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(p = 0.002), higher CTI (p = 0.027) and more frequent CVC 
(p = 0.028). LVMI was greater in patients with CVC (p = 0.002). 
 Conclusion:  Strict salt restriction and the achievement of 
ideal dry weight result in normotension in PD patients. CVC 
is associated with LVH, both of which are lower in normoten-
sive patients.  Copyright © 2012 S. Karger AG, Basel 

 Introduction 

 Cardiovascular disease is a major cause of mortality in 
end-stage renal disease (ESRD) patients. Data from the 
US Renal Data System (2010) show that deaths attributed 
to cardiovascular causes are the largest (43%) contributor 
to all-cause mortality  [1] . Similar figures exist in the reg-
istry of the Turkish Society of Nephrology as well; mor-
tality was due to cardiovascular causes in 52% of the he-
modialysis (HD) patients and 47% of the peritoneal di-
alysis (PD) cases  [2] .

  Cardiac valve calcification (CVC) is an independent 
predictor for all-cause and cardiovascular mortality  [3] . 
It is associated with valve dysfunction, myocardial isch-
emia, conduction defects, infective endocarditis and 
heart failure  [4] . The prevalence of CVC is high (40%) in 
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 Abstract 

  Background/Aims:  Cardiac valve calcification (CVC) and left 
ventricular (LV) abnormalities are common indicators of a 
poor prognosis in dialysis patients. We determined the prev-
alence of hypertension, CVC, LV hypertrophy (LVH) and LV 
geometry in peritoneal dialysis (PD) patients.  Methods:  
Eighty-seven patients (50 female; mean age 42  8  13 years; 
mean dialysis duration 46  8  24 months) on strict salt and 
volume restriction, none of whom were receiving antihyper-
tensives, were included in the study. Blood pressure (BP), bio-
chemical parameters, CVC, LVH and LV geometry were deter-
mined.  Results:  Most patients were normotensive. CVC of 
the mitral and aortic valves and of both valves were noted in 
22, 23 and 15% of patients, respectively. Patients with CVC 
had significantly higher diastolic BP (p = 0.023), cardiotho-
racic index (CTI; p = 0.037) and LV mass index (LVMI; p = 
0.002). LVH, noted overall in 44% of cases, was present in 62 
and 36% of the patients with and without CVC, respectively 
(p = 0.028). Of the whole group, only 50.6% had normal LV 
geometry. LVH was associated with lower serum albumin
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ESRD patients  [5] , and several factors (ageing, dysregula-
tion of mineral metabolism with a high calcium load and 
the resulting poor calcium/phosphorus balance) have 
been reported to explain this increased prevalence  [6–8] . 
In addition, there is an association between hypertension 
and CVC in these patients  [9, 10] .

  Left ventricular (LV) hypertrophy (LVH) indepen-
dently predicts cardiovascular mortality in ESRD pa-
tients as well  [11] ; the prevalence of LVH has been dem-
onstrated in up to 75% of this patient population  [12] .

  Echocardiography is a simple and also very useful tool 
for assessing cardiac structure and function noninvasive-
ly. According to the LV mass (LVM) and relative wall 
thickness (RWT), LV geometry may be classified into 
four groups: normal geometry, concentric remodeling, 
concentric LVH and eccentric LVH  [13] .

  The combination of fluid overload and hypertension 
contributes to eccentric and concentric hypertrophy in 
dialysis patients  [14] . In the absence of coronary heart dis-
ease, as compared with eccentric LVH, concentric LV ge-
ometry characterizes a more severe impairment of the 
cardiovascular system  [15] . Concentric LV geometry is in 
fact associated with more marked vascular alterations in 
arterial hypertension as well as in ESRD  [16, 17]  and pre-
dicts a more severe outcome  [18, 19] .

