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Abstract
Background: Uremic cardiomyopathy (UC) is being described to contribute to left
ventricular (LV) dysfunction. Fibroblast growth factor-23 (FGF-23) and soluble alpha-Klotho
(a-klotho) are thought to be involved in the pathogenesis of UC. Despite heart failure being
the most common cardiovascular disease in chronic kidney disease (CKD), ejection fraction
evaluation is still challenging.
Objectives: We aimed to evaluate the myocardial performance of both ventricles in uremic
patients using speckle tracking echocardiography (STE) and its possible relation to serum
soluble a-Klotho and FGF-23.
Patients and methods: This cross-sectional study included 45 hemodialysis (HD) patients
and 45 patients with moderate CKD stages 3 and 4. Global longitudinal strain (GLS) and
right ventricular free-wall strain (RVFWS) obtained by STE were used to evaluate both
ventricular performances.
Results: Impaired GLS < 16% was found in 46.7% of HD patients and 28.9% of CKD
patients (p = 0.082). Impaired RVFWS < 20% was found in 44.4% of HD patients and 24.4%
of CKD patients (p = 0.046). In HD patients, impaired GLS is associated with a history of
hypertension (p = 0.011), left ventricular mass index (LVMI) (p=0.041), and RVFWS (p =
0.030). The history of hypertension in HD patients (p = 0.013) and LVMI in CKD patients (p
=0.051), independently predicted compromised GLS.
Conclusion: Reduced subclinical LV and right ventricular systolic function existed in
patients with moderate CKD and became worse in dialysis patients. The history of
hypertension in HD patients and LVMI in CKD were key determinants of impaired GLS.
Keywords: Fibroblast growth factor-23; Global longitudinal strain, soluble aKlotho; Speckle
tracking echocardiography; Uremic cardiomyopathy.
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Introduction

Cardiovascular (CV) complications
represent the foremost cause of increased
morbidity and mortality among patients
with chronic kidney disease (CKD).
Cardiovascular disease (CVD) manifests
earlier in the progression of CKD,
affecting approximately 30 to 44% of
individuals initiating hemodialysis (HD)
(Go et al., 2004; Saran et al., 2018).

Uremic cardiomyopathy (UC) is
marked by structural remodeling at both
macroscopic and cellular levels, leading to
alterations in ventricular function (Gross
and Ritz, 2008). Patients with CKD and
those undergoing HD are subjected to
factors such as hemodynamic overload
including pressure and volume overload,
neurohormonal activation, a high output
state due to the creation of an
arteriovenous fistula (AVF) and significant
microvascular dysfunction. These factors
are believed to be implicated in the
development of left ventricular (LV)
diastolic and systolic dysfunction (Ori et
al., 1996; Maisel et al., 2011).

The biochemical alterations linked
to chronic kidney disease-mineral and
bone disorder (CKD-MBD) are believed to
play a direct or indirect role in the
development of CKD-associated
cardiomyopathy (de Albuquerque
Suassuna et al., 2018). Fibroblast growth
factor-23 (FGF23) is a phosphaturic
hormone produced by osteocytes and
osteoblasts (Shimada et al., 2005). Alpha-
Klotho (a-klotho), primarily secreted by
the kidneys, functions as a co-receptor for
FGF23 (Hu et al., 2016).

FGF-23 levels begin to rise early in
the progression of CKD and reach very
high levels in dialysis patients (Hu et al.,
2013). Conversely, circulating levels of
soluble a-klotho decrease as CKD
advances. A relationship between serum
levels of FGF23 and soluble a-klotho and
CV  disease, especially myocardial
hypertrophy has been suggested (Grabner
and Faul, 2016).
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It is important to acknowledge that
despite the high prevalence of CV events
and the worsening symptoms of heart
failure (HF), the ejection fraction (EF)
stays intact in most patients with CKD and
regular HD. This discrepancy arises from
the intricate pathophysiology of CV
disease and the technical difficulties
associated with EF evaluation in this
population (Park et al, 2012;
Krishnasamy et al., 2015).

Two-dimensional speckle tracking
echocardiography (2D  STE)  with
myocardial strain analysis is an automated,
operator-independent method for
evaluating LV systolic function through
the measurement of global longitudinal
strain (GLS). This technique uses natural
acoustic markers (speckles) distributed
throughout the myocardium, which are
tracked throughout the cardiac cycle to
trace myocardial motion. The gathered
data can be processed to accurately
identify regional segments with impaired
contractility, such as scar tissue (Liu et al.,
2009).

Global longitudinal strain
measurements  can  identify  subtle
disruptions in viability and subendocardial
contractility, commonly occurring before
noticeable LV dysfunction, as evident by a
reduction in EF (Leitman et al., 2004).
Similarly, right ventricular (RV) strain can
be assessed using the RV free wall in an
RV-focused apical 4-chamber view. The
strain values from the three segments of
the RV free wall (basal, mid and apical)
are averaged to determine the RV free wall
strain (RVFWS) (Fine et al., 2015).

The aim of the present study was to
compare the myocardial performance of
patients with moderate CKD stages 3 and
4 and patients on regular HD. The diastolic
function in both groups was evaluated by
conventional transthoracic
echocardiography (TTE). 2D STE was
used to compare LV and RV systolic
functions. Furthermore, the possible
relationship between serum levels of
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soluble a-Klotho and FGF-23 and
echocardiographic parameters was tested.
Patients and methods

Patients

This cross sectional study included
90 subjects, divided into 45 maintenance
HD patients and 45 patients with CKD
stages 3 and 4. They were recruited from
the HD unit and the nephrology outpatient
clinic at Alexandria Main University
Hospital. Dialysis  patients were
maintained on renal replacement therapy
for more than 3 months. They perform
three weekly, four hour HD sessions.

CKD patients had moderate to
advanced stages of CKD including stage 3
with an estimated glomerular filtration rate
(eGFR) of 30-59 ml/min/1.73 m? and stage
4 with an eGFR of 15-29 ml/min/1.73 m?.
The evidence of kidney damage was
present for more than 3 months. The eGFR
was assessed by the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI)
equation (Levey and Stevens, 2010).

Patients with LV EF less than 50%, a
history of acute coronary syndromes,
moderate to severe valvular heart disease,
chronic atrial fibrillation, and chronic
inflammatory systemic conditions were
excluded from our study.

All patients gave informed consent
before undergoing the research. The
research complies with the declaration of
Helsinki and ethical approval has been
obtained from the wuniversity ethical
committee.

Serum human FGF-23 and soluble a-
Klotho concentrations

Venous blood samples were taken
after an overnight fast at 8§ a.m. In all HD
patients, blood was withdrawn before the
onset of the midweek HD session (and
heparin administration). A serum separator
tube was used, and samples were left to
clot for 30 minutes before being
centrifuged for 15 minutes. The separated
serum was immediately frozen at -20C.

