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Introduction

Renal transplantation is the preeminent treatment for
end-stage renal disease patients. A number of reports have
demonstrated that kidney transplanted recipients have less
comorbidities, improved quality of life and better survival
in relation to patients on long-term dialysis therapy
[1-3]. Nevertheless, compared with the general popula-
tion, kidney transplant recipients have a fourfold higher

Summary

Cardiovascular mortality in kidney transplant recipients has shown to be sub-
stantially elevated particularly in the first year of transplantation. Complex ven-
tricular arrhythmia (VA) has been pointed as one of the etiologies of sudden
death. The aim of this study was to evaluate the prevalence of VA and to inves-
tigate the factors associated with their occurrence in incident kidney transplant
recipients. A total of 100 incident kidney transplant recipients were included in
the study (39.7 £ 10.1 years, 55% male, 43.6 £ 10.1 days of transplantation,
66% living donors). All the patients underwent 24 h electrocardiogram, echo-
cardiogram and multi-slice computed tomography. Thirty percent of the
patients had VA. Left ventricular hypertrophy was observed in 57% of the
patients while heart failure was found in 5%. Coronary artery calcification
(CAC) was observed in 26 patients, from which 31% had severe calcification.
The group of patients with VA was predominantly male, had been on dialysis
therapy for a longer time and had more coronary calcification. In the multiple
logistic regression analysis, male gender and CAC score were independently
associated with the presence of VA. In conclusion, kidney transplant recipients
exhibited a high prevalence of VA and the factors associated with its occur-
rence were the male gender and the presence of CAC.

Complex ventricular arrhythmia has been pointed as
one of the etiologies of sudden death, which is responsi-
ble for 15% of the mortality among kidney transplant
recipients with functioning grafts [7,8]. In view of the
lack of information on the occurrence of arrhythmias in
kidney transplant recipients, we aimed to evaluate the
prevalence of ventricular arrhythmia and to investigate
the factors associated with ventricular arrhythmia in these
patients.

risk of cardiovascular disease and a twofold higher risk of
cardiovascular death [4]. In fact, cardiovascular disease is
incontestably the leading cause of death in chronic kidney
disease even after transplantation [5,6]. Of note, the car-
diovascular mortality in kidney transplant recipients has
shown to be substantially elevated particularly in the first

Materials and methods

Subjects and study design
This is a cross-sectional study with 100 incident kidney
transplant recipients from the outpatient transplant unit

year of transplantation [5]. of the Federal University of Sao Paulo, Brazil. All patients
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who had undergone kidney transplantation within
2 months were invited to participate in the study satisfy-
ing the following the exclusion criteria: age below
18 years, creatinine clearance lower than 30 ml/min, clini-
cal evidence of cardiac congestive failure, hepatic failure,
neoplasic or infectious diseases. Patients who had experi-
enced any cardiovascular events 3 months prior to trans-
plantation were excluded. The majority of the patients
were on regular use of antihypertensive drugs (88%).
Patients were receiving B-blockers (45%), calcium channel
blockers (43%), diuretics (32%), o blockers (7%) and
angiotensin receptor blockers or angiotensin-converting
enzyme inhibitors (3%). No patient received digitalis.

According to local protocol, all patients were using ini-
tial immunosuppression with prednisone. Living donors
HLA I (totally matched) also received cyclosporine and
azathioprine, HLA II (partially matched) and III (fully
mismatched) used tacrolimus and azathioprine. Deceased
donors were induced with basiliximab, and received
tacrolimus and micophenolic acid. Thymoglobulin was used
when patients had higher panel response assay (>20%).

The study was reviewed and approved by the Ethics
Advisory Committee of the Federal University of Sao
Paulo, and each patient signed the informed consent form.

All laboratory tests, echocardiogram and coronary
computed tomography were performed within 2 months
after transplantation.