  Although LVH is quite frequent in HD patients  [20–
23] , significant improvement has been noted with strict 
salt restriction and volume control  [20, 24, 25] . Improve-
ment of fluid overload and blood pressure (BP) control 
may also be achieved in PD patients by rigorous salt re-
striction and optimization of peritoneal ultrafiltration; 
consequently, the use of antihypertensive drugs may be 
abandoned  [26] .

  The aims of the present study were to determine the 
prevalence of hypertension, CVCs, LVH and geometric 
patterns in a PD patient population in a single center that 
applies a strict salt restriction and volume control proto-
col and to compare the results with those in the literature. 
We also aimed to determine the most important factors 
related to the development of CVC and LVH in these pa-
tients.

  Subjects and Methods 

 Study Population 
 Eighty-seven patients who had been undergoing PD treatment 

for more than 3 months were included in the study. Patients with 
previous myocardial infarction and atrial fibrillation were ex-
cluded. The demographic and clinical features of the patients (age, 
gender, residual urine volume, duration of dialysis, arterial BP 

and other physical findings), underlying diseases and also fea-
tures of PD application (daily ultrafiltration, weekly Kt/V urea 
and total creatinine clearance) were recorded.

  BP Measurements 
 BP was measured manually using a standard technique with 

the patient in the sitting position 3 times at 3-min intervals after 
10 min of rest, with an Erka sphygmomanometer at regular out-
patient follow-up visits; then, the mean of these measurements 
was calculated. Hypertension was defined as systolic BP  6 135 
mm Hg and/or diastolic BP  6 85 mm Hg or current treatment 
with an antihypertensive drug. For the purpose of this study, fu-
rosemide was not categorized as an antihypertensive agent.

  Volume Control Protocol 
 BP measurements and the cardiothoracic index (CTI) were 

assumed to be indices of volume status. BP and CTI values were 
targeted to be below 135/85 mmHg and 0.50, respectively. To 
reach these targets, a salt-restricted diet (NaCl intake of 4–5 g/
day) was prescribed by the attending doctors and nurses and the 
importance of salt restriction and volume control was underlined 
at every follow-up visit. It was emphasized that water restriction 
alone is ineffective and also practically impossible as long as salt 
is not restricted, and it was suggested to the patients that they not 
drink more than their thirst indicated. In addition to salt restric-
tion, hypertonic PD solutions as necessary were used to achieve 
dry weight. Furosemide was prescribed to all patients with a urine 
output of more than 400 ml per day.

  Echocardiographic Assessment 
 LV end-diastolic diameter, end-systolic diameter, interven-

tricular wall thickness during diastole, posterior wall thickness 
during diastole and ejection fraction were measured by M-mode 
echocardiography according to the recommendations of the 
American Society of Echocardiography  [27] . Two-dimensional 
and M-mode echocardiographic examinations were performed 
by the same echocardiographer, using a GE Vivid 3 ultrasono-
scope with a 2.5- to 3.5-MHz transducer at midday after com-
pletely emptying the peritoneal dialysate.

  CVC was defined as the presence of bright echoes of more than 
1 mm on one or more cusps of the aortic valve, mitral valve or 
mitral annulus  [5] .

  LVM was calculated according to the Devereux formula  [28]  
indexed for body surface area (LVM index, LVMI). LVH was de-
fined as LVMI  1 131 g/m 2  in men and  1 100 g/m 2  in women. LV 
geometry was evaluated based on LVMI and RWT. RWT was cal-
culated by the standard formula, as follows: RWT = 2  !  poste-
rior wall thickness/LV end-diastolic diameter  [29] ; a normal value 
was assumed to be lower than 0.45. Concentric LVH was defined 
as LVH and elevated RWT, while LVH and normal RWT indi-
cated eccentric LVH. Normal LVMI but elevated RWT was de-
fined as concentric remodeling.

