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ABSTRACT

Background: To assess the cardiac functions in patients with chronic kidney disease (CKD).

Methods: 150 patients with CKD were randomly selected. 12 lead ECG were performed to detect CVD. All Patients
were diagnosed with CKD. The left ventricular ejection fraction (LVEF) and fractional shortening (FS) were taken as
measures of LV systolic function. Diastolic function was determined by measuring early to late peak velocities (E/A)
ratio by spectral Doppler LV inflow velocity.

Results: Male: female 95 and 55, hypertension 67% was leading cause of CKD. Diastolic dysfunction as denoted by
E/A ratio of less than 0.75 or more than 1.8 was present in 64% of patients. Regional wall motion abnormality (RWMA)
was present in 14%. LVH was present in 74%. Systolic dysfunction as measured by reduced fractional shortening
(<25%) and decreased LVEF (<52%) was present in 8% and 12% respectively. PE was noted in 15% of patients.
Valvular calcification in 8% of CKD patients. Mean LV internal diameter in diastole was 41+6 mm. Mean
Interventricular septum diameters in systole was11.9+1.21 mm. Mean LA diameter was 29+4 mm. Statistically
significant difference was noted in LVH and E/A ratio in hypertensive group as compared to normotensive group.
Conclusions: LV diastolic dysfunction also happens in patients who having the early stage of CKD. Hypertensive
patients along with CKD had found higher widespread presence of diastolic and systolic dysfunction as compared to
normotensive.
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INTRODUCTION

Cardiovascular disease (CVD) is the supreme cause of
morbidity and mortality amid patients with CKD. In spite
of alteration for known CAD risk factors, including
hypertension and diabetes and mortality risk dynamically
intensifying with worsening condition of CKD.* Chronic
kidney disease is a non-communicable disease typically
caused by diabetes and hypertension.? The extremity of
CKD can be proficient by a reasonable serum creatinine-
based estimated glomerular filtration rate (eGFR), which

also indicates excretory kidney function, and elevated
urinary albumin measured by the urinary albumin-to-
creatinine ratio (ACR), which is a best predictor of kidney
damage.® In 2017, the worldwide prevalence of CKD was
9.1% (95% uncertainty interval [UI] 8.5 to 9.8), which is
roughly estimated 700 million cases. Since 1990, the
prevalence of CKD has intensified by 29.3% (26.4 to
32.6), but age-standardized prevalence has remained
untouched during this period (1.2%, -1.1 to 3.5). A
worthwhile rise was noted in age-standardized incidence
of end-stage kidney disease (ESKD) which is treated by
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renal replacement therapy, with dialysis and kidney
transplantation. The global strengthen in mortality from
CKD since 1990 was 41.5% (95% Ul 35.2 to 46.5), such
that mortality from CKD, and cardiovascular disease
deaths in debt to impede kidney function caused 4-6% (4.3
to 5) of worldwide deaths in 2017, which manifested that
CKD is the 12th leading cause of death globally in 2017,
as an increase from 17" in 1990.*
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Figure 1: Risk factor of kidney disease.®

Hypertension and CKD are intimately interlinked
pathophysiologic phenomenon, such that associated with
hypertension can lead to worsening kidney function and
progressive lowering in Kkidney function and can
contrariwise lead to worsening blood pressure (BP)
control.® As per WHO high blood pressure as systolic
blood pressure of >140 mmHg or diastolic blood pressure
of >90 mmHg or receiving any medication for high blood
pressure.” High blood pressure (BP) is the most
considerable risk factor for the development and
progression of CKD as well as more deaths and disease
worldwide than any other single health risk factor.81°
Early detection of high BP and its appropriate management
is required as possible as to makes a difference in the
prevention of CKD progression and control of the CKD
health burden.!! Furthermore inexpensive interventions for
diabetes, hypertension, and CKD can have a meaningful
effect on clinical and societal outcomes.'? If left
uncontrolled, hypertension can cause stroke, myocardial
infarction, cardiac failure, dementia, renal failure and
blindness. An estimated worldwide 22% of adults aged 18
years and over around the world had raised blood pressure
(defined as a systolic and/or diastolic blood pressure
>140/90 mmHg) in 2014.13