Laboratory data

Blood samples were drawn in a fasting state for the fol-
lowing laboratory tests: lipid profile, creatinine, blood
count, bicarbonate, intact parathyroid hormone (iPTH -
Immulite Assay; reference range 10-65 pg/ml), alkaline
phosphatase (references: 40-129 U/l for male, 35-104 U/I
for female), ionized calcium, phosphorus, blood glucose
and C-reactive protein (CRP) levels determined using
chemiluminescence immunoassay. Proteinuria was mea-
sured by obtaining 24 h urine samples. Abnormal pro-
teinuria was defined as urinary protein excretion >3 g/
24 h. Creatinine clearance was estimated by Cockcroft
and Gault’s equation [9]. Anemia was defined as hemo-
globin <11 g dl [10]. Hyperparathyroidism, hyperphos-
phatemia, and hypercalcemia were defined according to
bone metabolism K/DOQI guidelines [11].

24-h electrocardiogram

Cardiac arrhythmia was evaluated by a 3-channel 24-h
electrocardiogram monitoring (Cardios-Light®; Cardios,
Sao Paulo, Brazil). The mean of recording time was
23.7 h. Ventricular arrhythmia was classified according to
Lown and Wolf [12]: Lown grade 0 (absence of ventricu-
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lar extrasystoles); grade 1 (up to 30 unifocal ventricular
extrasystoles/h); grade 2 (more than 30 unifocal ventricular
extrasystoles/h); grade 3 (multifocal ventricular extrasys-
toles); grade 4 (paired ventricular extrasystoles or nonsu-
stained ventricular tachycardia) and grade 5 (R wave over
T). Heart rate variability was assessed based on the stan-
dard deviation of the mean of the R-R intervals (SDNN)
and on the number of instances per hour in which two
consecutive R-R intervals differ by more than 50 ms over
24 h (pNN50). Then, abnormalities in heart rate variabil-
ity were defined as SDNN <60 ms or pNN50 <5%.

Echocardiogram

Two-dimensional color Doppler echocardiogram (Phi-
lips® HDI 5000; Royal Philips Electronics, Amsterdam,
Netherlands) was performed in 82 patients according to
the recommendations of the American Society of Echo-
cardiography [13]. Presence of left ventricular hypertro-
phy was considered for a left ventricular mass index
>134 g/m”> among men and >110 g/m> among women.
Systolic dysfunction was defined as the ejection fraction
<55%.

Coronary computed tomography

All patients underwent coronary calcium quantification
by a multi-slice computed tomography scanner (Light-
Speed® Prol6 — GE Healthcare, Milwaukee, WI, USA)
using a gantry rotation of 0.4 s; collimation of 2.5 mm
(slice thickness); and reconstruction time of 6 frames/s. A
calcium threshold of 2130 Hounsfield Units (HU) was
used. The images were scored by a single radiologist
blinded to all clinical and biochemical aspects of the
patient. As described by Agatston, the calcium score was
determined by multiplying the area of each calcified
lesion by a weighting factor corresponding to the peak
pixel intensity for each lesion [14]. The sum of each
lesion of all coronary arteries was used for analysis. Pres-
ence of coronary artery calcification (CAC) was defined
as calcium score >10 AU, and severe CAC as calcium
score 2400 AU.

Statistical analysis

Mean and standard deviation, median and interquartile
range values or frequencies (proportions) were calculated
for all variables. Comparisons of continuous variables
were performed using Student’s t-test and the Mann—
Whitney U-test for normal and skewed data, respectively.
Comparisons of proportions were performed using chi-
square analysis or using Fischer’s exact test, as appropri-
ate. Multiple logistic regression analysis was applied to
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assess the variables associated with the presence of ven-
tricular arrhythmia including the variables that showed
significance at the 0.10 level in the univariate analysis. A
P-value <0.05 was considered statistically significant. All
statistical analyses were performed using spss for Win-
dows (SPSS Inc, Chicago, IL, USA).

