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Abstract: Objective: To determine the efficacy of hemodialysis combined with hemoperfusion with acupuncture on
calcium-phosphorus metabolism disorder (CPMD) of patients who had received maintenance hemodialysis and
its effect on intact parathyroid hormone (iPTH) and nutritional status. Methods: Data from 142 patients who were
treated and given maintenance hemodialysis in Baoji People’s Hospital from March 2018 to February 2020 were
analyzed retrospectively. Patients treated with hemodialysis and acupuncture-moxibustion adjuvant therapy were
enrolled into the control group (n=58), while those treated with hemoperfusion in addition to hemodialysis and
acupuncture-moxibustion adjuvant therapy were enrolled into the research group (n=84). The two groups were
compared in terms of changes in iPTH, calcium-phosphorus product, serum calcium (Ca), serum phosphorus (P),
32 microglobulin (32-MG), serum albumin (Alb), creatinine (Scr) and urea nitrogen (BUN). The clinical efficacy in
the two groups was compared after therapy, and the two groups were also compared in the improvement of im-
mune function-related indexes (IgG and IgM) and the changes of nutrition-related indexes (Alb, prealbumin (PA) and
hemoglobin (Hb)) before and after treatment. A risk prediction model was constructed based on LASSO regression
to evaluate the predictive value of the risk score for efficacy of patients. Results: After treatment, the research
group presented significantly lower levels of P, iPTH, and calcium-phosphorus product than the control group, but
a significantly higher Ca level than the control group (all P<0.05). In addition, after treatment, the research group
showed significantly lower levels of B2-MG, Scr and BUN but a higher Alb level than the control group (all P<0.05).
After treatment, the research group had a greater improvement in immune function-related indexes (IgG and I1gM)
than the control group (all P<0.05), while the control group had significantly decreased Alb, PA and Hb after treat-
ment (all P<0.05), but the levels of these in the research group did not change greatly (all P>0.05). Risk scoring
formula was constructed: risk score = (dialysis time * 0.057123881) + (Ca * -0.100413548) + (P * 0.100419363)
+ (calcium and phosphorus product * 0.03872268) + (iPTH * 0.000358779). According to inter-group comparison
of risk score, the Improvement group got a lower risk score than the Non-improvement group (P<0.0001). Moreover,
according to ROC curve-based analysis, the area under the curve of risk score in predicting the efficacy of patients
was 0.991. Conclusion: Hemodialysis combined with acupuncture and blood perfusion can control the immune
regulation by increasing the blood calcium content without affecting nutritional status, but it has no significant ef-
fect on the efficacy in patients.

Keywords: Hemodialysis, hemoperfusion, maintenance hemodialysis, calcium-phosphorus metabolism disorder,
iPTH, nutritional status

Introduction are no longer able to perform these functions,
resulting in an accumulation of waste and fluid

End-stage renal disease (ESRD) is the stage at in the body [3]. At present, with an annually

which the kidney is no longer able to function at
the level required in daily life [1]. Normally, the
kidney is responsible for filtering waste and
excess liquid in the blood, regulating electro-
lytes, and producing hormones to help control
blood pressure and keep bones healthy [2].
However, for patients with ESRD, the kidneys

increasing incidence worldwide, ESRD has
become an unavoidable public health problem
requiring prevention for many countries [4].
Currently, hemodialysis is the primary treat-
ment for ESRD. Through dialysis, removal of tox-
ins and metabolic wastes, maintenance of elec-
trolyte and acid-base balance, and purification
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of blood can be achieved to prolong the survival
time of patients [5]. Reportedly, patients un-
dergoing long-term maintenance hemodialysis
often suffer complications, such as renal ane-
mia, calcium-phosphorus metabolism disorder
(CPMD), secondary hyperparathyroidism, renal
osteopathy, malnutrition, low immune function
and infection [6].

