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Valvular Calcification in Chronic Kidney Disease
Tilottama Parate', Shweta Gadekar?, Ramesh Parate’, P P Joshi*

ABSTRACT

Background and objectives : Chronic kidney disease (CKD) is a risk factor for cardiovascular disease and is
associated with increased all-cause mortality. Valvul ar cal cification resultsfrom the deposition of cal cium-phosphate
crystalson theannulusand theleafl ets of thevalves, at sites of inflammation or mechanical stress. Useof asimpleand
noninvasivetool - 2D echocardiography identifiesvalvular calcification. Thisstudy was conducted to determine the
frequency of Valvular calcification in chronic kidney disease patients compared to people with normal kidney
functionandto classify severity of valvular calcification according to stage of Chronickidney disease.

Materialsand M ethod : Thestudy, aHospital based, Observational, Case control study consisting of 50 casesand 50
controlswas conducted from January 2017 to September 2018. After fulfilling eligibility criteria, cases and controls
were enrolled in the study. Thorough physical examination and serum creatinine, serum calcium and phosphorus,
urine albumin, ultrasonography of abdomen, electrocardiogram and echocardiography was performed in all cases
and controls. Collected data were entered into Microsoft excel spreadsheet. p<0.05 was considered as statistical
significance. Statistical software STATA versionwasused for dataanalysis.

Results: Valvular calcification was observed in 62 % of casesascompared to 18% of controls. Frequency of valvular

(estimated glomerular filtrationrate).

calcification wassignificantly increasedin casesof chronickidney diseaseondialysis.
Mitral valvewasthemost common valvewhichwasaffected.

Age, Estimated glomerular filtration rate (severity of chronic kidney disease) and cal cium phosphorus product were
independent predictorsof valvular calcification and found to be statistically significant.
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Introduction:

Chronic kidney disease is defined as abnormality of
kidney structure or function present for morethan 3
months with implication of health.! Valvular
calcification results from the deposition of calcium-
phosphate crystals on the annulus and the | eafl ets of
the valves, at sites of inflammation or mechanical
stress’. Valvular calcification is also an active
process that involves de-differentiation of matrix
cells into cells with osteoblastic potential. In the
early stages of rena impairment, the complex
balance between promoters and inhibitors of
osteogenesis begins to breakdown, resulting in the
deposition of calcium in extraskeletal organs.
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Valvular calcification amongst dialysis patients is
associated with subclinical measures of
atherosclerosis’ and is a powerful predictor of
cardiovascular disease events™ and al cause
mortality. 2D echocardiography is a smple non
invasivetool for assessing valvular calcification.

M echanism of Valvular Calcification :

1. Mechanical-cardiac valves are subjected to
cyclic mechanical stress which is related to
pressure gradients and turbulent blood flow
resulting from high rates of acceleration and high
peakvelocities.

2. The presence of anemia, volume overload and
hypertension produces a high cardiac output
state. Repetitive mechanical stress causesfatigue
and rearrangement of bioelastomers leading to
microfractures and fibrillar alteration of the
collagen ultrastructure. This eventually leads to
fibrosisand calcification.

3. Lipid deposition usually follows microfracture
injury. This processinvolvesthe accumulation of

VJIM = Volume 28 m January 2020 m 34



Vidarbha Journal of Internal Medicine m Volume 28 = January 2020

oxidized low density lipoprotein cholesterol and
the presence of chronic inflammation mediated
by T lymphocytes and macrophages. Since
oxidised LDL-C promotes inflammation and
causes oxidative stressand is often aresult of the
inflammatory process, chronic inflammation
may be the ultimate mediator of calcification in
chronickidney disease.

4. ALTERED CALCIUM and PHOSPHORUS
metabolism particularly an increase in calcium
phosphorus product and drugs that promotes
hypercalcemiaare al thought to contributeto the
pathogenesisof valvular calcification.

e Valvular calcification is associated with a
significantly increased risk for all-cause
mortality in CKD patients.

e Kidney Disease Improving Global Outcomes
guidelines have recommended use of
echocardiography for risk stratification in
CKD.

Aimsand Obj ectives:

1. To determine the frequency of Valvular
calcification in chronic kidney disease patients,
compared to peoplewith normal kidney function
using 2D Echocardiography.

