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Abstract
Introduction: Cardiovascular diseases constitute a signifi-
cant cause of morbidity and mortality in individuals with
autosomal dominant polycystic kidney disease (ADPKD).
This study aimed to assess the long-term effects of tolvaptan
on the kidneys and heart in rapidly progressing ADPKD.
Methods: Among 354 patients diagnosed with ADPKD, 58
meeting the eligibility criteria for tolvaptan were included in
the study. The study comprised two groups with similar
demographic and clinical characteristics: 29 patients
receiving tolvaptan treatment and 29 in the control
group. Several included genetic analysis, magnetic reso-
nance imaging, and echocardiography. Clinical and cardiac
changes were recorded in both groups after a 3-year follow-
up. Results: Tolvaptan treatment demonstrated a significant
reduction in the rate of eGFR decline compared to the
control group. Furthermore, it was observed that tolvaptan
could prevent the development of cardiac arrhythmias by

inhibiting an increase in QTc interval and heart rate.
Conclusion: These findings suggest that, in addition to
slowing kidney progression in ADPKD management, tol-
vaptan may potentially benefit in preventing cardiac
complications. © 2024 The Author(s).

Published by S. Karger AG, Basel

Introduction

Autosomal dominant polycystic kidney disease
(ADPKD) follows a chronic, progressive course with
multisystem involvement, ultimately leading to end-
stage renal failure in advanced age [1]. It is a genetic
kidney disorder responsible for approximately 1 in
1,000 cases within the population, contributing to
5–10% of all etiologies of chronic kidney disease [2]. In
the majority of cases, mutations in the PKD1 gene,
encoding polycystin-1 (85%), or the PKD2 gene, en-
coding polycystin-2 (15%), are responsible [2]. Patients
carrying the PKD1 gene tend to have a worse prognosis
than those carrying PKD2 [3]. While most ADPKD
patients progress to end-stage renal failure, the primary
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causes of mortality and morbidity are complications
related to the cardiovascular system [4]. In the ma-
jority of patients, hypertension develops before the
onset of end-stage renal failure, and studies have
demonstrated that hypertension occurs at an earlier
age compared to the healthy population [5, 6]. The
development of hypertension in ADPKD is thought to
be significantly influenced by the pressure exerted by
growing cysts on renal vascular structures, activating
the renin-angiotensin-aldosterone system. Addition-
ally, this, along with secondary increased systemic
vascular resistance, sets the stage for the development
of cardiovascular complications [7, 8]. Tolvaptan, a
short-acting vasopressin V2 receptor inhibitör, re-
cently introduced worldwide, has been shown to slow
disease progression and reduce cyst development [9].
Despite sufficient data on the efficacy of high-dose and
long-term tolvaptan use in preserving renal function in
progressive ADPKD, there is currently limited infor-
mation regarding its effects on the cardiovascular
system. Therefore, we aimed to investigate the renal
and cardiovascular effects of tolvaptan treatment in
rapidly progressing ADPKD patients.

Materials and Methods

Study Population
Among 354 patients diagnosed with ADPKD through follow-

up magnetic resonance imaging (MRI), ultrasonography, and
genetic analysis at our center, 58 patients deemed suitable for
tolvaptan use were randomized. These patients exhibited criteria
for rapid progression in ADPKD according to the guidelines es-
tablished by Chebib. et al. [10]. Patients were divided into two
groups: those receiving medication (tolvaptan group) and those
not using medication (control group). The control group consisted
of patients with a confirmed diagnosis of ADPKD through genetic
and MRI assessments, who either did not wish to undergo tol-
vaptan treatment or used the medication for less than 1 month
(Fig. 1). Informed consent was obtained from all participants, and
the study received approval from the Local Academic and Ethical
Committee (project number: 2022–196). Tolvaptan was admin-
istered to 29 patients at doses of 90 mg/day or 120 mg/day, and
their progress was monitored for 36 months from 2019 to 2022.
Among them, 21 patients received 120 mg/day, while eight re-
ceived 90 mg/day of tolvaptan. The control group underwent
conservative follow-up for 36 months. In both groups, baseline
assessments were conducted before starting tolvaptan and after the
treatment period, following similar evaluation criteria for the
control group. The inclusion and exclusion criteria for the study
are depicted in Figure 1. Medical histories and physical exami-
nations during outpatient controls for both the medication and

Fig. 1. Study design, inclusion criteria, and exclusion criteria for study participation.
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control groups were recorded in the electronic database system of
the Erciyes University Faculty of Medicine Hospital. Blood
pressure measurements were taken using a sphygmomanometer
after 10 min of rest. Information on age, gender, height, weight, the
presence of hypertension, duration of hypertension if present,
history of cardiovascular disease, smoking, alcohol, and drug use
were collected and recorded. Subsequently, 12-lead electrocar-
diogram (ECG) and echocardiography assessments were per-
formed, and biochemical samples were collected for analysis at the
Erciyes University Central Biochemistry Laboratory.

