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Background: The dialysis patients have a lot of changes in cardiac structure and function detected by echocardiography and
they have been recognized as key outcome predictors. However, the available data regarding echocardiographic alterations
in Thai Continuous Ambulatory Peritoneal Dialysis (CAPD) patients is limited. This study aimed to determine the correlation
between baseline clinical and echocardiographic characteristics of Thai CAPD patients.
Material and Method: This study was a single center and cross-sectional observational study, which enrolled all CAPD
outpatients (104 patients), treated at Srinakharinwirot Medical University between 1 September 2012 and 31June, 2014.
Their demographic and echocardiographic data were collected one time and the latest laboratory data to the patient’s
echocardiographic study date were analyzed.
Results: One hundred and four patients (50 men and 54 women) whose mean age was 59.4+12.7 years and median duration
of CAPD was 12 months were recruited. An extremely high prevalence of elevated left ventricularmass index (LVMI), 82.7%
was found which mean LVMI was higher in male than female (166.2+55.6 vs. 131+47.6 g/m2). All patients had diastolic
dysfunction and most of them had diastolic dysfunction grade I. The study factors of male gender, history of hypertension, high
serum phosphate, low hemoglobin level, corrected QT interval, and duration of CAPD longer than 24 months can predict the
variation of LVMI. Interestingly, the study found that a duration of CAPD of longer than 42 months might reduce right
ventricular systolic pressure.
Conclusion: This study revealed a higher prevalence of left ventricular hypertrophy (LVH) in Thai CAPD patients when
compared with previous studies and anemia still be an important independent factor for developing LVH. Longer period of
CAPD may regress LVH and lower RVSP that should be proven by longer well-designed prospective studies.
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Chronic kidney disease (CKD) is a risk
factor for cardiovascular disease(1-3) and the risk of
cardiovascular death increases further for GFR values
<45 ml/min/1.73 m2(3). Cardiovascular disease is also
the most important cause of death in patients with end-
stage renal disease (ESRD) who are on chronic dialysis
in the US and Europe. This accounts for 40% of

all deaths in patients on dialysis in the US and 36%
of such deaths in Europe(4,5). Malnutrition and
protein-energy wasting(6-10), inflammation(11-14),
calcification(15-18) and vitamin D(19) were studied and
found to be the potential factors for the association
between ESRD and cardiovascular mortality. A large
cohort study of patients on peritoneal dialysis has
clearly established that patient’s survival is linked with
the magnitude of residual renal function and urine
volume(20). Ultrafiltration failure and overhydration
have also been reported as risk factors for
cardiovascular events(21-26).

There are many changes in cardiac structure
and function detected by echocardiography, which are
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commonly found in the dialysis patients and have been
recognized as key outcome predictors(27). The left
ventricular hypertrophy (LVH) is highly prevalent in
CKD and is associated with unfavorable prognosis.
Severe LVH was found in a third of Thai patients on
continuous ambulatory peritoneal dialysis (CAPD).
This has been associated with a high cardiovascular
morbidity and mortality(28). More than two-thirds of
the patients undergoing dialysis with LVH died from
congestive heart failure or sudden death. In studies
using different methodologies, the prevalence of the
LV systolic dysfunction varied from 15% to 18% in
patients undergoing dialysis (starting the treatment(29)

or those on chronic dialysis(30)). Studies with small
sample sizes have reported a prevalence of LV diastolic
dysfunction in uremic patients varying from 50 to 65%.
These included pre-dialysis, dialysis and post-
transplant patients(27).

Furthermore, there has been strong evidence
that indicates left atrium (LA) dilatation as a robust
predictor of cardiovascular outcomes in the general
population and in multiple clinical scenarios(31). That
has been confirmed in a recent study that LA volume
index (LAVI) is an emerging cardiovascular risk factor
for CKD patients(32). In addition, the uremic patients
who have valvular calcification will have higher risk for
mortality and cardiovascular events(15). The prevalence
of valvular calcification ranged from 32% to 47% in PD
patients(33,34). This contrasts with 19% to 84% found in
patients on hemodialysis. A recent preliminary study
about right ventricular (RV) function also demonstrated
that tricuspid annular plane systolic excursion (TAPSE)
index may be an early echocardiographic marker of
cardiac involvement in atherosclerosis(35). The RV
dysfunction is associated with chronic kidney disease
(CKD) and can predict survival for outpatients with
chronic systolic heart failure(36). ESRD patients with
severe left ventricular systolic dysfunction who initiate
peritoneal dialysis (PD) lead to substantial
improvements in functional status, blood pressure
control and isotopic left ventricular ejection fraction(37).
One study from Hong Kong has shown that the
proportion of cardiovascular deaths seen in PD patients
rose from 27% in 1996 to 42% in 1998(38). However, the
information available in the literature regarding
echocardiographic alterations in Thai PD patients is
limited.

Objective
The primary objective of the present, cross-

sectional study is to evaluate the relationship between

baseline clinical and echocardiographic characteristics
in PD patients at the Her Royal Highness Princess Maha
Chakri Sirindhorn Medical Center, Srinakharinwirot
University Medical School Hospital, Ongkharak,
Nakhon Nayok, Thailand.

