
1. Introduction

End-stage renal disease affects millions of people worldwide,

and the prevalence of patients requiring hemodialysis has continu-

ously increased over recent decades.1,2 Cardiovascular diseases are

common and substantially contribute to increased morbidity and

mortality among patients on hemodialysis.3–5 A variety of studies

carried out using either human subjects or laboratory animals sug-

gest that �2-microglobulin (�2-MG) and intact parathyroid hormone

(iPTH) carry out important activity in the cardiovascular system.6–8 In

addition to the increasing aging population in recent years, the

emergence of elderly uremic patients has become evident in China,2

the physiology of elderly uremic patients is different from that of the

general population, with various related complications, for instance,

refractory heart failure is among the most commonly complications

and severely affects the elderly uremic patient’s quality of life and

long-term survival.9,10 Hemodialysis (HD), especially high-flux HD, is

currently the most commonly used blood purification method in the

world, however, in China and other developing countries, given the

low level of economic development, low-flux dialysis is the primary

means of blood purification therapy, which can hardly remove mid-

dle-molecule uremic toxins given the changes in the patient’s cardiac

structure and function.10,11 By contrast, hemodiafiltration (HDF) can

remove middle molecular substances via the principles of diffusion

and convection,11,12 thus resulting in hemoperfusion (HP), which is

achieved via the principle of absorption.12,13 To compensate for the

deficiencies associated with HD, many Chinese hospitals have ado-

pted a combined HD with HDF (HD+HDF) or HD with HP (HD+HP)

treatment regimen.

The purpose of this study was to compare the capabilities of HD,

HD+HDF, and HD+HP in terms of their ability to clear the middle

molecule toxins, and subsequently alter the cardiac structure and

function of elderly uremic patients.

2. Materials and methods

2.1. Patients

In China, older adults are those who greater than 60 years of

age, according to the Law of the People’s Republic of China on the

protection of the rights and interests of the elderly (2018 amend-

ment).14 After screening, 79 older adult patients from the Dialysis

Center at the Second Affiliated Hospital of Soochow University were

included in September 2017, including 29 cases in the HD group, 26

cases in the HDF group, and 24 cases in the HP group. In addition, all

included patients had gone through conventional HD (thrice weekly)
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Background: To observe the impact of different incident dialysis modalities on the cardiac structure and

function of elderly uremic patients.

Methods: After screening, 79 elderly dialysis patients were included, including 29 hemodialysis (HD)

patients, 26 HD plus hemodiafiltration (HD+HDF) patients, and 24 HD plus hemoperfusion (HD+HP)

patients. The �2-microglobulin (�2-MG) and intact parathyroid hormone (iPTH) levels were measured

before the initial dialysis and 6 months afterward; at the same time, cardiac structure and function

were documented by echocardiography.

Results: There were significant differences in the levels of plasma �2-MG and iPTH 6 months later in the

HDF and HP groups (all p < 0.05). After 6 months of treatment, the left ventricular end-diastolic volume

(LVEDV) and left ventricular end-systolic volume (LVESV) decreased in the HP group, while the ejection

fraction (EF) increased significantly in both the HP and HDF groups (all p < 0.05). The EFs in the HP and

HDF groups were significantly higher than that in the HD group, while the LVESV and LVEDV in the HP

group were significantly lower than those in the HD group (all p < 0.05). The differences in LVEDV, E/A,

and EF in the HP and HDF groups were greater than those in the HD group (all p < 0.05).

Conclusion: HP and HDF can clear �2-MG and iPTH, and improve the cardiac structure and functional

efficiency in elderly uremic patients.
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for 6–60 months, none had severe heart and liver diseases, severe

chronic diseases, or serious complicating infections. The most com-

mon primary diseases were chronic glomerulonephritis, diabetic

nephropathy, and hypertensive nephropathy (Table 1).