Coronary artery disease which includes myocardial
infarction, congestive heart failure (CHF) and pericardial

disease are the frequent disclosures of vital cardiovascular
abnormalities in the ESRD. Approximately 30% of
patients reaching ESRD already have subclinical and
clinical evidence of ischemic heart disease or CHF.
Furthermore, patients with alleviate glomerular filtration
rate (GFR) are presumed to die of CVD even before they
are to develop ESRD. Heart failure description for
about15%, myocardial infarction for about 10% and
pericarditis for about 3% of dialysis accompanying
mortality.** Coronary calcification is widespread among
patients with CKD although the prognostic value is
probably similar to that in the local population, the
progression of coronary calcification is expeditious with
intensifying CKD.%®

CKD is a state of promoted atherosclerosis, the most
common demonstration in ESRD are heart failure and
sudden cardiac death rather than myocardial infarction;
this reflects the impact of abnormalities like high
prevalence of left ventricular dysfunction and secondary to
the LVH in dialysis rather than atheromatous coronary
heart disease.'®*” ESRD is the irreversible decline of renal
function which results into impairment of excretory,
metabolic and endocrine functions leading to evolution of
the clinical syndrome of uremia.’® Thereafter, CV risk
intensifying gradually and is maximal in patients with
ESRD requiring dialysis and prompted effective treatment
with age adjusted CV risk at least 20 times that of the
common population.?®?°  Whereas standard clinical
guidelines perceived CKD as a “modifying factor” to be
scrutinized using the standard risk equations, they do not
formally encompass kidney-specific variables, even
though eGFR is effortlessly available.?! We aimed to
assess the cardiac functions in CKD patients. After all
laboratory test and Echocardiographic findings of
hypertensive and normotensive patients, data were
calculated and summarize. Comorbid patients were also
included in the study and statistically significant difference
was found in LVH and E/A ratio in hypertensive group as
compared to normotensive group.

METHODS

An observational study was carried out in 150 patients
from department of medicine and cardiology from Parul
Sevashram hospital, Vadodara, Gujarat India between Sep
2021 to 15 March 2022 after obtaining an approval from
institutional ethics committee. Data were collected in the
predesigned Patient Profile Form along with complete
laboratory reports and all relevant history. All the patients
were gone through two-dimensional and M mode
echocardiography for determination of their cardiac
functions. the analysis made from the data was reported in
predesigned forms which includes information such as
patient demographic details (BP, all vitals, weight, medical
& medication history) and required laboratory information
(Serum creatinine, GFR).

All patients were evaluated physically, clinically,
biochemically and radiological test were done as per
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discretion of physician. Additionally, all required
examinations were performed as and when required.

Echocardiography was executed using a cardiac ultrasound
unit with a 2-3.5 MHz transducer. TDI was performed in
all patients with images taken. Left ventricular end-
diastolic, systolic dimensions, end-diastolic, and systolic
wall thickness of the inter-ventricular septum and left
ventricular wall were determined using standard
echocardiography2-D and M-mode measurements. M
mode recording perpendicular to the long axis of and
through the center of the left ventricle at the papillary
muscle level were taken as standard measurements of the
systolic and diastolic wall thickness and chamber
dimensions. The LVEF and fractional shortening (FS)
were taken as measure of left ventricular systolic function.
Diastolic function was determined by measuring E/A ratio
by special Doppler inflow velocity (E is peak early diastole
velocity and A is peak atrial filling velocity of left ventricle
across mitral valve). E/A ratio less than 0.75 and more than
1.8 was considered as diastolic dysfunction. LVH was
diagnosed when interventricular septum thickness or left
ventricular posterior wall thickness was > 12 mm.

Fractional shortening (s) was calculated as:

FS (%)=(LVDd-LVDs)x100 normal range being 25% to
45% (LVDd)

LVDd: Left ventricle internal diameter in diastole and
LVDs: Left ventricle internal diameter in systole

Ejection fraction was calculated as:

LV EF (%)=(LVVd-LVVs) x 100 normal=59.2+6%
(Lvvd)

LVVd: Left ventricle volume in diastole and LVVs: Left
ventricle volume in systole

Study criteria

Inclusion criteria

Patients with age about > 18 years, GFR should be <90
ml/min/ 1.73 m?, serum creatinine >3 mg/dl and subjects
having confirm diagnosis of CKD >6 month were included
in the study.

Exclusion criteria

Pregnant, lactating women, mentally ill or other
psychological subjects, subject who are on antineoplastic
medication, post traumatic patient, patient who had severe
coarse of COVID-19 and other comorbid disease or
condition which can interfere with study as per
investigators discretion were excluded from the study.