Material and Method
Study population

The male and female outpatients aged >18
years old who have treated with peritoneal dialysis
between the period 1st of September 2012 and 31st of
June 2014, were recruited consecutively from the CAPD
clinic of Her Royal Highness Princess Maha Chakri
Sirindhorn Medical Center & Hospital. We excluded
the patients who had clinical of heart failure, chronic
lung disease, chronic liver disease, pulmonary
embolism, valvular heart disease, congenital heart
disease, acute coronary syndrome, scleroderma,
systemic lupus erythematosus, received PD treatment
<15 days and had infected PD fluid. Eligibility criteria
were verified by the physicians involved in this study.
All patients have given their written informed consent
before starting the protocol.

We collected the demographic data, which
consisted of age, race, gender, clinical data including
collected the body mass index (BMI), body surface
area (BSA), history of diabetes, hypertension,
hyperlipidemia,  known coronary artery disease (CAD)
and pulmonary disease.

We also gathered data on the duration of PD
therapy, current medication, smoking history, alcohol
use, systolic blood pressure (SBP) and diastolic blood
pressure (DBP) levels. Laboratory parameters of
hemoglobin level, serum albumin as measured by
bromcresol green method, total calcium, phosphate
and estimated Glomerular Filtration Rate (eGFR)
using the simplified Modification of Diet in Renal
Disease (MDRD) study equation(39) were analyzed.
The corrected QT interval (QTc) was calculated with
12-lead electrocardiography (ECG) using Bazett’s
formula. The trans-thoracic echocardiography (TTE)
data were also collected in the same day. The laboratory
data of patients closest to the date of the TTE study
were used in this analysis. The patients had undergone
TTE by one cardiologist (first author) and two
sonographers (the last two authors) using the Philip
iE33 xMATRIX echocardiography system by the
criteria set forth by the American Society of
Echocardiography(40-42) in demonstrating the presence
and the severity of LVH, LV dilatation, LV systolic and
diastolic function. These were determined by mitral
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inflow criteria, left atrial volume index (LAVI), right
ventricular systolic and diastolic function, pulmonary
systolic pressure or right ventricular systolic pressure
(RVSP) and valvular and annular calcification of the
mitral and the aortic valves(43). Valvular and annular
calcification of both mitral and aortic valves were
combined into one composite phenotype. The
composite phenotype is defined as “at least one
affected valve/annulus from their assumed sharing
pathogenesis and atherosclerotic risk factors”.
Echocardiographic parameters of interventricular
septum diastolic thickness (IVSDT), left ventricular
posterior wall diastolic thickness (LVPWDT), and left
ventricular end-diastolic diameter (LVEDD) were
measured at end-diastole. Ventricular dimensions were
assessed through 2-D guided M-mode tracings. Left
ventricular mass was calculated by use of the Devereux
formula(44). LVH was diagnosed according to the
update recommendation from the American Society of
Echocardiography and the European Association of
Cardiovascular Imaging(42). The formula of LV mass
index (LVMI) by linear measurement is shown below:

To define pulmonary arterial hypertension
(PAH), owing to right heart catheterization was not
performed in this study, we only used the echocardio-
graphic data and classified the patients as PAH when
RVSP >36 mmHg, together with mean pulmonary artery
pressure (mPAP) >25 mmHg, E/e’ <8 and LA volume
index (LAVI) <28 ml/m2 after excluding left sided heart
disease, congenital heart disease, AV fistula, thrombus
in atrium or pulmonary artery(45). Peritoneal membrane
function was assessed using a standard peritoneal
equilibration test (PET) and the dialysis adequacy was
shown as total weekly Kt/V of urea.

Statistical analysis
Intra- and inter-observer reliability of TTE

were analyzed before the initiation of the study for
concurrent validity with a repeated measure analysis
of variance (ANOVA) to calculate the intra-class
correlation coefficients (ICCs) with a 95% confidence
interval. This ICCs ranged from 0.44 to 0.58 which is
considered as moderate agreement(46). The continuous
data was  expressed as mean + standard deviation (SD)
if normally distributed, or median (interquartile range)
if non-normally distributed. The categorical variables

LVMI (g/m2) = 0.8x1.04 [(LVEDD + IVSDT + LVPWDT)3-(LVEDD)3]+0.6

                         BSA

were presented as frequency and percentage and
analyzed using Chi-square test or Fisher’s exact test.
The univariate and multivariate linear regression
analysis was performed to explore the association of
LVH and PAH. The significant alpha level was set at
0.05 for all analyses. All statistical analysis was done
using STATA 13.1 software.

