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Cardiac complications of secondary hyperparathyroidism in
chronic hemodialysis patients
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Alper AZAK", Ekrem ABAYLI*, Mehmet Deniz AYLI®

Aim: To evaluate the effects of intact parathormone (iPTH) on left ventricular function using transthoracic
echocardiography on chronic hemodialysis (HD) patients with secondary hyperparathyroidism. In HD patients,
mortality is high and is frequently due to cardiac complications. Secondary hyperparathyroidism, high levels of
phosphate (PO,), and high calcium phosphate product (Ca x PO,) are related to cardiac complications.

Materials and methods: We examined 20 patients with normal iPTH levels (Group 1) and 20 patients with high iPTH
levels (Group 2). Intact parathormone levels were measured in serum with a Coat-A-Count kit (Diagnostic Products
Corporation, Los Angeles, CA, USA) using an immunoradiometric assay. The normal level of iPTH was 0.8-5.2 pmol/L.
In patients with end-stage renal disease, iPTH levels should be 1.5 to 3 times higher than the normal range in order to
maintain the bone mass; thus, patients with iPTH levels 4 or more times higher than the normal range (PTH > 20.8
pmol/L) were defined as Group 2 while patients who had normal iPTH levels were defined as Group 1.

Results: In both groups, Doppler parameters indicated diastolic dysfunction. However, mitral annular E velocity was
lower in Group 2 than in Group 1 (6.1 + 1.1 cm/s and 7.5 * 1.6 cm/s, respectively; P = 0.034). It is well known that
left ventricular hypertrophy (LVH) increases mortality rates. Left ventricle mass index and relative wall thickness are
parameters reflecting LVH, and both were higher in Group 2 (294.4 + 103.0 g/m” and 53.5 + 11.7%) when compared
with Group 1 (179.2 + 104.2 g/m* and 41.8 + 8.9%). These differences were found to be statistically significant (P <
0.001).

Conclusion: This study demonstrates that high levels of iPTH contribute to diastolic dysfunction and LVH in
hemodialysis patients.
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Kronik hemodiyaliz hastalarinda ikincil hiperparatiroidinin
kardiyak komplikasyonlar1

Amag: Kronik hemodiyaliz hastalarinda mortalite yiiksektir ve siklikla kardiyak komplikasyonlara baglidir. Bu
komplikasyonlara ikincil hiperparatroidizm, yiiksek fosfat (PO,) ve yiiksek kalsiyum fosfat ¢arpimi (Ca x PO,) eslik
eder. Biz ikincil hiperparatroidizmli hemodiyaliz hastalarinda intakt parathormonun (iPTH) sol ventrikiil fonksiyonlar1
tizerindeki etkilerini aragtirmak amaciyla transtorasik ekokardiyografi uyguladik.
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Yontem ve gereg: Yirmi normal iPTH diizeyine sahip hasta (grup 1) ve 20 ytiksek iPTH diizeyine sahip hasta (grup 2)
calismaya dahil edildi. Intakt parathormon diizeyleri serumda Coat-A-Count kiti (Diagnostic Products Corporation,
Los Angeles, CA, USA) kullanilarak immunoradyometrik yontem ile 6l¢tildii. Normal iPTH diizeyleri 0,8-5,2 pmol/ L
idi. Son dénem bobrek hastalarinda kemik kiitlesini korumak i¢in iPTH diizeyleri normalden 1,5-3 kat yiiksek olmalidur,
dolayisiyla iPTH diizeyleri normalden 4 kat yiiksek olanlar (PTH > 20,8 pmol/ L) grup 2, normal iPTH diizeyleri olanlar
grup 1 olarak tanimlandu.

Bulgular: Her iki grupta ekokardiyografik parametreler diyastolik disfonksiyon varligin1 gosterdi. Doku Doppler ile
bakilan mitral anular E velosite grup 2'de grup 1% kiyasla daha dustikti (7,5 + 1,6 cm/sne karsi 6,1 + 1,1 cm/sn, P =
0,034). Sol ventrikiil hipertrofisinin mortalite oranlarini arttirdig iyi bilinmektedir. Sol ventrikiil kitle indeksi ve rélatif
duvar kalinlig: sol ventrikiil hiperrtofisini isaret eden parametrelerdir ve her ikisi de Grup 1 ile kiyaslandiginda Grup
2'de daha yiiksek bulundu ve bu farklilik istatistiksel olarak anlamliyd1 (179,2 + 104,2 g/m”e kars1 294,4 + 103,0 g/m* %
41,8 + 8,9 e kars1 % 53,5 + 11,7; herbirisi i¢in P < 0,001).