Results

The characteristics of the studied patients (n = 100) are
shown in Table 1. As can be seen, patients were relatively
young and had been previously on dialysis therapy for
2 years. All patients were within 60 days on transplant,
and most of them (66%) were living donors (HLA I 24%,
HLA II 34%, and HLA III 8%). Based on the chronic kid-
ney disease classification proposed by the National Kidney
Foundation (K-DOQI), the majority of the patients
(89%) were on stages II and III. Overweight (BMI
>25 kg/m?) and obesity (BMI >30 kg/m?) were found in
25% and 6% of the patients, respectively.

Proteintria was observed in 19 patients [0.7 (0.5-1.3)
g/day]. Although the mean value of hemoglobin was

Table 1. Characteristics of the patients (n = 100).

Gender (male) 55

Age (years) 39.7 £ 10.1
Caucasians 41

Diabetes 6
Hypertension 89

Sedentary inactivity 79

Body mass index (kg/m?) 236+ 4.0
Duration of dialysis (months) 24 (11-60)
Previous transplantation 8

Time of transplantation (days) 43.6 + 10.1
Creatinine (mg/dl) 1.3(1.1-1.6)
eGFR (ml/min) 65.6 + 18.9
Potassium (mEag/l) 49+ 0.6
Bicarbonate (mEqg/l) 245+ 4.2
Hemoglobin (g/dl) 129+19
Serum glucose (mg/dl) 87.5(79.2-96.7)
LDL cholesterol (mg/dl) 109.5 = 31.6
HDL cholesterol (mg/dl) 55.5+ 16.0

Triglycerides (mg/dl)

iPTH (pg/mi)*

Alkaline phosphatase (U/l)
lonized calcium (mmol/l)

154 (112.2-218.2)
66.5 (46-124.7)
85.5 (71.7-134.7)
1.41 (1.35-1.45)

Phosphorus (mg/dl) 27 +0.8
C-reactive protein (mg/l)* 0.09 (0.03-0.38)
Left ventricular mass index (g/mz) 133 + 48.8
Ejection fraction (%) 67.2 +8.1

Calcium score in calcified patients (AU) 238.5 (66.5-844)

Mean = SD, median (interquartiles).

eGFR, estimated glomerular filtration rate; iPTH, intact parathyroid
hormone.

*n = 68.
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within the normal range, anemia was detected in 17% of
the patients. Fasting serum glucose above 100 mg/dl was
observed in 19% of the patients. Total cholesterol levels
were >200 mg/dl in 51% of the patients, HDL cholesterol
<40 mg/dl in 17%, LDL cholesterol >100 mg/dl in 57%,
and triglycerides >150 mg/dl in 53%. Regarding bone
metabolism, hypophosphatemia was observed in 48%,
hypercalcemia in 39% and hyperparathyroidism in 43%
of the patients. Levels of CRP were >0.1 mg/dl in 43% of
the patients and >0.5 mg/l in 16%.

Forty-four patients had cardiac arrhythmias, from
which 30 had ventricular arrhythmia and 22 supraventric-
ular arrhythmia. Eight patients had both ventricular and
supraventricular arrhythmia. Among patients with ven-
tricular arrhythmia, 14 patients were on grade I, two were
on grade II, four were on grade III, and 10 patients were
on grade IV, as determined by Lown and Wolf [12]. The
median of ventricular extra-systoles in patients with car-
diac arrhythmias was 125 (13.5-359.5) events/24 h and of
supraventricular extra-systoles was 73.5 (20-187.2) events/
24 h. Considering heart rate variability, the proportion of
patients with abnormal pNN50 reached 90% and with
abnormal SDNN was considerably lower (13%). Left ven-
tricular hypertrophy was observed in 57% of the patients
while heart failure was found in 5% of the patients.
Regarding coronary calcium quantification, the presence
of CAC was observed in 26 patients, from which 31%
had severe CAC. Their median calcification score was
238.5 (66.5-844) AU.