  Laboratory Measurements 
 Serum samples for laboratory analyses were collected on the 

day of the echocardiographic study. A complete blood count and 
serum levels of calcium, phosphorus, albumin, total cholesterol, 
high-density lipoprotein (HDL) and low-density lipoprotein 
(LDL) cholesterol, triglyceride and intact parathyroid hormone 
(iPTH) were determined in all patients. When triglyceride levels 
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were lower than 400 mg/dl, LDL cholesterol levels were calculated 
according to the Friedewald formula  [30] :

  LDL cholesterol = total cholesterol – [(triglycerides/5) + HDL 
cholesterol].

  Teleradiography was performed on an upright frontal view of 
the chest at 2 m during quiet breathing, and the CTI was calcu-
lated by the following formula: CTI = (MRD + MLD)/ID, where 
ID is the internal diameter of the chest at the level of the right 
hemidiaphragm, MRD is the greatest perpendicular diameter 
from midline to the right heart border and MLD is the greatest 
perpendicular diameter from midline to the left heart border.

  Statistical Analysis 
 Results were given as means  8  SD or proportions. Continu-

ous variables were compared using Student’s t test or the Mann-
Whitney U test. Statistical analysis of discrete variables was per-
formed by the  �  2  test. Correlations were expressed by Pearson’s 
correlation coefficient. The level of significance was accepted as
p  !  0.05. Epi Info version 3.5.3 was used for statistical analysis.

  Results 

 Of the 87 patients, 37 were males and 50 females. The 
mean age was 42  8  13 years (range 18–73), and the mean 
time on PD was 46  8  24 months (range 6–128). Dialysis 
duration was shorter than 1 year in 4 patients (5%) and 
longer than 5 years in 14 (16%); this duration was between 
1 and 2 years in 12 patients (14%) and 2 and 5 years in 57 
(66%).

  Demographic features of the patients as well as some 
clinical and laboratory findings are provided in  table 1 . 
Etiologies of renal diseases were as follows: diabetic ne-
phropathy (n = 16), primary glomerular diseases (n = 14), 
hypertensive nephrosclerosis (n = 6), other causes (n = 9) 
and undetermined etiology (n = 42).

  Thirty patients (34.5%) were on automated PD treat-
ment, while 57 (65.5%) were under conventional continu-
ous ambulatory PD with different protocols. Fifty-seven 

Table 1.  Demographic characteristics and clinical/laboratory findings of the patients with and without LVH

All patients
(n = 87)

LVH (+)
(n = 38)

LVH (–)
 (n = 49)

p

Age, years 42813 43813 40813 NS
Female/male, n 50/37 17/21 20/29 NS
Duration of PD, months 46824 47829 44819 NS
Anuric patients, % 65.5 44 56 NS
Daily urine volume, ml 1458278 1498305 1438259 NS
Daily total ultrafiltration, ml 1  ,1218420 1,0558423 1,1728414 NS
Kt/V urea, weeks 2.380.6 2.180.3 2.480.7 NS
Creatinine clearance, l/week/1.73 m2 67827 60810 71833 NS
Patients on 3.86/4.25% dextrose, % 19.5 24 16 NS
Weekly 3.86/4.25% dextrose, liters 4.4810.4 6.7814 2.686.1 NS
Systolic BP, mm Hg 108822 111823 105820 NS
Diastolic BP, mm Hg 68813 71814 66812 NS
Ejection fraction, % 6589 63812 6686 NS
CTI 0.4780.06 0.4880.05 0.4680.06 0.027
CVC, % 30 42 20 0.028
LVMI, g/m2 115844 150843 88821 0.000
Hemoglobin, g/dl 11.481.6 11.381.7 11.581.5 NS
Serum

Alb umin, g/dl 3.780.4 3.680.3 3.980.4 0.002
Calcium, mg/dl 9.280.7 9.180.7 9.380.7 NS
Phosphorus, mg/dl 4.881.2 5.181.5 4.780.9 NS
iPTH, pg/ml 5038403 5258421 4868392 NS
Triglyceride, mg/dl 2168117 2318134 2048102 NS
Total cholesterol, mg/dl 199847 197861 200834 NS
HDL cholesterol, mg/dl 42812 41813 44811 NS
LDL cholesterol, mg/dl 114841 111849 116833 NS