2.2. Methods

2.2.1. Basic treatment

The daily sodium intake of all patients was controlled at 2.0–3.0

g and was adjusted according to the serum sodium level. The phos-

phorus intake was < 600–800 mg·d–1. The protein intake exceeded

1.2 g·kg–1·d–1. The daily caloric intake was 35–40 kcal/kg. Patients

received intravenous erythropoietin and oral iron therapy to main-

tain hemoglobin levels at 110–130 g/L. Patients with serum iPTH

levels > 300 ng/L were all given oral calcitriol capsules at night at a

daily dose of 0.25 �g since the start of dialysis. No patients were

treated with intravenously administered vitamin D3. The patients’

medication information was collected and analyzed.

2.2.2. Dialysis treatment

In the HD group, conventional HD was performed thrice weekly.

All patients used a MEDICA SMARTFLUX LFP140 hollow fiber dialyzer

(MEDICA International, Inc., Abu Dhabi, United Arab Emirates) for

dialysis; the membrane area was 1.3 m2 and the ultrafiltration

coefficient was 10 mL·h–1·mm Hg–1. The calcium concentration in

the dialysate was 1.5 mmol/L, the dialysate flow was 500 mL/min-

ute, the dialysis blood flow was 230–250 mL/minute. For the HDF

group, one HDF was performed every week (TS-1.6U hemofilter;

Toray Medical Co., Shizuoka, Japan), based on twice-weekly con-

ventional HD. The blood-filtration replacement volume after each

session was diluted to 40–50 L. Each treatment session was 4 hours.

For the HP group, the patients received HD alone twice a week, as

well as HD+HP once a week. Those in the HP group were treated with

a neutral macroporous resin apparatus (HA-130; ZhuhaiLiZhu Group,

Biological Material Co., Ltd., Zhuhai, Guangdong, China). The ap-

paratus was compounded in series with the dialyzer (Figure 1). Two

steps were involved during the HD+HP treatment. The first step was

HD+HP treatment for 2 hours; then, when the HP apparatus became

saturated, it was removed (during this process, the blood flow rate

was between 180–200 mL/minute). For the next 2 hours, the blood

went through the dialyzer alone (this time, the blood flow rate

returned to 230–250 mL/minute).

2.2.3. Measurements of the �2-MG and iPTH levels

Changes in the levels of serum �2-MG and iPTH were measured

according to the radioimmunoassay method before the initial di-

alysis, as well as 6 months later. The kits used to detect serum

�2-MG and iPTH levels were obtained from the American Biosource

Company (San Diego, CA, USA). During these periods, the Kt/V was

also calculated in each group.

2.2.4. Echocardiography

All patients underwent detailed echocardiographic analysis and

the corresponding images were reviewed by a consultant cardio-

logist. Transthoracic echocardiography was performed using a Vevo

660 system (VisualSonics, Toronto, ON, Canada) equipped with a 30

MHz transducer, according to the operation instructions. The left

ventricular ejection fraction (EF), end-systolic volume (LVESV), end-

diastolic volume (LVEDV), and wall thickness (IVST) were assessed

before the initial dialysis and 6 months later. The diastolic function

parameter, the ratio of peak early (E) and late (A) mitral inflow ve-

locities (E/A) was measured accordingly. Three cycles were mea-

sured for each assessment and the average values were obtained.

2.3. Statistical analysis

Statistical analysis was performed with SSPS version 17.0 soft-

ware (IBM Corporation, Armonk, NY, USA). The measurement data

were presented as means � standard deviations (x � s) and were

analyzed with analysis of variance (ANOVA). Comparisons between

two groups were performed with t-tests. Comparative analyses of

multiple groups were performed with the single-factor ANOVA.

Comparisons of factors before and after dialysis were performed

with the paired t-test, and the count data were examined with the �2

test. If the data were not normally distributed, the Satterthwaite

approximate t-test was used. The significance level was as follows:

two-tailed alpha = 0.05. The study protocol was approved by the

ethics committee at our institution.

3. Results

3.1. Comparison of the clinical characteristics and Kt/V in

each group

Before the initial dialysis, a comparison of the clinical para-

meters, including the patients’ age, creatinine (Cr), albumin (Alb),

and other variables revealed no significant differences (all p > 0.05).

