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This study aimed to investigate the influence of different peritoneal dialysis
regimens on blood pressure control, the diurnal pattern of blood pressure and
left ventricular hypertrophy in patients on peritoneal dialysis. Forty-four patients
undergoing peritoneal dialysis were enrolled into the study. Patients were
treated with different regimens of peritoneal dialysis: 26 patients on continuous
ambulatory peritoneal dialysis (CAPD) and 18 patients on automated peritoneal
dialysis (APD). All patients performed 24-hour ambulatory blood pressure
monitoring (ABPM) and echocardiography. Echocardiography was performed
for measurement of cardiac parameters and calculation of left ventricular mass
index (LVMI). There were no significant differences in average of systolic and
diastolic blood pressure during 24-hour, daytime, and nighttime between CAPD
and APD groups. There were no significant differences in diurnal variation of
blood pressure, systolic and diastolic blood pressure load, and LVMI between
CAPD and APD groups. LVMI was associated with 24 hour systolic blood
pressure load (r = 0.311, P < 0.05) and daytime systolic blood pressure load (r
= 0.360, P < 0.05). In conclusion, this study found that there is no difference in
blood pressure control, diurnal variation of blood pressure and left ventricular
hypertrophy between CAPD and APD patients. The different peritoneal dialysis
regimens might not influence blood pressure control and diurnal variation of
blood pressure in patients on peritoneal dialysis.
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Introduction

Automated peritoneal dialysis (APD) is increasingly used

in patients with end-stage renal disease. There are multiple

reasons for this, including factors related to peritoneal
membrane transport characteristics and dialysis adequacy,
lifestyle, and the increasing age”.

APD has been reported to have several advantages
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over continuous ambulatory peritoneal dialysis (CAPD)
including lower incidence of peritonitis, better small solute
clearances, reduced incidences of hernias, and better
dialysis acceptability for workers”¥. However, APD has
potential disadvantages such as a more rapid loss of residual
renal function, less sodium removal and more peritoneal
protein loss’'”. The short dwell times and less sodium
and fluid removal of APD compared with CAPD seem to
be associated with changes in hemodynamics and blood
pressure control .

Cardiovascular disease is the most common cause of
morbidity and mortality in patients with end-stage renal
disease (ESRD)"". Hypertension in dialysis patients is an
important risk factor for development of left ventricular
hypertrophy (LVH) and for increased cardiovascular
mortality. The main reason for hypertension in dialysis
patients is volume overload'> . Information on the
compared ability of CAPD and APD to control blood
pressure levels and prevent cardiovascular complications is
very limited.

The aim of this study is to investigate the influence of
different peritoneal dialysis regimens on blood pressure
control, the diurnal pattern of blood pressure and left

ventricular hypertrophy in patients on peritoneal dialysis.

Subjects and Method

A total of 44 stable patients undergoing peritoneal dialysis
at Chungbuk National University Hospital for more than
6 months were enrolled in this study. Patients were treated
by different regimens of peritoneal dialysis: 26 patients on
CAPD and 18 patients on APD. Patients' preference was
the main reason to start APD. All patients performed 24-
hour ambulatory blood pressure monitoring (ABPM) and
echocardiography.

The ABPM device (90207 ABP Monitor; Spacelabs
Healthcare Inc., Issaquah, Washington, USA) was employed
for measurement of blood pressure using an oscillometric
technique. The monitor was automatically programmed to
inflate every 30 minutes from 7 AM until 11 PM (daytime).

From 11 PM to 7 AM (nighttime), the device inflated every
60 minutes. Mean 24-hour, daytime, and nighttime systolic
BP and diastolic BP were derived from 24-hour ABPM as
the average of measurements taken over the respective time
period. ABPM recordings were downloaded, evaluated,
and analyzed in a blinded manner at Spacelabs Healthcare.
During the monitoring period, patients were instructed
to attend to their usual activities, diet, and medications.
Mean arterial pressure (MAP) was calculated as diastolic
pressure plus one third of the difference between systolic
and diastolic pressure. Diurnal blood pressure variation was
characterized by an index calculated as the ratio between
the blood pressure difference of daytime and nighttime
and the daytime blood pressure value, multiplied by 100.
Non-dipper was defined as a reduction in nighttime systolic
blood pressure or diastolic blood pressure less than 10%
of the daytime blood pressure. Systolic blood pressure
load and diastolic blood pressure load were defined as
the percentage of readings higher than 135/85 mmHg for
daytime blood pressure, and 125/75 mmHg for nighttime
blood pressure. A blood pressure load greater than 30%
was considered significant'™.