Considering all patients, the number of ventricular
extrasystoles tended to be associated with ventricular mass
index (r = 0.21, P = 0.058) and was significantly corre-
lated with calcium score (r = 0.23, P = 0.022). The com-
parisons between patients according to the presence of
ventricular arrhythmia are shown in Table 2. As shown,
patients with arrhythmias were predominantly male, had
longer vintage on previous dialysis treatment, and had
more coronary calcification. A lower level of triglycerides
was observed in such patients when compared with those
without ventricular arrhythmia. Of note men had a trend
to have lower levels of triglycerides compared with
women [141 (106-206) vs. 175 (122-234) mg/dl, P =
0.072]. There was no significant difference between the
groups regarding immunosuppression therapy; however,
the three patients who received thymoglobulin during the
hospitalization had ventricular arrhythmia. Sixty percent
of the patients with arrhythmia were on regular use of
blockers comparing with 40% of those with out arrhyth-
mia (P = 0.048). In the multiple logistic regression analy-
sis, male gender and coronary calcium score were the
factors independently associated with the presence of ven-
tricular arrhythmia in these kidney transplant recipients
(Table 3).
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Table 2. Comparison between patients according to the presence of ventricular arrhythmia.

Marcassi et al.

With ventricular

Without ventricular

arrhythmia (n = 30) arrhythmia (n = 70) P value
Male [n (%)] 23 (77) 32 (46) 0.004
Age (years) 42.4 £ 11.5 386 +9.2 0.11
Caucasians [n (%)] 11 (37) 30 (43) 0.56
Hypertension [n (%)] 29 (97) 60 (86) 0.17
Sedentary [n (%)] 24 (80) 55 (79) 0.87
Body mass index (kg/m?) 23.0+39 239+ 4.1 0.29
Duration of dialysis (months) 38 (17.5-75) 19.5 (9-43.2) 0.003
Deceased donors [n (%)] 13 (43) 21 (30) 0.20
Creatinine (mg/dl) 1.33 (1.09-1.91) 1.30 (1.06-1.53) 0.15
Potassium (mEg/l) 49 + 0.6 49 +0.6 0.98
Bicarbonate (mEq/l) 23.93 +5.36 24.74 + 3.58 0.45
lonized calcium (mmol/l) 1.38 (1.33-1.47) 1.41 (1.38-1.45) 0.32
Phosphorus (mg/dl) 2.64 + 0.94 2.73 £ 0.69 0.61
Hemoglobin (g/dl) 12.99 + 1.70 12.88 + 1.96 0.79
Blood glucose (mg/dl) 89.5 (79.7-101.2) 87.5 (79-96) 0.62
LDL cholesterol (mg/dl) 108.73 + 37.45 109.79 + 28.99 0.88
HDL cholesterol (mg/dl) 52.37 + 16.97 56.83 + 15.55 0.20
Triglycerides (mg/dl) 139.5 (105.7-179.5) 154 (122.5-234.2) 0.04
Left ventricular mass index (g/mz) 1445 + 56.0 127.4 + 44 .3 0.14
Left ventricular hypertrophy 16 (61) 29 (55) 0.56
Ejection fraction (%) 67.2 +£9.7 672 +723 0.98
Calcium score (AU) 2 (0-242) 0 (0-3) 0.019
CAC >10 AU [n (%)] 13 (45) 13(19) 0.007
CAC 2400 [n (%)] 6 (21) 2 (3) 0.007
pNN50 0.67 (0.25-2.44) 1.17 (0.31-2.68) 0.52
SDNN 84 (68-104.5) 88 (70.2-109.5) 0.44

Mean = SD, median (interquartiles).

Table 3. Multiple logistic regression for the presence of ventricular
arrhythmia.

B coefficient P value OR 95% ClI

Male 1.419 0.015 4131 1.318-12.946

Calcium score (AU) 0.002 0.042 1.002 1.000-1.004

Duration of dialysis 0.012 0.072 1.012 0.999-1.026
(months)

Triglycerides (mg/dl)  —0.006 0.079  0.994 0.987-1.001
Discussion

The rate of sudden cardiac death is elevated in kidney
transplant recipients, particularly during the first year
[5,7]. Although complex ventricular arrhythmia has been
suggested as the primary cause of sudden death, the
occurrence of ventricular arrhythmia and its risk factors
had not been so far described post-transplantation. This
study demonstrated that ventricular arrhythmia is highly
prevalent among incident kidney transplant recipients,
and the male gender and the presence of CAC were the
strongest factors associated with the occurrence of ven-
tricular arrhythmia in these patients.