Results
The 104 patients, 50 males and 54 females,

who averaged 59.4 (+12.7) years of age were included
in this study. The median duration of time in PD was
12.0 months for all patients. The minimum and maximum
time of PD were 3.3 and 24 months, respectively. Female
patients had a higher age than was seen in the males
(61.9+12.2 vs. 56.8+12.8 years of age, p = 0.04). The
mean BMI was 24.2 (+3.6) kg/m2 and classified as
normal body weight (36.5%), overweight (24.1%)
and obese (39.4%). Majority of the patients have sinus
rhythm (92.3%). The PD adequacy was assessed by
the weekly Kt/V urea was 1.7 (1.4, 2.1).The baseline
clinical characteristics and biochemical parameters are
shown in Table 1 and echocardiographic finding was
illustrated in Table 2.

There was a high prevalence of elevated LVMI
or LVH in both genders (82.7%) as shown in Table 2. It
was as high as 55.6% in males and 47.6% in females.
There was a linear positive correlation in BSA (+0.26)
and serum phosphate (+0.37) in the LVMI. There was a
negative correlation in age (-0.24), duration of CAPD
(-0.19), hemoglobin (Hb) level (-0.33), serum calcium
(-0.21) as seen in Table 4. Additionally, there were high
percentages of LV dilatation (76%) and prolonged
corrected QT intervals (62.5%). All patients had diastolic
dysfunction in which classified in diastolic dysfunction
grade I (72.1%), grade II (16.3%) and grade III-IV
(0.07%). In the case of valvular and annular calcification,
most patients had only mild degrees of calcification;
87.5% of mitral and 89.4% of aortic valves.

Right ventricular (RV) function was also
evaluated according to guidelines for the echocardio-
graphic assessment of the right heart in adults(40) and
found that overall RV systolic function was in normal
range which only seven patients were found to have
systolic dysfunction. However, nearly half of the
patients had RV diastolic dysfunction (42 patients;
40.8%).

Multivariate analysis
Multiple linear regression analysis was

performed to find out the predictors of LV mass index

(Reference upper limits of normal LVMI by linear
measurement: 95 g/m2 in women and 115 g/m2 in men(42))
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Characteristics       n (%)

Gender
Male   50 (48.1)

Age; year; mean (SD)   59.4 (12.7)
Male   56.8 (12.8)
Female   61.9 (12.2)

Body mass index; kg/m2; mean (SD)   24.2 (3.6)
Body surface area (BSA); m2; mean (SD)     1.6 (0.2)
Diabetes   64 (61.5)
Hypertension 102 (98.1)
Hyperlipidemia   79 (75.9)
Previous history of CAD   20 (19.2)
Smoking   23 (22.1)
Pulmonary disease     2 (0.02)
Medication

ACEIs   45 (43.3)
ARB   28 (26.9)
Beta-Blocker   44 (42.3)
Calcium channel blocker   79 (75.9)
Statin   74 (71.2)
Anti-platelets

Aspirin   30 (28.9)
Clopidogrel   21 (20.2)

Nitrate   21 (20.2)
Duration of CAPD; months;   12 (3.25,24)
median (IQR 25,75)
SBP; mmHg; mean (SD) 151.1 (23.2)
DBP; mmHg; mean (SD)   82.7 (12.7)
Hb; g/dl; mean (SD)   10.4 (1.8)
GFR (MDRD); ml/min/1.73 m2;     5.9 (4.5,7.5)
median (IQR 25,75)
Serum albumin; g/dL; mean (SD)     3.4 (0.5)
Serum calcium; mg/dL; mean (SD)     8.4 (0.9)
Serum phosphate; mg/dL; mean (SD)     4.8 (1.5)
Rhythm

Sinus   96 (92.3)
Atrial fibrillation     8 (7.7)

Corrected QT (QTc) interval; msec; 459.7 (43.0)
mean (SD)

Prolonged QTc**   65 (62.5)

** QTc interval >440 msec.

Table 1. Baseline clinical characteristics and biochemical
parameters (n = 104)

Characteristics Mean (SD)

LA diameter; mm 43.7 (6.6)
LA volume index (LAVI); ml/m2 38.2 (18.4)
Left ventricular end diastolic diameter 49.4 (8.3)
(LVEDD); mm
Left ventricular end systolic diameter 32.9 (8.4)
(LVESD); mm
Inter ventricular septum in diastole 11.9 (2.5)
(IVSd); mm
Posterior Wall in diastole (PWd); mm 12.3 (2.1)
LV mass index; g/m2

Male 166.2 (55.6)
Female 131.6 (47.6)

Left ventricular hypertrophy (LVH)*; % 86 (82.7)
LVEF; %

Teichholz 61.9 (11.9)
Modified simpson’s biplane 59.4 (10.9)

MV E/A 0.9 (0.6)
MV deceleration time (DT); msec 256.7 (89.6)
RVSP; mmHg 42.9 (14.1)
Mean PA pressure; mmHg 28.2 (8.6)
RA diameter; mm 26.2 (6.3)
RV diameter; mm 30.2 (7.5)
RV wall thickness; mm 4.7 (1.1)
Tricuspid annular plane systolic excursion 2.3 (0.5)
(TAPSE); cm
Tissue Doppler–derived tricuspid lateral 14.9 (4.2)
annular systolic velocity (S’); cm/s

* Defined as LVMI by linear measurement exceeded 95 g/m2

in women and 115 g/m2 in men.
RV diameter was measured at mid cavity of RV at end-diastole.
RA diameter was measured in the apical four-chamber view
as the distance between the lateral RA wall and interatrial
septum, at the mid-atrial level defined by half of RA long
axis.