Due to the removal of minerals during dialysis,
patients receiving hemodialysis often suffer
CPMD [7]. The most common result is second-
ary hyperparathyroidism with features of a
high parathyroid hormone (PTH) level, low cal-
cium level and high phosphorus level in blood
[8]. In patients with chronic kidney disease, the
parathyroid gland may become overactive and
then produce too much parathyroid hormone,
triggering secondary hyperparathyroidism [9].
As time goes on, secondary hyperparathyroid-
ism can trigger bone diseases, vascular calcifi-
cation, and cardiovascular diseases [10]. Ac-
cording to many scholars [11, 12], hemoperfu-
sion technology has been found to effectively
remove toxic metabolic wastes, including medi-
um and large molecules, from blood, which
cannot be achieved by hemodialysis. Whether
the combined dialysis regimen had a positive
effect on the CPMD in patients receiving main-
tenance hemodialysis, and whether it affected
the nutritional status of patients has not been
studied yet.

This study aimed to determine the efficacy of
additional hemoperfusion on CPMD of patients
receiving maintenance hemodialysis and its
effect on intact parathyroid hormone (iPTH)
and nutritional status.

Materials and methods
Inclusion and exclusion criteria

Inclusion criteria: Patients meeting the diag-
nostic criteria of uremia stage of chronic renal
failure [13]; patients who definitely received
hemodialysis three times a week; patients
whose continuous dialysis time was longer than
6 months; patients without a history of bleed-
ing, infection, or operation in the last 3 months
and with a stable condition, and patients with
complete clinical data.

Exclusion criteria: Patients who had received
immunosuppressants; patients with a history
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of surgery or severe trauma recently; patients
with declined function of major internal organs,
such as heart, brain, liver, and lung; patients
comorbid with heart failure, respiratory failure
or circulatory failure; patients comorbid with
malignant tumor; patients who received radio-
therapy or chemotherapy that affected the
immune function of the body; patients whose
primary diseases were autoimmune diseases
including systemic lupus erythematosus and
vasculitis; patients with relative contraindica-
tions; and patients who were unable to tolerate
the treatment.

Sample selection

Data from 142 patients who were treated
and given maintenance hemodialysis in Baoji
People’s Hospital from March 2018 to February
2020 were analyzed retrospectively. Patients
treated with hemodialysis and acupuncture-
moxibustion adjuvant therapy were enrolled as
the control group (n=58), while those treated
with additional hemoperfusion were enrolled
as the research group (n=84). This study was
approved by the Medical Ethics Committee of
Baoji People’s Hospital. A flow chart of this
study is shown in Figure 1.

Therapeutic regimen

Patients underwent basic treatment for two
weeks before dialysis, including antihyperten-
sive drugs, insulin therapy, iron, folic acid,
erythropoietin supplements, diet control, and
nutritional supplements. The control group
received hemodialysis and acupuncture-moxi-
bustion adjuvant therapy, 4 hours/session, 3
times/week, while the research group un-
derwent hemoperfusion based on hemodialy-
sis. Acupuncture-moxibustion adjuvant therapy
was conducted with the same duration in both
groups. Hemoperfusion was conducted for 2
hours every two weeks.

In the acupuncture-moxibustion adjuvant ther-
apy, patients were in a supine position and
the Quchi, Hegu, Zusanli, Sanyinjiao, and Taixi
acupoints in bilateral shoulders were stimulat-
ed. After disinfection, a 0.30 mm * 40 mm
needle was inserted 20-30 mm deep. After get-
ting Qi, a 15 mm moxa stick was used, with two
moxibustions per acupoint. Needles were kept
in for 30 minutes, with treatments three times/
week.
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Inclusion criteria
Exclusion criteria

y

A total of 142 patients who met the requirements were

included. The control group was treated with
hemodialysis and acupuncture (nasty 58), and the
study group was treated with hemoperfusion on the
basis of the control group (nasty 84).