Biochemical estimations

Physical examination, all vitals, GFR, serum creatinine,
CBC, cardiac biomarker, kidney function test and

echocardiography were performed. Additional tests were
performed based on investigator discretion as applicable.

Statistical analysis

The data was represented graphically in MS-excel with
median values.

RESULT

This study included 150 patients with 95 (63.33 %) male
and 55 (36.66 %) female who were diagnosed with chronic
kidney disease (stage 1 to 5) or End stage renal disease
based on laboratory interpretation of GFR (<90
ml/min/1.73 m?) and serum creatinine (>3 mg/dl). Among
that 75 (50 %) patients were hypertensive (BP >140/90
mmhg) and 75 (50%) were normotensive.

Table 1: Subject’s demography including clinical
characteristic, (n=150).

Variables Total, n (%

18- 75
A (e (Mean 55+10)
Male 95 (63.33)
Gender Female 55 (36.66)
BMI (mean) (kg/m?) 25.5
Hypertensive 101 (67)
Normotensive 50 (33)
Haemodialysis 60 (40)
End-stage
renal disease 66 (44)
(Stage 4 and 5)
.. Diabetes 56 (37)
Clinical :
.. Reduced urine
characteristics output 108 (71.3)
Nocturia 42 (27.9)
Haematuria 18 (11.8)
Pruritus 19 (12.9)
Pallor 96 (63.2)
Pedal oedema 93 (61.7)
Proteinuria 72 (47.7)
Primary 78 (52)
Educational Secondary 28 (18.66)
status Tertiary 18 (12)
None 26 (17.33)
Employed 60 (40)
Occupation Unemployed 57 (38)
Others 33 (22)
Married 88 (58.66)
Marital status  Single 21 (14)
Others 41 (27.33)

The subjects were classified in to 5 groups based on GFR.
Among that 60 patients were on hemodialysis. We also
found that E/A increased in parallel with the severity of
kidney dysfunction, apart from patients with very advanced
CKD (group 5).
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Table 2: Analyzed patients based on CKD stages,

(n=75).
Stage of CKD Hypertensive  Normotensive
Stage 1 (GFR 90 6 9
or higher)
Stage 2 (GFR 89 9 9
to 60)
Stage 3a (GFR
59 to 45) 0 =
Stage 3b (GFR
44 to 30) 12 18
Stage 4 (GFR 29
t0 15) 24 15
Stage 5 (GFR 15 12

less than 15)

Echocardiography showed that major contributing factors
for left ventricular hypertrophy and diastolic dysfunction
were hypertension. Major contributing factor for systolic
dysfunction was RWMA due to ischemic heart disease.
Echocardiography  showed that left ventricular
hypertrophy (LVH) was present in 111 (74%). Systolic
dysfunction as measured by reduced fractional shortening
(<25%) and decreased LVEF (<52%) was present in (13)
8% and 18 (12%) respectively.

Diastolic dysfunction as denoted by E/A ratio of less than
0.75 or more than 1.8 was present in 96 (64%) of patients.
RWMA was present in 21 (14%). Pericardial effusion was
noted in 23 (15%) of patients. Valvular calcification was
noted in 12 (8%) of CKD patients. Echocardiography was
more sensitive for detecting LVH and minimal pericardial
effusion prior to clinical detection. Statistically significant
difference was noted in LVVH and E/A ratio in hypertensive
group as compared to normotensive group.

Mean left ventricular internal diameter in diastole was
41+6 mm. Mean Interventricular septum diameters in
systole was11.9+1.21 mm. Mean left atrium diameter was
29+4 mm. E/A was elevated in group 5 as measure up with
group 4, even though the difference was not significant, and
E was significant lower in groups 1, 2, 3, and 4compared
with group 5. These results suggest that the left ventricle
filling pressure may be higher in group 5 than groups 1, 2,
or 3. However, there is flexibility that it is affected by
intrinsic volume overload in hemodialysis patients. Even a
moderate decline in kidney function is associated with a
significant worse prognosis in patients with under-lying
CHF. E/A ratio were lower in CKD subjects, these results
show that left ventricular diastolic dysfunction is present
in all patients with CKD, including those with an early
stage of the disease due to hypertension.

