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From the Editor JNST

Dear Readers,

It has been one year since | was assigned the role of being the editor-in-chief of Journal of the Nephrology
Society of Thailand. In the past year, the editorial team has transformed the journal into a fully online format.
Each article now has its own HTML version, and PDF files of each article can be downloaded. Articles published in
the journal can now be found through Google search by title, keywords, and author names. Additionally, an online
submission and peer review system has been established to meet international peer-review journal standards, and
the journal is now able to be published on time. Most importantly, the editorial team is planning to include the
journal in the Thailand citation index in the coming year.

In this final issue of the year, we have included a section on the executive summary of clinical practice
guidelines developed by the Nephrology Society of Thailand, which has been published in full last year.
The purpose of the publication is to make the information accessible to everyone and to serve as a reference
for citations. The journal plans to publish the executive summary of clinical practice guidelines developed by the
Nephrology Society of Thailand in the final issue of each year.

Lastly, | hope that Journal of the Nephrology Society of Thailand will continue to be a sustainable source
for academic articles related to kidney diseases. It is an excellent option for both local and international
scientists to submit their research for publication, providing a platform for disseminating new knowledge that can be
recognized and accessed worldwide.

As we enter the New Year of 2024, | wish all of you who care for kidney disease patients much happiness
and prosperity.

Sinee Disthabanchong
Editor-in-Chief

https://he01.tci-thaijo.org/index.php/JNST/index
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Frailty in End-Stage Kidney Disease

Kanokwan Singsumran and Sarinya Boongird
Division of Nephrology, Department of Medicine, Faculty of Medlicine, Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand

Abstract

Frailty is characterized by diminished physical, mental, and social responses to stress or illnesses. The functional
decline results in impaired balance and movement of the body. Several adverse health outcomes associated
with frailty include fall, dependence, disability, decreased quality of life, hospitalization, and mortality.
A substantial number of patients with end-stage kidney disease suffer from frailty as a result of aging, malnutri-
tion, muscle wasting and chronic inflammation. Making a diagnosis of frailty requires at least 3 of the following
criteria: weakness, reduced physical activity, slowness, poor endurance, and weight loss. Understanding frailty allows
early identification of risk factors and prompt diagnosis. Appropriate interventions such as resistance exercise and

dietary counseling may reduce further complications and improve quality of life.

Keywords: sarcopenia; protein-energy wasting; weight loss; weakness; kidney failure; ESKD; CKD; uremia
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AWGS, Asian Working Group of Sarcopenia; EWGSOP, European Working Group on Sarcopenia in Older People;

FNIH, Foundation for the National Institutes of Health Biomarkers Consortium Sarcopenia Project
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Dialyzer Reuse in the Modern Era

Piyapun Prapunwatana and Khajohn Tiranathanagul
Division of Nephrology, Department of Medicine, King Chulalongkorn Memorial hospital, Chulalongkorn University,
Bangkok, Thailand

Abstract

The use of reprocessed dialyzers has been practiced for over 5 decades. In resource-poor countries, dialyzer
reuse can help save up to 30% of the cost resulting in more patients gaining access to hemodialysis. Previous
studies have confirmed the safety of dialyzer reprocessing if performed under the recommended standard. Patient
survival is also comparable with the use of single-use dialyzer. Today modern dialyzers are less costly and provide
better biocompatibility and clearance of uremic toxins with less chemical contamination. These factors have made
single-use dialyzers increasingly popular. Moreover, the current methods used to determine the efficiency of dialyzer
reprocessing are based on studies published 30 years ago which focused only on the clearance of small molecules.
Modern hemodialysis and dialyzers are able to provide better clearance of the middle molecules which is associated
with better outcomes. The number of studies on the reprocessing of super high flux and middle cut-off dialyzers
are also limited. Therefore, there is an urgent need for studies on the reprocessing and reuse of modern dialyzers,
especially in the resource-poor countries in order to provide the most effective and economical hemodialysis to

the patients.
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Abstract

Background: The optimal dry body weight (DW) for each patient is crucial to the effectiveness of hemodialysis (HD).
The traditional assessment of DW using clinical parameters has proven to be inaccurate. Although bioimpedance
spectroscopy analysis using Body Composition Monitor (BCM) device demonstrated excellent accuracy but the
availability is limited due to high cost. The present study introduced machine learning (ML), a branch of artificial
intelligence, in the assessment of DW (ML-DW) using available clinical and laboratory parameters and compared the
result with the dry weight derived from BCM (BCM-DW)