Serum human soluble o-Klotho
concentrations were determined by the
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enzyme-linked  immunosorbent  assay
(ELISA) method (Human soluble a-Klotho
(S-KLa) ELISA kit; Glory Science,
catalog #:90282, Del Rio, Texas, USA)
[sensitivity: (minimum detectable
concentration) is 18 pg/ml, Intra-assay CV:
< 8%, Inter-assay CV: <10%)]. Serum
human FGF-23 concentrations were also
determined by ELISA method (Human
fibroblast growth factor-23 (FGF-23)
ELISA kit; Glory Science, catalog
#:15759, Del Rio, Texas, USA).
[Sensitivity: (minimum detectable
concentration) is 1 pg/ml, Intra-assay CV:
< 8%, Inter-assay CV: <10%].

Venous blood samples were also
used to determine serum hemoglobin,
creatinine, calcium, phosphorus,
parathyroid hormone (PTH), vitamin D, C-
reactive protein (CRP) and lipid profile.
Conventional echocardiography

Standard ~ TTE  examinations
comprised two-dimensional, pulsed-wave
(PW) Doppler, PW tissue Doppler imaging
(TDI) and M-mode. They were assessed
and reported by experienced senior
imaging cardiologists according to the
European association of Cardiovascular
Imaging guidelines utilizing Philips (EPIQ
CVxi  version, Philips  Healthcare,
Andover, MA, USA) equipped with an S5-
1 phased array transducer. In HD patients,
the echocardiographic examination was
conducted on a mid-weekday between
dialysis sessions to avoid interdialytic
weight gain from volume accumulation if
carried in the first HD session of the week
with 3 day (long) interdialytic interval.

M-mode measurements of LV wall
thickness and cavity dimensions, guided
by two-dimensional imaging, were
obtained in the parasternal long-axis view
perpendicular to the LV long axis and
assessed at the level of the mitral valve
leaflet tips. 2D LV volumes were
measured from the apical four- and two-
chamber views using the biplane method
of disk—summation (modified Simpson’s
rule) and further indexed by body surface
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area (BSA) to calculate LV systolic
function.

LV diastolic function was assessed
by 1) PW Doppler which was utilized in
the apical four-chamber view to acquire
mitral inflow velocities for the assessment
of LV filling. The measurements of mitral
inflow included the peak early diastolic
filling velocity (E-wave) and the late
diastolic filling velocity (A-wave). 2) PW
tissue Doppler imaging was performed in
the apical views to acquire mitral annular
velocities along with mitral peak E
velocity (E/e” ratio). 3) Measurement of left
atrial (LA) volume was obtained using the
apical 4-chamber and 2-chamber views.

SVU-1IMS, 8(2): 505-520

Speckle-tracking echocardiography

Speckle tracking echocardiography
was used to assess LV GLS. With ECG
gaited, three standard 2D transthoracic
apical views including apical two chamber
(A2C), apical three chamber (A3C), and
apical four chamber (A4C) views were
acquired. Offline analysis using the LV
Autostrain software (TOMTEC imaging
systems, GmbH Company) was done. The
software will automatically generate a
topographic representation of all 18 LV
segments from which the mean GLS is
calculated and displayed automatically by
the software. A GLS of less than —16%
(GLS <16%) indicates reduced LV systolic
function (Fig.1).

GLS _Endo_Peak A4C: -
GLS_Endo_Peak_A2C: -
GLS_Endo_Peak_ A3C: -
GLS_Endo_Peak_Avg: -

Fi.g.1. Speckle tracking echocardiography. Global longitudinal strain (GLS) measurement
from the three standard two-dimensional transthoracic apical views (apical two chamber
(A2C), apical three chamber (A3C), apical four chamber (A4C) views). A topographic
representation of all 18 LV segments is generated automatically; from which the average
GLS is calculated and displayed automatically by the software.

The assessment of the RV free wall
was conducted using longitudinal strain

measurements obtained from an apically
focused RV view. The peak RV

longitudinal strain was determined by
averaging the peak segmental strain values
displayed by the software. An RVFWS of
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less than < 20% signifies reduced RV
function.

Statistical analysis

Data were entered into a computer and
analyzed wusing IBM SPSS software
version 20.0 (Armonk, NY: IBM Corp).
Continuous data were tested for normality
using the Shapiro-Wilk test. For normally
distributed quantitative variables, data
were expressed as mean and standard
deviation, and comparisons between two
groups were made using the Student's t-
test. For non-normally  distributed
quantitative variables, data were expressed
as median and interquartile range (IQR),
and the Mann-Whitney test was used for
comparisons.  Categorical data were
presented as numbers and percentages. The
Chi-square test was employed to examine
the relationship between two qualitative
variables. Correlation analysis using
Pearson’s correlation coefficient was used
to correlate between two normally
distributed quantitative variables. Logistic
regression analysis was used to detect the
most independent factor predicting the
impaired GLS. The significance level was
set at 5%.
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Results
Baseline characteristics of the study
subjects

The baseline characteristics of the
study groups are shown in (Table.1). A
total of 90 subjects, divided into 45
maintenance HD patients and 45 patients
with moderate CKD stages 3 and 4 were
included. The mean age of the whole
studied sample was 53.72 + 12.96 years,
and 50 patients (55.5%) were male. The
mean BMI was 29.33 + 4.67 kg/m? and
there were more hypertensive patients in
the HD group compared to CKD (51.1%
vs. 40%; p = 0.290). No significant
difference was found between the mean
values of systolic and diastolic blood
pressures. Approximately 15% of HD
patients had an unknown cause of ESRD
while 20% of the CKD group had chronic
glomerulonephritis as a cause of CKD.

There was a statistically significant
increase in serum phosphorous, PTH,
vitamin-D, FGF-23 and soluble a-klotho in
the HD group compared to the CKD
group. Other clinical and laboratory data
of the patients are shown in (Table.1).

Table 1. Baseline characteristics of HD and CKD groups

Parameters (nli]i 5) (11(:531)5) Test of Sig. p
Demographics
Age (years) 51.33+13.78 56.11+11.76 t=1.769 0.080
Gender (Male) 21 (46.7%) 29 (64.4%) $*=2.880 0.090
BMI (kg/m?) 26.88+4.14 31.79 £ 6.99 t=4.057" | <0.001"
BSA (m?) 1.80 £0.23 1.96 +0.20 t=3.519" 0.001"
Clinical characteristics
Dialysis vintage (years) 5.0(1.20-13.0) — — —
Etiology of CKD /ESRD
Hypertension 23 (51.1%) 18 (40%) *=1.120 0.290
Diabetes 1 (2.2%) 5(11.1%) =2.857 |"Ep=0.203
;ﬁﬁgxlonephﬁ i 3 (6.7%) 9 (20%) P=3.462 | 0.063
Chronic pyelonephritis 3 (6.7%) 2 (4.4%) v*=0.212 [FEp=1.000
Obstructive uropathy 1 (2.2%) 3(6.7%) v*=1.047 |FEp=0.616
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Others 7 (15.6) 5(1L.1) 1*=0.385 0.535

Unknown 7 (15.6%) 3 (6.7%) $*=1.800 0.180
CKD stage

3A - 3 (6.7%)