The Kt/V reached 1.4 in all three groups before the initial dialysis and

6 months later; each group achieved adequate dialysis. A com-

parison of the mean arterial blood pressure (MAP) and fasting glu-

cose levels revealed no differences either before the initial dialysis or

6 months later (all p > 0.05). There were also no differences in the

number of patients who were taking the primary specialized drugs,

or in the dosage of calcitriol being taken (all p > 0.05; Table 2).

3.2. Serum �2-MG and iPTH level changes

Before the initial dialysis, the �2-MG and iPTH levels in all three

groups were not significantly different (all p > 0.05). After 6 months

of dialysis, the �2-MG level in the HD group changed from 17.87 �

4.67 mg/L to 19.23 � 5.09 mg/L (t = -0.106; p = 0.298); the iPTH level

changed from 465.44 � 214.45 ng/L to 472.34 � 256.29 ng/L (t =

-0.111; p = 0.912). In the HDF group, the �2-MG level decreased

from 16.91 � 5.32 mg/L to 13.54 � 3.85 mg/L (t = 2.612; p = 0.015);
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Table 1

Etiology of the study population.

Etiology of ESRD
HD Group

(n = 29)

HDF Group

(n = 26)

HP Group

(n = 24)

Chronic glomerulonephritis 16 12 13

Diabetic nephropathy 5 4 5

Hypertensive nephropathy 4 4 3

Adult polycystic kidney disease 1 0 2

Obstructive nephropathy 0 2 0

Gouty nephropathy 1 1 0

Unknown 2 3 1
Figure 1. Flow chart detail for HD+HP.



the iPTH level decreased from 434.97 � 196.53 mg/L to 302.38 �

177.23 mg/L (t = 2.555; p = 0.017). In the HP group, the �2-MG level

decreased from 18.06 � 4.53 mg/L to 12.29 � 3.64 mg/L (t = 4.864; p

= 0.000); the iPTH level decreased from 445.71 � 223.17 mg/L to

289.65 � 161.35 mg/L (t = 2.776; p = 0.011). Further, after 6 months

of dialysis, the �2-MG and iPTH levels in the HDF and HP groups were

both significantly lower than those in the HD group (both p < 0.05;

Table 3). The �2-MG and iPTH levels in the HP group and HDF group

were both not significantly different (both p > 0.05) 6 months fol-

lowing dialysis, but the differences in the �2-MG and iPTH levels

before and after treatment in the HP group were both significantly

greater than that in the HDF group (both p < 0.05; Table 4).

3.3 Comparison of cardiac structure and function indexes

Before the initial dialysis, the EF, LVESV, LVEDV, IVST, and E/A of

the three groups were not significantly different (all p > 0.05). When

compared with the levels before the initial dialysis, the EF, LVESV,

and LVEDV in the HD group all increased, while the IVST and E/A

were on the contrary, but the changes were all not significant (all p >

0.05). After 6 months of dialysis, the LVEDV and LVESV values de-

creased in the HP group, while the EF value increased in HP and HDF

groups (all p < 0.05); the E/A ratios in the HP and HDF groups were

higher than before, but the changes were not significant (both p >

0.05); the EF values in the HP and HDF groups were significantly

higher than those in the HD group, while the LVESV and LVEDV values
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Table 2

Clinical characteristics and medications of the three groups.

Clinical parameters HD Group (n = 29) HDF Group (n = 26) HP Group (n = 24) p-value