A number of studies have consistently shown that com-
plex ventricular arrhythmia is frequent and are closely
associated with high mortality among patients undergoing
long-term dialysis therapy [15-18]. According to the Uni-
ted States Renal Data System (USRDS), arrhythmic altera-
tions are responsible for 58-64% of the cardiac deaths
and 25-27% of all deaths among dialysis population [15].
The electrolytic disturbances and abnormalities in the
myocardial structure and function attributed to the long-
term exposure to the disease and dialysis treatment are
thought to be the important contributors for the high
prevalence of ventricular arrhythmia observed in this
population [15-17,19].

Available literature describes gender as an important
factor associated with the occurrence of ventricular
arrhythmia. Thus, it is likely that the known difference in
the sudden cardiac death rate between men and women
may be a consequence of differences in the susceptibility
to arrhythmia triggering. In fact, there are evidences that
men may have a greater propensity to ventricular arrhyth-
mia than women [20,21]. In patients with coronary artery
disease and implantable cardioverter-defibrillators, it has
been shown that women were less likely to experience
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ventricular tachycardia or ventricular fibrillation recur-
rences than men [20]. Accordingly, in this study almost
80% of the patients with arrhythmia were men. The phys-
iologic mechanism that triggers this phenomenon is not
clear. It has been suggested that some differences in elec-
trophysiologic proprieties related to sex hormones may,
at least in part, explain the gender-specific propensity to
ventricular arrhythmia [22]. In addition, some studies
advocate that gender differences in autonomic nervous
system function, evaluated by variability in heart rate,
could influence ventricular tachyarrhythmia [23,24].
Actually, decreased heart rate variability frequently
observed among men [25] has been established as a sig-
nificant risk factor for higher mortality in general popula-
tion and dialysis patients [26,27]. However, in this study
the heart rate variability did not differ between men and
women, as well as between patients with and without
arrhythmia. Therefore, it is unlikely that the ventricular
arrhythmia in these patients was mediated by the auto-
nomic nervous system.

Coronary artery calcification was also a common finding
among our incident kidney transplant recipients. The pre-
vious studies have demonstrated that this cardiovascular
injury is highly prevalent in all stages of chronic kidney
disease [28-31], including kidney transplant recipients
[32]. There are some evidences that the presence and
extension of the vascular calcification have prognostic
value on mortality in dialysis population [33]. Very
recently, the association of artery calcification score with
cardiovascular events, hospitalization, and mortality has
been demonstrated in nondialyzed chronic kidney disease
patients [31]. Of note, vascular calcification, especially in
the median wall of arteries, has been associated with car-
diac arrhythmia in dialysis patients [32]. In agreement, the
CAC score was independently related to the occurrence of
ventricular arrhythmia in our kidney transplant recipients.

A relationship of left ventricular hypertrophy with
cardiac arrhythmia has also been observed in patients on
hemodialysis [17,19]. In this study, the number of
ventricular extrasystoles tended to be associated with
ventricular mass index, however, the left ventricular mass
index of the patients with ventricular arrhythmia was not
different when compared with the patients without
arrhythmia. Another contrasting aspect from the literature
was the effect of age on the occurrence of ventricular
arrhythmia. The association of aging with the episodes of
ventricular arrhythmia has been well recognized in the
general population [21]. However, we did not find differ-
ences in age between the group of patients with and with-
out ventricular arrhythmia. Probably, the effect of age on
the occurrence of arrhythmia was not a prominent fact
since the studied patients were young.

© 2010 The Authors

Ventricular arrhythmia in kidney transplant

This study has some limitations such as the cross-sec-
tional model of the study and the relatively small sample
of patients. In addition, we have to consider that, as else-
where, the kidney transplant recipients are derived from a
highly selected group of dialysis patients who are deemed
suitable for transplantation. However, to the best of our
knowledge, this is the first study to demonstrate the prev-
alence as well as the factors associated with the occur-
rence of ventricular arrhythmia in incident kidney
transplant recipients.