Dialysis was conducted using a Swedish
Gambro AK200S dialyzer, with blood flow of
200 mL/min, low molecular weight heparin
anticoagulant (3000 m/5000 IU), and dialysa-
te calcium concentration of 1.5 mmol/L. The
hemoperfusion treatment was conducted using
a Zhuhai Jafron Biomedical HA130 device (pro-
duced by Zhuhai Jafron Biomedical Co., Ltd.)
with a 65 mL capacity, and the device was
rinsed with 5% glucose solution before being
connected to the dialyzer. Heparin saline and
aseptic saline were used for rinsing before con-
necting to the arteriovenous line for 2-hour con-
tinuous perfusion. The hemoperfusion device
was then removed, and hemodialysis contin-
ued for 2 more hours. All operation procedures
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Figure 1. Flow chart. Note: urea nitrogen
(BUN), creatinine (Scr), B2 microglobulin (B2-
MG), complement C3, serum phosphorus
(P), serum calcium (Ca), calcium-phosphorus
product, serum iPTH, serum Albumin (Alb), total
cholesterol (TC), hemoglobin (Hb), red blood
cell level (RBC) and immune function indexes
(G, 1gM).

were conducted by strictly following machine
operating instructions.

Collection of clinical data and detection indica-
tors

The clinical data of enrolled patients were col-
lected from the electronic medical record sys-
tem of Baoji People’s Hospital, including age,
gender, dialysis time, causes of kidney injury,
history of alcoholism and smoking. The detec-
tion indexes included urea nitrogen (BUN), cre-
atinine (Scr), B2 microglobulin (2-MG), comple-
ment C3, serum phosphorus (P), serum calcium
(Ca), calcium-phosphorus product, serum iPTH,
serum Albumin (Alb), total cholesterol (TC),
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Table 1. Comparison of clinical data

compared: Overall response rate =

Control Research

(number of markedly effective
cases + that of effective cases)/

Factors group group  x%value Pvalue
(n=58) (n=84) total number of cases x100%. A
Age 2016 0.155 risk prediction model was con-
>60 years old 20 39 structed based on LASSO regres-
<60 years old 38 45 S|fon ;c]o ev_aI'L(Jate the p;edlctlve value
Gender 0.297 0.633 0 .t e risk score for treatment
efficacy.
Male 35 54
Female 23 30 Statistical analyses
Dialysis history 0.284 0.593
>3 years 19 24 SPSS 26.00 (IBM Corp, Armonk,
<3 years 39 60 NY) was used for analyses. The
Causes of renal injury 0.448 0.978 m.eas.ured data with ngrmal d|§-
Hypertension 10 13 tribution and homogeneity of vari-
. ance were expressed by mean + SD
Diabetes 8 15 .
i and compared by the independent-
Obstructive nephropathy 3 4 .

i . samples T test or paired t test as
Chronic glomerulonephnhs 30 42 appropriate (All the data in this
Polycystic kidney 7 10 study were normally distributed).

Smoking history 0.227  0.633 The data in non-normal distribution
Yes 35 54 were analyzed by nonparametric
No 23 30 test and represented by Z. Counted

History of alcoholism 0.033 0.854 data (rate) were analyzed using the
Yes 5 8 chi-square test. Based on Lasso
No 53 76 regression analysis, the influence

hemoglobin (Hb), red blood cell level (RBC) and
immune function indexes (IgG, IgM) before and
4 months after treatment. The clinical efficacy
in the two groups after treatment was also
compared.

Outcome measures

Primary outcome measures: The clinical effica-
cy in the two groups before and after treatment
was compared. Markedly effective: The calcium
and phosphorus metabolism of the patients
returned to a normal state, and the symptoms
disappeared completely [4]; Effective: The
metabolism of calcium and phosphorus in the
patient was improved, and the symptoms were
alleviated; Ineffective: The metabolism of calci-
um and phosphorus in the patient was still in
disorder, and the symptoms may have wors-
ened. Potential indicators for prediction of the
efficacy were screened.

Secondary outcome measures: The clinical
data and collected clinical indicators were com-
pared between the two groups. The overall
response rate in patients of the two groups was
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of each index on the efficacy in
patients was determined. The effi-
cacy of risk score in predicting the efficacy in
patients was analyzed through receiver operat-
ing characteristic (ROC) curves. P<0.05 was
considered significantly different.

Results
Comparison of clinical data

The clinical data of the two groups were com-
pared. According to the results, there were no
significant differences between the two groups
in age, sex, dialysis time, causes of kidney inju-
ry, history of alcoholism, or smoking (all P>0.05,
Table 1).