3B - 16 (35.6%) - -

4 - 26 (57.8%)
Systolic BP (mmHg) 129 +24.65 137.6 +£19.04 t=1.867 0.065
Diastolic BP (mmHg) 79.24 + 13.44 82.93 £11.68 t=1.389 0.168
Laboratory parameters
Hemoglobin (g/dl) 9.12+1.89 9.74 £2.05 t=1.475 0.144
Creatinine (mg/dl) 9.46 +£3.07 2.65+£0.94 t=14.245" | <0.001"
CRP (mg/1) 10'51(; (540§O a 15.80 (5.80 —27.0) | U=912.00 0.417
Calcium (mg/dl) 8.52+1.20 828+ 1 t=1.031 0.306
Phosphorus (mg/dl) 5.52+1.52 4.52+1.01 t=3.643" | <0.001"
PTH (pg/ml) 400 (228 — 678) |86.40(42.10 — 157) | U=283.00" | <0.001"
Vitamin-D (ng/ml) 14'62%.(29(');‘6 = (851 (4.19- 1130)| U=514.50" | <0.001"
FGF-23 (pg/ml) 41.09 +15.09 29.61 +7.05 t=4.624" | <0.001"
Soluble a-klotho (pg/ml) 505.5 (212 - 603.2)|573.5 (519.4 — 623)| U=631.00" | 0.002-

t: Student t-test; U: Mann Whitney test; % Chi square test; ;*bold: significant; BMI: body mass
index; BP: blood pressure; BSA: body surface area; CKD: chronic kidney disease; CRP: C- reactive protein;

ESRD: end-stage renal disease; FGF-23: Fibroblast growth factor-23; PTH: parathyroid hormone.

Echocardiographic parameters of the
study subjects

The main findings on conventional
and speckle tracking echocardiography are
shown in (Table.2). There was a
statistically significant higher left ventricular
mass index (LVMI) in HD patients (142.6 £
61.79 g/m? ) compared to CKD (116.1 +
37.01 g/m?).

Two-dimensional parameters
including LV EF, left ventricular end-
diastolic volume indexed (LV EDVI) and
left ventricular end-systolic volume indexed
(LV ESVI) showed no significant difference
between the two groups. On the contrary,
LA ESVI was significantly higher in the HD
group (44.81 + 24.36 ml/m?) compared to
the CKD group (33.42 £ 9.83 ml/m?).

There was a statistically significant
higher peak early diastolic transmitral
velocity (E) in HD patients (87.22 + 30.17
cm/sec) compared to CKD patients (73.36 +
19.06 cm/sec). There was no difference in

peak late diastolic transmitral velocity (A) or
E/A ratios between the two groups.
Additionally, early diastolic mitral annular
velocities at the interventricular septum
(medial e’ velocity) and the lateral wall
(lateral e’ velocity), as well as the ratio of
peak early diastolic transmitral velocity to
early diastolic mitral annular velocity (E/e’)
measured by tissue Doppler imaging,
showed no significant differences between
the HD and CKD groups.

Regarding the data obtained from
speckle tracking echocardiography, the
mean GLS in both groups showed no
significant difference being -16.38 + 4.47%
in HD group compared to -17.39 +
368% in CKD group. Patients with
impaired GLS (GLS < 16 %) represented
approximately 47% in the HD group and
29% in the CKD group. The difference
between the two studied groups was not
significant (Fig.2). The mean RVFWS in
both groups showed no significant
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difference being -21.33 + 6.97% in HD
group compared to -23.33 = 6.11% in CKD
group. Patients with impaired RVFWS

< o) represented approximately
(GLS < 20 % d i 1
Table 2. Echocardiographic parameters of HD and CKD groups

SVU-1JMS, 8(2): 505-520

44.4% in the HD group and 24.4% in the
CKD group. The difference between the two
groups was statistically significant (Fig.2).

Parameters HD CKD Test of P
(n =45) (n =45) sig.
M-mode dimensions
LVIDd (mm) 51.98 +7.48 53.34+7.40 t=0.866 | 0.389
LVIDs (mm) 33.14 £ 8.47 32.72 £6.43 t=0.268 | 0.789
LA dimension (mm) 39.57+£9.24 40.56 +5.70 t=0.608 | 0.545
AoR diameter (mm) 27.0(23.0-31.0) | 28.0(25.0-30.0) {U=928.00| 0.494
I'VS thickness (mm) 12.63 £3.54 12.14 £2.46 t=0.764 | 0.447
LVPW thickness (mm) 11.13+2.87 11.43+£2.28 t=0.544 | 0.588
LVMI (g/m?) 142.6 £ 61.79 116.1 £ 37.01 t=2.459" | 0.016"
2D volumes
LVEF (%) 60.89 £ 6.51 61.53 +£6.23 t=0.480 | 0.633
LV EDVI (ml/m?) 72.0 (55.73 — 93.82)|73.09(64.40 — 93.82)|U=892.50| 0.333
LV ESVI (ml/m?) 27.80 (19.0 — 39.80) |29.70(21.20 — 38.40)|U=963.00| 0.690
LA ESVI (ml/m?) 40.04 (26.80 — 54s) |31.7026.60 — 39.70)| V=230 g.037"
Mitral flow Doppler
E of mital inflow (cm/sec) 87.22 £30.17 73.36 £ 19.06 t=2.605" | 0.011"
A of mitral inflow (cm/sec) 89.50 +23.08 81.10 + 23.67 t=1.703 | 0.092
Mitral valve E/A 0.90 (0.70—1.10) | 0.86(0.70 —1.10) |U=921.50| 0.461
Mitral annular velocities
Medial e” velocity 7.35+1.92 7.63 £2.70 t=0.571 0.570
Lateral e” velocity 10.65 £3.15 9.68 +£3.20 t=1.448 | 0.151
E/ average e’ 9.10(7.20—-13.08) | 7.91 (6.96 — 11.10) {U=887.00| 0.311
Speckle tracking (strain)
Impaired GLS 21 (46.7%) 13 (28.9%) ¥*=3.025| 0.082
GLS (-ve %) 16.38 +4.47 17.39 + 3.68 t=1.173 | 0.244
Impaired RVFWS 20 (44.4%) 11 (24.4%) ¥*=3.986"| 0.046"
RVFWS (-ve %) 21.33£6.97 23.33+6.11 t=1.444 | 0.152

t: Student t-test; U: Mann Whitney test; > Chi square test; ;*bold: significant; A: peak late diastolic
transmitral velocity; AoR: Aortic root ; E: peak early diastolic transmitral velocity; e’: early diastolic mitral
annular velocity; GLS: global longitudinal strain of left ventricle; IVS: interventricular septum; LA: left
atrial; LA ESVI: left atrial end-systolic volume indexed; LV EDVI: left ventricular end-diastolic volume
indexed; LVEF: left ventricular ejection fraction; LVIDd: left ventricular end diastolic dimension ; LVIDs:

left ventricular end systolic dimension; LVMI: left ventricular mass index;

LVPW: left ventricular

posterior wall; LV ESVI: left ventricular end-systolic volume indexed; RVFWS: Right-ventricular free-wall

longitudinal strain.
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CKD

® [mpaired GLS = Preserved GLS

HD

44.4%

Impaired RVFWS = Preserved RVFWS

® [mpaired GLS = Preserved GLS

CKD

Impaired RVFWS = Preserved RVFWS

Fig.2. Distribution of hemodialysis (HD) and chronic kidney disease (CKD) patients
according to whether they have impaired or preserved global longitudinal strain (GLS) or

right ventricular free wall strain (RVFWS).