Two-dimensional and M-mode echocardiography
was performed using an iE 33 echocardiography sys-
tem (Phillips Medical Systems, Eindhoven, The Nethe-
lands). Measurements of end-systolic and end-diastolic
left ventricular internal dimensions, end-diastolic
interventricular septal thickness, end-diastolic posterior
wall thickness, aortic root dimension, and left atrial
dimension were made according to the American Society of
Echocardiography guidelines™. Criterias for LVH were left
ventricular mass index (LVMI) 125 g/m” for males and 100
g/m’ for females.

Left ventricular mass (LVM) was calculated by the
formula derived by Devereux and Reichek'® ;

LVM (g) = 1.04 x [(LVIDd + IVSd + LVPWd)’ —
(LVIDs)’] — 13.6

where LVIDd is left ventricular end diastolic internal
dimension, IVSd is interventricular septal thickness

measured at end-diastole and LVPW is posterior wall
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thickness.

LVMI was standardized by dividing it to body surface
area, which was calculated using DuBois formula'”.

The following data were collected for each patient: age,
gender, body mass index, body weight, primary cause of
ESRD, duration of hypertension and peritoneal dialysis, use
of erythropoietin, hemoglobin, hematocrit, serum blood
urea nitrogen, creatinine, albumin, calcium, and phosphate.
Data of peritoneal dialysis therapy were collected, including
peritoneal dialysis adequacy (weekly Kt/V and weekly
creatinine clearance) and peritoneal equilibration test (PET).
Routine PET was performed according to the method of
Twardowski'". Weekly Kt/V was calculated as 7 x (24-hour
urea clearance/total body water), where total body water
was estimated according to the formula of Watson et al."”.

Weekly creatinine clearance was calculated as 7 X (24-
hour creatinine clearance/1.73 m” body surface area), where
body surface was estimated by the method of DuBois'”.

In this study, CAPD patients were treated with 4
exchanges daily using 1,500-2,000 mL peritoneal dialysis
solution containing 1.5%, 2.5%, or 4.25% dextrose for
ultrafiltration as appropriate. For patients on APD, the
cycler was programmed to deliver 4-5 cycles of 1,500-
2,000 mL peritoneal dialysis solution during the night. A
final exchange of 1,000-1,500 mL was introduced and
allowed to remain in the peritoneal cavity until the next
cyclic exchange at night.

SPSS 12.0 for windows software was used for all
statistical analysis (SPSS Inc, Chicago, IL, USA). Values are
expressed as mean = SD. The comparisons between groups
were assessed by unpaired t-test or Wilcox singed-rank test.
Chi-squre test was used for 2 X 2 contingency tables when
appropriate for non-numeric data. Correlation between
numerical parameters were analysed with Spearman’s
correlation test. A P value of less than 0.05 was considered

statistically significant.

Result

1. Patient characteristics

This study group consisted of 44 patients on peritoneal
dialysis (16 male, 28 female, mean age: 49.9 + 13.2 years),
including 26 patients on CAPD (9 male, 17 female, mean
age: 52.8 + 11.9 years) and 18 patients on APD (7 male, 11
female, mean age: 45.7 = 14.2 years). The characteristics of
the 44 patients are shown in Table 1.