Evaluation of renal function

Renal function was compared between the two
groups before and after treatment. Before
treatment, the levels of BUN, Scr, f2-MG and
C3 were not markedly different between the
two groups (all P>0.05, Figure 2); however,
after treatment, the levels of BUN, Scr, and
B2-MG in the two groups decreased significant-
ly, while C3 increased notably (all P<0.001,
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Figure 2. Comparison of the influences on renal function of patients before and after treatment. A. Changes of BUN
in patients before and after treatment; B. Changes of Scr in patients before and after treatment; C. Changes of C3 in
patients before and after treatment; D. Changes of B2-MG in patients before and after treatment. Note: BUN: Urea
nitrogen; Scr: Serum creatinine; B2-MG: 32 microglobulin. **P<0.001, ****P<0.0001.

Figure 2). Additionally, the research group
showed a significantly lower 32-MG level than
that in the control group after treatment
(P<0.001, Figure 2).

Evaluation of calcium and phosphorus me-
tabolism indexes

The changes in calcium and phosphorus
metabolism were compared between the two
groups. Before treatment, the two groups were
not significantly different in the levels of Ca, P,
calcium and phosphorus product and iPTH (all
P>0.05, Figure 3); however, after the treat-
ment, the levels of P, calcium-phosphorus prod-
uct and iPTH in both groups decreased mark-
edly, while the level of Ca increased markedly
(all P<0.001, Figure 3). In addition, the research
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group showed significantly lower levels of Ca, P,
calcium-phosphorus product and higher iPTH
level compared with the control group (all
P<0.001, Figure 3).

Evaluation of nutritional indexes

The changes of nutritional status were com-
pared between the two groups. Before the
treatment, the two groups were not significantly
different in the levels of Alb, TC, Hb and RBC
(all P>0.05, Figure 4); however, after the treat-
ment, the levels of Alb, TC, Hb and RBC in the
research group increased significantly (all
P<0.001, Figure 4), but did not change greatly
in control group (all P>0.05). Consequently, the
research group showed significantly higher lev-
els of Alb, TC, Hb, and RBC than the control

Am J Transl Res 2023;15(6):4045-4054
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Figure 3. Comparison of the influences on calcium and phosphorus metabolism indexes of patients before and after
treatment. A. Changes of Ca in patients before and after treatment; B. Changes of P in patients before and after
treatment; C. Changes of calcium and phosphorus product in patients before and after treatment; D. Changes of
iPTH in patients before and after treatment. Notes: Ca: Serum calcium; P: Serum phosphorus; iPTH: Intact parathy-

roid hormone. "P<0.05, **P<0.01, ***P<0.0001.

group after the treatment (all P<0.001, Figure
4).

Evaluation of clinical efficacy

According to the comparison of efficacy be-
tween the two groups, there was a markedly
lower overall response rate in the control group
than that in the research group (P<0.05, Table
2).

Establishment of risk score for efficacy predic-
tion based on Lasso regression

In order to determine the factors affecting the
efficacy, the patients with markedly effective
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treatment or effective treatment were assigned
to an Improvement, and those with ineffective
treatment were assigned to a Non-improve-
ment. Lasso regression analysis was conduct-
ed to screen the factors affecting the treat-
ment efficacy. According to analysis, dialysis
time, Ca, P, calcium-phosphorus product and
iPTH were the main factors affecting the effi-
cacy in the patients (Figure 5), and 1se and
min can accept the five indicators in the selec-
tion of lambda, so we closed lambda.lse
(0.05161) for analysis (Figure 5). On the basis
of lambda.lse, a risk scoring formula was
constructed: risk score = (dialysis time *
0.057123881) + (Ca * -0.100413548) + (P *

Am J Transl Res 2023;15(6):4045-4054
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Figure 4. Comparison of the influences on nutritional status of patients before and after treatment. A. Changes of
Alb in patients before and after treatment; B. Changes of TC in patients before and after treatment; C. Changes
of Hb in patients before and after treatment; D. Changes of RBC in patients before and after treatment. Note: Alb:
Serum Albumin; TC: Total cholesterol; Hb: Hemoglobin; RBC: Red blood cell. "**P<0.0001.