Clinical characteristics

Age (years) 068.25 � 11.38 66.96 � 10.42 67.52 � 8.850 0.895

Male (%) 44.83% (13/29) 42.31% (11/26) 50.00% (12/24) 0.857

Dialysis vintage (months) 048.27 � 16.32 49.39 � 13.25 46.87 � 15.27 0.840

Hb (g/L) 107.55 � 8.310 110.22 � 17.370 104.91 � 15.280 0.410

Alb (g/dL) 34.88 � 8.04 37.44 � 9.280 36.07 � 6.980 0.514

MAP
+

(mmHg) 105.35 � 9.770 108.19 � 8.0400 102.36 � 9.5500 0.445

MAP
++

(mmHg) 107.28 � 8.650 102.74 � 7.2400 105.43 � 7.5800 0.109

BMI (kg/m
2
) 22.87 � 5.34 23.78 � 6.540 21.77 � 6.730 0.520

Scr (�mol/L) 0887.23 � 178.96 957.32 � 237.87 985.66 � 214.58 0.216

P
3+

(mg/dL) 06.18 � 1.61 5.67 � 1.87 6.02 � 1.91 0.566

DM (%) 17.24% (5/29) 23.08% (6/26) 20.83% (5/24) 0.862

EF (%) 48.27 � 8.34 50.69 � 11.12 47.74 � 10.27 0.526

SI (�mol/L) 11.94 � 3.67 12.67 � 4.690 12.83 � 5.230 0.742

HR (time/min) 088.34 � 18.21 79.77 � 20.19 83.65 � 19.57 0.262

nPCR (g/kg/d) 00.92 � 0.38 0.87 � 0.43 0.85 � 0.25 0.796

CRP (mg/L)* 4.9 (3.2, 9.1) 4.7 (3.4, 7.3) 5.4 (3.7, 9.5) 0.578

Ca
2+

(mg/dL) 08.34 � 1.13 9.01 � 1.27 8.77 � 0.94 0.137

spKt/V
+

01.56 � 0.55 1.49 � 0.36 1.47 � 0.29 0.714

spKt/V
++

01.52 � 0.48 1.48 � 0.40 1.46 � 0.33 0.863

Glu
+-

(mmol/L) 05.73 � 0.87 5.49 � 1.23 6.01 � 1.13 0.241

Glu
++

(mmol/L) 05.29 � 0.86 5.85 � 1.17 5.48 � 1.05 0.132

Medications

ACEI or ARB 41.38% (12/29) 38.46% (10/26) 33.33% (8/24) 0.833

�-Blocker 24.14% (7/29)0 19.23% (5/26)0 25.00% (6/24) 0.868

CCB 51.17% (15/29) 50.00% (13/26) 054.42% (13/24) 0.957

Statins 17.24% (5/29)0 26.92% (7/26)0 16.67% (4/24) 0.585

CaCO3 55.17% (16/29) 65.38% (17/26) 062.50% (15/24) 0.725

Sevelamer 20.69% (6/29)0 15.38% (4/26)0 20.83% (5/24) 0.849

Diuretics 37.93% (11/29) 46.15% (12/26) 33.33% (8/24) 0.640

Aspirin 31.03% (9/29)0 23.08% (6/26)0 29.17% (7/24) 0.794

VitD3 use 44.83% (13/29) 42.31% (11/26) 054.17% (13/24) 0.677

Hb = hemoglobin; Alb = serum albumin; MAP = mean arterial pressure; BMI = weight/height
2
; Scr = serum creatinine; P

3+
= serum phosphorus; DM = diabetes

mellitus; EF = ejection fraction; SI = serum iron; HR = heart rate; nPCR = normalized protein catabolic rate; CRP = C-reactive protein; Ca
2+

= serum calcium;

spKt/V = -Ln(R – 0.008 � T) + (4 – 3.5 � R) � UF/BW; * Expressed as the median (interquartile range),
+

Expressed as before the initial dialysis,
++

Expressed as

6 months later; Glu = fasting glucose; ACEI = angiotensin-converting enzyme inhibitor; ARB = angiotensin receptor antagonists; CCB = calcium channel

blockers; CaCO3 = calcium carbonate; VitD3 = calcitriol.

Table 4

Comparison of the difference in the �2-MG or iPTH levels ( x � s).

HDF HP p

�2-MG 03.98 � 1.25 05.64 � 1.65 0.001

iPTH 130.92 � 52.17 158.23 � 38.28 0.047

Table 3

Comparison of the serum �2-MG and iPTH levels ( x � s).