Table 2. Echocardiographic characteristics

and RVSP. We found that male gender, presence of
hypertension, high serum phosphate level, low
hemoglobin level, corrected QT interval, and duration
of CAPD longer than 24 months can predict the
variation of LV mass index as the parsimonious
equation below with the adjusted coefficient of multiple
determination (adjusted R2) equal to 0.3317. This means
that after adjusting the numbers of the predictors,

33.17% of the variation of LV mass index is explained
by its linear relationship with the sex, presence of
hypertension, serum phosphate, hemoglobin level,
corrected QT interval, and duration of CAPD longer
than 24 months.

For analysis of the predictors of RVSP, we
discovered that level of SBP, LAVI, MV deceleration
time, MV E/A, and duration of CAPD longer than 42
months as the predictors. After adjusting the numbers
of the predictors, 46.39% of the variation of RVSP is
explained by its linear relationship as shown below
(adjusted R2 = 0.4639).
LV mass index = -14.62+10.14x(PO

4
)+26.66x(male)-

6.96x(Hb)+67.99x(HT)+0.25x(QTc) - 22.18x (duration of
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Characteristics LVH No LVH p-value
n = 72 (69.2%) n = 32 (30.8%)

Age; year; mean (SD)   58.8 (13.8)   60.8 (9.8) 0.466
Male   32 (34.6)   18 (15.4) 0.266
BMI; kg/m2; mean (SD)   24.5 (3.6)   23.6 (3.7) 0.255
BSA; m2; mean (SD)     1.6 (0.2)     1.6 (0.2) 0.365
D M   41 (44.3)   23 (19.7) 0.149
Hypertension   72 (70.6)   30 (31.4) 0.032*
Hyperlipidemia   55 (54.7)   24 (24.3) 0.878
Duration of CAPD (months); median (IQR)   10 (2.5, 21)   14.5 (9.5,41) 0.028*
SBP; mmHg; mean (SD) 151.7 (22.5) 149.7 (24.9) 0.674
DBP; mmHg; mean (SD)   82.6 (12.9)   83 (12.3) 0.877
Hemoglobin; g/dL; mean (SD)     9.9 (1.7)   11.3 (1.7) 0.002*
BUN; mg/dL; mean (SD)   57.2 (17.9)   53.4 (23.1) 0.360
Serum creatinine; g/dL; mean (SD)     9.2 (3.2)     8.3 (2.8) 0.217
Serum albumin; g/dL; mean (SD)     3.4 (0.6)     3.6 (0.5) 0.060
Serum calcium; g/dL: mean (SD)     8.4 (1.0)     8.5 (0.7) 0.421
Serum phosphate; g/dL; mean (SD)     4.9 (1.5)     4.4 (1.3) 0.097
Corrected QT interval; msec; mean (SD) 464.9 (45.0) 447.9 (36.0) 0.064
LAVI; ml/m2; mean (SD)   41.0 (19.0)   31.7 (10.4) 0.012*
MV E/A; median (IQR)     0.8 (0.6, 1.2)     0.6 (0.6, 0.8) 0.099
MV E/e’; mean (SD)   20.0 (8.6)   15.4 (7.3) 0.014*
RVSP; mmHg; mean (SD)   44.7 (14.2)   38.6 (12.9) 0.045*

Table 3. Baseline characteristics comparing between the patients with and without LVH

* considered to be significant

Parameters r p-value

BSA (m2) +0.26 0.009
Age (year) -0.24 0.016
Duration of CAPD (months) -0.19 0.042
Hb level (g/dL) -0.33 <0.001
Serum calcium (g/dL) -0.21 0.036
Serum phosphate (g/dL) +0.37 <0.001

Table 4. Correlation between LVMI and clinical and
laboratory parameters

PD >24 months)
RVSP = 24.17+0.29x(LAVI)-0.05x(MV DT)+0.10x(SBP)+
4.84x(MV E/A) -7.17x (duration of PD >42 months)

Surprisingly, eccentric LVH was detected in
only 24% and LV dilatation could not be revealed in the
patients without LVH. There was linear association
between hemoglobin level in negative correlation (r =
-0.24), serum calcium in negative correlation (r = -0.28)
and LA dilatation evaluated by LAVI in positive
correlation (r = +0.26) with corrected QT interval in this
study (data are not shown in the table).

Additionally, the prevalence of PAH was

estimated about 27.2% and there was good correlation
between PAH and high level of systolic blood pressure
(r = +0.24), serum creatinine (r = +0.20), serum phosphate
(r = +0.29), LV end diastolic diameter (r = +0.48), LVMI (r
= +0.53) and low level of hemoglobin (r = -0.21) and
serum calcium (r = -0.23) (data are not illustrated in the
table).