Table 2. Efficacy evaluation

Group Markedly effective Effective Ineffective Overall response rate
Control group (n=58) 28 18 12 46 (79.31)
Research group (n=84) 44 34 6 78 (92.86)

x2 value 5.916 5.688

P value 0.052 0.017

0.100419363) + (calcium and phosph-
orus product * 0.03872268) + (iPTH =*
0.000358779). According to the results, the
Improvement got a notably lower risk score
than the Non-improvement (Figure 6A, P<
0.0001). Moreover, according to ROC curve-
based analysis, the area under the curve of risk
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score in predicting the efficacy in patients was
0.991 (Figure 6B).

Discussion

Hemoperfusion is a procedure to apply porous
and loose adsorbents with larger surface area

Am J Transl Res 2023;15(6):4045-4054
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Figure 5. Lasso regression-based screening of factors affecting the efficacy. A. Coefficient distribution of regression
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A 1.59 % % K K

@ 1.0 o ol .

8 . ' . ...bo

wn oo’

- -

0

o 0.5- . .
0.0 T T

Non-improvement Improvement

B

Sensitivity%

100,
80
60
40-

20

0 - | 1 1 1
20 40 60 80
100% - Specificity%

1
100
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patients in the Improvement group and the Non-improvement group; B. The predictive value of risk score for the ef-
ficacy in patients based on ROC curve. Note: ROC: Receiver operating characteristic curve; “**P<0.0001.

to remove macromolecular substances from
the body during dialysis [14]. Reportedly, this
method has advantages of high mechanical
strength, fast adsorption rate and large adsorp-
tion capacity [15]. In the present study, the
application of hemodialysis alone and hemodi-
alysis combined with hemoperfusion in uremia
patients with CPMD were compared. According
to the results, after the treatment, the serum
levels of BUN, Scr, B2-MG and C3 in the control
group and the research group were significantly
improved after treatment. The results suggest
that both hemodialysis alone and hemodialysis
combined with hemoperfusion can remove tox-
ins in patients, and the combination did not
improve the effect. Liu et al. [16] have revealed
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that hemodialysis combined with hemoperfu-
sion has no obvious impact on the residual
renal function of patients, but it exerts a signifi-
cant effect compared with low-flux hemodialy-
sis. In this study, however, the control group
showed a higher 32-MG level than the research
group. As a marker of renal function, f2-MG is
adopted as an index for the evaluation of renal
function. However, in addition to a renal func-
tion marker, 32-MG is also a marker of inflam-
mation. We believe that improving the inflam-
matory response of patients can effectively
improve the renal function of patients and elim-
inate toxins in the body, so that the decrease of
B-2-MG in the study group is more significant
than that in the control group [17, 18].

Am J Transl Res 2023;15(6):4045-4054
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Serum calcium and phosphorus levels in blood
are regulated through a complex system involv-
ing hormones, enzymes, and other factors [19].
In the cases of CPMD, the levels of the minerals
in the blood are dysregulated, which can trigger
a series of symptoms and health problems
[20]. The levels of calcium and phosphorus
product in the blood can provide useful infor-
mation about the risk of certain health prob-
lems, especially in patients with chronic kidney
disease [21]. Intact parathyroid hormone (iPTH)
is also called PTH (1-84). When the content of
calcium in the blood is too low or too high, the
parathyroid gland will release or inhibit iPTH,
exerting a regulatory effect [22]. In this study,
the research group showed a greater improve-
ment in the levels of Ca, P, calcium-phosphorus
product and iPTH than the control group after
treatment, indicating that additional hemoper-
fusion can better alleviate the CPMD in
patients. We believe this is due to the fact that
additional hemoperfusion is a blood purifica-
tion technique that can effectively remove
medium and large molecular toxins in the body,
including parathyroid hormone that binds to
proteins, providing a valuable treatment choice
for patients with CPMD (such as patients with
chronic kidney disease). Moreover, hemoperfu-
sion can control calcium and phosphorus prod-
uct within the normal range, which is beneficial
for the prevention of complications such as
bone disease and cardiovascular disease.