�2-MG (mg/L) iPTH (ng/L)
Group n

Before the initial dialysis After 6 months of dialysis Before the initial dialysis After 6 months of dialysis

HD 29 17.87 � 4.67 19.23 � 5.09* 465.44 � 214.45 472.34 � 256.29*

HDF 26 16.91 � 5.32 13.54 � 3.85* 434.97 � 196.53 302.38 � 177.23*

HP 24 18.06 � 4.53 *12.29 � 3.64** 445.71 � 223.17 289.65 � 161.35*

Compared with the same group before the initial dialysis: * p < 0.05, ** p < 0.01; 6 months after the initial dialysis, as compared with the HD group, * p <

0.01, ** p < 0.01.



in the HP group were lower than those in the HD group (all p < 0.05;

Table 5). The differences before and after treatment in the LVEDV,

E/A, and EF values in the HP and HDF groups were all greater than

those in the HD group (all p < 0.05). The differences in the LVEDV and

EF values in the HP group were greater than those in the HDF group

(both p < 0.05). There were no significant differences in the re-

maining indexes (all p > 0.05; Table 6).

4. Discussion

The accumulation of middle-molecule toxins such as �2-MG

and iPTH has been shown to cluster with a variety of cardiovascular

and metabolic disorders, including hypertension, congestive heart

failure, insulin resistance and peripheral vascular disease.10,15,16 Al-

though the association between heart function and iPTH or �2-MG

levels has been recognized for many years,6,8 the precise patho-

physiologic mechanisms remain unclear. Green et al.17 showed that

continuous elevation of serum iPTH levels in humans is associated

with cardiovascular disease risk. There are potential mechanisms

that support a role for iPTH in the underlying pathology that ne-

gatively affects cardiac structure and function. Specifically, serum

iPTH may serve as a mediator of calcium overload in cardiomyocytes

and mitochondria. Increased intracellular calcium may induce elec-

trical and mechanical abnormalities in cardiac tissues, which might

affect the cardiac structure and function overall.18 Other possible

effects of iPTH may include its direct effects on cardiomyocytes,

which can induce cardiac hypertrophy.19 It has been shown that the

�2-MG content in cardiac tissues increases with the duration of

dialysis, and �2-MG is a major component of dialysis-associated

amyloidosis.20,21 Cardiac amyloidosis is an underlying cause of heart

failure.22 Furthermore, Xie J et al.23 showed that �2-MG can sup-

press the activation of the Raf/MEK/ERK signal transduction cas-

cade, which is a vital mediator of cardiac cellular fate, including cell

growth, proliferation, differentiation, and survival.

HD has been in development for nearly 70 years with a rich

background of accumulated experience. But in China and other de-

veloping countries, low-flux dialysis is still the main means, and it can

hardly remove the middle molecule uremic toxins.11 HDF can re-

move middle-molecular and macromolecular substances via the

principles of diffusion and convection,11,12 and thus HP operates via

the principle of absorption.12,13 Our previous clinical study observed

that pruritus in patients was relieved after the application of HDF or

HP.10,12 Currently, many hospitals in China adopt a combination

treatment of HD+HDF or HD+HP to compensate for the deficiency of

HD. As iPTH is a short-living peptide secreted from the parathyroid,

calcitriol therapy can suppress iPTH levels. Nevertheless, it seems

that dialysis treatment also directly influences iPTH levels, as iPTH

levels decrease in the first year after starting dialysis.24

In this study, we applied three different dialysis modalities to

elderly uremic patients and found that there were significant dif-

ferences in the levels of plasma �2-MG and iPTH 6 months later in

the HDF and HP groups (all p < 0.05). After 6 months of treatment,

the LVEDV and LVESV decreased in the HP group, while the EF

increased significantly in both the HP and HDF groups (all p < 0.05).

The EFs in the HP and HDF groups were significantly higher than that

in the HD group, while the LVESV and LVEDV in the HP group were

significantly lower than those in the HD group (all p < 0.05). The dif-

ferences in LVEDV, E/A, and EF in the HP and HDF groups were

greater than those in the HD group (all p < 0.05). The results of this

study suggest that HP and HDF can partially remove middle-mole-

cule toxins such as serum �2-MG and iPTH in uremic patients, thus

improving cardiac structure and function; conversely, HD demon-

strates a worse performance in terms of middle-molecule toxin

clearance, and cardiac structure and function improvements.