NS =  Not significant.
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patients (65.5%) were anuric. Daily total ultrafiltration 
volume was 1,121  8  420 ml; this volume was 1,108  8  430 
and 1,189  8  365 ml in the patients who had received PD 
for less and more than 5 years, respectively (p = 0.411). 
The quantity of ultrafiltration in anuric patients (1,108  8  
435 ml) and in patients with some urine output (1,145  8  
393 ml) was also not significantly different (p = 0.704).

  Overall, 83% of the patients were using calcium-con-
taining phosphate binders, and 61% of the patients were 
receiving vitamin D preparations.

  BP was well controlled in most of the patients; 12 pa-
tients (14%) were hypertensive. None of the patients re-
ceived any antihypertensive drugs, except furosemide. 
The percentage of patients with CTI  6 0.5 was 33%.

  Overall, CVCs were found in 26 of the 87 patients 
(30%); mitral CVC was present in 19 (22%), aortic CVC in 
20 (23%) and both in 13 (15%). The clinical characteristics 
of patients with and without CVCs are presented in  ta-
ble 2 . No significant differences were found with regard 
to age, gender, PD duration, systolic BP, calcium, phos-
phorus, iPTH, lipids and hemoglobin values between 
these two groups. Patients with CVC had significantly 
higher diastolic BP, CTI and LVMI and lower serum al-
bumin. LVH was found in 62% of the patients with CVC 

but only in 36% without CVC. LVMI was 142  8  57 and 
104  8  32 g/m 2  in patients with and without CVC, respec-
tively (p = 0.002). Patients with mitral and aortic CVCs 
had LVMI of 151  8  61 and 147  8  62 g/m 2 , respectively. 
Patients with both mitral and aortic CVCs had the high-
est LVMI (163  8  66 g/m 2 ; p = 0.01).

  LVH was diagnosed in 38 patients (44%); most of these 
(32.2%) had eccentric LVH. Concentric remodeling and 
concentric LVH were identified in 5 (5.7%) and 10 pa-
tients (11.5%), respectively. The ejection fraction was 
found to be 65  8  9% in the whole group; it was less than 
50% in only 3 patients (3.4%).

  Comparison of various parameters in patients with 
and without LVH is provided in  table 1 . Age, gender, du-
ration of PD, proportion of anuric patients, daily urine 
volume, daily ultrafiltration volume, Kt/V urea weekly, 
creatinine clearance, ejection fraction, systolic and dia-
stolic BP were not significantly different between the two 
groups. On the other hand, CTI and the proportion of 
patients with CVCs were higher in the group with LVH. 
Also, serum albumin was significantly lower in the LVH 
group.

  LVMI was significantly correlated with serum albu-
min, systolic BP, diastolic BP, CTI, ejection fraction and 
weekly hypertonic solution (3.86/4.25% dextrose) usage 
( table 3 ), while it did not show any significant correlation 
with age, dialysis duration, calcium, phosphorus, iPTH, 
triglyceride, total cholesterol, HDL and LDL cholesterol 
or hemoglobin values.

  Discussion 

 Cardiovascular diseases are the most frequent cause of 
mortality in patients with ESRD. Hypertension-associat-
ed CVC and LVH are independent predictors of cardio-

Table 2.  Characteristics of the patients with and without CVCs

CVC (+)
(n = 26)

CVC (–)
(n = 61)

p

Age, years 46815 40811 NS
Female/male, n 12/14 38/23 NS
Duration of PD, months 51827 46823 NS
Systolic BP, mm Hg 114825 105819 NS
Diastolic BP, mm Hg 73815 66812 0.023
CTI 0.4980.00 0.4680.00 0.037
Ejection fraction, % 63811 6588 NS
LVMI, g/m2 142857 104832 0.002
LVH, % 62 36 0.028
Albumin, g/dl 3.680.3 3.880.4 0.037
Calcium, mg/dl 9.380.7 9.280.7 NS
Phosphorus, mg/dl 5.181.2 4.781.2 NS
Calcium ! phosphorus