Lastly, dialysis efficiency data, which was
evaluated by Kt/V, was about 50% missing, therefore
we did not analyze these data with other factors in the
final analysis.

Discussion
This cross-sectional study investigated the

correlation between baseline clinical and echocardio-
graphic characteristics of Thai CAPD patients and
found that there was a high prevalence of LVH as high
as 82.7% in which higher than the previous studies
that reported 45.2%(47) and 44%(48). Most patients
with LVH did not have left ventricular dilatation. This
probably resulted from high percentage of anemia
(43.3% of patients have Hb <10 g/dl) found in the
patients with LVH (mean Hb was 9.9+1.7 g/dl). This
was as similar to results in previous studies(49), which
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reported that conventional hemoglobin target for
erythropoietin  therapy in the ESRD patients with Hb
<10 g/dl was associated with a reduction in LVMI.
Additionally, most ESRD patients in our center not only
delayed to initiate peritoneal dialysis but to get
erythropoietin therapy. It may result from the Thai
national health policy for erythropoietin therapy, which
states that this can only be given in ESRD patients
who have already registered and initiated dialysis.

LVH occurred from adaptive remodeling
process, compensating for an increase in workload
placed on the heart to minimize the ventricular wall
stress. LVH has a prevalence of approximately 40% in
patients with chronic renal insufficiency and increases
to about 75% by the onset of ESRD(50,51). It is also
considered as an important risk factor for some
important cardiac problems such as atrial fibrillation,
systolic and diastolic heart failure and sudden death in
patients with hypertension. Multiple known risk factors
for LVH in patients with chronic renal insufficiency are
older age, arterio-venous connections, diabetes
mellitus, hypertension, anemia, abnormally large stiff
arteries, extracellular fluid volume expansion, uremic
internal milieu, and abnormalities of calcium phosphate
homeostasis in which similar to our study. Interestingly,
we discovered that the duration of CAPD longer than
24 months may reduce LVMI about 22.18 g/m2 per 1
month. Contrarily, the previous study concluded that
CAPD of more than 5 years’ duration was found
disadvantage for preserving cardiac function and
closely related to advance LVH as compared with
hemodialysis (HD)(52). The patients who can proceed
with PD in the long run may have good self-care
and well-controlled risk factors of LVH, i.e. body
weight, hypertension and diabetes. This is the one
explanation of LVH regression in long-term PD
patients. Moreover, high serum phosphate of CAPD
patients was demonstrated to be associated with LVMI
independently, which was similar to the previous
trial(53).

The prevalence of PAH in our study was
comparable with the previous ones(54) (27.2% vs. 32.4%)
and also found that longer duration of CAPD up to 42
months may reduce RVSP about 7.17 mmHg per 1 month.
However, the value of RVSP calculated from
echocardiography can be changed by the varying of
right atrial pressure value which was altered by the
volume status of participants. Additionally, this was
designed as a cross-sectional trial which could not
evaluate this time-varying outcome precisely. Therefore
it is necessary to be proven by future prospective trials

and evaluate RVSP value with more accurate tool such
as right heart catheterization.

This study was limited by the small number of
the study population, which related to a low level of
adjusted R2 in multiple regression analysis. In addition,
this was investigated and illustrated only to a surrogate
outcome. Further long-term, well designed prospective
studies will answer this better, in particular the study
of clinical associations between cardiovascular
morbidity and mortality and echocardiographic
variables. Nevertheless, this study pointed out the
importance of hemoglobin level for LVH regression of
dialysis patients. It will remind the physicians to pay
more attention to the anemic problem in this group of
patients.

Conclusion
This study revealed a higher prevalence of

LVH in Thai CAPD patients, when compared with the
previous studies and with anemia still being an
important independent factor for developing LVH. A
longer period of CAPD may regress LVH and lower
RVSP. This should be proven by the longer well-
designed prospective studies.

What is already known on this topic ?
Anemia or hemoglobin levels and serum

phosphate are the independent factors for LVH in
dialysis patients. Pulmonary hypertension is detected
in ESRD patients in the rate about 20%. However, the
effect of duration of CAPD to LVH and RVSP of dialysis
patients is still uncertain in the long-term study.

What this study adds ?
Longer duration of CAPD may regress LVH

and lower RVSP level. RV systolic function is in normal
range in majority of patients but almost half of the
patients have diastolic dysfunction.

Acknowledgement
The authors are grateful to the patients and

nursing staff participating in this project and Dr.
Sasivimol Rattanasiri, Faculty of Medicine,
Ramathibodi Hospital, Mahidol University for helping
in statistical analysis part.

Potential conflicts of interest
None.

References
1. Mann JF, Gerstein HC, Pogue J, Bosch J, Yusuf S.



S112                                                                                                                  J Med Assoc Thai Vol. 98 Suppl. 9  2015

Renal insufficiency as a predictor of cardiovascular
outcomes and the impact of ramipril: the HOPE
randomized trial. Ann Intern Med 2001; 134: 629-
36.

2. Go AS, Chertow GM, Fan D, McCulloch CE, Hsu
CY. Chronic kidney disease and the risks of death,
cardiovascular events, and hospitalization. N Engl
J Med 2004; 351: 1296-305.