2. To correlate severity of Valvular calcification
with stages of Chronic kidney disease as
determined bye GFR.

3. To identify the predictors of Valvular
calcificationin chronickidney disease.
Material and M ethod :

This Hospital based, Observational, Case control
study was conducted after approval by the
Institutional Ethics Committee (IEC). 50 Cases and
50 controlswho satisfied the éligibility criteriawere
enrolled after obtaining written informed consent
from the inpatient and outpatient Department of
Medicine.

Inclusion Criteriafor Cases:

1. Age 21 - 60 years with 3 months' duration of
deranged eGFR (< 60ML/MIN/1.73m2).

2. Chronickidney diseasedueto anyetiology.
3. CKD caseson Maintenancehemodialysis.
4. CKD casesnot on maintenancehemodialysis.

Exclusion Criteriaof Cases:

Patient of Rheumatic heart disease.
Pregnant women.
Documentedischemic heart disease.
Documented congenital heart disease.
5. Patientswithacuterenal failure

A wbhPRE

Inclusion Criteriaof Controls:

1. Agex5yrs. and gender matched with cases.

2. Non CKD Patients with GFR of > 90 ml / min
/1.73m2.

Exclusion Criteriaof Controls:

1. Patient of Rheumnatic heart disease.

Pregnant women.

Documentedischemic heart disease.

Documented congenital heart disease.

. Patientswithacuterenal failure

o e

Detailed history and clinical examination and
investigationswasdone

A) Blood investigations: Hemoglobin, blood sugar
level, serum creatinine , serum calcium, serum
phosphorus. B) Urine routine microscopy and
albumin. C) USG abdomen. D) ECHOBY using
Cockeroft Gault formula, eGFR was cal culated and
severity wasclassified asfollows

GFR category GFR (ml/min/1.73m") Terms

Gl = ) Marmal of high

G2 60-89 Mildly decreased*

Gia 45-50 Mildly to moderately decreased
Gib 304 Moderately to severely decreased
G4 1529 Severely decreased

G5 e Kidriey failure

Abbreviations: CKD, chromic kidney disesse; GFR, glomerular filization rate.
*Aelative o young adull lewel

In thee sbisence of evidence of kll’.lH':,' ﬂ.‘ll"l.'lqi' nitthiey GFR CALEpoy G nior G2 fulill
thee crivenia for CEDQ

Age restricted to 60 years to minimize age related
calcificationbias.

Mitral Annular Calcification (MAC) is the
common degenerative processinvolving thefibrous
annulus of mitral valve preferably posterior than
anterior. MAC is most commonly visualized by
echo as an echodensg, irregular shelf like structure
involving themitral valveannulus,
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Saging of Mitral Annular Calcification
MILD TOMODERATE
SEVERE

Aortic Calcification : calcification / sclerosis of
aortic valve according to area.’ Aortic calcification
classified as mildly calcified (isolated, small
spots)involving 1/3rd of aortic valve area,
moderately calcified (multiple bigger spots)
involving 1/3rd to 2/3rd aortic valve area, heavily
calcified (extensive thickening/calcification of all
cusps) involving more than 2/3rd of aortic valve
area.

1-4mm

>4mm

Observations and Results:

Collected data were entered into Microsoft excel
spreadsheet. Continuous variables were presented
asMean * SD. Categorical variableswere expressed
in frequency and percentages. Continuous variables
were compared between cases and control by
performing independent t-test. Categorical variables
were compared by performing chi-square test. For
small numbers, Fisher exact test was used wherever
required. Multiple Logistic Regression analysiswas
performed to determine independent predictors of
Valvular cacificationin CKD patients. p<0.05was
considered as dtatistical significance. Statistical
software STATA versionwasused for dataanalysis.

Table 1: Age Distribution in Cases and Controls

Ageinyear CASESN=50 CONTROLSNn=50
21-30 6(12%) 8(16%)

31-40 11(22%) 13(26%)

41-50 18 (36%) 17 (34%)

51-60 15(20%) 12 (20%)

TOTAL 50 50
AGEINYEARS

(MEAN £ SD) 42.58+10.01 42.22+10.31
RANGE (22-59) (21-60)

Theagevariation of caseswasfrom 22to 59 years. Mgjority of the caseswereintheagegroup of 41-50years,
whichincluded 18 patients(36%). The mean age of the caseswas42.58 years.