Nutritional status plays a crucial part in the
regulation of calcium and phosphorus metabo-
lism. Adequate dietary intake of calcium and
phosphorus is necessary to maintain healthy
bones, teeth, and other body functions [23].
Due to malnutrition, unbalanced diet and some
medical conditions that affect nutrient absorp-
tion and metabolism, the mineral levels in the
blood may be disordered [24]. In this study, the
nutritional status of patients before and after
hemodialysis combined with hemoperfusion
was evaluated. According to the results, the lev-
els of Alb, TC, Hb and RBC in the research group
increased significantly after treatment, and
were significantly higher than those in the con-
trol group. These findings indicate that addi-
tional hemoperfusion can better improve the
nutritional status of patients. We believe that
the improvement of nutritional status may be
due to better diet control and increased intake
of protein, which is crucial for maintaining ade-
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quate levels of Alb, TC, Hb and RBC. Additional
hemoperfusion can effectively remove toxins
such as medium and large molecules in the
body, without damaging the immune system
but promoting hematopoietic function, thus
improving the nutritional status of patients
[25]. Finally, the factors affecting the treatment
efficacy in patients were screened based on
lasso regression. According to the results, dial-
ysis time, Ca, P, calcium-phosphorus product
and iPTH were primary factors impacting the
efficacy. Further, a risk scoring formula was
contrsucted based on Lasso regression, and
the Non-improvement group got a higher risk
score than the Improvement group, and the
area under the ROC curve was >0.9, indicating
that the risk score is an ideal predictive tool.

This study has confirmed through experiments
that additional hemoperfusion can alleviate the
CPMD in patients who had received mainte-
nance hemodialysis and improve their nutri-
tional status. However, the study still has some
limitations. First of all, the risk scoring formula
we established in this study only demonstrated
a high predictive ability in this study, but wheth-
er the model is universal in external data
requires further verification. Secondly, in such a
single-center study, few samples were collect-
ed, which may bias the statistical analysis
results. Lastly, we were unable to follow up
the long-term prognosis of patients, so the
impact of the two treatment schemes on
patients’ long-term prognosis needs further
verification. Therefore, we hope to carry out
more experiments in the future to improve the
conclusions.

To sum up, hemodialysis combined with acu-
puncture and blood perfusion can control its
immune regulation by increasing the blood cal-
cium content without affecting its nutritional
status, but it has no significant effect on the
efficacy in patients.

Disclosure of conflict of interest
None.

Address correspondence to: Rongrong Zhang,
Traditional Chinese Medicine Department, Baoji
Maternal and Child Health Hospital, No. 15, Jinger
Road, Weibin District, Baoji 721000, Shaanxi,
China. E-mail: z710514763@163.com

Am J Transl Res 2023;15(6):4045-4054


mailto:z710514763@163.com

Additional hemoperfusion for maintenance hemodialysis

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

Wouk N. End-stage renal disease: medical
management. Am Fam Physician 2021; 104:
493-499.

Anderson CAM and Nguyen HA. Nutrition edu-
cation in the care of patients with chronic kid-
ney disease and end-stage renal disease. Se-
min Dial 2018; 31: 115-121.

Cobo G, Lindholm B and Stenvinkel P. Chronic
inflammation in end-stage renal disease and
dialysis. Nephrol Dial Transplant 2018; 33:
iii35-iii40.

Lee HJ and Son YJ. Prevalence and associated
factors of frailty and mortality in patients with
end-stage renal disease undergoing hemodi-
alysis: a systematic review and meta-analysis.
Int J Environ Res Public Health 2021; 18:
3471.

Imamah NF and Lin HR. Palliative care in pa-
tients with end-stage renal disease: a meta
synthesis. Int J Environ Res Public Health
2021; 18: 10651.

Braun MM and Khayat M. Kidney disease: end-
stage renal disease. FP Essent 2021; 509: 26-
32.

Oliverio AL and Hladunewich MA. End-stage
kidney disease and dialysis in pregnancy. Adv
Chronic Kidney Dis 2020; 27: 477-485.

Nepal R, Sapkota K, Paudel M, Sah KK, Ad-
hikari BN, Bajgain S and Khanal N. Clinical pro-
file of end stage renal disease patients under-
going hemodialysis in Chitwan, Nepal. J Nepal
Health Res Counc 2021; 19: 467-473.