Sonug: Bu ¢aligma hemodiyaliz hastalarinda yiiksek iPTH diizeylerinin diyastolik disfonksiyon ve sol ventrikiil
hipertrofisine katkida bulundugunu géstermistir.

Anahtar sozciikler: Hemodiyaliz, parathormon, kronik bobrek yetmezligi, ekokardiyografi, doku Doppler

ekokardiyografi

Introduction

The prevalence of cardiovascular disease (CVD)
in patients with end-stage renal disease (ESRD) is
high and is associated with a higher risk of mortality.
In addition to common traditional risk factors
(smoking, dyslipidemia, hypertension, diabetes
mellitus, and positive family history), uremic factors
including hyperparathyroidism, elevated serum
PO,, and Ca x PO, product levels are thought
to increase the risk of CVD (1-3). The effect of
intact parathormone (iPTH) on the development
and progression of cardiovascular disease is not
clearly understood and this subject still needs to be
evaluated by further research. In this study, we aimed
to evaluate the effect of high iPTH levels on cardiac
functions and left ventricular hypertrophy (LVH)
indices by using transthoracic echocardiography on
chronic hemodialysis patients.

Materials and methods

Patients with ESRD on hemodialysis therapy for
at least 6 months were included in the study. Patients
who had parathyroidectomy, coronary artery disease,
aortic stenosis (transaortic flow velocity > 2.5
m/s), pericardial effusion, anemia (Hb < 10 g/dL),
uncontrolled hypertension, atrial fibrillation, diabetes
mellitus, and/or another systemic disease were
excluded from the study. The local ethics committee
of Ankara Numune Education and Research Hospital
approved the study protocol and informed consent
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was obtained from all patients participating in the
study.

Intact parathormone levels were measured
in serum with a Coat-A-Count kit (Diagnostic
Products Corporation, Los Angeles, CA, USA)
using an immunoradiometric assay. The normal
level of iPTH ranged between 0.8 and 5.2 pmol/L
(conversion factor: pg/mL x 0.1053 = pmol/L). At
least 2 measurements were made per patient. The
intraassay coeflicient of variation was 6% and the
interassay coefficient of variation was 6.6%. Patients
were divided into 2 groups according to iPTH levels.
In patients with ESRD, iPTH levels should be 1.5 to
3 times higher than the normal range in order to
maintain the bone mass (4); thus, patients with iPTH
levels 4 or more times higher than the normal range
(PTH = 20.8 pmol/L) were defined as Group 2 while
patients who had normal iPTH levels were defined
as Group 1.

Between May 2008 and July 2009, a total of 107
patients from the hemodialysis unit of our institution
were evaluated. Due to the requirements of the
nature of our investigation, the study excluded 2
patients who had undergone parathyroidectomy, 13
patients with documented coronary artery disease, 4
patients with aortic stenosis (transaortic flow velocity
> 2.5 m/s), 4 patients with pericardial effusion, 10
patients with anemia (Hb < 10 g/dL), 11 patients
with uncontrolled hypertension, 5 patients with
atrial fibrillation, 14 patients with diabetes mellitus, 2
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patients with rheumatoid arthritis, and 2 patients that
were unwilling to participate. Groups were created
and 20 patients (10 male, 10 female; mean age: 49.7
+ 13.8 years) with normal iPTH levels were placed in
Group 1 while 20 patients (10 male, 10 female; mean
age: 51.2 + 15 years) with higher iPTH levels were
put into Group 2. Patient characteristics are given in
Table 1.

All of the patients in the study population were
undergoing a hemodialysis program consisting of 4-h
sessions 3 days a week using blood flow rates of 250-
350 mL/min and dialysate flows of 500 mL/min. All
patients were dialyzed with a standard bicarbonate-
containing dialysate bath (Na: 138 mmol/L; K: 2
mmol/L; HCO,: 33 mmol/L; Ca: 1.25 mmol/L; Mg:
0.5 mmol/L). Standard heparinization was performed
with a minimum of 1.6 m* polysulfone membranes
and Fresenius 4008-B dialysis machines were used.

The duration of the hemodialysis program was 49.5
+ 30.2 months in Group 1 and 69.9 + 37.7 months
in Group 2, a duration that was not statistically
significant (P = 0.067). Most patients (90% of those
in Group 1 and 95% of those in Group 2) used
phosphate binders, mainly calcium carbonate and
calcium acetate.

Blood samples were withdrawn before
hemodialysis therapy and levels of total calcium,
inorganicphosphorus, CaxPO . product,hemoglobin,
and iPTH were measured by standardized clinical
laboratory methods.