Clinical characteristics of HD and CKD
patients according to preserved and
impaired GLS

Participants were classified into
preserved and impaired GLS: impaired
GLS < 16 % and preserved GLS > 16%.
The association between GLS and
laboratory, clinical and echocardiographic
parameters are shown in (Table.3). In HD

patients, impaired GLS showed an
association with a history of hypertension
(p=0.011), LVMI (p=0.041), and RVFWS
(p=0.030). There was an association
between CRP, LVMI and impaired GLS in
CKD  patients (p=0.010, p=0.014;
respectively). However, impaired GLS was
not associated with FGF-23 or soluble a-
klotho in both groups.
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Table 3. Clinical, laboratory and echocardiographic characteristics according to

preserved and impaired GLS

HD (n = 45) CKD (n = 45)
Variables Preserved Impaired Preserved Impaired
GLS n=24)|GLS m=21)] P |GLSm=32)| GLS (n=13) P
Age (vears) 51.67 + 12.93]50.95 + 15.01] 0.865" |54.38 + 11.86] 60.38 + 10.78 | 0.1217
Gender (Male) 9(37.5%) | 12(57.1%) |0.188%| 19(59.4%) | 10(76.9%) | Fp=0.322
BMI (kg/m?) 27.34+3.68 26.35+4.64 | 0.431" |31.77+6.94 | 31.73+7.17 | 0.987*
Hypertension 8(33.3%) | 15(71.4%) [0.011°®| 10 (31.3%) | 8(61.5%) | 0.060¢
Laboratory parameters
Hemoglobin (g/dl) 9.23+£1.49 | 9.0+£230 |0.696" | 10.0+£2.27 | 9.09+1.22 0.091%
9.75 13 9.40 27.0 \
CRP (mg/l) (5.15—15.50)| (4.50 - 35) 0.488° (3.50-21.05) (15.80—72) | %010 $
FGF-23 (pg/ml) 39.73 + 14.72|42.64 + 15.71] 0.526* | 29.71 + 7.82 | 29.38 +4.91 | 0.889"
Soluble a-klotho 489.7 5055 | gess | 3635 5843 0.940°
(pg/ml) (273.1-580.4)| (107 -611) | (521.5-628.7)| (519.4-608.4) |
481.6 362 71.50 89.60
PTH (pg/ml) (203.8 -983)| (228 — 600) 0.394° (42.95-143.5)| (40— 181) 0.661°
. 11.75 16.20 8.67 6.23
Vitamin D (ng/ml) (7.95 —21) |(10.30-33.20) 0.165° (4.01 — 13.40)| (4.19 - 9.64) 0.523"
Phosphorus (mg/dl) 567+1.53 | 534+£1.53 | 0471 | 449+0.78 | 4.61 £1.48 0.785"
Calcium (mg/dl) 8.45+1.31 | 8.60+£1.09 | 0.691" | 845+0.79 | 7.85+1.33 0.065"*
Echo parameters
M-mode dimensions
IVS thickness (mm) | 11.73+3.07 | 13.65+3.83|0.070% | 11.47+£2.29 | 13.78+2.15 | 0.003"
LVPW thickness (mm)| 10.51 £2.66 | 11.85+3.0 | 0.1197 | 10.78 + 1.85 | 13.02+2.53 | 0.002*
LVMI (g/m?) 125.0 £ 55.58/162.6 £ 63.71/0.041°" |107.7 + 34.60| 137.0 £ 35.57 | 0.014"
2D volumes
LVEF (%) 63.15+7.11 | 58.30 £ 4.69 | 0.011%| 61.61 £ 6.51 | 61.33+5.71 | 0.892°
63.85 74 69.15 83.12
LVEDVI(mlm?) | 51 0¢"01 34| (60— 94.60) | %446 |(60.20 95.85)| (71,50 86.41) | 043
24.62 29.60 26.03 31.60
LVESVI(mln®) |15 90”34 04)l(24.80 48.11)| %280 |20.95 40.29)| (24.48 33.30)| 0-54°
3451 44 28.47 36
LAESVI(mln®) | 5¢ 16751 o1)| (28— 55.65) | %228 |(25.48 38.65)| (33_39.75) | 0-086°
RVFWS (-ve %) 2342+ 6.68 | 18.94 % 6.67 | 0.030] 23.30 £ 6.61 | 23.39£4.89 | 0.9647

#: indicate student t-test, $: indicate Mann Whitney test and @: indicate Chi square test;*bold: significant;
Impaired GLS = GLS <16 %; preserved GLS = GLS 2 16 %; BMI: body mass index; CRP: C- reactive
protein; FGF-23: Fibroblast growth factor-23; GLS: global longitudinal strain of left ventricle ; IVS:
interventricular septum; LA ESVI: left atrial end-systolic volume indexed; LV EDVI: left ventricular end-
diastolic volume indexed; LVEF: left ventricular ejection fraction; LVMI: left ventricular mass index; LVPW:
left ventricular posterior wall; LV ESVI: left ventricular end-systolic volume indexed; PTH: parathyroid
hormone; RVFWS: Right-ventricular free-wall longitudinal strain.

Correlation between GLS and echo
Doppler parameters

The correlations between GLS and
echocardiographic Doppler parameters are
represented in (Table.4). A statistically

significant inverse correlation was found
between E/e’ and GLS in HD group and
CKD patients (r = -0.380, p = 0.010 and -
0.367, p = 0.013, respectively) (Fig.3).
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Table 4.Correlation between GLS and echo Doppler parameters

GLS (-ve %) vs. HD (n = 45) CKD (n = 45)
r p r p

Mitral flow Doppler

E of mitral inflow (cm/sec) -0.246 0.103 0.058 0.704

A of mitral inflow (cm/sec) -0.159 0.296 0.127 0.406

MV E/A -0.143 0.348 -0.161 0.289
Mitral annular velocities

Med e’vel (cm/s) 0.360" 0.015" 0.142 0.354

Lat e” vel (cm/s) 0.216 0.154 0.344" | 0.021"

E/ average ¢’ -0.380" 0.010° | -0.367 | 0.013"

35
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15
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35

30

25

20
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r: Pearson coefficient; *bold: significant; A: peak late diastolic transmitral velocity; E: peak early
diastolic transmitral velocity; e’: early diastolic mitral annular velocity; GLS: global longitudinal strain of left
ventricle

A r=-0.380"
b * p=0.010
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diastolic mitral annular velocity (E/e’) and global longitudinal strain (GLS) in pic (A) HD
patients and pic (B) CKD patients.
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Multivariate regression analysis of factors
affecting GLS in HD and CKD patients.

In a multiple regression model,
hypertension was the only significant

SVU-1JMS, 8(2): 505-520

independent determinant of impaired GLS in
HD patients while in CKD patients; LVMI
was the only significant independent
determinant (Table.5 and 6).