Mean time on PD was 48.7 + 32.6 months in CAPD
and 47.5 + 38.4 months in APD group. Primary causes
of ESRD were diabetic nephropathy (n = 18, 40.1%),
hypertension (n = 12, 27.3%), chronic glomerulonephritis
(n = 7, 15.9%), and unknown etiology (n = 7, 15.9%)).
There was no significant difference in gender, age, BMI,
body weight, primary diagnosis for ESRD, duration of

dialysis and hypertension, use of erythropoietin, dialysate/

Table 1. Clinical Characteristics by CAPD and APD

CAPD (n=26) APD(n=18) P-value

Male : Female (n) 9:17 7:1 ns
Age (year) 528+11.9 457142 ns
BMI (kg/m2) 226+40  209:44 ns
Body weight (kg) 59.7+112 61.0+97 ns
Cause of ESRD

Diabetes, n (%) 11 (42.3) 7(38.8) ns

Hypertension, n (%) 7(26.9) 5(27.7) ns

CGN, n (%) 4(15.3) 3(16.7) ns

Unknown, n (%) 4 (15.3) 3(16.7) ns
Duration of dialysis (month) ~ 48.7 +32.6  47.5+38.4 ns
Duration of HT (month) 10.4+£5.2 8.8+5.0 ns
Erythropoietin use, n (%) 20(76.9) 15 (83.9) ns
D/P creatinine 0.64 +0.11 0.65 +0.09 ns
Weekly Kt/V urea 23+£0.6 21£05 ns
Weekly CrCI L/1.73m? 85.6+40.0 78.0+505 ns
Hemoglobin (g/dL) 99+141 9623 ns
Hematocrit (%) 29.9+3.1 30952 ns
Serum albumin (mg/dL) 357+044  3.61+0.33 ns
Serum calcium (mg/dL) 923+096 8.99+1.02 ns
Serum phosphate (mg/dL) 512+150 517 +1.66 ns

CAPD, continuous ambulatory peritoneal dialysis; APD, automated
peritoneal dialysis; BMI, body mass index; ESRD, end-stage renal
disease; CGN, chronic gromerulonephritis; HT, hypertension; CrCl,
creatinine clearance; ns, not significant.
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plasma (D/P) creatinine ratio, weekly Kt/V, weekly
creatinine clearance, hemoglobin, hematocrit serum
albumin, calcium, and phosphate. Only 2 patients of 18
APD had high PET characteristics.

Thirty-six (81.8%) of the 44 PD patients were treated
with antihypertensive agents, including angiotensin
converting enzyme inhibitors, angiotensin receptor
blocker, beta-blockers, calcium channel blockers, alpha-
blockers, diuretics or combinations of such medications.
There was no significant difference in total number of

antihypertensives between the 2 groups (Table 2).

Table 2. Comparison of Use of Anti-Hypertensive Agent between CAPD
and APD

CAPD (n = 26) APD (n = 18) P-value
ACE inhibitor (n) 3 4 ns
ARB (n) 1 16 ns
B-blocker (n) 10 14 ns
CCB (n) 21 12 ns
Diuretics (n) 5 3 ns
a-blocker (n) 2 5 ns
Vasodilator (n) 1 0 ns
Anti-HTN No. 2.54 +1.42 3.06+1.70 ns

CAPD, continuous ambulatory peritoneal dialysis; APD, automated
peritoneal dialysis; ACE inhibitor, angiotensin converting enzyme inhibitor;
ARB, angiotensin receptor blocker; CCB, calcium channel blocker; Anti-
HTN No., total number of antihypertensive agent; ns, not significant.

Table 3. Comparison of Blood Pressure Control between CAPD and
APD

CAPD (n=26) APD(n=18) P-value

Mean SBP (mmHg)

24hr mean 139.2£20.3 144.7 £ 24.7 0.51

Daytime 139.6 £ 20.0 145.7 £ 24.4 0.47

Nighttime 136.6 £ 22.5 142.1 £ 27.1 0.59
Mean DBP (mmHg)

24hr mean 85.5+10.0 89.8 + 14.1 0.25

Daytime 85.6+10.8 90.6 + 14.3 0.18

Nighttime 829+ 114 87.89 £ 14.3 0.29
MAP (mmHg)

24hr mean 104.6 £+ 12.2 109.5 + 16.6 0.37

Daytime 105.2 + 12.1 1102 £+ 16.5 0.29

Nighttime 102.5+ 14.4 107.6 £+ 17.4 0.41

CAPD, continuous ambulatory peritoneal dialysis; APD, automated
peritoneal dialysis; SBP, systolic blood pressure; DBP, diastolic blood
pressure; MAP, mean arterial pressure.