In conclusion, the prevalence of ventricular arrhythmia
in incident kidney transplant recipients was elevated. The
male gender and the CAC were the factors associated with
the occurrence of ventricular arrhythmia in these patients.
The prognostic value of this cardiovascular injury in kid-
ney transplant recipients remains to be investigated. This
finding, however, calls attention to the need for early
diagnosis of ventricular arrhythmia. Further examinations
focusing on the interventions to prevent and treat ven-
tricular arrhythmias are needed in attempt to contribute
in reducing the rate of sudden death in chronic kidney
disease and kidney transplantation.

Funding

Fundagao de Amparo a Pesquisa do Estado de Sao Paulo
(FAPESP).

References

1. Collins AJ, Kasiske B, Herzog C, et al. Excerpts From the
United States Renal Data System 2008 Annual Data Report
Atlas of Chronic Kidney Disease & End-Stage Renal Disease
in the United States. Am ] Kidney Dis 2005; 45(1 Suppl. 1): 5.

2. Neipp M, Karavul B, Jackobs S, et al. Quality of life in
adult transplant recipients more than 15 years after kidney
transplantation. Transplantation 2006; 81: 1640.

3. Wolfe RA, Ashby VB, Milford EL, et al. Comparison mor-
tality in all patients on dialysis, patients on dialysis await-
ing transplantation, and recipients of a first cadaveric
transplant. N Engl ] Med 1999; 341: 1725.

4. Kasiske BL. Risk factor for accelerated atherosclerosis in
renal transplant recipients. Am ] Med 1988; 84: 985.

5. Morales JM, Marcén R, Andrés A, et al. Renal Transplan-
tation in the modern immunosuppressive era in spain:
four-year results from a multicenter database focus on
post-transplant cardiovascular disease. Kidney Int Suppl.
2008; 111: S94.

6. Kasiske BL, Guijarro C, Massy ZA, Wiederkehr MR, Ma
JZ. Cardiovascular disease after renal transplantation. | Am
Soc Nephrol 1996; 7: 158.

7. West M, Sutherland DE, Matas AJ. Kidney transplant
recipients who die with functioning grafts: serum

Journal compilation © 2010 European Society for Organ Transplantation 24 (2011) 67-72 71



Ventricular arrhythmia in kidney transplant

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

72

creatinine level and cause of death. Transplantation 1996;
62: 1029.

. Jardine AG, Fellstrom B, Logan JO, et al. Cardiovascular

risk and renal transplantation: post hoc analyses of the
Assessment of Lescol in Renal Transplantation (ALERT)
Study. Am ] Kidney Dis 2005; 46: 529.

. Stewart GA, Gansevoort RT, Mark PB, et al. Electrocardio-

graphic abnormalities and uremic cardiomyopathy. Kidney
Int 2005; 67: 217.

Cockcroft DW, Gault MH. Prediction of creatinine clear-
ance from serum creatinine. Nephron 1976; 16: 31.
National Kidney Foundation. K/DOQI clinical practice
guidelines for anemia of chronic kidney disease. Am |
Kidney Dis 2006; 47(5 Suppl. 3): S33.

National Kidney Foundation. K/DOQI clinical practice
guidelines for bone metabolism and disease in chronic
kidney disease. Am | Kidney Dis 2003; 42(4 Suppl. 3): SI.
Lown B, Wolf M. Approaches to sudden death from
coronary heart disease. Circulation 1971; 44: 130.
Gottdiener JS, Bednarz J, Devereux R, et al. American
Society of Echocardiography recommendations for use of
echocardiography in clinical trials. ] Am Soc Echocardiogr
2004; 17: 1086.

Agatston AS, Janowitz WR, Hildner FJ, Zusmer NR, Via-
monte M Jr, Detrano R. Quantification of coronary artery
calcium using ultrafast computed tomography. J Am Coll
Cardiol 1990; 15: 827.