Methods: The HD treatment data between 2017 and 2022 from two dialysis centers in Bangkok, Thailand
including demographic, laboratory, and intradialytic time-varying data were retrieved. The data on BCM-DW were
collected on the same day as HD treatment. The data were used in the ML model development phase and
performance assessment phase. There were two groups during the model development phase consisting of a
training group and a validation group. The final model was externally validated on a testing group at another
institution.

Results: A total of 1151 dialysis sessions accounting for 56,000 time-varying data were retrieved. The mean BCM-DW
was 58.8+11.7 kgs and the mean predicted ML-DW from the model was 59.5+10. kgs. The mean difference between
ML-DW and BCM-DW was -0.78 (-3.7,2.2) kilograms. The latency for running the model was less than 1 minute.
Conclusion: Despite the relatively large difference between ML-DW and BCM-DW, the present study confirmed
the capability of ML in DW prediction.
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Introduction

The incidence of patients receiving hemodialysis (HD)
has increased steadily from 3,410 per million patients
in 2007 to 7,901 per million patients in 2016". Dry body
weight (DW), which dictates the ultrafiltration volume for
each HD session, is a crucial parameter for the efficiency
of HD treatment. However, the determination of the
optimum DW remains a challenge for most nephrologists.
The clinical assessment has proved to be inaccurate
due to the low sensitivity of parameters obtained from
physical examination including blood pressure, jugular
venous pulse and the degree of peripheral edema®.
This traditional clinical-based method not only varies
between different assessors but also varies within the
same assessor. As a result, various tools have been
introduced to assist nephrologists in obtaining more
objective data in the assessment of DW. One of the most
reliable tools is the body composition monitor (BCM)
using the principle of bioelectrical impedance analysis,
which measures the resistance caused by an electrical
current passing through living tissues. BCM guided dry
weight (BCM-DW) assessment is increasingly used in large
HD centers. However, the availability of BCM is limited in
smaller centers due to the high cost.

Machine learning (ML), a subset of artificial intelligence,
has potential in assisting nephrologists in the assessment
of DW. Studies in ML using input data that included
time-series data during HD treatment and BCM-DW as
an output for the model prediction are lacking®®. The
present study attempted to develop a model for DW
prediction using ML.

Methods
Study design and population

The present retrospective study included the data

of HD treatment from two institutions: King Chulalong-
korn Memorial Hospital between January 1, 2017,
to December 31, 2021; and Bhumirajanagarindra Kidney
Institution Hospital between January 1, 2018 to December
31, 2022. The data were retrieved from each session of
HD because each session was used separately for model
learning.

The inclusion criteria were: (a) age 18-86 year; (b)
receiving twice of trice weekly HD treatments; (c) dialysis
vintage =6 months; (d) no recent history of infection,
heart failure, cardiac arrhythmia, sudden cardiac arrest;
(e) adequate HD according to KDIGO recommendations
(weekly standard Kt/V >2.1 or single-pool Kt/v > 1.2)'; (f)
available of BCM-DW data on the same day as HD
treatment. The exclusion criteria were: (a) active heart
conditions including ischemic heart disease within
or congestive heart failure within the past 6 months
and moderate to severe valvular disease; (b) atrial
fibrillation; (c) amputated limb; (d) cirrhosis; (e) pregnancy
or breastfeeding; (f) body mass index <16 kg/m’ or >34
kg/m’. Dialysis sessions with the infusion of hyperosmotic
agents, adjustment of dialysate electrolyte concentra-
tions according to profiling, and incomplete data were
also excluded. The study was approved by the
institutional review board of King Chulalongkorn
Memorial Hospital and performed according to the
principles of the Declaration of Helsinki.