Table 5. Predictors of impaired GLS in HD patients by logistic regression analysis

. Univariate *Multivariate
Variables
p OR (LL - UL 95%C. 1) p OR (LL - UL 95%C. 1)
Hypertension 0.013" | 5.000 (1.402—17.830) | 0.013" | 7.967 (1.546 — 41.042)
LVMI (g/m?) 0.053 1.011 (0.999 — 1.023)
LVEF (%) 0.018" | 0.873(0.779—0.977) | 0.026" | 0.863 (0.757 — 0.983)
E/ average e’ 0.436 1.059 (0.916 — 1.225)
RVFWS (-ve %) 0.040" | 0.899 (0.813—0.995) | 0.022" | 0.852(0.743 —0.977)

Hosmer and Lemeshow Test (%?=9.607; p=0.212); OR: Odd's ratio; C.I: Confidence interval; LL: Lower
limit; UL: Upper Limit; #: All variables with p<0.05 was included in the multivariate; *: significant; E:
peak early diastolic transmitral velocity; e’: early diastolic mitral annular velocity; LVEF: left ventricular
ejection fraction; LVMI: left ventricular mass index; RVFWS: right-ventricular free-wall longitudinal

strain.

Table 6.Predictors of impaired GLS in CKD patients by logistic regression analysis

. Univariate *Multivariate
Variables
p OR (LL - UL 95%C. 1) p OR (LL - UL 95%C. 1)
Hypertension 0.067 | 3.520(0.918 —13.501)
CRP (mg/l) 0.050"| 1.017(1.000—1.033) |0.134 1.013 (0.996 — 1.031)
LVMI (g/m?) 0.022"| 1.023 (1.003 —1.044) |0.051 | 1.020(0.9999 —1.041)

Hosmer and Lemeshow Test (%*=5.129; p=0.644) ; OR: Odd's ratio; C.I: Confidence interval; LL: Lower limit;
UL: Upper Limit; #: All variables with p<0.05 was included in the multivariate; *: significant CRP: C- reactive

protein; LVMI: left ventricular mass index
Discussion

The CVD represents a significant
complication in patients with CKD and
end-stage renal disease (ESRD). The risk
of mortality following cardiac events, such
as myocardial infarction and HF, increases
progressively with advancing stages of
CKD (Menon et al., 2005).

In our study, we used GLS as
measured by 2D STE as a more sensitive
index of subclinical myocardial systolic
function. A low GLS greater than —16%,
indicative of LV systolic dysfunction, was
observed in 38% (34/90) of our patients,
despite the fact that all participants had a
normal LVEF. This finding supports
previous research indicating that strain
imaging-derived GLS can detect functional
changes before alterations in EF are
apparent using conventional
echocardiography (Panoulas et al., 2015).

Additionally, GLS has been shown to be a
prognostic marker for all-cause and CV
mortality in CKD patients (Krishnasamy
et al., 2015).

In our subgroup analysis, 46.7 % of
dialysis patients had impaired GLS
compared to 28.9% of patients with a
moderate CKD stage. Although the
difference between the two groups is not
statistically significant, it seems that
subclinical LV  myocardial systolic
dysfunction is more prevalent in HD
patients compared to CKD. In line with
our results, Liu et al. (2011) demonstrated
that impaired GLS correlated significantly
with the deterioration in eGFR in 153
patients 37 with stages 3-5 CKD, 60 with
ESRD on regular HD and 56 without
CKD.

The most plausible explanation
could be that left ventricular longitudinal
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dysfunction, as assessed by GLS, reflects
early myocardial changes related to CKD,
such as myocardial ischemia, hypertrophy,
and fibrosis. Subendocardial longitudinal
myocardial ~ fibers are  particularly
vulnerable to decreased coronary perfusion
and increased wall stress. (Panoulas et al.,
2015).

Adding to the aforementioned
explanation, the higher incidence of
impaired GLS in dialysis patients
compared to CKD can be attributed to the
circulatory stress imposed by HD. This
will eventually lead to acute reversible
segmental myocardial hypoperfusion that
result in regional systolic contractile
dysfunction, known as myocardial
stunning. When this process occurs
repeatedly, the cumulative injury leads to
permanent systolic dysfunction
(Mclntyre, 2010).

Furthermore, we thought to
highlight in our study the possible
association between impaired GLS and
traditional CV risk factors in both groups.
HD patients with a known history of
hypertension had a significantly impaired
GLS compared to normotensives. It is well
known that hypertension, combined with
metabolic alterations related to the uremic
environment, can lead to vascular wall
injury including exaggerated
atherosclerosis and arteriosclerosis leading
to arterial stiffness (Fliser et al., 2011) .

These observations align with prior
research that has shown a link between
aortic stiffness and impaired GLS. They
concluded that LV systolic function may
be impaired due to ventricular vascular
stiffening in advanced CKD patients
(Krishnasamy et al., 2015). Furthermore,
in a meta-analysis carried out by
Yingchonacharoen et al. (2013), systolic
blood pressure was a major determinant in
the variation of GLS values.

Another aim of the research was to
investigate the possible contribution of
CKD-related CV risk factors especially
mineral bone disease on LV dysfunction.
Recently, FGF-23 and Klotho appeared to
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be important regulator of calcium-
phosphate  homeostasis. They  may
represent the missing clue in the link
between CKD and CVD (Shimada et al.,
2004).

As CKD progresses, serum FGF-23
becomes higher due to phosphate
retention, while soluble a-Klotho levels
decline. In accordance with the literature,
we found significantly higher FGF-23
levels and lower soluble a-klotho levels in
HD patients compared to patients with a
moderate CKD stage. However, no
association was found between both serum
levels and GLS values in both groups.
According to our findings, the
incorporation of a new technique, such as
2D STE in combination with FGF23 and
soluble a-klotho, didn’t increase the

diagnostic  sensitivity of  detecting
subclinical myocardial systolic
dysfunction.

There are probable justifications
for these results. CVD and disorders of
mineral homeostasis start to arise in the
earlier CKD stages. Thus, our study
groups with moderate to advanced CKD
stages have probably been subjected to an
environment  prompting  myocardial
systolic or even DD for a long duration of
time. In this study, we only assessed
soluble a-Klotho and FGF-23 levels at the
time of enrollment. Consequently, both
levels do not represent the burden of
mineral bone disease in our population.
Hence, the relationship between both
biomarkers and subclinical myocardial
systolic dysfunction as assessed by GLS
might be weakened by the time patients
have reached advanced CKD stages.

Adding strength to our
observations, in a study conducted by
Tanaka et al. (2016), FGF23 correlated
significantly with low EF in patients with
early CKD stages G1, G2, and G3a. On the
contrary, the relationship was not
significant in patients with advanced CKD
(CKD G3b-G5). On the other hand, the
relationship between o-Klotho and left
ventricular systolic dysfunction was not
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significant among patients with no CKD
(stage G1 and G2). In our study, only 6.7
% of our patients were at stage G3a while
the remaining were at a more advanced
CKD  stage including those on
maintenance HD. This could provide a
possible explanation for the lack of
association between both biomarkers and
GLS. To conclude, mineral bone disease
parameters could serve as an early CV risk
biomarker in patients with earlier stages of
CKD.