Biochemical Assessment
Blood samples were obtained from patients in the morning

after a 12-h overnight fast. Plasma glucose, serum albumin, serum
electrolytes (Na, K, Ca, Mg), kidney function tests (BUN, creat-
inine, proteinuria), and complete blood count parameters were
determined using standard methods. The estimated glomerular
filtration rate (eGFR) was calculated using the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) equation [11].

Genetic Analysis
All genes associated with nephropathy were sequenced using

bead capture technology, and the entire gene sequences were
analyzed with the Sophia Genetics Nephropathy Panel (Saint-
Sulpice, Switzerland). DNA isolation from peripheral blood
samples was performed using automated systems and standard
protocols. Within the scope of the test, genes were sequenced
using the Sophia Nephropathy kit. Next-generation sequencing
was conducted on the Illumina MiSeq platform, and variant
calling and bioinformatic analysis were performed using the
Sophia DDM [12].

MRI Evaluation
MRI without gadolinium contrast agent was performed using a

1.5-T system (Magnetom Aera; Siemens Healthineers). Kidney
volume measurement was conducted using the mid-slice tech-
nique on T1-weighted ultrafast gradient echo MRI series with
post-processing workstations (Vitrea Workstation, Version 4.1.51,
Canon Medical Systems).

Electrocardiographic Evaluation
Standard 12-lead electrocardiography was used to record

ECGs for patients using and not using tolvaptan. ECG re-
cordings were made with the Tepa EKGMaster device at a speed
of 25 mm/s and a voltage of 10 mm/mV. All ECG records were
transferred to a computer and analyzed. P wave, heart rate, and
QTc intervals were evaluated in the electrocardiographic as-
sessment. The QTc interval was calculated using the Bazett
formula, and in cases of interobserver differences, two expe-
rienced cardiologists recalculated measurements, and the av-
erage values were taken.

Echocardiographic Evaluation
All patients participating in the study underwent examination

with transthoracic echocardiography by two experienced cardi-
ologists. Examinations were conducted using the VIVID S70 with a
2.5-MHz probe, and patients were positioned in the left lateral
decubitus position according to the guidelines of the American
Society of Echocardiography. Imaging was performed from the
parasternal long axis, parasternal short axis, apical 4-chamber, and

apical 2-chamber windows. Simultaneous ECG monitoring was
performed during echocardiography. Systolic functions of the
heart, wall thickness, diameters of the left and right heart
chambers, aortic root, and valve structures were examined. The left
atrium volume was calculated using the dimensions obtained from
the apical 4-chamber and apical 2-chamber windows. Finally, left
ventricular mass indices were calculated using interventricular
septal thickness (IVSD), posterior wall thickness, and left ven-
tricular end-diastolic diameter (LVEDD).

Statistical Analysis
The normal distribution of data was evaluated using the

Shapiro-Wilk test, histograms, and q-q plots. Dependent two-
sample t test, Wilcoxon test, independent two-sample t test,
Mann-Whitney U test, and Kruskal-Wallis H test were utilized
to compare quantitative data before and after treatment and
between groups. Multiple comparisons were performed using
the Dunn-Bonferroni test. McNemar’s, Fisher-Freeman-Halton
exact, and Pearson χ2 tests were used to compare categorical
data before and after treatment and between groups. When the
influence of eGFR variation was controlled for, a linear re-
gression analysis (Enter method) was utilized to investigate
potential differences in QTc interval changes between groups,
distinguishing between those who were using medication and
those who were not. In this analysis, the statistical impact of
medication on QT changes was examined, with adjustments
made for alterations in eGFR. A significance level of p < 0.05
was considered. The analyses were conducted using the SPSS
22.0 software package.

Results

A total of 60 ADPKD patients were included for
evaluation based on inclusion and exclusion criteria from
the initial pool of 354 patients. One patient who self-
reported inadequate duration and dosage of tolvaptan
treatment, and another with poor image quality, were not
included in the study. Therefore, data from a total of 58
patients were analyzed. The baseline characteristics of
patients, both those using tolvaptan and the control
group, were analyzed and summarized in Table 1. The
average age of the 29 patients using tolvaptan was 45.62 ±
6.27, with 18 (62.1%) males. In the control group, the
average age was 44.83 ± 10.18, with 16 (53.3%) males. No
significant differences were observed in the baseline
characteristics of both groups, including BMI, office
blood pressure, Mayo score, genetic factors, total kidney
volume (hTKV), laboratory findings, electrocardiogra-
phy, and echocardiography (Table 2) (p > 0.05). However,
when analyzed after 36 months of follow-up, differences
in clinical parameters were observed (Tables 1, 3). First,
comparing electrocardiographic findings between the two
groups after treatment, heart rate was significantly higher
in the control group (80.00 ± 7.57 beats/minute) compared
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to the tolvaptan-treated group (75.00 ± 12.01 beats/
minute) (p = 0.04) (Fig. 2). QTc interval was signifi-
cantly higher in the control group (420.83 ± 25.89 ms)
compared to the tolvaptan-treated group (397.21 ± 37.37
ms) (p = 0.01). In the control group, the QTc interval,
initially measured at 400.73 ± 34.39 ms, increased to
420.83 ± 25.89 ms at the 36-month follow-up, and this
change was statistically significant (p = 0.01) (Table 3)
(Fig. 2). Second, among the biochemical parameters,
differences were observed in some parameters related to
kidney function. eGFR decreased from 45.45 ± 11.93 mL/
min/1.73 m2 to 43.56 ± 16.06 mL/min/1.73 m2 in the
tolvaptan-treated group and from 56.43 ± 32.2 mL/min/
1.73 m2 to 49.45 ± 26.32 mL/min/1.73 m2 in the control
group, and these changes were statistically significant (p =