Herzog CA. Can we prevent sudden cardiac death in dialy-
sis patients? Clin ] Am Soc Nephrol 2007; 2: 410.

Cheung AK, Sarnak MJ, Guofen Y, et al. Cardiac diseases
in maintenance hemodialysis patients: results of the
HEMO Study. Kidney Int 2004; 65: 2380.

Saragoga MA, Canziani ME, Cassiolato JL, et al. Left
ventricular hypertrophy as a risk factor for arrhythmias in
hemodialysis patients. ] Cardiovasc Pharmacol 1991;
17(Suppl. 2): S136.

Peer G, Korzets A, Hochhauzer E, Eschchar Y, Blum M,
Aviram A. Cardiac arrhythmia during continuous ambula-
tory peritoneal dialysis. Nephron 1987; 45: 192.

Canziani ME, Saragoca MA, Draibe SA, Barbieri A, Ajzen
H. Risk factors for the occurrence of cardiac arrhythmias
in patients on continuous ambulatory peritoneal dialysis.
Perit Dial Int 1993; 13(Suppl. 2): S409.

Lampert R, McPherson CA, Clancy JF, Caulin-Glaser TL,
Rosenfeld LE, Batsford WP. Gender differences in ventric-

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Marcassi et al.

ular arrhythmia recurrence in patients with coronary artery
disease and implantable cardioverter-defibrillators. J Am
Coll Cardiol 2004; 43: 2293.

Chugh SS, Reinier K, Teodorescu C, et al. Epidemiology of
sudden cardiac death: clinical and research implications.
Prog Cardiovasc Dis 2008; 51: 213.

Rivero A, Curtis AB. Sex differences in arrhythmias. Curr
Opin Cardiol 2010; 25: 8.

Reed MJ, Robertson CE, Addison PS. Heart rate variability
measurements and prediction of ventricular arrhythmia.
QJM 2005; 98: 87.

Verrier RL, Antzelevitch C. Autonomic aspects of
arrhythmogenesis: the enduring and the new. Curr Opin
Cardiol 2004; 19: 2.

Krauss TT, Mduser W, Reppel M, Schunkert H, Bonneme-
ier H. Gender effects on novel time domain parameters of
ventricular repolarization inhomogeneity. Pacing Clin Elec-
trophysiol 2009; 32(Suppl. 1): S167.

Kleiger RE, Stein PK, Bigger JT Jr. Heart rate variability:
measurement and clinical utility. Ann Noninvasive Electro-
cardiol 2005; 10: 88.

Ranpuria R, Hall M, Chan CT, Unruh M. Heart rate vari-
ability in kidney failure: measurement and consequences of
reduced HRV. Nephrol Dial Transplant 2008; 23: 444.
Russo D, Miranda I, Ruocco C, et al. The progression
of coronary artery calcification in predialysis patients on
calcium carbonate or sevelamer. Kidney Int 2007; 72:
1255.

Goodman WG, Goldin J, Kuizon BD, et al. Coronary
artery calcification in young adults with end-stage renal
disease who are undergoing dialysis. N Engl ] Med 2000
342: 1478.

Braun J, Oldendorf M, Moshage W, Heidler R, Zeitler E,
Luft FC. EBCT in the evaluation of cardiac calcification in
chronic dialysis patients. Am J Kidney Dis 1996; 27: 394.
Watanabe R, Lemos MM, Manfredi SR, Draibe SA, Canzi-
ani MEF. Impact of cardiovascular calcification in nondia-
lyzed patients after 24 months of follow-up. Clin ] Am Soc
Nephrol 2010; 5: 189.

Moe SM, O’Neill KD, Resterova M, Fineberg N, Persohn
S, Meyer CA. Natural history of vascular calcification in
dialysis and transplant patients. Nephrol Dial Transplant
2004; 19: 2387.

© 2010 The Authors
Journal compilation © 2010 European Society for Organ Transplantation 24 (2011) 67-72