3. Anavekar NS, McMurray JJ, Velazquez EJ,
Solomon SD, Kober L, Rouleau JL, et al. Relation
between renal dysfunction and cardiovascular
outcomes after myocardial infarction. N Engl J Med
2004; 351: 1285-95.

4. Levey AS, Beto JA, Coronado BE, Eknoyan G,
Foley RN, Kasiske BL, et al. Controlling the
epidemic of cardiovascular disease in chronic renal
disease: what do we know? What do we need to
learn? Where do we go from here? National Kidney
Foundation Task Force on Cardiovascular Disease.
Am J Kidney Dis 1998; 32: 853-906.

5. vanDijk PC, Jager KJ, de Charro F, Collart F, Cornet
R, Dekker FW, et al. Renal replacement therapy in
Europe: the results of a collaborative effort by the
ERA-EDTA registry and six national or regional
registries. Nephrol Dial Transplant 2001; 16: 1120-
9.

6. deMutsert R, Grootendorst DC, Axelsson J,
Boeschoten EW, Krediet RT, Dekker FW. Excess
mortality due to interaction between protein-
energy wasting, inflammation and cardiovascular
disease in chronic dialysis patients. Nephrol Dial
Transplant 2008; 23: 2957-64.

7. Chung SH, Lindholm B, Lee HB. Is malnutrition an
independent predictor of mortality in peritoneal
dialysis patients? Nephrol Dial Transplant 2003;
18: 2134-40.

8. Fouque D, Kalantar-Zadeh K, Kopple J, Cano N,
Chauveau P, Cuppari L, et al. A proposed
nomenclature and diagnostic criteria for protein-
energy wasting in acute and chronic kidney
disease. Kidney Int 2008; 73: 391-8.

9. Cheng TH, Lam DH, Ting SK, Wong CL, Kwan
BC, Chow KM, et al. Serial monitoring of nutritional
status in Chinese peritoneal dialysis patients by
Subjective Global Assessment and comprehensive
Malnutrition Inflammation Score. Nephrology
(Carlton ) 2009; 14: 143-7.

10. Ho LC, Wang HH, Chiang CK, Hung KY, Wu KD.
Malnutrition-inflammation score independently
determined cardiovascular and infection risk in
peritoneal dialysis patients. Blood Purif 2010; 29:

308-16.
11. Wang AY, Woo J, Lam CW, Wang M, Sea MM, Lui

SF, et al. Is a single time point C-reactive protein
predictive of outcome in peritoneal dialysis
patients? J Am Soc Nephrol 2003; 14: 1871-9.

12. Ducloux D, Bresson-Vautrin C, Kribs M,
Abdelfatah A, Chalopin JM. C-reactive protein and
cardiovascular disease in peritoneal dialysis
patients. Kidney Int 2002; 62: 1417-22.

13. Herzig KA, Purdie DM, Chang W, Brown AM,
Hawley CM, Campbell SB, et al. Is C-reactive protein
a useful predictor of outcome in peritoneal dialysis
patients? J Am Soc Nephrol 2001; 12: 814-21.

14. Pecoits-Filho R, Barany P, Lindholm B, Heimburger
O, Stenvinkel P. Interleukin-6 is an independent
predictor of mortality in patients starting dialysis
treatment. Nephrol Dial Transplant 2002; 17: 1684-
8.

15. Wang AY, Wang M, Woo J, Lam CW, Li PK, Lui SF,
et al. Cardiac valve calcification as an important
predictor for all-cause mortality and cardiovascular
mortality in long-term peritoneal dialysis patients:
a prospective study. J Am Soc Nephrol 2003; 14:
159-68.

16. Ketteler M, Bongartz P, Westenfeld R, Wildberger
JE, Mahnken AH, Bohm R, et al. Association of
low fetuin-A (AHSG) concentrations in serum with
cardiovascular mortality in patients on dialysis: a
cross-sectional study. Lancet 2003; 361: 827-33.

17. Wang AY, Woo J, Lam CW, Wang M, Chan IH, Gao
P, et al. Associations of serum fetuin-A with
malnutrition, inflammation, atherosclerosis and
valvular calcification syndrome and outcome in
peritoneal dialysis patients. Nephrol Dial
Transplant 2005; 20: 1676-85.

18. Hermans MM, Brandenburg V, Ketteler M,
Kooman JP, van der Sande FM, Boeschoten EW,
et al. Association of serum fetuin-A levels with
mortality in dialysis patients. Kidney Int 2007; 72:
202-7.

19. Wang AY, Lam CW, Sanderson JE, Wang M, Chan
IH, Lui SF, et al. Serum 25-hydroxyvitamin D status
and cardiovascular outcomes in chronic peritoneal
dialysis patients: a 3-y prospective cohort study.
Am J Clin Nutr 2008; 87: 1631-8.

20. Bargman JM, Thorpe KE, Churchill DN. Relative
contribution of residual renal function and
peritoneal clearance to adequacy of dialysis: a
reanalysis of the CANUSA study. J Am Soc Nephrol
2001; 12: 2158-62.