0.01). The regression analysis demonstrated a significant
alteration inQTc interval under the fixed change condition
of eGFR (p = 0.03, r = 0.43). Simultaneously, the corre-
lation analysis within the same dataset revealed a statis-
tically significant, albeit weak, negative correlation between
medication usage and QTc interval (b = −0.323, p = 0.03)
(Table 4). Similarly, while the amount of proteinuria did
not change significantly in the tolvaptan-treated group
(0.23 ± 0.16–0.27 ± 0.42, p = 0.12), an increase was ob-
served in the control group (0.23 ± 0.56 to 0.38 ± 0.39, p =
0.01) (Table 1). There were no significant differences in
systolic and diastolic blood pressure between the
tolvaptan-treated and the control group (p > 0.05). Sim-
ilarly, although there was an increase in systolic blood
pressure in the control group over a similar period, it was

Table 1. Changes in biochemical and radiological parameters before and after treatment in patient groups
receiving and not receiving tolvaptan

Results Patients using
tolvaptan (n = 29)

Control
group (n = 29)

p value

eGFRa baseline, mL/min/1.73 m2 45.45±11.93 56.43±32.2 0.24
eGFRa post-treatment, mL/min/1.73 m2 43.56±16.06 49.45±26.32 0.39
Δ eGFR, mL/min/1.73 −1.89±9.33 −6.99±13.83 0.10
p value 0.63 0.01*

Sodium baseline, mmol/L 140.34±3.35 140.03±3.24 0.73
Sodium post-treatment, mmol/L 139.66±3.82 139.23±3.87 0.57
Δ Sodium, mmol/L −0.69±3.65 −0.80±3.81 0.91
p value 0.83 0.87

Potassium baseline, mmol/L 4.25±0.46 4.51±0.49 0.05
Potassium post-treatment, mmol/L 4.38±0.44 4.51±0.54 0.05
Δ Potassium, mmol/L 0.13±0.45 0.00±0.58 0.33
p value 0.74 0.99

Calcium baseline, mmol/L 9.44±0.42 9.31±0.51 0.35
Calcium post-treatment, mmol/L 9.43±0.44 9.32±0.47 0.35
Δ Calcium, mmol/L 0.00±0.39 0.01±0.63 0.91
p value 0.92 0.93

Magnesium baseline, mmol/L 0.82±0.03 0.83±0.03 0.22
Magnesium post-treatment, mmol/L 0.81±0.06 0.83±0.06 0.36
Δ Magnesium, mmol/L 0.00±0.06 0.00±0.0.60 0.76
p value 0.96 0.99

Proteinuria baseline 0.23±0.16 0.23±0.56 0.66
Proteinuria post-treatment 0.27±0.42 0.38±0.39 0.29
Δ Proteinuria 0.15±0.29 0.04±0.09 0.30
p value 0.12 0.01*

hTKV baseline, mL 1,216.03±616.35 1,126.57±677.99 0.59
hTKV post-treatment, mL 1,307.58±621.03 1,256.06±697.33 0.76
Δ hTKV, mL 98.44±56.13 126.26±66.98 0.09
p value 0.64 0.56

aEstimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology
Collaboration (CKD-EPI) equation. Δ: represents the difference between post-treatment and pretreatment. Data are
expressed as mean and standard deviation for normally distributed variables. eGFR, estimated glomerular filtration
rate; TKV, total kidney volume. Results with a p value less than 0.05 are deemed statistically significant.
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Table 2. Baseline characteristics of ADPKD patients planned for tolvaptan treatment and ADPKD patients not using tolvaptan
(control group) before treatment

Basic characteristic features Patients with ADPKD
using tolvaptan (n = 29)

Control group
(n = 29)

p value

Age, years 45.62±6.27 44.83±10.18 0.65

Gender, n (%)
Male 18 (62.1) 16 (55.1) 0.08
Female 11 (37.9) 13 (44.8)

BMI, kg/m2 28.55±3.33 28.37±3.21 0.61

Smoking
None, n (%) 7 (24.1) 6 (20.6) 0.89
Present, n (%) 22 (75.9) 23 (79.3)

Drug distribution
ACEi/ARB, n (%) 12 (44.4) 13 (50)
Ca channel blocker, n (%) 5 (18.5) 4 (15.3) 0.53
Alfa blockers, n (%) 3 (11.1) 2 (7.6)
Diuretic, n (%) 7 (25.9) 7 (15.3)
B blocker None None