Welles CC and Cervantes L. Hemodialysis care
for undocumented immigrants with end-stage
renal disease in the United States. Curr Opin
Nephrol Hypertens 2019; 28: 615-620.
Mandel-Shorer N, Tzvi-Behr S, Harvey E and
Revel-Vilk S. Central venous catheter-related
venous thrombosis in children with end-stage
renal disease undergoing hemodialysis. Th-
romb Res 2018; 172: 150-157.

Cheng W, Luo Y, Wang H, Qin X, Liu X, Fu Y and
Ronco C. Survival outcomes of hemoperfusion
and hemodialysis versus hemodialysis in pa-
tients with end-stage renal disease: a system-
atic review and meta-analysis. Blood Purif
2022; 51: 213-225.

Wang H, Jin H, Cheng W, Qin X, Luo Y, Liu X, Fu
Y, Jiang G, Lu W, Jin C and Pennington M. Cost-
effectiveness analysis of hemodialysis plus
hemoperfusion versus hemodialysis alone in
adult patients with end-stage renal disease in
China. Ann Transl Med 2021; 9: 1133.
Loutradis C, Sarafidis PA, Ferro CJ and Zoccali
C. Volume overload in hemodialysis: diagnosis,
cardiovascular consequences, and manage-
ment. Nephrol Dial Transplant 2021; 36:
2182-2193.

4054

(14]

(17]

(18]

(19]

[20]

(21]

[22]

(23]

(24]

[25]

Ricci Z, Romagnoli S, Reis T, Bellomo R and
Ronco C. Hemoperfusion in the intensive care
unit. Intensive Care Med 2022; 48: 1397-
1408.

Ronco C and Bellomo R. Hemoperfusion: tech-
nical aspects and state of the art. Crit Care
2022; 26: 135.

Lu W, Ren C, Han X, Yang X, Cao Y and Huang
B. The protective effect of different dialysis
types on residual renal function in patients
with maintenance hemodialysis: a systematic
review and meta-analysis. Medicine (Balti-
more) 2018; 97: €12325.

Feng J, Yu L, Li H and Wang S. High serum be-
ta2-microglobulin is a significant predictor of
mortality in maintenance hemodialysis pa-
tients. Semin Dial 2023; 36: 247-254.

Torii Y, Yamada S, Yajima M and Sugata T. Poly-
methylmethacrylate membrane dialyzer: his-
toric but modern. Blood Purif 2022; 52 Suppl
1: 1-7.

Cui X, Jiang S, Liu L, Tang X and Chen Y. Effect
of low-dose lanthanum carbonate on calcium
and phosphorus metabolism in Asian patients
with end-stage renal disease, maintenance he-
modialysis and hyperphosphatemia. Afr Health
Sci 2022; 22: 362-368.

Gao Z, Li X, Miao J and Lun L. Impacts of para-
thyroidectomy on calcium and phosphorus me-
tabolism disorder, arterial calcification and ar-
terial stiffness in haemodialysis patients.
Asian J Surg 2019; 42: 6-10.

Papadopoulou A, Bountouvi E and Karachaliou
FE. The molecular basis of calcium and phos-
phorus inherited metabolic disorders. Genes
(Basel) 2021; 12: 734.

Bencova V, Maris K, Spustova V, Gazovic V,
Straussova Z, Cernohorska B and Nemethova
D. Comparison of iPTH values in serum and
plasma samples depending on the time and
temperature in patients with chronic kidney
disease. Bratisl Lek Listy 2014; 115: 439-441.
Cholewa M, Madziarska K and Radwan-Oczko
M. The association between periodontal condi-
tions, inflammation, nutritional status and cal-
cium-phosphate metabolism disorders in he-
modialysis patients. J Appl Oral Sci 2018; 26:
€20170495.

Toribio RE. Disorders of calcium and phos-
phate metabolism in horses. Vet Clin North Am
Equine Pract 2011; 27: 129-147.

Burlyaeva EA, Prunceva TA, Korotkova TN and
Semenov MM. Nutrition and nutritional status
of underweight patients. Vopr Pitan 2021; 90:
77-84.

Am J Transl Res 2023;15(6):4045-4054