Table 2 : Distribution of Cases
According to Stages of CKD

Table 3: Valvular Calcification in Cases and
Controlson Basis of Echocar diography

STAGE | CASES | MALE |FEMALE
OF CKD | n=50
3 15(30%) | 2(4%) | 13(26%)
4 14(28%) | 4(8%) | 10(20%)
5 21(42%) | 14(28%) | 7(14%)

21 (42%) cases were found in stage 5, followed by
15 (30%) cases in stage 3, followed by 14 (28%)
casesin stage 4. Of thetotal 20 male 2 (4%) werein
stage 3, 4 (8%) werein stage 4, and 14 (28%) werein
stage 5. Out of total 30 females 13 (26%) were in
stage 3, 10 (20%) instage4 and 7 (14%) in stage5.

EchoFinding Cases Control
n=50 n=50
Normal 17 (34%) 34 (68%)
Mitral Valve/ annular
Cdcification 13(26%) 4(8%)
Aortic ValveCalcification | 10(20%) 2 (4%)
BothValvelnvolvement 8(16%) 3(6%)
Other Finding* 2(4%) 7(14%)

*other findings suggestive of ventricular hypertrophy,
systolic dysfunction, diastolic dysfunction, pericardial
effusion.
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Echo was normal in 34 % cases and 68% controls.
Valvular calcification was seen in 31 (62%) cases
out of 50 cases and in control Valvular calcification
was seen in 9 (18%) out of 50 controls. Mitral
Valvular calcification seen in 26 % as compared to
8% in controls, aortic Valvular calcification seenin

20% of cases as compared to 4% in control, both
valvesinvolved in 16% cases as compared to 6% in
controls. The prevalence of Vavular calcification
was more in cases as compared with control group
and was statistically significant with p value <
0.001.

Table 4 : Association of Valvular Calcification with Stages of CKD

Stagesof CK D STAGE3 STAGE 4 STAGES
Mitral/MAC (n=13) | 2(6.46%) 6(19.35%) 5(16.12%) chi2(X2) =
Aortic(n=10) 1(3.22%) 3(9.69%) 6(19.35%) 19.6687
Both (n=8) 1(3.22%) 0 7(22.59%) p=0.003, HS

Out of 13 casesin which mitral valve was calcified 6 cases were in stage 4, out of 10 cases of aortic valve
calcification, 6 caseswerein stage 5 and in 8 casesin which both valveswereinvolved, 7 caseswerein stage
5. Thisassociationwasfound to bestatistically significant with chi2 value of 19.6687 and p value of 0.003

Table 5 : Association of Valvular Calcification in Dialysed and Non Dialysed Cases

Casesn=50 Mitral calcification| Aorticcalcification| Both valvular
/MACn=13 n=10 involvement n=8

Hemodialysisn=32 | 10(92.30%) 9(90%) 7 (75%)

Nondialysisn=18 | 3(7.7%) 1(10%) 1(25%)

chi2=14.4620
P=0.003,HS

In present study out of 50 cases, 32 were on maintenance hemodialysis. Mitral valvecalcificationwasseenin
13 cases, 10 caseswere on HD. Of thetotal 10 casesin which aortic valve was calcified, 9 caseswereon HD
and of the 8 casesin which both valveswerecalcified, 7 caseswereon HD. Thisassoci ation between Valvular
calcification with hemodiaysiswassignificant with chi 2 value of 14.4620 and p value of 0.003.

Table 6 : Association of Calcium Phosphorus Product With Stages Of CKD

CaPO4Product STAGE3 STAGE4 STAGES Rhovalue
n=13 n=14 n=21 P-value

<40 4(26.67%) 3(21.43%) 2(9.52%) Rho=0.3258,

41-50 6 (40%) 3(21.43%) 3(14.28%) p=0.0218,S

51-60 1(6.67%) 3(21.43%) 6(28.57%)

>60 4 (26.66%) 5(35.71%) 10(47.63%)

In stage 3, 6 cases had CaPO4 product in range of 41-50, In stage 4, 5 cases had CaPO4 product > 60. In stage
5, 10 cases had CaPO4 product > 60. Thiswas found to be statistically significant with Rho value of 0.3258

and p-valueof 0.0218.
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Table 7a : Association of Severity of Mitral Valve/ Annular Calcification with Stage of
CKD on Basis of Echocardiographic Findings.