Although several previous studies have found an association

between the reduction of �2-MG and iPTH with heart function

improvement,6,15,16 this study focused on elderly uremic patients

who received different incident dialysis modalities, in accordance

with the findings of our literature search, few related studies in this

population have been reported to date; therefore, this study pre-

sents novel findings.

5. Conclusion

In order to improve the cardiac structure and function in elderly

uremic patients, HP or HDF treatment would be a better choice in

China and other developing countries, because low-flux HD will not

be so effective.

6. Limitations

The underlying mechanism for the changes in cardiac structure

and function in elderly uremic patients is complex. In addition to

middle-molecule toxins such as �2-MG and iPTH, cardiac structure

and function can also be associated with many factors, such as per-

sistent volume overload, coexisting hypertension, inflammation,

anemia, lipid status, diabetes mellitus, protein-bound uremic toxins,

oxidative stress, and myriad additional elements.5,25,26 Prior to the

initial dialysis in this study, a comparison of some of these afore-

mentioned factors was performed for all three groups. The findings
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Table 5

Comparison of the cardiac structure and functional indexes ( x � s).

Index HD (n = 29) HDF (n = 26) HP (n = 24) p-value

EF
+

48.27 � 8.34 0*49.12 � 11.12* 47.74 � 10.27* 0.883

EF
++

0
#
49.34 � 10.54

#
0**56.98 � 14.38** *55.46 � 11.22** 0.052

LVESV
+

39.12 � 8.67 040.03 � 12.23 38.44 � 9.61** 0.859

LVESV
++

0
#
39.94 � 10.07

#
035.34 � 11.79 32.32 � 8.76** 0.029

LVEDV
+

051.26 � 13.06 054.25 � 12.04 55.66 � 14.63* 0.464

LVEDV
++

0
#
53.87 � 11.56

#
48.46 � 9.91 *46.34 � 14.44** 0.066

IVST
+

12.02 � 1.53 10.94 � 1.86 11.36 � 1.7700 0.131

IVST
++

11.08 � 2.23 10.12 � 2.03 10.49 � 1.8400 0.222

E/A
+

00.97 � 0.37 00.89 � 0.30 0.90 � 0.320 0.625

E/A
++

00.89 � 0.23 00.93 � 0.41 0.98 � 0.460 0.683
+

Expressed as before the initial dialysis.
++

Expressed as 6 months later.

** Compared with * before treatment, p < 0.05. ** Compared with
#

after

treatment, p < 0.05.

Table 6

Comparison of the difference in cardiac structure and function indexes ( x � s).

Group n EF LVESV LVEDV IVST E/A

HD 29 1.18 � 0.82* 1.20 � 0.75* 3.01 � 1.08* 0.78 � 0.34 0.11 � 0.21

HDF 26 6.21 � 2.16* 5.37 � 1.68* 6.72 � 2.78* 0.86 � 0.42 0.10 � 0.23

HP 24
#
7.84 � 3.01*

#
6.39 � 2.34*

#
8.78 � 2.45*

#
**1.12 � 0.36** 0.12 � 0.47

Compared with the HD group (Satterthwait approximate t-test): * p < 0.05, *
#

p < 0.05; compared with the HD group (t-test): ** p < 0.05; compared with the

HDF group (t-test): ** p < 0.05; *
#

p < 0.05.



revealed no significant differences between groups (all p > 0.05).

However, due to the small sample size in this study, we could not

carry out univariate and multivariate analyses to examine the as-

sociation in these three small sample’s groups. Therefore, further

in-depth studies are warranted in the future. In addition, this study

had certain limitations. For example, patient inclusion was not ran-

domized, the observation time was short, and only elderly uremic

patients from a single institution were studied. All of these factors

will be continuously be explored and improved in future studies.
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