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ABSTRACT

Background and Objectives : In dialysis patients, the cardiovascular mortality is 10 to 20 times higher than that
in the general population. The increased arterial stiffness in patients with end—stage renal disease (ESRD) is
an independent predictor of all-cause mortality. The arterial stiffness and atherosclerotic markers were eva-
luated in patients with ESRD treated with and without hemodialysis (HD) or peritoneal dialysis (PD). Subjects
and Methods : 14 hemodialysis (mean dialysis duration 19.6 months), 14 peritoneal dialysis (mean dialysis du-
ration 26.1 months) and 14 patients with ESRD prior to initiation of dialysis, and 27 age—sex matched controls
were enrolled. The calculated central pulse pressure, plasma homocysteine, serum C-reactive protein, left
ventricular mass index and aortic pulse wave velocity (PWV) were measured. Results : Patients with ESRD
treated with and without dialysis had greater increases in their arterial stiffness and advanced atherosclero-
sis compared with the controls. However, there was no difference in the arterial stiffness and atherosclerotic

markers before and after the dialysis treatment, or in the dialysis modality (HD, PD) of patients with ESRD.

In a multiple regression model, PWV in patients with ESRD was explained by the level of plasma homocysteine
(8=0.396 ; p=0.027). Conclusion : Atherosclerosis and arterial stiffness in patients with ESRD may not be affec-
ted by dialysis treatment or modality. In patients with ESRD, the level of plasma homocysteine is independen-
tly associated with arterial stiffness. (Korean Circulation J 2004;34(9):865-873)
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Fig. 1. Pulse wave. The measured pulse pressure wave
( ) must be analyzed as a superposition of two
separate waves: the incident wave ( ) traveling
from the heart to periphery, and the reflected wave
(-—=-) traveling from the periphery and the site of wave
reflection to the heart. The reflected wave (----- ) can be
shifted from ideal reflected wave (= ) due to increa-
sed arterial stiffness (arrow).
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B Pulse wave velocity

D

(m/sec)

AT

A : recording of the proximal site B : recording of the distal site

Fig. 2. Pulse wave velocity measurement (A, B). Time delay between the foot of the two waves is AT=T2-T1, where
T1/T2is the time interval measured between the ECG signal and the foot of the proximal/distal wave (C, D). D: distance
fraveled by the wave.

Site A-carotid

L L L]

7 9 10 1 12 13 14
Site A-B MeanT(ms) [ SD(ms) | N [ HR(bpm)
ECG-CAR 99.9 2.8 20 66 Pulse wave velocity (ms)
ECG-RAD 181.4 1.4 19 67 -
CAR-RAD 81.5 3.1

Fig. 3. Pulse wave velocity measurement in control patient. ECG-CAR/RAD: time interval between R wave of ECG
signal and foot of pulse wave of carotid/radial artery, CAR-RAD: time delay between the foot of carotid artery and
radial artery, ECG: electrocardiography, SD: standard deviation, HR: heart rate.
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Table 1. Basic demographic characteristics

Control Predialysis PD HD o)

Patient No. 27 14 14 14
Age (yrs) 504+ 6.3 474+ 8.5 479+ 6.9 478+ 6.9 0.484
Male (%) 13 (48.1) 8 (57.1) 6 (42.9) 7 (50.0) 0.898
BMI (kg/m?) 238+ 2.3 224+ 2.1 221+ 1.5 225+ 29 0.067
SBP (mmHg) 110.6£15.9 142.4+£15.7* 133.1£17.3* 140.0£26.6* 0.000
DBP (mmHg) 67.1+£120 86.9+10.4* 784+11.2 83.9+16.9* 0.000
PPP (mmHg) 43.4+11.7 55.6+12.7 548+13.7 56.1+£18.7 0.010
Hypertension (%) 11 (40.7) 13 (92.9) 11 (78.6) 9 (64.3) 0.005
Smoker (%) 4(14.8) 6 (42.9) 0(C0) 2 (14.3) 0.023
Diabetes (%) 2(74) 8 (57.1) 2 (14.3) 3(21.4) 0.003
LVEF (%) 60.3+ 8.5 55.3+10.6 619+ 78 627+ 8.2 0.119
LVMI (g/m?2) 103.4+19.8 1740+37.9* 153.3+42.6* 138.8+42.4* 0.000
Medication treated

Statin (%) 8 (29.6) 2 (14.3) 2 (14.3) 3(21.4) 0.290

ACEi (%) 6(22.2) 6 (42.9) 7 (50.0) 2 (14.3) 0.105

CCB (%) 11 (40.7) 12 (85.7) 8 (57.1) 7 (50.0) 0.052

BB (%) 12 (44.4) 2 (14.3) 5(35.7) 3(21.4) 0.190

= p<0.05 vs control. PD: peritoneal dialysis, HD: hemodialysis, BMI: body mass index, S/DBP: systolic/diastolic blood
pressure, PPP: peripheral pulse pressure, LVEF: left ventricular ejection fraction, LVMI: left ventricular mass index, ACEi:
angiotensin-converting enzyme inhibitor, CCB: calcium channel blocker, BB: beta blocker