Stagesof CKD

STAGE3

STAGE4

STAGES P-value=0.046

Mildto moderate
Annular/Valvular
Calcificationn=9

4(19.04%)

3(14.28%)

2(9.52%) chi 2-6.1515, S

Severemitral
Annular/Vavular
Calcificationn=12

1(4.76%)

2(9.52%)

9(42.86%)

Severe mitral valve calcification seen in 12 cases out of 21 cases including cases of both mitral valve
involvement and both valve calcification, out of 12 cases 9 cases were in stage 5. This association is
statistically significant with p value of 0.046.

Table 7b : Association of Severity of Aortic Valve Calcification with Stage of
CKD on Basis of Echocardiographic Finding

Aorticcalcification | Stage3 Staged Stage5 P-value=0.014
n=18 X212.0300,HS
Mildn=5 4(22.22%) 1(5.55%) 0

Moderaten=10 1(5.55%) 3(16.67%) 6(33.33%)

Severen=3 0 0 3(16.67)

Aortic valve calcification was found in 18 patients including both categories of isolated aortic valve
involvement and both aortic and mitral valveinvolvement. Mild aortic calcification wasseenin 5 cases out of
18 and 4 patientswerein stage 3, moderate cal cification was seenin 10 cases 6 werein stage 5; only 3 patients
had severe aortic calcification all were in stage 5. This association was significant with x2 12.0300 and p

valueof 0.014

Table 7b : Association of Severity of Aortic Valve Calcification with Stage of
CKD on Basis of Echocardiographic Finding

Variable Adjusted OR 95% C.I. P-value
Ageinyears 1.16 104 1.29 0.004,HS
eGFR 0.88 0.82-0.95 0.002,HS
CaPO4 1.07 1.00 1.14 0.042,S

Age, eGFR (severity of chronic kidney disease) and cal cium phosphorus product are independent predictors
of Vavular calcificationand foundto bestatistically significant.

Discussion:

Cardiac valves, particularly on the left side of the
heart, are subject to cyclic mechanical stress from
high pressure gradients and turbulent flow related to
high peak velocities and rapid acceleration’. The
mechanical stress on the valve with each cardiac
cycle leads to endothelial microfractures that cause
rearrangement of elastin and breakdown of the

,7

collagen structure® Over time, the repetitive
damage to the valve will result in fibrosis and
calcification.

In most patients, MAC is initially isolated to the
ventricular base under the posterior mitral |eaflet,
and can spread to involve the entire posterior
annulus’. Advanced posterior MAC can cause mitral
regurgitation (MR) dueto restriction of the posterior
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|eaflet movement, whilethe anterior leaflet remains
mobile. In patients with ESKD, MAC can progress
further to involve the anterior annular ring. This
circumferentia calcific ring restricts the movement
of both the anterior and posterior leafletsresultingin
mitral stenosis’.

Inthe aortic valve, theincreased cal cium deposition
often causesaortic stenosis(AS). Though symptoms
of AS (angina, syncope, and dyspnea) are identical
in patients regardless of baseline kidney function,
the natural course of the disease is accelerated in
patients with CKD and as a result these rapid
progressors have severe, symptomatic AS a a
younger agethan thenon-CK D population.

Changesinbone mineral metabolism and alterations
in cal cium and phosphate homeostasisoccur early in
the course of CKD and progress as kidney function
declines. These changes are grouped under the
umbrellaterm Chronic Kidney Disease-Mineral and
Bone Disorder (CKD-MBD) which includes renal
osteodystrophy and extra skeletal (Vascular/
Valvular) calcification related to abnormalities of
bone mineral metabolism.Theagegroupincludedin
the present study was from 21 to 60 years and the
mean was 42.5 with standard deviation 10.01 years.
Ratio of male to female was 2:3 in this study which
was comparablewith another study M urvet Yilmaz
et al’ with mean ageof 42+ 13 year.

In present study Echo was normal in 34 % cases and
68% control, Mitral Valvular calcification was seen
in 26% as compared to 8% in controls, Aortic
Valvular calcification seen in 20% of cases as
compared to 4% in controls, both valves
calcification in 16% cases as compared to 6% in
controls.