Data collection

The domain of parameters including the demographic
data for each patient and the HD prescription, the labo-
ratory and time-series data for each HD treatment were
collected. The DW obtained by BCM on the same day
as HD treatment was also collected. The data retrieving

process is shown in Figure 1.
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BCM, Body composition monitor; TSS, Therapy support suite (Fresenius Medical Care, Bad Homburg, Germany);
BCM-DW, BCM derived dry body weight; SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, mean

arterial pressure; HR, heart rate; UFR, ultrafiltration rate; Hb, hemoglobin; Na, sodium; Ca, calcium; Alb, albumin; pre/

post BW, pre-dialysis and post-dialysis body weight

Data preprocessing

The study first preprocessed the raw data of HD
sessions by removing null values and normalizing ratio and
interval data such as height, weight, and dialysate sodium
using the StandardScaler command in TensorFlow. All
features were then transformed to fall within the range
of 0 and 1. Categorical data were marked and encoded
using LabelEncoder from the ‘sklearn.preprocessing’
module and then encoded into binary variables using
the ‘get dummies’ function from the pandas module.
Time-series data was scaled using the same method, and
zero padding was used to create a matrix of the same size
without affecting the model’s performance. The output
was labeled BCM-derived DW.

The data was divided into three sets for analysis: a
training set (80%), a validation set (20%), and a testing
set. HD sessions from the same patient were grouped
together in each set to prevent the learning model from
being biased by input from the same patient. The name
of the institution was blinded. Two external validation

configurations were used to test the robustness of the

model, one using the Institution X patient database for
training and validation and the Institution Y database
for testing (configuration A), and the other using the
Institution Y patient database for training and validation

and the Institution X database for testing (configuration B).

Model development and Model evaluation
Our algorithm was built using Python v3.6.9 (https://
www.python.org/) with Tensorflow backend v1.15.4
(https://www.tensorflow.org/), an open-source ML library.
We deployed our application with this deep learning
library based on the NVIDIA container image of Tensor-
Flow, Release 20.11 (Nvidia Corporate, Santa Clara, CA,
USA) as a virtual environment. The bidirectional Long
Short-Term Memory (LSTM) model was used to capture
dynamic variations in time-series data, and it was
evaluated in three different approaches: LSTM regression
(LSTMreg), LSTM classification (LSTMclass), and a com-
bination of last embedding layer from time-series and
non-time-series data (gtNN). For non-time-series data,

multiple linear regression (LR), stacked machine learning
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models (STACK), and neural network models (gNN) were
evaluated. The performance of each regression model
was evaluated using mean squared error (MSE), while
classification model was Confusion matrix, accuracy and F1
score. Bland-Altman plot was also used for determination
of the performance compared with the gold standard
(BCM-DW). Folded Empirical Distribution Function Curve
(Folded EDFC) was plotted to compare the distribution
of prediction between models. Cross-validation and
hyperparameter tuning were applied to prevent overfitting.
Finally, the robustness of each model was evaluated
using two external validation configurations. The final
model was chosen based on the smallest mean square
error (MSE), lowest mean difference, and smallest limit
of agreement. The final model was evaluated in terms
of agreement, with upper and lower boundaries of the
limit of agreement set at 1.96 standard deviation (SD).
Demographic data for any samples that fell outside this
range were reviewed. The importance of each feature
was also assessed using SHapley Additive exPlanations
(SHAP) values, which showed the contribution of each
feature to the predicted outcome. Other factors that were
evaluated included the computerization needs and time
latency for running the model.

Statistical analysis

Data with a normal distribution are presented as

mean + SD. Data with a skewed distribution are presented
as median =+ interquartile range (IQR). P-value <0.05 is

considered statistical significance.