Patients’ blood pressure was measured after resting
in the supine position for 5 min and immediately
before the echocardiographic examination was
administered by the same observer using a standard
sphygmomanometer. Only patients who had
controlled hypertension were enrolled in the study.

Table 1. Baseline patient characteristics.

Group 1 (n =20) Group 2 (n =20) P
Age (years) 49.7+£13.8 512+15 0.736
BMI (kg/m?) 244+5 252+59 0.611
Dry weight (kg) 65+ 11 64+ 14 0.685
Interdialytic weight gain (kg) 29+1.1 3.1+£09 0.594
Duration of hemodialysis (months) 49.5 +30.2 69.9 +37.7 0.067
Duration of hypertension (years) 14.2+10.3 12.7 £ 10.7 0217
Antihypertensive treatment n (%) 17 (85%) 18 (90%) 0' 554
ACE-I/ARB (%) 86% 79% NS
CCB (%) 40% 38%
Beta blockers (%) 45% 49%
Others (%) 29% 26%
Systolic blood pressure (mmHg) 108 + 25 111 +19 0.411
Diastolic blood pressure (mmHg) 78 £ 11 76 + 14 0.582
Phosphate binders 18 (90%) 19 (95%) 0.887
iPTH (pmol/L) 4.8+3.1 36 +16.4 <0.0001
Calcium (mg/dL) 85+0.7 8.8+1.1 0.276
Inorganic Phosphorus (mg/dL) 59+138 6421 0.43
Cax PO, 50.2+17.3 55.6 £18.2 0.343
Hb (g/dL) 11.6+£1.2 114+1.2 0.564

BMI: Body mass index, ACE-I: angiotensin-converting enzyme inhibitor, ARB: angiotensin II receptor blocker, CCB: calcium channel

blocker, iPTH: intact parathormone, Hb: hemoglobin.
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All except 3 patients in Group 1 and 2 patients in
Group 2 were receiving antihypertensive treatment.
The duration of hypertension and antihypertensive
regimens were similar between the groups (Table 1).

Inbothgroups, leftventricularsystolicand diastolic
functions, the left ventricular mass index (LVMI),
and relative wall thickness (RWT) were determined
by M-mode echocardiography. Echocardiographic
examinations were performed on the day after
hemodialysis when patients were at dry weight.
Echocardiographic measurements were performed
with VingMed System Five (GE VingMed System
Five, Horton, Norway) equipment using 2.5-mHz
transducer probes. Echocardiographic measurements
were taken through the standard echocardiographic
windows while the patient was lying in a left lateral
decubitus position as per the criteria of the American
Society of Echocardiography (5). Left ventricular
ejection fraction (EF) and the left ventricular end-
systolic volumes and end-diastolic volumes were
calculated by using the modified Simpson method.
Left ventricular diastolic functions were examined
by the flux of blood through the edges of the mitral
leaflets and in the middle of the left ventricular
cavity, using pulsed wave Doppler. Maximum E
velocity (E), maximum A velocity (A), and mitral
E deceleration time (DT) were calculated by mitral

flux samples. The period from the end of the aortic
flux to the starting of the mitral flux was measured as
isovolumic relaxation time (IVRT). Tissue Doppler
mitral annular velocities were derived from the
lateral mitral annulus by pulsed wave Doppler. In the
apical 4-chamber view, a 2-mm pulse wave Doppler
sample gate was placed at the lateral mitral annulus
to obtain the peak early diastolic (Ea), atrial (Aa), and
systolic tissue velocities (Sa). The average was taken
from 3 consecutive beats. Using the parasternal long
axis images obtained by 2-dimensional and M-mode
echocardiography, interventricular septum thickness
during diastole (IVSd), posterior wall thickness
during diastole (PWd), and left ventricular end-
diastolic diameter (LVEDD) were calculated. The
left ventricular mass was calculated by the Devereux
formula (6) and this left ventricular mass was divided
by the body surface area in order to calculate the left
ventricle mass index. Relative wall thickness was
calculated as (2 x PWd / LVEDD) x 100.

Statistics of all parameters were analyzed with
the Kolmogorov-Smirnov test and all parameters
showed normal distribution. Student’s t-test was used
for independent groups. The results were given as
mean + standard deviation for continuous variables.
Findings were considered significant at P < 0.05.

Table 2. Comparison of echocardiographic and clinical parameters between the 2 groups.