Systolic blood pressure, mm Hg 140.86±9.83 136.83±14.05 0.23

Diastolic blood pressure, mm Hg 73.1±6.47 71.67±5.77 0.29

Pulse pressure, mm Hg 68.28±9.19 64.5±12.34 0.36

hTKV, mL 1,216.03±616.35 1,126.57±677.99 0.59

Mayo classification, n (%)
1C 11 (41.3) 20 (68.9) 0.12
1D 15 (51.7) 4 (13.7)
1E 2 (6.9) 5 (17.2)

Hypertension
None, n (%) 2 (6.9) 3 (10.3) 0.35
Present, n (%) 27 (93.1) 26 (89.6)

Genetic
PKD1, n (%) 16 (55.2) 14 (48.2) 0.42
PKD2, n (%) 1 (3.4) 3 (10.3)
PKD3, n (%) 12 (41.4) 12 (41.3)

Laboratory
eGFRa, mL/min/1.73 m2 45.45±11.93 56.43±32.2 0.24
Creatinine, mg/dL 1.65±0.41 1.67±1 0.20
Calcium, mmol/L 9.44±0.42 9.31±0.51 0.35
Magnesium, mmol/L 0.82±0.03 0.83±0.03 0.22
Sodium, mmol/L 140.34±3.35 140.03±3.24 0.73
Potassium, mmol/L 4.38±0.44 4.51±0.49 0.05
Glucose, mg/dL 92.36±11.36 112.36±69.1 0.23
Spot urine protein-to-creatinine ratio 0.23±0.16 0.23±0.56 0.66
Hemoglobin, g/dL 13.97±1.51 13.49±1.40 0.29

Electrocardiography
Heart rate (beat/minutes) 76.00±12.97 78.23±10.15 0.43
QTc interval, ms 405.66±36.82 400.73±34.39 0.56
P wave, ms 101.86±27.56 111.48±28.19 0.24

Echocardiography
Ejection fraction, % 59.97±5.78 57.3±8.04 0.17
Pulmonary artery pressure, mm Hg 23.86±4.61 30.56±15.21 0.35
LVEDD, mm 47.24±5 48.47±5.04 0.42
LVESD, mm 35.27±7.53 35.59±7.26 0.79
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not statistically significant (p > 0.05). However, there
was no significant difference in pulse pressure between
pre- and posttreatment in the tolvaptan-treated group
In contrast, in the control group, pulse pressure in-
creased from 64.5 ± 12.34 mm Hg to 68.83 ± 12.15 mm
Hg. This change was significant (p = 0.01) (Table 3).
Echocardiographic findings, including ejection
fraction, pulmonary artery pressure, left ventricular
end-systolic diameter, left ventricular end-diastolic
diameter (LVEDD), IVSD, and aortic root diameter,
did not show significant differences during the treat-
ment period in both the tolvaptan-treated and control
groups (p > 0.05) (Table 3).

Discussion

This study evaluated the long-term renal and car-
diac effects of tolvaptan in a group of rapidly pro-
gressing ADPKD patients. First, when patients re-
ceiving treatment and the control group were assessed
at 36 months of posttreatment, it was observed that the
decrease in eGFR in the tolvaptan-treated group was
significantly less than that in the control group, and
proteinuria was significantly higher in the control
group compared to the tolvaptan-treated group. These
findings are as consistent with studies such as TEMPO
4:4 and REPRISE, suggesting that tolvaptan treatment
slows the progression to end-stage renal failure in
ADPKD [9, 13, 14]. Second, after 36 months of
treatment, it was found that the QTc interval from
electrocardiographic findings did not increase in the
tolvaptan-treated group, and in fact, it slightly de-
creased compared to the baseline. In contrast, the
control group significantly increased the QTc interval.
Similarly, the heart rate was lower in the tolvaptan-

treated group than in the control group. Studies have
shown that a lower heart rate is beneficial in pro-
longing lifespan and predicting cardiovascular diseases
[15, 16]. These results could be attributed to the
secondary effects of tolvaptan; however, there is in-
sufficient literature on the pathophysiological pro-
cesses related to these findings. An increase in QTc
interval as chronic kidney disease progresses, inde-
pendently of other risk factors, has been shown in
studies [17]. The QT interval consists of the distance
from the beginning of ventricular depolarization to the
end of ventricular repolarization. It can vary in con-
ditions such as medications, electrolyte imbalances,
ischemic conditions, congenital diseases, cerebrovas-
cular diseases, and diabetic neuropathy. Studies have
demonstrated the clinical and prognostic significance
of an increased QT interval in diseases other than
cardiac diseases, such as type 1 and type 2 diabetes
mellitus, nutritional disorders, rheumatological dis-
eases, patients undergoing renal replacement therapy,
patients with electrolyte imbalances, severe burns, and
individuals who have undergone renal transplantation
[18, 19]. In patients with prolonged QTc intervals,
ventricular premature beats and sudden death are
more common than in those with a normal QTc range.
ADPKD, known to be associated with arrhythmic risk
and autonomic imbalance, is among the secondary
causes of hypertension and chronic kidney disease
[20]. The literature has shown a significant delay in
cardiac repolarization as chronic kidney disease
progresses, independently of other risk factors, sug-
gesting a relationship between the worsening of kidney
functions and cardiac repolarization in chronic kidney
patients. This situation may also increase the risk of
sudden cardiac death and drug-related arrhythmia
sensitivity [21, 22]. Additionally, both prolonged QTc