Echocardiography was executed using a cardiac ultrasound
unit with a 2-3.5 MHz transducer. TDI was performed in
all patients with images taken. Left ventricular end-
diastolic, systolic dimensions, end-diastolic, and systolic
wall thickness of the inter-ventricular septum and left
ventricular wall were determined using standard

echocardiography 2-D and M-mode measurements. The
ratio of early to late peak velocities (E/A), and deceleration
time of E velocity the echocardiography’s of the patient on
dialysis were performed before dialysis.

Table 3: Echocardiographic findings in ESRD study

cases.
Echocardiographic Percentage
finding in cases of ESRD (%)

Left ventricular 112 74
hypertrophy

Fractional shortening 12 8

(<25%)

Ejection fraction (<50%) 18 12

E/A ratio (<0.750r >1.8) 90 60

RWMA 18 12
Pericardial effusion (<10 21 14

mm)

Valvular calcification 12 8

Echocardiography show that left ventricular hypertrophy
was present in 74%. Dysfunction as measured by reduced
fractional shortening (<25%) and decreased LVEF (<52%)
was present in 8 and 12% respectively. Diastolic
dysfunction is an abnormality of relaxation, filling, or
dispensability of the left ventricle that is associated with
augmented cardiovascular mortality. Trans-mitral pulsed
Doppler is a non-invasive method of evaluation of
diastolic dysfunction, but is influenced by factors such as
the loading condition of the left atria and heart rate. In
contrast, TDI can be used to measure mechanical wall
function directly by calculate in the velocity of myocardial
longitudinal movement and to monitor diastolic function
of the myocardium more effectively. In the present study
diastolic dysfunction as denoted by E/A ratio of less than
0.75 or more than 1.8 was present in 64% of patients. E/A
ratio were lower in CKD subjects, these results show that
left ventricular diastolic dysfunction is present in all
patients with CKD, including those with an early stage of
the disease. These results indicate that Doppler indices
combined with conventional and TDI can detect subtle
changes of diastolic function caused by Kkidney
dysfunction. RWMA was present in 14%. Pericardial
effusion was noted in 15 % of patients. Valvular
calcification was noted in 8 % of CKD patients.

We also found that E/A increased in parallel with the
severity of kidney dysfunction, apart from patients with
very advanced CKD (group 5). E/A was elevated in group
5 as measure up with group 4, even though the difference
was not significant, and E was significant lower in groups
1, 2, 3, and 4-compared with group 5. These results suggest
that the left ventricle filling pressure may be higher in
group 5 than groups 1, 2, or 3. However, there is flexibility
that it is affected by intrinsic volume overload in
hemodialysis patients. Even a moderate decline in kidney
function is associated with significant worse prognosis in patients
with underlying CHF.
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Table 4: Correlation analyses according to echocardiography finding in hypertensive and normotensive ESRD
study, (n=75).

Echocardiographic finding in cases of ESRD

Hypertensive, n (%)

Normotensive, n (%6)

Present Absent Present Absent
Left ventricular hypertrophy 72 (96) 03 (04) 39 (52) 36 (48)
Fractional shortening (<25%o) 9 (12) 66 (88) 03 (04) 72 (96)
Ejection fraction (<50%) 12 (16) 63 (84) 06 (08) 69 (92)
E/A ratio (<0.75 or >1.8) 66 (88) 09 (12) 24 (32) 51 (68)
RWMA 15 (20) 60 (80) 03 (04) 72 (96)
Pericardial effusion (<10 mm) 15 (20) 60 (80) 06 (08) 69 (92)
Valvular calcification 09 (12) 66 (88) 03 (04) 72 (96)
100 Normotensive group was measured along with
hypertensive group. Statistically significant difference was
20 noted in LVH and E/A ratio in hypertensive group as
80 compared to normotensive group.
= 70 Our result has limited the evidence base for optimal
§ 60 decision making and single center study, Patients with
- 50 CKD exhibit an elevated cardiovascular risk manifesting
2 as coronary artery disease, heart failure, arrhythmias, and
= 40 sudden cardiac death.
30
DISCUSSION
20
10 Our current study shows a correlation between CKD,
hypertension and systolic and diastolic dysfunction of
0 heart. In CKD, LVDD occurs frequently [97 (64%)] thus
related with heart failure. Similarly, Sachdeva et al
concluded that based on echocardiographic changes,
AR LVDD was present in 38.33% patients, Krishna et al
& reported LVDD in 38%, Ladha et al reported LVDD in
@“ ‘é@ 61.4% and Singal et al reported in 50%.2%% Rao et al found
\)é‘ Q“’é\ that 67.2% of subjects had diastolic dysfunction.?® Losi et

Echocardiographic Finding

u Hypertensive Present u Hypertensive Absent

= Normotensive Present Normotensive Absent

Figure 2: Correlation analyses according to
echocardiography finding in hypertensive and
normotensive ESRD study.