21. Mallamaci F, Tripepi G, Cutrupi S, Malatino LS,



J Med Assoc Thai Vol. 98 Suppl. 9  2015                                                                                                                  S113

Zoccali C. Prognostic value of combined use of
biomarkers of inflammation, endothelial
dysfunction, and myocardiopathy in patients with
ESRD. Kidney Int 2005; 67: 2330-7.

22. Rutten JH, Korevaar JC, Boeschoten EW, Dekker
FW, Krediet RT, Boomsma F, et al. B-type
natriuretic peptide and amino-terminal atrial
natriuretic peptide predict survival in peritoneal
dialysis. Perit Dial Int 2006; 26: 598-602.

23. Wang AY, Lam CW, Yu CM, Wang M, Chan IH,
Zhang Y, et al. N-terminal pro-brain natriuretic
peptide: an independent risk predictor of
cardiovascular congestion, mortality, and adverse
cardiovascular outcomes in chronic peritoneal
dialysis patients. J Am Soc Nephrol 2007; 18: 321-
30.

24. Krediet RT. Dry body weight: water and sodium
removal targets in PD. Contrib Nephrol 2006; 150:
104-10.

25. Brown EA, Davies SJ, Rutherford P, Meeus F,
Borras M, Riegel W, et al. Survival of functionally
anuric patients on automated peritoneal dialysis:
the European APD Outcome Study. J Am Soc
Nephrol 2003; 14: 2948-57.

26. Jansen MA, Termorshuizen F, Korevaar JC, Dekker
FW, Boeschoten E, Krediet RT. Predictors of
survival in anuric peritoneal dialysis patients.
Kidney Int 2005; 68: 1199-205.

27. Kunz K, DimitrovY, Muller S, Chantrel F,
Hannedouche T. Uraemic cardiomyopathy.
Nephrol Dial Transplant 1998; 13 (Suppl 4): 39-43.

28. Silaruks S, Sirivongs D, Chunlertrith D. Left
ventricular hypertrophy and clinical outcome in
CAPD patients. Perit Dial Int 2000; 20: 461-6.

29. Parfrey PS, Foley RN, Harnett JD, Kent GM, Murray
DC, Barre PE. Outcome and risk factors for left
ventricular disorders in chronic uraemia. Nephrol
Dial Transplant 1996; 11: 1277-85.

30. Dyadyk OI, Bagriy AE, Yarovaya NF. Disorders of
left ventricular structure and function in chronic
uremia: how often, why and what to do with it? Eur
J Heart Fail 1999; 1: 327-36.

31. Abhayaratna WP, Seward JB, Appleton CP,
Douglas PS, Oh JK, Tajik AJ, et al. Left atrial size:
physiologic determinants and clinical applications.
J Am Coll Cardiol 2006; 47: 2357-63.

32. Juan-Garcia I, Puchades MJ, Sanjuan R, Torregrosa
I, Solis MA, Gonzalez M, et al. Echocardiographic
impact of hydration status in dialysis patients.
Nefrologia 2012; 32: 94-102.

33. National Kidney Foundation. K/DOQI clinical

practice guidelines for chronic kidney disease:
evaluation, classification, and stratification. Am J
Kidney Dis 2002; 39 (2 Suppl 1): S1-266.

34. Wang AY, Woo J, Wang M, Sea MM, Ip R, Li PK,
et al. Association of inflammation and malnutrition
with cardiac valve calcification in continuous
ambulatory peritoneal dialysis patients. J Am Soc
Nephrol 2001; 12: 1927-36.

35. Giovanardi P, Tincani E, Rossi R, Agnoletto V, Bondi
M, Modena MG. Right ventricular function
predicts cardiovascular events in outpatients with
stable cardiovascular diseases: preliminary results.
Intern Emerg Med 2012; 7: 251-6.

36. Dini FL, Demmer RT, Simioniuc A, Morrone D,
Donati F, Guarini G, et al. Right ventricular
dysfunction is associated with chronic kidney
disease and predicts survival in patients with
chronic systolic heart failure. Eur J Heart Fail 2012;
14: 287-94.

37. Leenen FH, Smith DL, Khanna R, Oreopoulos DG.
Changes in left ventricular hypertrophy and
function in hypertensive patients started on
continuous ambulatory peritoneal dialysis. Am
Heart J 1985; 110: 102-6.

38. Wang AYM, Sanderson JE, Chan KW, Lui SF.
Epidemiology of cardiovascular problems in
Chinese continuous ambulatory peritoneal dialysis
patients: prevalence, severity, and risk factors.
Hong Kong Med J 2007; 13 (Suppl 2): S33-6.

39. Levey AS, Bosch JP, Lewis JB, Greene T, Rogers
N, Roth D. A more accurate method to estimate
glomerular filtration rate from serum creatinine: a
new prediction equation. Modification of Diet in
Renal Disease Study Group. Ann Intern Med 1999;
130: 461-70.