2. Comparison of blood pressure control between CAPD
and APD

There were no significant differences in ambulatory mean
systolic and diastolic blood pressure, daytime systolic and
diastolic blood pressure, and nighttime systolic and diastolic
blood pressure between the 2 groups (Table 3). Ambulatory
systolic and diastolic blood pressure of 24-hour, daytime,
and nighttime in the CAPD group were lower than those of
the APD group, despite not reaching statistically significant
levels.

On analysis for diurnal variation of blood pressure, there
was no difference in the non-dipper hypertension rate
between 2 groups. Twenty-three of 26 (88.5%) CAPD
patients were non-dipper, whereas 15 of 18 (83.3%) APD
patients were non-dipper. On comparing diurnal indices of
systolic and diastolic blood pressure between two groups,
no difference was found in both CAPD and APD groups
(Table 4).

Table 4. Comparison of Diurnal Blood Pressure Variations and
Proportions of Non-dipper Hypertension between CAPD and APD

CAPD(n=26) APD(n=18) P-value
Diurnal index of SBP (%) 2.04 +7.45 2.64 +6.05 ns
Diurnal index of DBP (%) 3.07 +6.70 2.94 +5.66 ns
Non-dipper HT, n (%) 23 (88.5) 15 (83.3) ns

Diurnal index of BP calculated as the ratio between the blood pressure
difference of daytime and nighttime and the daytime blood pressure
value, multiplied by 100. CAPD, continuous ambulatory peritoneal
dialysis; APD, automated peritoneal dialysis; SBP, systolic blood pressure;
DBP, diastolic blood pressure; HT, hypertension; ns, not significant; BP,
blood pressure.

Table 5. Comparison of Blood Pressure Loads and Left Ventricular
Hypetrophy between CAPD and APD

CAPD (n=26) APD(n=18)  P-value

Systolic BP loads (%)

24hr 40.5+£36.7 50.4 +42.8 0.42

Daytime 29.1£25.7 35.4 £28.5 0.35

Nighttime 11.3+£13.6 13.4+£15.2 0.85
Diastolic BP loads (%)

24hr 29.4 £32.5 44.6 £39.5 0.23

Daytime 211238  31.02+27.9 0.26

Nighttime 8.3+10.8 13.6+125 0.12
LVYMI (g/m?) 162.7+52.8  158.4 +40.6 0.93

CAPD, continuous ambulatory peritoneal dialysis; APD, automated
peritoneal dialysis; BP, blood pressure; LVMI, left ventricular mass index.
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There were no significant differences in systolic and
diastolic blood pressure load and LVMI between CAPD
and APD groups (Table 5).

There were no significant correlations between LVMI
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Fig. 1. Correlation between LVMI and 24-Hour Systolic Blood Pressure
Load (r = 0.311, P < 0.05). LVMI, left ventricular mass index; 24hr Load
SBP, 24 hour systolic blood pressure load.
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Fig. 2. Correlation between LVMI and Daytime Systolic Blood Pressure
Load (r = 0.36, P < 0.05). LVMI, left ventricular mass index; Day Load
SBP, daytime systolic blood pressure load.

and 24-hour mean systolic and diastolic blood pressure,
daytime systolic and diastolic blood pressure, and nighttime
systolic and diastolic blood pressures.

LVMI was correlated with 24-hour systolic BP load (r =
0.311, P < 0.05) and daytime systolic BP load (r = 0.360, P
< 0.05) (Fig. 1 and 2).