Table 2 (continued)

Basic characteristic features Patients with ADPKD
using tolvaptan (n = 29)

Control group
(n = 29)

p value

PWD, mm 11.69±2.29 10.59±1.96 0.06
IVSD, mm 11.59±1.78 10.46±2.25 0.06
Aortic root diameter, mm 32.62±2.81 31.82±3.09 0.11
Left atrium diameter, mm 35.24±3.92 36.93±7.39 0.47

aEstimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI)
equation. QTc interval was calculated using the Bazett formula. Data are expressed as the mean and standard deviation for normally
distributed variables. BMI, body mass index; TKV, total kidney volume; eGFR, estimated glomerular filtration rate; LVEDD, left ventricular
end-diastolic diameter; LVESD, left ventricular end-systolic diameter; PWD, posterior wall diameter; IVSD, interventricular septal
diameter.
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a

b

Fig. 2. a Comparison of heart rates between the control group and patients receiving tolvaptan after follow-up.
b Comparison of QTc intervals between the group receiving tolvaptan and the control group after follow-up.
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Table 3. Changes in cardiovascular findings before and after treatment in patient groups receiving and not receiving tolvaptan

Results Patients using
tolvaptan (n = 29)

Control
group (n = 29)

p value

Systolic blood pressure, mm Hg baseline 140.86±9.83 136.83±14.05 0.23
Systolic blood pressure, mm Hg post-treatment 139.14±9.73 139.33±16.39 0.83
Δ Systolic blood pressure, mm Hg −1.72±11.12 2.50±8.98 0.11
p value 0.46 0.16

Diastolic blood pressure, mm Hg baseline 73.10±6.47 71.67±5.77 0.29
Diastolic blood pressure, mm Hg post-treatment 71.21±7.03 71.33±6.01 0.91
Δ Diastolic blood pressure, mm Hg −1.90±7.49 −0.33±6.81 0.40
p value 0.16 0.59

Pulse pressure, mm Hg baseline 68.28±9.19 64.5±12.34 0.36
Pulse pressure, mm Hg post-treatment 68.79±8.09 68.83±12.15 0.80
Δ Pulse pressure, mm Hg 0.52±13.39 4.33±8.48 0.19
p value 0.54 0.01*

QTc interval baseline 405.66±36.82 400.73±34.39 0.56
QTc interval post-treatment 397.21±37.37 420.83±25.89 0.01*
Δ QTc interval −8.45±43.90 20.10±41.25 0.01*
p value 0.73 0.01*

Heart rate baseline 76.1±12.97 78.23±10.15 0.43
Heart rate post-treatment 75±12.01 80±7.57 0.04*
Δ Heart rate −0.10±14.43 1.77±13.27 0.60
p value 0.62 0.80

Ejection fraction baseline 59.97±5.78 57.30±8.04 0.17
Ejection fraction post-treatment 58.34±9.74 55.47±12.13 0.48
Δ Ejection fraction −1.62±7.75 −1.83±8.39 0.92
p value 041 044

Pulmonary artery pressure, mm Hg baseline 23.86±4.61 30.56±15.21 0.35
Pulmonary artery pressure, mm Hg post-treatment 25.73±7.07 29.07±12.33 0.50
Δ Pulmonary artery pressure, mm Hg 1.58±6.98 −1.48±7.94 0.13
p value 0.28 0.26

LVEDD baseline, mm 47.24±5.00 48.47±5.04 0.42
LVEDD post-treatment, mm 46.62±4.43 47.76±5.23 0.51
Δ LVEDD, mm −0.62±6.29 −0.28±7.73 0.85
p value 0.92 0.80

LVESD baseline, mm 35.27±7.53 35.59±7.26 00.79
LVESD post-treatment, mm 36.35±8.34 35.05±6.94 0.63
Δ LVESD, mm 0.05±10.43 −1.47±7.21 0.59
p value 0.74 0.29

IVSD, mm baseline 11.59±1.78 10.46±2.25 0.06
IVSD mm post-treatment 11.59±1.82 10.93±2.28 0.06
Δ IVSD, mm 0.00±2.24 0.38±3.38 0.62
p value 0.53 0.59

Aortic root diameter, mm, baseline 32.62±2.81 31.82±3.09 0.11
Aortic root diameter post-treatment, mm 32.04±3.23 32.62±2.82 0.53
Δ Aortic root diameter, mm 0.00±3.90 −0.07±4.45 0.94
p value 0.96 0.96