In hypertensive patients with CKD, LVH was present in
96%, diastolic dysfunction was present in 88% as
deliberate by abnormal E/A ratio, systolic dysfunction as
considered by reduced LVEF was present in 16% and
pericardial effusion observed in 20%. In normotensive
patient with CKD, LVH was present in 52%, diastolic
dysfunction was present in 32%, and systolic dysfunction
was present in 8% and pericardial effusion observed in 8%
patients. Mean left ventricular internal diameter in diastole
was 41+6 mm. Mean Interventricular septum diameters in
systole was11.9+1.21 mm. Mean left atrium diameter was
29+4 mm.

al in a cross-sectional study declare that nearly 40% of the
patients had diastolic dysfunction.?” Agrawal et al had
distinguish a prevalence of diastolic dysfunction of 30% in
early stages of CKD and 53.2% in later stages of CKD.%
There was an inclination of increasing prevalence of
diastolic dysfunction with collapse renal function (34.8%
in CKD stage 1 and 77.8% in CKD stage 5). A similar
study conducted by Nitin et al had found that 51.85% of
patients with mild/moderate CKD had diastolic
dysfunction, whereas 82.6% of patients with severe CKD
had diastolic dysfunction.?® Moreover, a study by Singh et
al the LVDD was found 43.65%.%°

Moreover, systolic dysfunction in 12 (8%) basically
related with coronary artery disease hence major
determinant of prognosis. It is present in greater proportion
in later stages of CKD. Similarly, a study by Kulkarni et al
and Foley et al concluded that systolic dysfunction was
present in 29 (41.4%) and 14.8 % patients.3:%2 A study by
Singh et al.3® LV systolic dysfunction was 15.6%.
Furthermore, systolic dysfunction was reported 24.6%
with CKD in a European multicenter study reported by
Chinali et al but higher than the 8.3% reported by Adiele et
al.%®34 These findings suggest that there is a significant
burden of LV systolic and diastolic dysfunction in CKD
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patients. We found LVEF was present in 18 (12%). Similar
result was also stated by Shin et al that LVEF was present
in 57.2% of hemodialysis patients.>® Hensen et al LVEF
was observed in 32% of patients although same was higher
as compared to our study.%6

In our study echocardiography showed that left ventricular
hypertrophy (LVH) was present in 111 (74%). Similar
result were also produced by Hayashi et al and Foley et al
that LV hypertrophy was observed in 63% and 73.4%
patient by Ramegowda et al left ventricular hypertrophy
was seen in 24 patients (48%).32%:3 In CKD patients, left
ventricular hypertrophy (LVH) is a common finding and it
is associated with an increased CVD-related mortality.32%7
Studies indicates that the pervasiveness of LVH inflation
to 60-75% in patients beginning renal replacement
therapy, and reaches 70-90% in patients on regular
dialysis.®® According to Levin et al the prevalence and
severity of LVH enlarged along with the progression of
chronic kidney disease.*

Valvular calcification was found in 8% cases. Similarly,
Rong et al concluded that 22.9% had valvular calcification
in patient with CKD.** A Chinese study indicated that the
relative risk of heart VC increased by 2.22 to 2.66-fold
with each decade of life, while the rate of VC remains
higher in patients with CKD.*? Eventually, vascular
calcification strongly contributes to the exceedingly
extreme cardiovascular disease mortality in the
population.®® Pericardial effusion (PE) (<10 mm) was
found in 14% patients. Comparably, in a study by Ravi et
al resulted that effusion was moderate to large in 46% of
cases. Additionally, in a study by Qian et al pericardial
effusion was present in 35% patients.***> Furthermore, by
Ramegowda et al pericardial effusion was seen in 2
patients (4%).%

Ejection fraction (<50%) was detected in 12% patients
similar result were also concluded by Mavrakanas et al.*®
That EF was confirmed in 12.7% patients. Another study
by Hensen et al have similar result that LVEF was
observed in 32% of patients.3® RWMA was present in 12%
cases. Assa et al also concluded that 16% patients
developed regional left ventricular systolic dysfunction.*’
Additionally, Regional wall motion abnormalities were
seen in 7 patients (14%) by Ramegowda et al.®

Most common Echocardiographic abnormality was Left
ventricular  hypertrophy  followed by conduction
abnormalities, E/A ratio, pericardial effusion and RWMA.
Left wventricular hypertrophy is the commonest
morphological abnormality observed in our study,
followed by RWMA. Left ventricular dysfunction is
commonest  cardiovascular  abnormality  detected.
Echocardiography is a more sensitive diagnostic procedure
to detect left ventricular dysfunction in patients with CKD.
As the stages of CKD progresses spike ECHO
abnormalities were observed like left ventricular
hypertrophy, systolic dysfunction, LVDD, regional wall
motion abnormalities and pericardial effusion.