Discussion

There is an ongoing controversy in the literature as to
whether APD is associated with less effective control of
blood pressure as compared with CAPD. Wang et al.*”
found similar levels of blood pressure in patients on CAPD
and APD, but a higher ventricular mass in patients on APD,
which they attributed to potential diurnal hypervolemia in
this therapy. Ortega et al.”” detected higher systolic blood
pressure levels in APD than in CAPD, but were unable
to find a correlation between sodium removal and blood
pressure levels.

Our study demonstrates that there were no significant
differences in blood pressure control, diurnal variation of
blood pressure, and left ventricular mass between CAPD
and APD.

Left ventricular hypertrophy is a strong predictor of
myocardial infarction, heart failure, sudden death, and
stroke in patients with essential hypertension and in patients
with ESRD***®, There are reports of a high incidence of
LVH in CAPD patients and that LVH seemed to be strongly
associated with a significantly high cardiovascular morbidity
and mortality in CAPD patients™”. It has reported that each
10 mmHg rise in average mean arterial blood pressure was
associated with a 48% increased likelihood of having both
concentric LVH and left ventricular dilation on second
echocardiogram for patients with ESRD™. However, in this
study, we have not observed significant difference in LVMI
between CAPD and APD groups. Ambulatory systolic and
diastolic blood pressure at 24-hour, daytime and nighttime
was not associated with LVML

It has been reported that ambulatory nighttime systolic

blood pressure load > 30% had an independent association
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with LVH™. Similarly, we found in our study that LVMI in
patients on peritoneal dialysis correlated with 24-hour systolic
blood pressure load and daytime systolic blood pressure load.

Diurnal blood pressure rhythm is known to be abnormal
in chronic renal failure, dialysis and renal transplantation
patients. It has been reported that non-dipper patients
have increased risk of target organ damage and mortality
in patients with hypertension®””". Recently, reduced
blood pressure diurnal variability has been reported as a
risk factor for left ventricular dilatation in hemodialysis
patents. Although a number of factors such as autonomic
dysfunction, increase in plasma volume, heart failure
and sleep disorders have been implicated for abnormal
circadian rhythm of BP in dialysis patients, the main reason
of it was unclear. Subjectively assessed sleep disturbance
during overnight BP monitoring increases the nocturnal
BP level and potentially attenuates the correlation with
hypertension-related cardiac damage, even though habi-
tuation to overnight BP monitoring occurs™.

It has been suggested that APD may be less effective
than CAPD for sodium and fluid removal, due to its semi-
intermittent nature and frequently lower capacity for
ultrafiltration, and also to the short dwell schedule that
characterizes the night session in APD, which may result
in significant sodium sieving and less efficient sodium

1’?. In addition, the alarms or noises of the APD

remova
machine may cause sleep disturbance in patients on APD.
However, we found no difference in diurnal variation of
blood pressure for APD compared with CAPD .

Recently, patients are increasingly selecting APD for
lifestyle reasons rather than CAPD because they have
high transport membrane characteristics, resulting in an
increasing proportion of APD patients having low transport
membrane characteristics. In this study, there was no
difference in D/P creatinine and only 2 patients had high
transporter membrane characteristics in the APD group.

In this study, 81.8% of the peritoneal dialysis patients were
receiving antihypertensive agents, and these medications
themselves may affect blood pressure control and circadian

blood pressure rhythm.

There are limitations to this study. The size of our
study population was not large enough to compare the
difference between CAPD and APD group. In addition,
we did not evaluate the sodium removal and volume status
between CAPD and APD groups. Further study is needed
to investigate whether the effect of the sodium and fluid
removal according to CAPD regimen can influence the
blood pressure control.

It has been suggested that the use of a glucose polymeric
solution, icodextrin 7.5%, is able to improve volume status
in peritoneal dialysis patients due to an improved and
prolonged ultrafiltration, especially during long dwells*>?.
Further study is needed to study the influence of icodextrin
for long dwells in APD on volume status and blood pressure
control.

In conclusion, we found no difference in blood pressure
control, diurnal variation of blood pressure, and left
ventricular hypertrophy for APD compared with CAPD.
The different peritoneal dialysis regimens might not
influence blood pressure control and diurnal variation of

blood pressure in patients on peritoneal dialysis.
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