Δ: indicates the difference between post-treatment and pretreatment. QTc interval was calculated using the Bazett formula.
Data are expressed as the mean and standard deviation for normally distributed variables. Results with a p value less than 0.05 are
deemed statistically significant. LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; IVSD,
interventricular septal diameter.
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and chronic kidney disease are independently asso-
ciated with an increased risk of mortality. When
combined, there is a higher mortality risk than those
with typical values [23, 24]. Upon evaluating the data
obtained from our study, it can be interpreted that the
increase in QTc interval in the control group and the
faster progression toward end-stage renal failure
compared to those receiving tolvaptan suggest that
tolvaptan treatment may stabilize both risk factors
more effectively, potentially providing cardiovascular
benefits. Both groups had similar demographic find-
ings, genetic findings, comorbidity conditions, bio-
chemical tests, and echocardiographic findings influ-
encing QTc interval. The similarity of these findings
reduces the possibility that the mentioned results are due
to other causes in our study. Cardiovascular system as-
sessment in our study was evaluated in terms of electro-
cardiographic and echocardiographic findings, and it was
observed that tolvaptan treatment did not cause a sig-
nificant difference in measurements of echocardiographic
findings (ejection fraction (%), pulmonary artery pressure,
LVEDD, left ventricular end-systolic diameter, IVSD,
aortic root diameter) before and after treatment in both
groups (Table 3). The results suggest a significant potential
for tolvaptan to slow down renal progression in ADPKD
patients and prevent arrhythmic complications associated
with the elongation of QTc interval. This study has some
significant limitations: standard dosage could not be ap-
plied to all patients; they were followed with tolvaptan
treatment at a tolerable level. This limits the generaliz-
ability of the results for the overall population. Also, 24-
hour Holter recording could not be performed, preventing
a more comprehensive analysis of the cardiovascular
condition. Moreover, the number of randomized ADPKD
patients is limited due to patients who do not meet rapid
progression criteria and are not candidates for tolvaptan

treatment. Furthermore, longer term studies are needed to
assess this effectiveness. The patients in the study represent
a rapidly progressing ADPKD patient group that meets
specific criteria. Therefore, caution should be exercised
when generalizing the findings to the general ADPKD
population.

Conclusion

The findings from our study indicate that the use of tol-
vaptan in ADPKD patients has the potential to slow down
renal progression and prevent arrhythmic complications as-
sociated with the elongation of QTc interval. The study’s
results suggest a promising role for tolvaptan in managing
ADPKD, but further data and long-term follow-ups are
needed to clarify this potential.
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regression analysis on QTC interval
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Variables Coefficient (B) Standard error (SE) t value p value

Tolvaptan therapy −34.065 −0.385 −3.119 0.003
eGFR changes 1.082 0.291 2.360 0.022
Constant 27.657 3.400 0.001

F-statistic: F (x, y) = 6.367, p = 0.003 (significance of the model). R2: 0.185 (per-
centage of variance explained by the model). Multiple linear regression analysis was
conducted to examine the effects of independent variables on QTC distance, with all
independent variables included in the model simultaneously using the “Enter”
method. According to the analysis results, the effects of independent variables on QTC
distance are statistically significant (p < 0.05). The overall significance of the model is
indicated by the F-statistic. The R2 value represents the percentage of variance ex-
plained by the independent variables in the model.

Cardiovascular Effects of Long-Term
Tolvaptan

Cardiorenal Med 2024;14:167–177
DOI: 10.1159/000538098

175

https://doi.org/10.1159/000538098


Funding Sources

This research was conducted without financial support from
any funding agency.

Author Contributions

This article, authored by Alparslan Demiray (AD), encompasses
the study’s design, data management, and manuscript composition.
Ramazan Ozan (RO) contributed to data collection and analysis
processes, providing valuable assistance in manuscript editing. Salih
Güntuğ Özaytürk (SGÖ), with substantial contributions to lit-
erature review and methodology, meticulously reviewed the
manuscript. Hakan İmamoğlu (HI) played a crucial role in
analysis processes and oversaw statistical evaluations. Gökmen
Zararsız (GZ) contributed to the study’s design and data collection

processes, actively participating in the manuscript review. Murat
Hayri Sipahioğlu (MHS) made contributions to the literature
review andmethodology, aiding in the manuscript editing process.
Bülent Tokgöz (BT), through significant contributions to data
analysis and interpretation, provided substantial support
throughout the writing process. Deniz Elçik (DE) actively par-
ticipated in the data collection process and assisted in the creation
of graphics and tables for the manuscript. İsmail Koçyiğit (IK)
contributed to the study’s design, managed the literature review,
and meticulously reviewed the manuscript.

Data Availability Statement

The data supporting the findings of this study are available
upon request.

References

1 Chapman AB, Devuyst O, Eckardt KU,
Gansevoort RT, Harris T, Horie S, et al.
Autosomal dominant polycystic kidney
disease (ADPKD): executive summary from
a kidney disease: improving global out-
comes (KDIGO) controversies conference.
Kidney Int. 2015;88(1):17–27. doi: 10.1038/
KI.2015.59.

