ acoustic windows
and other errors during the generation of images in the case of an asymmetric LV geometry
pattern [78, 79].

Variability in LV mass determination is due to the normalization index adopted. In fact,
the ventricular mass is proportional to the body size, and it is necessary to use the body
surface for the correction (as is commonly done in clinical studies and in clinical practice).

Various cutoff values were used in different trials: for example, Silberberg et al. [80]
used a cutoff value of 125 g/m? for the diagnosis of LVH by ECHO, whereas Parfrey et al. [81]
used a value of 132 g/m? for men and 100 g/m? for women (referring to the Framingham
study).

Recent guidelines redefined normal values of LV mass as <45 g/m height [76, 79] for
women and <49 g/m height[76,82] formenusing ECHO [83].2D ECHO is based on geometric
assumptions and is highly dependent on adequate endocardial and epicardial border defi-
nition of the LV. Real-time 3D ECHO allows a more precise assessment of the LV mass,
volume and EF [83]. In comparison to other methods, 3D ECHO is nearly as accurate as
CMRI [84].

In conclusion, ECHO and CMRI may be complementary in the evaluation of intermyo-
cardial fibrosis and diastolic dysfunction in CKD and ESRD subjects [76]. CMRI is able to
detect and quantify the presence of myocardial fibrosis, as indicated by late gadolinium
enhancement, although it should be avoided in patients with late-stage CKD [85].

CMRI represents the best method for detecting and quantifying increased LV mass in CKD
and ESRD patients. However, it is expensive and presents some practical restrictions, while
M-mode ECHO or 2D ECHO are widely employed because they are cheaper and noninvasive
tools.

Conclusions

LVH is a typical feature of CKD-related cardiopathy. It can be defined as the final result of
several pathophysiological pathways leading to cell thickening and concentric LV remod-
eling. Activation of the renin-angiotensin system, inhibition of nitric oxide synthesis, intra-
vascular volume expansion, secondary anemia, and the presence of arterovenous fistulas can
be accountable both for myocardial cell lengthening and eccentric or asymmetric LV devel-
opment up to LV fibrosis. On the other hand, FGF23 and vitamin D play a crucial role in LV
hypertrophy development although pathophysiological pathways are not completely defined
at the present time.

According to clinical evidence, LVH and myocardial fibrosis are associated with mortality
risk and cardiovascular events in CKD and ESRD such as demonstrated by higher rates of
sudden cardiac death in these patients.

Finally, treatment of LVH is mainly based on anemia and blood pressure control, together
with the management of secondary hyperparathyroidism and optimization of renal
replacement therapy maximization.
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