In our study, apart from being
affected by hypertension (increased
afterload), impaired GLS correlated
significantly with impaired E/e’ ratio
(assessed by tissue Doppler imaging) in
both studied groups. Elevated E/e’ ratio
serves as a dependable and early indicator
of diastolic dysfunction with a proven
association with poor CV outcome in
patients with renal disease (Untersteller et
al., 2016). It is plausible that early
subclinical ~ diastolic ~ and  systolic
dysfunction coincide in renal disease,
potentially contributing to the elevated
rates of mortality and morbidity observed
independent of disease stage. Similar to
ours, in a study conducted by Ravera et
al. (2019), the E/e’ ratio was the most
powerful independent predictor of
abnormal GLS in CKD, HD and renal
transplant patients.

Interestingly, apart from being a
sensitive  indicator ~ of  subclinical
myocardial dysfunction, researches have
proposed that GLS may provide further
information. De Vore et al. (2016)
demonstrated that GLS could serve as an
indicator of myocardial fibrosis and thus,
diastolic dysfunction. This was evidenced
by the connection between impaired GLS
and elevated levels of N-terminal pro-brain
natriuretic peptide (NT-proBNP) and
biomarkers of collagen synthesis in the
blood. In our study, the observation that
individuals with impaired GLS exhibited
elevated E/e’ ratios, which is indicative of
diastolic dysfunction, further supports the
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hypothesis that myocardial fibrosis may
explain the observed diastolic impairment.

In our study, increased LVMI was
significantly linked with impaired GLS in
CKD and ESRD patients. Our findings
extend the report of Hensen et al. (2018)
who found a high prevalence of impaired
LV GLS in patients diagnosed with CKD
stage 3b—5 which was independently
associated with higher LVMI.

From the pathophysiologic point of
view, the link between low GLS and
higher LVMI values can be attributed to
the following: myocardial hypertrophy led
to the activation of autophagic and
apoptotic signals that raised collagen
synthesis within the extracellular matrix
subsequently leading to myocardial
fibrosis (Graham-Brown et al., 2017). In
addition, left ventricular hypertrophy
increases the myocardial oxygen demand
that leads to worse myocardial perfusion
and further interstitial fibrosis (Graham-
Brown et al.,, 2017). These structural
changes contribute to abnormal LV
contractility, which can be analyzed with
LV GLS.

In the multiple regression model,
which included known confounding
variables, we tried to distinguish the
independent determinants of impaired GLS
in both groups. A statistically significant
association existed between GLS and a
history of hypertension in HD patients
while LVMI seems to be the most important
determinant of abnormal GLS in CKD
patients.

At the end of our study, we sought to
extend our observations by evaluating RV
systolic function in the studied sample. A
low RVFWS (< 20%) suggestive of RV
systolic dysfunction was found in 44.4 %
of dialysis patients compared to 24.4% in
patients with moderate CKD stage. The
difference between the two groups was
statistically significant. The impaired RV
function in dialysis patients correlated
significantly with the impaired LV systolic
function as assessed by GLS. Thus, STE
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echocardiography demonstrated an
interconnected  biventricular  systolic
dysfunction in asymptomatic ESRD
patients on maintenance hemodialysis.

Our results are consistent with the
retrospective cohort study carried out by
Mavrakanas etal. (2018), which
demonstrated that patients with worse
eGFR had more structural and functional
LV and RV impairments including RV
hypertrophy, systolic impairment, or
dilated RV than those with more preserved
renal function. Furthermore, Hickson et
al. (2016) provided evidence supporting
the link between RV and LV in HD
patients, showing that the death rates were
two-fold higher in those with biventricular
dysfunction compared to those with only
impaired LV function.

RV dysfunction in ESRD patients
could be attributed to fluid retention,
anemia, uremia, hyperparathyroidism and
a high output state from the AVF. Paneni
et al. (2010) showed that AVF has a
crucial role in RV dysfunction in HD
patients. AVF induces chronic volume or
pressure overload in the RV, particularly
in brachial AVF compared to radial AVF.
This chronic overload leads to a leftward
shift of the interventricular septum,
thereby impairing LV function (Paneni et
al., 2010). This fact could in part explain
the subclinical biventricular affection
observed in our dialysis patients.
Conclusion

Subclinical LV and RV systolic
dysfunction are present in patients with
moderate CKD stages 3 and 4 and
becomes worse in dialysis patients. The
impaired RV function in dialysis patients
was significantly associated with impaired
GLS suggesting interconnected
biventricular dysfunction in asymptomatic
ESRD  patients. The  history of
hypertension in HD patients and LVMI in
CKD were the most powerful independent
predictors of abnormal GLS. Finally, the
incorporation of a new technique, such as
2D STE in combination with FGF23 and
soluble a-klotho, didn’t increase the
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diagnostic  sensitivity of  detecting
subclinical myocardial systolic
dysfunction.
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References

e de Albuquerque Suassuna PG,
Sanders-Pinheiro H, de Paula RB
(2018). Uremic cardiomyopathy: A
new piece in the chronic kidney
disease-mineral and bone disorder
puzzle. Frontiers in Medicine, 5(7):1-
10.

e Devore AD, McNulty S, Alenezi F,
Ersboll M, Vader JM, Oh JK, et al.
(2017). Impaired left ventricular global
longitudinal strain in patients with
heart failure with preserved ejection
fraction : insights from the RELAX
trial. European Journal of Heart
Failure, 19(7):893-900.

e Fine NM, Chen L, Bastiansen PM,
Frantz RP, Pellikka PA, Oh JK, et
al. (2015). Reference Values for Right
Ventricular Strain in Patients without

Cardiopulmonary Disease: A
Prospective Evaluation and Meta-
Analysis. Echocardiography,

32(5):787-96.

e Fliser D, Wiecek A, Suleymanlar G,
Ortiz A, Massy Z, Lindholm B, et al.
(2011) . The dysfunctional
endothelium in CKD and in
cardiovascular disease: mapping the
origin(s) of cardiovascular problems in
CKD and of kidney disease in
cardiovascular  conditions for a
research agenda. Kidney International
Supplements, 1(1):6-9.

e Go AS, Chertow GM, Fan D,
McCulloch CE, Hsu C (2004).
Chronic Kidney Disease and the Risks
of Death, Cardiovascular Events, and
Hospitalization. New England Journal
of Medicine, 351(13):1296-305.

e Grabner A and Faul C (2016). The
role of fibroblast growth factor 23 and
Klotho in wuremic cardiomyopathy.
Current Opinion in Nephrology and
Hypertension, 25(4): 314-24.

e Graham-Brown MPM, Patel AS,

518



Abdel Moniem et al (2025)

Stensel DJ, March DS, McAdam J,
McCann GP, et al. (2017). Imaging of
Myocardial Fibrosis in Patients with
End-Stage Renal Disease: Current
Limitations and Future Possibilities.
Biomed Research International.
2017:5453606.

Gross M and Ritz E (2008). Non-
coronary heart disease in dialysis
patients: Hypertrophy and Fibrosis in
the Cardiomyopathy of Uremia—
Beyond Coronary Heart Disease.
Seminars in Dialysis ,21(4):308-18.
Hensen LCR, Goossens K, Delgado
V,AbouR, RotmansJI, Jukema
JW, et al. (2018). Prevalence of left
ventricular systolic dysfunction in pre-
dialysis and dialysis patients with
preserved left ventricular ejection
fraction. European Journal of Heart
Failure,20(3):560-8.