Limitation

Our study used only two parameters i.e., GFR and Serum
Creatinine level that was probably not enough reveals long
standing inflammatory status, co morbid disease and other
medical conditions. However, the study also has several
limitations. We used conventional and TDI methods to
assess the left ventricular diastolic function in CKD
patients, less sample size and the duration of renal
dysfunction, hypertension, and diabetes was unknown in
each group. We also did not examine pulmonary vein flow
velocity. Instead of these we analyzed the parameters of
left ventricular diastolic function by routine
echocardiographic examination. These factors may have
affected the statistical analysis.

CONCLUSION

We concluded that left ventricular diastolic dysfunction
also occurs in patients having early stage of CKD but
patients with hypertensive CKD had higher prevalence of
diastolic and systolic dysfunction as compared to
normotensive counterparts and that Doppler indices
combined with conventional and TDI can be used to detect
subtle changes of diastolic function due to Kkidney
dysfunction. Also, CKD causes a systemic, chronic pro-
inflammatory state contributing to vascular and
myocardial remodeling. In this respect to our study, CKD
mimics a hastened aging of the cardiovascular system.

AKNOWLEDGEMENTS

Author would like to all participants, management of Parul
Sevashram hospital Vadodara for their grateful
cooperation. Also graceful for teaching and non-teaching
staff of the department of medicine, cardiology,
nephrology and biochemistry for their valuable work and
time.

Funding: No funding sources

Conflict of interest: None declared

Ethical approval: The study was approved by the
Institutional Ethics Committee

REFERENCES

1. Chronic Kidney Disease Prognosis Consortium.
Association of estimated glomerular filtration rate and
albuminuria with all-cause and cardiovascular
mortality in general population cohorts: a
collaborative meta-analysis. The Lancet.
2010;375(9731):2073-81

2. Webster AC, Nagler EV, Morton RL, Masson P.
Chronic kidney disease. Lancet. 2017;389:1238-52.

3. Van der Velde M, Matsushita K, Coresh J. Lower
estimated glomerular filtration rate and higher
albuminuria are associated with all-cause and
cardiovascular mortality: a collaborative meta-
analysis of high-risk population cohorts. Kidney Int.
2011;79:1341-52.

International Journal of Advances in Medicine | January 2023 | Vol 10 | Issue 1  Page 64



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Roy R et al. Int J Adv Med. 2023 Jan;10(1):59-66

Cockwell P, Fisher LA. The global burden of chronic
kidney disease. Lancet. 2020;395(10225):662-4.
Prevalence of CKD in the world. Available at:
https://www.google.com/search?qGBIN867IN867 &
source=Inms&thm=isch&sa=X&ved=2ahUKEwip7t
D49fHXAhUpxTgGHU98CacQ_AU0AXoECAEQA
PLM&imgdii=LFbcwZiJxjevKM. Accessed on 26
October 2022.

KU E, Lee BJ, Wei J, Weir MR. Hypertension in CKD:
core curriculum 2019. Am J Kidney Dis. 2019;19.
World Health Organization 1ISo HWG. 2003 World
Health Organization (WHO)/International Society of
Hypertension (ISH) statement on management of
hypertension. J Hypertens. 2003;21(11):1983-92.
Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K,
Adair-Rohani H et al. A comparative risk assessment
of burden of disease and injury attributable to 67 risk
factors and risk factor clusters in 21 regions, 1990-
2010: a systematic analysis for the global burden of
disease study 2010. Lancet. 2012;380(9859):2224-60.
Barri Y. Hypertension and kidney disease: a deadly
connection. Curr Hypertens Rep. 2008;10:39-45.
Graeme Turner KW, Johnson D. Primary prevention
of chronic kidney disease: blood pressure targets:

chronic kidney disease guidelines. KHA-CARI
guidelines: KHA. 2012.
Australian  Institute of Health and Welfare.