Table 2. Biochemical parameters in subjects

Control Predialysis PD HD o)
Hematocrit (%) 372+ 35 277+ 417 272+ 297 290+ 24" 0.000
Total chole. (mg/dL) 188.2+34.1 182.7+39.3 195.7+51.0 170.6% 20.1 0.324
HDL chole. (mg/dL) 47.9+147 48.9+19.1 47.7+13.4 40.6+ 12.7 0.429
Non-HDL chole. (mg/dL) 140.3+31.9 132.4+34.3 1480+41.7 1300+ 260 0.473
Triglycerides (mg/dL) 146.9+78.1 119.5+48.9 136.6+62.9 142.6+153.8 0.847
LDL-chole. (mg/dL) 116.8+31.2 110.7+43.0 120.4+38.6 92.6+ 19.2 0.116
Serum Cr (mg/dL) 09+ 02 108+ 447 11.4+ 307 114+ 2.7 0.000
Serum Ca (mg/dL) 9.5+ 0.3 88+ 1.4 9.6+ 08 9.3+ 07 0.060
Serum P (mg/dL) 35+ 0.6 64+ 197 49+ 1.7+ 61+ 207 0.000
Calcium X Phosphorus 333+ 57 565+17.77 46.6+12.17 570+ 178" 0.000
Serum protein (g/dL) 7.0+ 0.5 56+ 061 6.7+ 0.6* 68+ 0.3* 0.000
Serum albumin (g/dL) 41+ 03 34+ 067 37+ 03 41+ 0.6* 0.000
CRP (mg/dL) 0.17+0.20 0.75+0.80 0.83+1.15" 0.18%+ 0.19 0.004
Plasma homocysteine (umol/L) 10.6+ 2.7 243+1207 197+ 8ot 222+ 467 0.000

x: 0<0.05 vs predialysis, t: p<0.05 vs control. PD: peritoneal dialysis, HD: hemodialysis, chole.: cholesterol, Cr: creatinine,
Ca: calcium, P: phosphorus, CRP: C-reactive protein, HDL/LDL: high/low density lipoprotein
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Control Predialysis PD HD

Fig. 4. The difference of pulse wave velocity (PWV) am-
ong each groups. The PWV of patients with end-stage
renal disease is higher than that of control group. Howe-
ver, there is no difference between predialysis and dialy-
sis group and peritoneal dialysis (PD) and hemodialysis
(HD).

Control Predialysis PD HD o)
Central SBP (mmHg) 102.2+16.4 129.4+17.4* 123.6+17.5* 130.9 +25.6* 0.000
Central DBP (mmHg) 67.612.1 84.4+17.2* 759+11.1 84.6+17.1* 0.001
Central PP (mmHg) 34.6+10.6 44.9+13.1 4411128 46,4179 0.020
PWV (m/sec) 82+ 13 11.6+ 1.6* 11.4+ 2.3* 108+ 1.7* 0.000

#: p<0.05 vs control. PD: peritoneal dialysis, HD: hemodialysis, S/DBP: systolic/diastolic blood pressure, PP: pulse pressure,

PWV: pulse wave velocity
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Fig. 5. The figure shows the positive correlation between
pulse wave velocity and plasma homocysteine in pao-
fients with end-stage renal disease on univariate analysis.

Table 5. Multiple regression model of PWV as dependent
variable in patients with end-stage renal disease

Independent

variable B B Coefficient t o}

Central pulse 0.017 0.134 0.762 0.453
pressure

Diabetes 0.275 0.070 0.402 0.691

Hypertension 0.129 0.030 0.164 0.871

Hematocrit 0.194 0.342 1.981 0.058

Non-HDL 0.013 0.266 1.636 0.114
cholesterol

Plasma 0.082 0.396 2.336 0.027
homocysteine

C-reactive 0.146 0.065 0.365 0.718
protein

LVMI 0.001 0.026 0.143 0.888

Medication of 0.502 0.134 0.762 0.453
ACEi

B: unstandardized coefficient, PWV: pulse wave velocity,
LVMI: left ventricular mass index, ACEi: angiotensin-con-
verting enzyme inhibitor, HDL: high density lipoprotein

Table 4. Comparison of atherosclerotic markers between predialysis and dialysis patients

Predialysis (n=14) Dialysis (n=28) p
Age (yrs)/male (%) 47.4+8.5/8 (57.1) 47.8+6.8/13 (46.4) NS
BMI (kg/m?) 224+ 2.1 223+ 2.3 NS
Hypertension (%) 13 (92.9) 20 (71.4) NS
Smoker (%) 6 (42.9) 2(7.0) 0.010
Diabetes (%) 8 (57.1) 507.9) 0.013
Peripheral PP (mmHg) 55.6+12.7 55.5+16.1 NS
LVMI (g/m?) 1740£37.9 146.1142.3 0.039
Hematocrit (%) 277+ 4. 28.1+ 28 NS
HDL cholesterol (mg/dL) 48.9+19.1 441+133 NS
Non-HDL cholesterol (mg/dL) 132.4+34.3 139.0+35.3 NS
Calcium X phosphorus 56.5£17.7 51.8£15.9 NS
Serum Albumin (g/dL) 3.4+ 0.4 39+ 05 0.005
CRP (mg/dL) 0.85+0.80 0.50+0.88 NS
Plasma homocysteine (umol/L) 24.3+12.0 210+ 6.6 NS
Central SBP (mmHg) 129.4+17.4 127.3£21.9 NS
Central DBP (mmHg) 84.4+17.2 82.0+14.4 NS
Central PP (mmHg) 449+13.1 452+153 NS
PWV (m/sec) 11.6+ 1.6 11.1+ 20 NS

NS: non significant, BMI: body mass index, PP: pulse pressure, LVMI: left ventricular mass index, CRP: C-reactive protein,
S/DBP: systolic/diastolic blood pressure, PWV: pulse wave velocity, HDL: high density lipoprotein
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