Hickson LJ, Negrotto SM,
Onuigbo M, Scott CG, Rule AD,
Norby SM, et al. (2016).
Echocardiography Criteria for
Structural Heart Disease in Patients
with  End-Stage Renal Disease
Initiating Hemodialysis. Journal of the
American College of Cardiology,
67(10):1173-1182.

Hu MC, Shi M, Zhang J, Addo
T, Cho HJ, Barker SL, et al. (2016).
Renal  Production, Uptake, and
Handling of Circulating aKlotho.
Journal of the American
Society of Nephrology,27(1):79-90.
Hu MC, Shiizaki K, Kuro-o M, Moe
OW (2013). Fibroblast Growth Factor
23 and Klotho: Physiology and
Pathophysiology of an Endocrine
Network of Mineral Metabolism.
Annual Review of Physiology,
75(1):503-33.

Krishnasamy R, Hawely CM,
Stanton T, Pascoe EM, Campbell
KL, Rossi M, et al. (2015). Left
ventricular global longitudinal strain is
associated with cardiovascular risk
factors and arterial stiffness in chronic
kidney disease. BMC

SVU-1JMS, 8(2): 505-520

Nephrology,16(106):1-9.
Krishnasamy R, Isbel NM, Hawely
CM, Pascoe EM, Burrage M, Leano
R, et al. (2015). Left ventricular global
longitudinal strain (GLS) is a superior
predictor of all-cause and
cardiovascular mortality when
compared to ejection fraction in
advanced Chronic Kidney Disease.
PLoS One, 10(5): e0127044.

Leitman M, Lysyansky P, Sidenko
S, Shir V, Peleg E, Binenbaum M, et
al. (2004).Two-dimensional strain—a
novel software for  real-time

quantitative echocardiographic
assessment of myocardial function.
Journal of the American

Society of Echocardiography,
17(10):1021-9.

Levey AS and Stevens LA (2010).
Estimating GFR wusing the CKD
Epidemiology Collaboration (CKD-
EPI) creatinine equation: more
accurate GFR estimates, lower CKD
prevalence estimates, and better risk
predictions. American Journal of
Kidney Diseases, 55(4):622-7.

Liu Y-W, Su C-T, Huang Y-
Y, Yang C-S, Huang J-W, Yang M-
T, et al. (2011). Left ventricular
systolic strain in chronic kidney
disease and hemodialysis patients.
American Journal of  Nephrology,
33(1):84-90.

Liu Y-W, Tsai W-C, Su C-T, Lin C-
C, Chen J-H (2009). Evidence of Left
Ventricular ~ Systolic ~ Dysfunction
Detected by Automated Function
Imaging in Patients With Heart Failure
and Preserved Left Ventricular
Ejection Fraction. Journal of
Cardiac Failure, 15(9):782-9.

Maisel AS, Katz N, Hillege HL,
Shaw A, Zanco P, Bellomo R, et al.
(2011). Biomarkers in kidney and heart
disease. Nephrology Dialysis
Transplantation, 26(1):62—-74.
Mavrakanas TA, Khattak A, Singh
K, Charytan DM (2018).
Echocardiographic  parameters and

519


https://pubmed.ncbi.nlm.nih.gov/?term=Goossens+K&cauthor_id=29164753
https://pubmed.ncbi.nlm.nih.gov/?term=Delgado+V&cauthor_id=29164753
https://pubmed.ncbi.nlm.nih.gov/?term=Abou+R&cauthor_id=29164753
https://pubmed.ncbi.nlm.nih.gov/?term=Rotmans+JI&cauthor_id=29164753
https://pubmed.ncbi.nlm.nih.gov/?term=Jukema+JW&cauthor_id=29164753
https://pubmed.ncbi.nlm.nih.gov/?term=Negrotto+SM&cauthor_id=26965538
https://pubmed.ncbi.nlm.nih.gov/?term=Onuigbo+M&cauthor_id=26965538
https://pubmed.ncbi.nlm.nih.gov/?term=Scott+CG&cauthor_id=26965538
https://pubmed.ncbi.nlm.nih.gov/?term=Rule+AD&cauthor_id=26965538
https://pubmed.ncbi.nlm.nih.gov/?term=Norby+SM&cauthor_id=26965538
https://pubmed.ncbi.nlm.nih.gov/?term=Shi+M&cauthor_id=25977312
https://pubmed.ncbi.nlm.nih.gov/?term=Zhang+J&cauthor_id=25977312
https://pubmed.ncbi.nlm.nih.gov/?term=Addo+T&cauthor_id=25977312
https://pubmed.ncbi.nlm.nih.gov/?term=Cho+HJ&cauthor_id=25977312
https://pubmed.ncbi.nlm.nih.gov/?term=Barker+SL&cauthor_id=25977312
https://pubmed.ncbi.nlm.nih.gov/?term=Lysyansky+P&cauthor_id=15452466
https://pubmed.ncbi.nlm.nih.gov/?term=Sidenko+S&cauthor_id=15452466
https://pubmed.ncbi.nlm.nih.gov/?term=Shir+V&cauthor_id=15452466
https://pubmed.ncbi.nlm.nih.gov/?term=Peleg+E&cauthor_id=15452466
https://pubmed.ncbi.nlm.nih.gov/?term=Binenbaum+M&cauthor_id=15452466
https://pubmed.ncbi.nlm.nih.gov/?term=Su+CT&cauthor_id=21178338
https://pubmed.ncbi.nlm.nih.gov/?term=Huang+YY&cauthor_id=21178338
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+CS&cauthor_id=21178338
https://pubmed.ncbi.nlm.nih.gov/?term=Huang+JW&cauthor_id=21178338
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+MT&cauthor_id=21178338

Abdel Moniem et al (2025)

renal outcomes in patients with
preserved renal function , and mild-
moderate  CKD. BMC Nephrology,
19:176.

Mclntyre CW (2010). Haemodialysis-
induced myocardial stunning in
chronic kidney disease - a new aspect
of cardiovascular disease. Blood
Purification, 29(2):105-10.

Menon V, Gul A, Sarnak M.J (2005).
Cardiovascular risk factors in chronic
kidney disease. Kidney International,
68(4):1413-1418.

Ori Y, Korzets A, Katz M, Perek Y,
Zahavi 1, Gafter U (1996).
Haemodialysis arteriovenous access - a
prospective haemodynamic evaluation.
Nephrology Dialysis Transplantation,
11(1):94-7.

Paneni F, Gregori M, Ciavarella
GM, Sciarretta S, Biase LD, Marino L,
et al. (2010). Right Ventricular
Dysfunction in Patients with End-
Stage Renal Disease. American journal
of Nephrology, 32(5):432-8.

Panoulas VF, Sulemane S,
Konstantinou K, Bratsas A, Elliott SJ,
Dawson D, et al. (2015). Early
detection of subclinical left ventricular
myocardial dysfunction in patients
with chronic kidney disease. European
Heart Journal: Cardiovascular Imaging,
16(5):539-48.

Park M, Hsu C-Y, Li Y, Mishra RK,
Keane M, Rosas SE, et al. (2012).
Associations between kidney function
and subclinical cardiac abnormalities
in CKD. Journal of the American
Society of Nephrology, 23(10):1725—
34.