2 Müller RU, Benzing T. Cystic kidney diseases
from the adult nephrologist’s point of view.
Front Pediatr. 2018;6:65. doi: 10.3389/FPED.
2018.00065.

3 Kataoka H, Fukuoka H,Makabe S, Yoshida R,
Teraoka A, Ushio Y, et al. Prediction of renal
prognosis in patients with autosomal domi-
nant polycystic kidney disease using PKD1/
PKD2 mutations. J Clin Med. 2020;9(1):146.
doi: 10.3390/JCM9010146.

4 Helal I, Reed B, Mettler P, Mc Fann K,
Tkachenko O, Yan XD, et al. Prevalence of
cardiovascular events in patients with auto-
somal dominant polycystic kidney disease.
Am J Nephrol. 2012;36(4):362–70. doi: 10.
1159/000343281.

5 Schrier RW, Abebe KZ, Perrone RD,
Torres VE, Braun WE, Steinman TI, et al.
Blood pressure in early autosomal dom-
inant polycystic kidney disease. N Engl
J Med. 2014;371(24):2255–66. doi: 10.
1056/NEJMOA1402685.

6 Schrier RW. Renal volume, renin-angiotensin-
aldosterone system, hypertension, and left
ventricular hypertrophy in patients with au-
tosomal dominant polycystic kidney disease.
J Am Soc Nephrol. 2009;20(9):1888–93. doi:
10.1681/ASN.2008080882.

7 Chapman AB, Gabow PA. Hypertension in
autosomal dominant polycystic kidney dis-
ease. Kidney Int Suppl. 1997;51–61. doi: 10.
1681/asn.v121194.

8 Schrier RW. Renal volume, renin-angiotensin-
aldosterone system, hypertension, and left

ventricular hypertrophy in patients with au-
tosomal dominant polycystic kidney disease.
J Am Soc Nephrol. 2009;20(9):1888–93. doi:
10.1681/ASN.2008080882.

9 Torres VE, Chapman AB, Devuyst O, Gan-
sevoort RT, Perrone RD, Dandurand A, et al.
Multicenter, open-label, extension trial to
evaluate the long-term efficacy and safety of
early versus delayed treatment with tolvaptan
in autosomal dominant polycystic kidney
disease: the TEMPO 4:4 Trial. Nephrol Dial
Transplant. 2018;33(3):477–89. doi: 10.1093/
NDT/GFX043.

10 Chebib FT, Perrone RD, Chapman AB, Dahl
NK, Harris PC, MrugM, et al. A practical guide
for treatment of rapidly progressive ADPKD
with tolvaptan. J Am Soc Nephrol. 2018;29(10):
2458–70. doi: 10.1681/ASN.2018060590.

11 Myers GL, Miller WG, Coresh J, Fleming J,
Greenberg N, Greene T, et al. Recommenda-
tions for improving serum creatinine mea-
surement: a report from the laboratory working
group of the national kidney disease education
program. Clin Chem. 2006;52(1):5–18. doi: 10.
1373/CLINCHEM.2005.0525144.

12 Richards S, Aziz N, Bale S, Bick D, Das S,
Gastier-Foster J, et al. Standards and guide-
lines for the interpretation of sequence var-
iants: a joint consensus recommendation of
the American college of medical genetics and
genomics and the association for molecular
pathology. Genet Med. 2015;17(5):405–24.
doi: 10.1038/GIM.2015.30.

13 Muto S, Okada T, Shibasaki Y, Ibuki T, Horie
S. Effect of tolvaptan in Japanese patients
with autosomal dominant polycystic kidney
disease: a post hoc analysis of TEMPO 3:4
and TEMPO Extension Japan. Clin Exp
Nephrol. 2021;25(9):1003–10. doi: 10.1007/
S10157-021-02083-Y.

14 TorresVE, ChapmanAB, DevuystO, Gan-
sevoortRT, PerroneRD, KochG, et al.

“Tolvaptan in later-stage autosomal dom-
inant polycystic kidney disease,”. N Engl
J Med. 2017;377:1930–42. doi: 10.1056/
NEJMOA1710030.

15 Jensen MT. Resting heart rate and relation to
disease and longevity: past, present and future.
Scand J Clin Lab Invest. 2019;79(1–2):108–16.
doi: 10.1080/00365513.2019.1566567.

16 Zhang GQ, Zhang W. Heart rate, lifespan,
and mortality risk. Ageing Res Rev. 2009;
8(1):52–60. doi: 10.1016/J.ARR.2008.
10.001.

17 Sherif KA, Abo-Salem E, Panikkath R,
Nusrat M, Tuncel M. Cardiac repolariza-
tion abnormalities among patients with
various stages of chronic kidney disease.
Clin Cardiol. 2014;37(7):417–21. doi: 10.
1002/CLC.22277.