Group 1 Group 2 P

E (m/s) 0.69 £0.15 0.66 +0.19 0.52

A (m/s) 0.88 £0.19 0.89 £0.26 0.888
E/A 0.91+0.23 0.75+0.18 0.378

DT (ms) 170.6 + 58.2 178 £ 61.6 0.747
IVRT (ms) 89.3+21.2 90.4 +23.9 0.822
Ea (cm/s) 7.5+1.6 6.1+1.1 0.034*
LVMI (g/m?) 179.2 £ 104.2 294.4 +103.0 0.001*
RWT (%) 41.8+8.9 53.5+11.7 0.001*
EF (%) 64.8+6.9 60.5+11.4 0.161

E: Maximum E velocity, A: maximum A velocity, DT: mitral E deceleration time, IVRT: isovolumic relaxation time, Ea: mitral annular
E velocity, LVMLI: left ventricular mass index, RWT: relative wall thickness, EF: ejection fraction.
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Results

The echocardiographic and clinical comparisons
are given in Table 2. Left ventricular hypertrophy
indicators, left ventricular mass index (Group 1:
179.2 + 104.2 g/m% Group 2: 294.4 + 103.0 g/m>
P < 0.001), and relative wall thickness (Group 1:
41.8 £ 8.9%; Group 2: 53.5 £ 11.7%; P < 0.001)
were significantly higher in Group 2. There was no
significant difference between groups in terms of
mean age, body mass index, dry weight, interdialytic
weight gain, duration of hemodialysis, systolic and
diastolic blood pressures, calcium, inorganic PO, Ca
x PO, product, or hemoglobin levels (Table 2).

The mean EF of Group 2 was 60.5 + 11.4% and it
was 64.8 + 6.9% in Group 1, a difference that was not
found to be statistically significant (P > 0.05).

When parameters indicating diastolic dysfunction
(maximum E velocity, maximum A velocity, E/A
ratio, DT, and IVRT) were compared, no statistical
significance was identified between the groups.

Mitral annular E velocities measured by tissue
Doppler imaging was significantly lower in Group 2
compared to Group 1 (6.1 £ 1.1 cm/s compared to 7.5
+ 1.6 cm/s, P =0.034).

Discussion

We investigated the influence of elevated
iPTH levels on left ventricular functions and left
ventricular hypertrophy indicators in chronic
hemodialysis patients. Patients with uncontrolled
hypertension, atrial fibrillation, coronary artery
disease, aortic stenosis, pericardial effusion, anemia,
or diabetes mellitus were excluded. We demonstrated
that patients with higher iPTH levels had lower
mitral annular E velocities and higher indices of left
ventricular hypertrophy such as left ventricular mass
index or relative wall thickness.

Elevated iPTH levels were found to be an
independent risk factor for left ventricular
hypertrophy (7). PTH acts on cardiomyocytes by
binding to the PTH/PTHrP receptor, which induces
a rise in the intracellular levels of calcium. Increased
calcium levels activate protein kinase C and mediate
hypertrophic as well as metabolic effects (8,9). Many
published experiments report that iPTH contributes

to cardiac fibroblast activation and the fibrosis of
intermyocardiocytes, which is a prerequisite of
diastolic dysfunction (10). In addition, higher levels
of calcium due to hyperparathyroidism have been
shown to induce arrhythmia (11).

Previous studies have shown that patients with
hyperparathyroidism have diastolic dysfunction
while systolic functions remain normal (12-14).
Our study is in accordance with previous research
indicating that systolic functions were preserved in
both groups without statistical difference.

Echocardiographic  parameters of diastolic
dysfunction were analyzed and mitral annular E
velocities measured by tissue Doppler were found
to be lower in patients with high iPTH levels
than in patients with normal iPTH levels. It is
known that tissue Doppler mitral Ea is a more
sensitive parameter for abnormal relaxation than
conventional mitral inflow measurements, and, by
using this method, diastolic dysfunction can be
more easily detected in patients (15,16). In patients
with hyperparathyroidism, the energy-consuming
diastolic relaxation may be affected. However, left
ventricular mass index or relative wall thickness
parameters were also higher in patients with high
iPTH levels, and lower diastolic mitral annular E
velocities may be a consequence of this finding.

Park et al. demonstrated that in hemodialysis
patients,  partial  treatment of  secondary
hyperparathyroidism by intravenous calcitrol
reduced myocardial hypertrophy without influencing
the heart rate or the peripheral resistance (17). In
addition, improvements were observed in terms of
cardiac function, reduction in blood pressure, and
regression of left ventricular hypertrophy following
parathyroidectomy (18,19).

In conclusion, our study shows that high levels
of iPTH are associated with diastolic dysfunction
and left ventricular hypertrophy in hemodialysis
patients. The reduction of iPTH to normal ranges
may reduce left ventricular hypertrophy and improve
cardiac function. Thus, we believe that one of the
early measures for preventing cardiac hypertrophy
in patients with ESRD is to reduce the high level
of iPTH. In order to confirm this result, large
multicenter studies are required.
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