Ravera M, Rosa GM, Fontanive P,
Bussalino E, Dorighi U, Picciotto D,
et al. (2019). Impaired Left
Ventricular Global Longitudinal Strain
among Patients with Chronic Kidney
Disease and End-Stage Renal Disease

SVU-1JMS, 8(2): 505-520

and Renal Transplant Recipients.
Cardiorenal Medicine, 9(1):61-8.
Saran R, Robinson B, Abbott
KC, Agodoa LYC, Bhave N, Bragg-
Gresham J, et al. (2018). US Renal
Data System 2017 Annual Data
Report:  Epidemiology of Kidney
Disease in the United States. American
Journal of Kidney Diseases ,71(3):A7.
Shimada T, Hasegawa H, Yamazaki
Y, Muto T, Hino R, Takeuchi Y, et
al. (2004). FGF-23 Is a Potent
Regulator of Vitamin D Metabolism
and Phosphate Homeostasis. Journal of
Bone and Mineral Research
19(3):429-35.

Shimada T, Yamazaki Y, Takahashi
M, Hasegawa H, Urakawa I, Oshima
T, et al. (2005). Vitamin D receptor-
independent FGF23  actions in
regulating phosphate and vitamin D
metabolism. American Journal of
Physiology-Renal Physiology,
289(5):F1088-95.

Tanaka S, Fujita S, Kizawa S,
Morita H, Ishizaka N (2016).
Association between FGF23, a-Klotho,
and Cardiac Abnormalities among
Patients with Various Chronic Kidney
Disease  Stages. PLOS One ,
11(7):e0156860.

Untersteller K, Girerd N, Duarte
K, Rogacev KS, Seiler-Mussler
S, Fliser D, et al.(2016). NT-proBNP
and Echocardiographic Parameters for
Prediction of Cardiovascular Outcomes
in Patients with CKD Stages G2 — G4.
Clinical Journal of The American
Society of Nephrology, 11(11):1978-
1988.

Yingchoncharoen T, Agarwal S,
Popovi¢ ZB, Marwick TH (2013).
Normal ranges of left ventricular
strain: A meta-analysis. Journal of the
American Society of
Echocardiography, 26(2):185-91.

520


https://pubmed.ncbi.nlm.nih.gov/?term=Gregori+M&cauthor_id=20881380
https://pubmed.ncbi.nlm.nih.gov/?term=Ciavarella+GM&cauthor_id=20881380
https://pubmed.ncbi.nlm.nih.gov/?term=Sciarretta+S&cauthor_id=20881380
https://pubmed.ncbi.nlm.nih.gov/?term=De+Biase+L&cauthor_id=20881380
https://pubmed.ncbi.nlm.nih.gov/?term=Marino+L&cauthor_id=20881380
https://pubmed.ncbi.nlm.nih.gov/?term=Sulemane+S&cauthor_id=25428945
https://pubmed.ncbi.nlm.nih.gov/?term=Konstantinou+K&cauthor_id=25428945
https://pubmed.ncbi.nlm.nih.gov/?term=Bratsas+A&cauthor_id=25428945
https://pubmed.ncbi.nlm.nih.gov/?term=Elliott+SJ&cauthor_id=25428945
https://pubmed.ncbi.nlm.nih.gov/?term=Dawson+D&cauthor_id=25428945
https://pubmed.ncbi.nlm.nih.gov/?term=Hsu+CY&cauthor_id=22935481
https://pubmed.ncbi.nlm.nih.gov/?term=Li+Y&cauthor_id=22935481
https://pubmed.ncbi.nlm.nih.gov/?term=Mishra+RK&cauthor_id=22935481
https://pubmed.ncbi.nlm.nih.gov/?term=Keane+M&cauthor_id=22935481
https://pubmed.ncbi.nlm.nih.gov/?term=Rosas+SE&cauthor_id=22935481
https://pubmed.ncbi.nlm.nih.gov/?term=Rosa+GM&cauthor_id=30485849
https://pubmed.ncbi.nlm.nih.gov/?term=Fontanive+P&cauthor_id=30485849
https://pubmed.ncbi.nlm.nih.gov/?term=Bussalino+E&cauthor_id=30485849
https://pubmed.ncbi.nlm.nih.gov/?term=Dorighi+U&cauthor_id=30485849
https://pubmed.ncbi.nlm.nih.gov/?term=Picciotto+D&cauthor_id=30485849
https://pubmed.ncbi.nlm.nih.gov/?term=Robinson+B&cauthor_id=29477157
https://pubmed.ncbi.nlm.nih.gov/?term=Abbott+KC&cauthor_id=29477157
https://pubmed.ncbi.nlm.nih.gov/?term=Agodoa+LYC&cauthor_id=29477157
https://pubmed.ncbi.nlm.nih.gov/?term=Bhave+N&cauthor_id=29477157
https://pubmed.ncbi.nlm.nih.gov/?term=Bragg-Gresham+J&cauthor_id=29477157
https://pubmed.ncbi.nlm.nih.gov/?term=Bragg-Gresham+J&cauthor_id=29477157
https://pubmed.ncbi.nlm.nih.gov/?term=Hasegawa+H&cauthor_id=15040831
https://pubmed.ncbi.nlm.nih.gov/?term=Yamazaki+Y&cauthor_id=15040831
https://pubmed.ncbi.nlm.nih.gov/?term=Muto+T&cauthor_id=15040831
https://pubmed.ncbi.nlm.nih.gov/?term=Hino+R&cauthor_id=15040831
https://pubmed.ncbi.nlm.nih.gov/?term=Takeuchi+Y&cauthor_id=15040831
https://pubmed.ncbi.nlm.nih.gov/?term=Yamazaki+Y&cauthor_id=15040831
https://pubmed.ncbi.nlm.nih.gov/?term=Hasegawa+H&cauthor_id=15040831
https://pubmed.ncbi.nlm.nih.gov/?term=Girerd+N&cauthor_id=27515593
https://pubmed.ncbi.nlm.nih.gov/?term=Duarte+K&cauthor_id=27515593
https://pubmed.ncbi.nlm.nih.gov/?term=Rogacev+KS&cauthor_id=27515593
https://pubmed.ncbi.nlm.nih.gov/?term=Seiler-Mussler+S&cauthor_id=27515593
https://pubmed.ncbi.nlm.nih.gov/?term=Fliser+D&cauthor_id=27515593
https://journals.lww.com/cjasn/toc/2016/11000
https://journals.lww.com/cjasn/toc/2016/11000

	• Paneni F, Gregori M, Ciavarella GM, Sciarretta S, Biase LD,  Marino L, et al. (2010).  Right Ventricular Dysfunction in Patients with End-Stage Renal Disease. American journal of Nephrology, 32(5):432-8.
	• Panoulas VF, Sulemane S, Konstantinou K, Bratsas A, Elliott  SJ, Dawson D, et al. (2015).  Early detection of subclinical left ventricular myocardial dysfunction in patients with chronic kidney disease. European Heart Journal: Cardiovascular Imaging...
	• Park M, Hsu C-Y, Li Y, Mishra RK, Keane M, Rosas SE, et al. (2012). Associations between kidney function and subclinical cardiac abnormalities in CKD. Journal of the American Society of Nephrology, 23(10):1725–34.