18 Julian DG, Cowan JC, McLenachan JM.
Cardiology. 2005; vol. 387.

19 Beaubien ER, Pylypchuk GB, Akhtar J,
Biem HJ. Value of corrected QT interval
dispersion in identifying patients initiating
dialysis at increased risk of total and car-
diovascular mortality. Am J Kidney Dis.
2002;39(4):834–42. doi: 10.1053/AJKD.
2002.32005.

20 Lai S, Perrotta AM, Bagordo D, Mazza-
ferro S, Menè P, Gigante A, et al. Screening
of QTc interval and global autonomic
activity in autosomal dominant polycystic
kidney disease and atherosclerotic renal
artery stenosis hypertensive patients. Eur
Rev Med Pharmacol Sci. 2021;25(20):
6333–8. doi: 10.26355/EURREV_202110_
27005.

21 Sherif KA, Abo-Salem E, Panikkath R,
Nusrat M, Tuncel M. Cardiac repolariza-
tion abnormalities among patients with
various stages of chronic kidney disease.
Clin Cardiol. 2014;37(7):417–21. doi: 10.
1002/CLC.22277.

176 Cardiorenal Med 2024;14:167–177
DOI: 10.1159/000538098

Demiray/Ozan/Özaytürk/İmamoğlu/
Zararsız/Sipahioğlu/Tokgöz/Elçik/Koçyiğit

https://doi.org/10.1038/KI.2015.59
https://doi.org/10.1038/KI.2015.59
https://doi.org/10.3389/FPED.2018.00065
https://doi.org/10.3389/FPED.2018.00065
https://doi.org/10.3390/JCM9010146
https://doi.org/10.1159/000343281
https://doi.org/10.1159/000343281
https://doi.org/10.1056/NEJMOA1402685
https://doi.org/10.1056/NEJMOA1402685
https://doi.org/10.1681/ASN.2008080882
https://doi.org/10.1681/asn.v121194
https://doi.org/10.1681/asn.v121194
https://doi.org/10.1681/ASN.2008080882
https://doi.org/10.1093/NDT/GFX043
https://doi.org/10.1093/NDT/GFX043
https://doi.org/10.1681/ASN.2018060590
https://doi.org/10.1373/CLINCHEM.2005.0525144
https://doi.org/10.1373/CLINCHEM.2005.0525144
https://doi.org/10.1038/GIM.2015.30
https://doi.org/10.1007/S10157-021-02083-Y
https://doi.org/10.1007/S10157-021-02083-Y
https://doi.org/10.1056/NEJMOA1710030
https://doi.org/10.1056/NEJMOA1710030
https://doi.org/10.1080/00365513.2019.1566567
https://doi.org/10.1016/J.ARR.2008.10.001
https://doi.org/10.1016/J.ARR.2008.10.001
https://doi.org/10.1002/CLC.22277
https://doi.org/10.1002/CLC.22277
https://doi.org/10.1053/AJKD.2002.32005
https://doi.org/10.1053/AJKD.2002.32005
https://doi.org/10.26355/EURREV_202110_27005
https://doi.org/10.26355/EURREV_202110_27005
https://doi.org/10.1002/CLC.22277
https://doi.org/10.1002/CLC.22277
https://doi.org/10.1159/000538098


22 Koçak G, Atalay S, Bakkaloglu S, Ekim M,
Tutar HE, Imamoglu A. QT/corrected QT
(QTc) intervals and QT/QTc dispersions in
children with chronic renal failure. Int
J Cardiol. 1999;70(1):63–7. doi: 10.1016/
S0167-5273(99)00051-0.

23 Guney M, Ozkok A, Caliskan Y, Pusuroglu H,
Yazici H, Tepe S, et al. QT dispersion predicts
mortality and correlates with both coronary
artery calcification and atherosclerosis in he-
modialysis patients. Int Urol Nephrol. 2014;
46(3):599–605. doi: 10.1007/S11255-013-0549-1.

24 Malik R, Waheed S, Parashara D, Perez J,
Waheed S. Association of QT interval with
mortality by kidney function: results from the
national health and nutrition examination
survey (NHANES). Ekim. 2017;4(2):e000683.
doi: 10.1136/OPENHRT-2017-000683.

Cardiovascular Effects of Long-Term
Tolvaptan

Cardiorenal Med 2024;14:167–177
DOI: 10.1159/000538098

177

https://doi.org/10.1016/S0167-5273(99)00051-0
https://doi.org/10.1016/S0167-5273(99)00051-0
https://doi.org/10.1007/S11255-013-0549-1
https://doi.org/10.1136/OPENHRT-2017-000683
https://doi.org/10.1159/000538098

	Evaluation of the Renal and Cardiovascular Effects of Long-Term Tolvaptan Treatment in Autosomal Dominant Polycystic Kidney ...
	Introduction
	Materials and Methods
	Study Population
	Biochemical Assessment
	Genetic Analysis
	MRI Evaluation
	Electrocardiographic Evaluation
	Echocardiographic Evaluation
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Acknowledgments
	Statement of Ethics
	Conflict of Interest Statement
	Funding Sources
	Author Contributions
	Data Availability Statement
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