(mg/dl)2 46.8810.2 43.9811.7 NS
iPTH, pg/ml 5208541 4968332 NS
Triglyceride, mg/dl 2048111 2218121 NS
Total cholesterol, mg/dl 196848 200847 NS
HDL cholesterol, mg/dl 43816 42810 NS
LDL cholesterol, mg/dl 113835 114843 NS
Hemoglobin, g/dl 11.581.9 11.481.4 NS

N S = Not significant.

Table 3.  Correlation analyses between LVMI and various clinical 
and laboratory parameters (only the significant correlations have 
been provided)

r p

Albumin –0.256 0.017
Systolic BP 0.313 0.003
Diastolic BP 0.329 0.002
CTI 0.289 0.007
Ejection fraction –0.396 0.000
Weekly 3.86/4.25% dextrose usage 0.334 0.002
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vascular mortality and have frequently been noted in PD 
patients  [3, 21, 31, 32] . We therefore aimed to investigate 
the prevalence of these risk factors in our PD patient pop-
ulation.

  Abnormalities in LV size and function are common in 
dialysis patients due to a variety of reasons such as vol-
ume overload, anemia, secondary hyperparathyroidism 
and serum albumin  [33] . BP is considered one of the main 
determinants of LVH in chronic renal disease, and strat-
egies to decrease BP have been shown to exert a beneficial 
effect on LVMI. There is growing evidence that PD pa-
tients are often volume expanded and have high BP as-
sociated with LVH  [14, 34] .

  According to the registry data of the Turkish Society 
of Nephrology, the prevalence of hypertension is quite 
high (66.5%) in PD patients  [2] . In a single-center study, 
associations among BP, volume status and cardiac hyper-
trophy in 74 patients on continuous ambulatory PD were 
investigated  [32] . Ambulatory BP monitoring was used to 
observe the course of BP. The prevalence of hypertension 
was found to be 82%, which was uncontrolled even by the 
use of antihypertensive drugs in 54 patients (73%). Simi-
larly, in a cross-sectional study of 504 patients on long-
term PD (average duration of treatment 32 months), the 
prevalence of hypertension was found to be 88%  [35] . All 
these studies indicate that hypertension is a frequent 
complication in PD patients.

  However, some other studies have shown that excel-
lent BP control can be achieved in this patient population 
by strict volume control, without the use of any antihy-
pertensive drugs  [26, 36] . This was achieved not only in 
the short term, but also in the long run  [36] . In our study, 
most of the patients (86%) had normal BP without using 
any antihypertensive drugs as well. This favorable result 
could be achieved by rigorous salt restriction and optimi-
zation of peritoneal ultrafiltration. Duration on PD or 
urine production were not associated with ultrafiltration 
volume. Euvolemia could be achieved by using hyperton-
ic PD solutions and also strict salt restriction, which was 
made possible by long hours of patient education. We 
should underline that in the present study, most of the 
patients had been on dialysis for quite a long time; 82% of 
the patients had been on PD treatment for more than 2 
years. This observation is consistent with a previous re-
port underlining satisfactory BP control in PD patients in 
the short and long term  [36] .

  Soft-tissue calcifications, including CVCs, are com-
mon in both HD and PD patients; a prevalence of up to 
50%  [9]  has been reported in the HD population. Spe-
cifically, prevalences of 44.5 and 52% of mitral and aortic 

calcification, respectively, were described in HD patients 
 [10] , while mitral CVC was found in 44% of PD patients 
and aortic CVC in 34%  [37] .