Cardiovascular disease, diabetes and chronic kidney
disease—Australian facts: risk factors.
Cardiovascular, diabetes and chronic kidney disease
series no 4 cat no CDK 4. Canberra: AIHW. 2015.
Chen TK, Knicely DH, Grams ME. Chronic kidney
disease diagnosis and management: a review. JAMA.
2019;322:1294-304.

WHO. Global NCD target: reduce high blood
pressure, 2016. Available at:
https://www.who.int/publications/i -reduce-high-
blood-pressure. Accessed on 26 October 2022.

Wing AJ. Cardiovascular related causes of death and
fate of patients with renovascular disease.
Contributions Nephrol. 1984;41:306-11.

Bundy JD, Chen J, Yang W, Budoff M, Go AS,
Grunwald JE et al. Risk factors for progression of
coronary artery calcification in patients with chronic
kidney disease: the CRIC study. Atherosclerosis.
2018;271:53-60.

Lees JS, Mark PB, Jardine AG. Cardiovascular
complications of chronic kidney disease. Medicine.
2015;43(8):469-73

Silverberg JS, Sniderman AD, Barre PE, Prichard SS.
Impact of left ventricular hypertrophy on survival in
end stage renal disease. Kidney Int. 1989;36:286-90.
Laddha M, Sachdeva V, Diggikar PM, Satpathy PK,
Kakrani AL. Echocardiographic assessment of
cardiac dysfunction in patients of end stage renal
disease on hemodialysis. J Assoc Physicians India.
2014;62(1):28-32.

Go AS, Chertow GM, Fan D, McCulloch CE, Hsu
CY. Chronic kidney disease and the risks of death,

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

cardiovascular events, and hospitalization. N Engl J
Med. 2004;351:1296-305.

Jardine AG, Gaston RS, Fellstrom BC, Holdaas H.
Prevention of cardiovascular disease in adult
recipients ~of  kidney  transplants.  Lance.t
2011;378:1419e27.

Stone NJ, Robinson JG, Lichtenstein AH. 2013
ACC/AHA guideline on the treatment of blood
cholesterol to reduce atherosclerotic cardiovascular
risk in adults: a report of the American College of
Cardiology/American Heart Association Task Force
on Practice Guidelines. J Am Coll Cardiol.
2014,63:2889-934.

Sachdeva S, Khurana T, Kaur S, Aggarwal R, Kaur A,
Singh B. ECG and ECHO Changes in CKD. Ann Int
Med Dent Res. 2017;3(5):10-4.

Krishna M, Jindal A, Das S. A Study of Clinical
Profile in Chronic Kidney Disease with Special
Reference to Echo and Electrocardiography. J Med
Sci. 2018;4(1):5-9.

Laddha M, Sachdeva V, Diggikar PM, Satpathy PK,
Kakrani AL. Echocardiographic assessment of
cardiac dysfunction in patients of end stage renal
disease on haemodialysis. J Assoc Physicians India.
2014;62:28-33.

Singal KK, Singal N, Gupta P, Chander J, Relan P.
Cardiac status in patients of chronic kidney disease:
an assessment by non-invasive tools. Bangl J Med Sci.
2016;15(2): 207-15.

Rao T, Karwa M, Wanjari A. Left ventricular
dysfunction among chronic kidney disease patients: a
cross sectional study. Int J Adv Med. 2018;5:1093-9.
Losi MA, Memoli B, Contaldi C, Barbati G, Del Prete
M et al. Myocardial fibrosis and diastolic dysfunction
in patients on chronic haemodialysis. Nephrology,
Dialysis, Transplant. 2010;25(6):1950-4.

Agrawal S, Dangri P, Kalra O, Rajpal S.
Echocardiographic assessment of cardiac dysfunction
in patients of chronic renal failure. J Indian Acad Clin
Med. 2003;4(4):297

Nitin RR, Malay KG, Shah H. Assessment of cardiac
dysfunction by 2D echocardiography in patients of
chronic kidney disease. JPBMS. 2012;17(17).

Singh S, Aggarwal V, Pandey UK, Sreenidhi HC.
Study of left ventricular systolic dysfunction, left
ventricular diastolic dysfunction and pulmonary
hypertension in CKD 3b-5ND patients-A single
centre cross-sectional study. Nefrologia. 2022;22.
Kulkarni 1J, Mane MB. Assessment of Cardiac
Function in Patients of Chronic Kidney Disease. Ann
Rom Society Cell Biol. 2021 Apr 15:6091-6.