In present study of 50 cases, 32 were on
maintenance hemodialysis. As mitral valve
involvement seen in 13 cases, 10 caseswere on HD.
out of total 10 cases in which aortic valve was
calcified 9 (90%) cases were on HD and out of 8
cases in which both valves were calcified 7 cases
wereonHD

In present study out of 13 casesinwhichmitral valve
wascalcified 19.35% caseswerein stage4, out of 10
cases of aortic valve calcification 19.35% of cases
werein stage 5 and in 8 cases in which both valves
were involved 22.59%cases were in stage 5. This
finding suggests that frequency of Valvular
calcificationincreaseswith severity of CKD.

Caroline S. Fox et al® did Framingham study in
which eGFR (ml/min per 1.73 m’) was 78 + 25 in
patients with Valvular calcification which is
comparablewith present study.

Inthe present study, out of total popul ationincluding
cases and control 40% had Valvular calcification
and 47.5% had CaPO4 product of > 60 which was
comparable with study done by S. Hariprasad et
al*”and M asoumeh K ahnooji et al ™.

MARGARITA RUFINO et al” and Hariprasad
S. et al” found that maximum patients had mitral
valve calcification which is similar to present study
whileRibeiro set al* found that frequency of aortic
valve calcification was more than mitral valve /
annular calcification.

Hayriye Sayarlioglu et al** found that out of 129
hemodialysis patients; 30 patients (23.3%) had
MVC, 28 (21.7%) had AVC, and 15 (11.6%) had
both MVC and AVC which is comparable with
present study.

In present study, severe mitral valve calcification
was seen in 12 out of 21 cases including cases of
isolated mitral valve calcification and both valve
calcification, out of 12 cases9 caseswerein stageb.
In present study aortic valve calcification wasfound
in 18 patients including both categories of isolated
aortic valve involvement and both aortic and mitral
valve involvement. Mild aortic calcification was
seenin 5 casesout of 18 and 4 patientswerein stage
3, moderate calcificationwasseenin 10 cases6 were
in stage 5, Only 3 patients had severe aortic
calcification, al werein stage 5. YrjoL eskinen et
al® found that in contrast to the mitral valve,
cacification of the aortic valve in CKD was more
distinct inthevalve cusps (20-33% preval ence) than
the annulus (10-17%) and the prevalence increases
by severity of CKD.
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Conclusion :

The mean age of caseswas 42.58 years. Mgjority of
the patients were in the age group of 41-50 years,
which included 18 patients (36%). Male to female
ratiobeing 2:3.

Out of total population including cases and control
40% had Valvular Calcification (31 cases and 9
controls).

Total prevalence of Vavular calcification in cases
was 62% as compared to 18% in controls. In cases
out of 62%, 26% had mitral valve calcification, 20%
had aortic valve calcification and 16% had both
Vavular calcification. Isolated mitral Vavular
calcification was seen in more number of cases as
compared to isolated aortic and both valve
calcification.

In present study out of 50 cases 32 were on
maintenance hemodialysis, of which 26 cases had
Valvular calcification.

Mitral valve calcification was seen in 13 cases, of
which 10 caseswere on HD. Of thetotal 10 casesin
which aortic valve was calcified, 9 cases were on
HD and out of 8 cases in which both valves were
calcified 7 caseswereonHD.

In present study out of 13 (26%) cases in which
mitral valve was calcified, 6 cases were in stage 4,
whilein 10 (20%) cases of aortic valve calcification,
6 cases were in stage 5 and in 8 (16%) cases were
bothvalveswereinvolved 7 caseswerein stageb.

Prevalence of Valvular calcification increased with
severity of chronic kidney disease. along with
calcium phosphorus product. Aortic Valvular
calcificationwasfoundto be moreprevalentin early
stages of chronic kidney disease. While both valve
calcification waspredominantly seeninstage5.

Age, eGFR (severity of chronic kidney disease) and
calcium phosphorus product are independent
predictorsof Vavular calcification

Limitation:

1. Relatively small samplesize.

2. Echocardiography, does not differentiate
between valvular sclerosisor calcification
effectively.

Clinical implication :

e Use of a simple and noninvasive,
echocardiography is useful for risk stratification
of CKD patients.

e Effectively management of calcium phosphorus
metabolism reduces occurrence of Vavular
cacification.

e Yearly Echocardiography isrecommended.
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