40. Rudski LG, Lai WW, Afilalo J, Hua L,
Handschumacher MD, Chandrasekaran K, et al.
Guidelines for the echocardiographic assessment
of the right heart in adults: a report from the
American Society of Echocardiography endorsed
by the European Association of Echocardiography,
a registered branch of the European Society of
Cardiology, and the Canadian Society of
Echocardiography. J Am Soc Echocardiogr 2010;
23: 685-713.

41. Gottdiener JS, Bednarz J, Devereux R, Gardin J,
Klein A, Manning WJ, et al. American Society of
Echocardiography recommendations for use of
echocardiography in clinical trials. J Am Soc
Echocardiogr 2004; 17: 1086-119.

42. Lang RM, Badano LP, Mor-Avi V, Afilalo J,



S114                                                                                                                  J Med Assoc Thai Vol. 98 Suppl. 9  2015

Armstrong A, ErnandeL, et al. Recommendations
for cardiac chamber quantification by echocardio-
graphy in adults: an update from the American
Society of Echocardiography and the European
Association of Cardiovascular Imaging. J Am Soc
Echocardiogr 2015; 28: 1-39.

43. Jassal DS, Tam JW, Bhagirath KM, Gaboury I,
Sochowski RA, Dumesnil JG, et al. Association of
mitral annular calcification and aortic valve
morphology: a substudy of the aortic stenosis
progression observation measuring effects of
rosuvastatin (ASTRONOMER) study. Eur Heart J
2008; 29: 1542-7.

44. Devereux RB, Alonso DR, Lutas EM, Gottlieb GJ,
Campo E, Sachs I, et al. Echocardiographic
assessment of left ventricular hypertrophy:
comparison to necropsy findings. Am J Cardiol
1986; 57: 450-8.

45. The Heart Association of Thailand under the Royal
Patronage of H.M. the King. Thai Guideline for
diagnosis and Treatment of Pulmonary
Hypertension 2013. Bangkok: The Heart
Association of Thailand; 2013.

46. Landis JR, Koch GG. The measurement of observer
agreement for categorical data. Biometrics 1977;
33: 159-74.

47. Tian JP, Wang T, Wang H, Cheng LT, Tian XK,
Lindholm B, et al. The prevalence of left ventricular
hypertrophy in Chinese hemodialysis patients is
higher than that in peritoneal dialysis patients. Ren
Fail 2008; 30: 391-400.

48. Yilmaz M, Unsal A, Oztekin E, Kesmezacar O,
Kaptanogullari OH, Eren N. The prevalence of
hypertension, valve calcification and left
ventricular hypertrophy and geometry in
peritoneal dialysis patients. Kidney Blood Press
Res 2012; 35: 431-7.

49. Parfrey PS, Lauve M, Latremouille-Viau D, Lefebvre
P. Erythropoietin therapy and left ventricular mass
index in CKD and ESRD patients: a meta-analysis.
Clin J Am Soc Nephrol 2009; 4: 755-62.

50. Levin A, Thompson CR, Ethier J, Carlisle EJ, Tobe
S, Mendelssohn D, et al. Left ventricular mass index
increase in early renal disease: impact of decline in
hemoglobin. Am J Kidney Dis 1999; 34: 125-34.

51. Foley RN, Parfrey PS, Harnett JD, Kent GM, Martin
CJ, Murray DC, et al. Clinical and echocardiographic
disease in patients starting end-stage renal disease
therapy. Kidney Int 1995; 47: 186-92.

52. Takeda K, Nakamoto M, Hirakata H, Baba M, Kubo
M, Fujishima M. Disadvantage of long-term CAPD
for preserving cardiac performance: an
echocardiographic study. Am J Kidney Dis 1998;
32: 482-7.

53. Chue CD, Edwards NC, Moody WE, Steeds RP,
Townend JN, Ferro CJ. Serum phosphate is
associated with left ventricular mass in patients
with chronic kidney disease: a cardiac magnetic
resonance study. Heart 2012; 98: 219-24.

54. Kosmadakis G, Aguilera D, Carceles O, Da Costa
CE, Boletis I. Pulmonary hypertension in dialysis
patients. Ren Fail 2013; 35: 514-20.



J Med Assoc Thai Vol. 98 Suppl. 9  2015                                                                                                                  S115

⌦⌫⌫
⌫

⌫         

 ⌦⌫⌫⌫⌫⌫
⌫⌫ ⌦⌫⌫⌫⌫
⌫⌫⌫ ⌦⌫⌦⌫⌦
 ⌫⌫ ⌫

⌫ ⌦      
 ⌫ ⌫ ⌫
  ⌫     ⌦ ⌫      ⌫
⌫⌫ ⌫⌫
⌫⌫
⌦        ⌫⌫  ⌫ 
⌫   ⌫    ⌧ 
⌫⌦  ⌫     
⌫        ⌫
  ⌫ ⌫⌫     
⌫  ⌫⌦⌫   ⌫ ⌫
        ⌫
 ⌦⌫⌫     ⌫
⌦⌫⌫  ⌫
     ⌫⌦
⌦   