  Multiple risk factors may predispose these patients to 
CVC. Among these, mineral metabolism deserves special 
mention  [5, 38, 39] . In a single-center study it was report-
ed that increased Ca  !  P product was a significant risk 
factor for mitral but not aortic CVC  [10, 37] ; however, this 
association has not been confirmed in all studies  [3] . The 
role of PTH in CVCs is controversial as well; it has been 
noted that serum calcium and PTH but not phosphorus 
levels were associated with a higher risk in patients with 
mitral CVC  [4] . However, several other studies did not 
confirm any relation between PTH and CVCs  [10, 40] . In 
our study, no significant difference was found with re-
gard to serum calcium, phosphorus and iPTH values in 
the patients with and without CVCs.

  Among the risk factors for CVC, hypertension de-
serves special mention; it may play a pathogenic role due 
to increased mechanical stress  [39] . Previous studies have 
reported that a history of hypertension before starting 
dialysis was associated with a high risk of CVC  [9, 10, 41] , 
and vigorous control of BP is vital to prevent this compli-
cation  [5] . CVCs were also found to be associated with 
LVH, particularly in patients with both (mitral and aor-
tic) CVCs  [42] . In HD patients, CVC is associated with 
increased arterial stiffness and results in increased after-
load connected with LVH  [42] . In PD patients, however, 
it is not clear how CVC is associated with LVH. In our PD 
patients, the prevalence of CVCs was lower than in other 
studies; this abnormality was associated with LVMI, par-
ticularly in patients with both (mitral and aortic) CVCs. 
This favorable finding with regard to CVC is most prob-
ably due to strict volume and BP control.

  In adult chronic dialysis patients, the prevalence of 
LVH was noted to be as high as 75%  [12, 43] . In a cross-
sectional echocardiographic study on 69 patients who 
had been on PD for more than 12 months, only 10 of the 
patients (14%) had normal LV geometry, and the most 
frequent abnormality was eccentric LVH (46%), followed 
by concentric LVH (28%)  [13] . Similarly, in another study, 
86.4% of the patients overall had LVH; among these, 
56.3% had concentric LVH, 30.1% had eccentric LVH, 
6.8% had concentric remodeling and only 6.8% of the pa-
tients had normal LV geometry  [33] . In our PD patients, 
the prevalence of LVH was 44%, which is a significantly 
lower figure than in the literature  [12, 13, 33, 43] . The 
cause of this favorable outcome is obscure, but most prob-
ably satisfactory volume and BP control played a central 
role.
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  Hypoalbuminemia has been suggested to be an inde-
pendent risk factor for progressive LVH  [12, 33, 44] . The 
biological basis of a possible adverse effect of hypoalbu-
minemia on cardiac structure and function is unclear 
 [45] . Serial albumin levels were found to be inversely as-
sociated with the progression of LV dilation, especially in 
PD patients  [45] . In the present study, serum albumin was 
significantly lower in the LVH group, which can be ex-
plained by hypervolemia-induced dilution.

  Hypoalbuminemia is also a major risk factor for mor-
tality in ESRD patients  [45] , and an important link be-
tween inflammation and CVC in PD patients has been 
reported  [46] . The presence of inflammation and malnu-
trition (as compared with no evidence of inflammation 
or malnutrition) was associated with at least a doubling 
in the prevalence of CVC  [47] . In our study, patients with 
CVC had significantly lower serum albumin; however, a 
drawback of the present study was that serum C-reactive 
protein levels were not available.

  Our study had several limitations. Firstly, salt intake 
could not be measured objectively. Also, it lacked a con-
trol group; our ethical consideration of not leaving pa-
tients with the risks of volume overload prevented the in-
clusion of such a group.

  In conclusion, in PD patients, excellent BP control can 
be achieved by strict salt restriction and volume control, 
without the use of any antihypertensive drugs. CVC is 
associated with LVH; this association becomes even more 
significant when both mitral and aortic valves are in-
volved at the same time. CVC and LVH prevalence are 
lower in patients who have normal BP with appropriate 
volume control.

  Disclosure Statement 

 No disclosures.
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