Foley RN, Parfrey PS, Harnett JD, Kent GM, Murray
DC, Barre PE. The prognostic importance of left
ventricular geometry in uremic cardiomyopathy. J Am
Soc Nephrol. 1995;5:2024-31.

Chinali M, De Simone G, Matteucci MC, Picca S,
Mastrostefano A, Anarat A et al. Reduced systolic
myocardial function in children with chronic renal
insufficiency. J Am Soc Nephrol. 2007;18:593-8.

International Journal of Advances in Medicine | January 2023 | Vol 10 | Issue 1  Page 65



34.

35.

36.

37.

38.

39.

40.

Roy R et al. Int J Adv Med. 2023 Jan;10(1):59-66

Adiele DK, Okafor HU, Qjinnaka NC, Onwubere BJ,
Odetunde OI, Uwaezuoke SN. Echocardiographic
findings in children with chronic kidney disease as
seen in the resource-limited setting. J Nephrol Ther.
2014;4:158-61

Shin DH, Lee YK, Oh J, Yoon JW, Rhee SY, Kim EJ
et al. Vascular calcification and cardiac function
according to residual renal function in patients on
hemodialysis ~ with  urination. ~ PloS  one.
2017;12(9):e0185296.

Hensen LC, Goossens K, Delgado V, Abou R,
Rotmans JI, Jukema JW et al. Prevalence of left
ventricular systolic dysfunction in pre-dialysis and
dialysis patients with preserved left ventricular
ejection fraction. Eur J Heart Failure. 2018;20(3):560-
8.

Hayashi SY, Rohani M, Lindholm B. Left ventricular
function in patients with chronic kidney disease
evaluated by colour tissue Doppler velocity imaging.
Nephrol Dial Transplant. 2006;21:125-32.
Ramegowda RB, Samdeshi AL, Khanvilkar Y. A
study of Echocardiographic changes in patients with
chronic kidney disease in a tertiary care centre in
South Karnataka. 2018;7.

London GM, Pannier B, Guerin AP. Alterations of left
ventricular hypertrophy in and survival of patients
receiving  hemodialysis:  follow-up  of an
interventional study. J Am Soc Nephrol.
2001;12:2759-67.

Levin A, Singer J, Thompson CR, Ross H, Lewis M.
Prevalent left ventricular hypertrophy in the pre-
dialysis population: identifying opportunities for
intervention. Am J Kidney Dis 1996;27:347-54.

41.

42,

43.

44,

45.

46.

47.

Rong S, Qiu X, Jin X, Shang M, Huang Y, Tang Z,
Yuan W. Risk factors for heart valve calcification in
chronic kidney disease. Medicine. 2018 Feb;97(5).

Li K, Yang C, Lu A. Age-related changes in
calcification ~of  heart valves. Chin ]
Geriatr. 2013;32:934-6

Wheeler DC. Cardiovascular disease in patients with
chronic renal failure. Lancet. 1996;348:1673-4.

Ravi V, Iskander F, Saini A, Brecklin C, Doukky R.
Clinical predictors and outcomes of patients with
pericardial effusion in chronic kidney disease.
Clinical cardiology. 2018;41(5):660-5.

Qian Q, Hartman RP, King BF, Torres VE. Increased
occurrence of pericardial effusion in patients with
autosomal dominant polycystic kidney disease. Clin J
Am Society Nephrol. 2007;2(6):1223-7

Mavrakanas TA, Khattak A, Wang W, Singh K,
Charytan DM. Association of Chronic Kidney
Disease with preserved ejection fraction heart failure
is independent of baseline cardiac function. Kidney
and Blood Pressure Research. 2019;44(5):1247-58.
Assa S, Hummel YM, Voors AA, Kuipers J,
Westerhuis R, De Jong PE, Franssen CF.
Hemodialysis-induced regional left ventricular
systolic dysfunction: prevalence, patient and dialysis
treatment-related factors, and prognostic significance.
Clin J Am Society Nephrol. 2012;7(10):1615-23.

Cite this article as: Roy R, Solanki B, Chawda N,
Jain S, Sonkar C, Patel P et al. Cardiac function’s in
patients with chronic kidney disease. Int J Adv Med
2023;10:59-66.

International Journal of Advances in Medicine | January 2023 | Vol 10 | Issue 1  Page 66