Results

Atotal of 581 HD sessions from institution X and 570 HD
sessions from institution Y were included. Table 1 shows
baseline data of HD sessions according to the institution.
The two groups showed comparable ages (64.9 vs. 67.7
years). The patients from institution X were more likely
to be female (62.7% vs. 52.6%) with higher proportions
of cerebrovascular disease, gout, and chronic lung
disease. The patients from institution Y showed higher
proportions of hypertension and diabetes (93.3% vs.
91.2% and 41.4% vs. 34.1%, respectively). Hemodiafiltration
was the most prevalent mode of dialysis in institution
X, whereas hemodialysis was the most prevalent mode
in institution Y. The average BCM-DW was slightly lower
in institution X (54.9 kg vs. 58.8 kg). The average net
ultrafiltration volume (2.1 L vs 2.2 L) and ultrafiltration
rate (9.1 ml/kg/hr vs 9.7 L/kg/hr) were comparable
between the two institutions. The average dialysate
electrolyte concentrations and laboratory data were
also comparable between the two institutions. The
relationships between different time-series data are

shown in Figure 2.

Table 1 Baseline parameters from each hemodialysis session

Institution X Institution Y
(n = 581 sessions) (n = 570 sessions)

Number of patients 42 244
Age, years 64.9 + 9.6 67.7+ 123
Female, number (%) 364 (62.7) 300 (52.6)
BCM-DW, kg 54.9 + 10.5 58.8 + 11.7
Pre-dialysis body weight, kg 56.9 + 10.6 615+ 11.7
Post-dialysis body weight, kg 54.7 + 10.3 59.3 + 11.6
Height, cm 159.0 £ 8.5 160.8 + 8.3
Body mass index, kg/m? 21.7 + 3.8 22.7 + 4.0
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Institution X Institution Y
(n = 581 sessions) (n = 570 sessions)
Net ultrafiltration, L 21+£09 22+08
Ultrafiltration rate, mL/kg/hr 9.1+44 9.7 +4.0

Hypertension 530 (91.2) 532(93.3)
Diabetes 198 (34.1) 236 (41.4)
Cerebrovascular disease 67 (11.5) 29 (5.1)
Gout 57(9.8) 47 (8.2)
Chronic lung disease 28 (4.8) 3(0.5)

Hemodialysis 35 (6.0) 570 (100)

Hemodiafiltration 546 (94.0) 0 (0)

Dialysate Sodium, meg/dL 1374+ 1.4 137.7 £ 1.1
Median (£IQR) 138 (136-138) 138 (138-138)
Dialysate bicarbonate, mg/dL 32+1 32.1+£0.38
Median (+IQR) 32 (32-32) 32 (32-32)
Dialysate Potassium, mean (+SD) mg/dL 2.1(0.3) 2.6 (0.5)
Median (xIQR) 2(2-2) 3(2-3)
Dialysate Calcium, mg/dL 3.0 (0.3) 2.8 (0.3)
Median (+IQR) 3.0 (2.5-3) 3.0 (2.5-3)
Dialysate Temperature, Celsius 36.8 (0.5) 36.5 (0.5)
Median (£IQR) 37 (37-37) 36.5 (36.3-36.8)

Hemoglobin, ¢/dL 11+14 10.7 £ 1.5
Calcium, meg/dL 8.7+0.7 8.8 +0.8
Sodium, mmol/L 138.7 = 2.7 136.5 +4.2
Albumin, ¢/dL 38 +0.3 39+04

BCM-DW, Body composition monitor-Dry body weight; IQR, interquartile range
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The MSE varied with each model ranging from 1.68
to 151.39. The stacked machine learning model showed
the lowest MSE and was selected as the final model.
Folded EDFC is shown in Figure 3. The x-axis of the
graph represented the mean difference between the ML
predicted DW and the BCM-DW. The y-axis defined the
probability of the samples with those values. The center
of the graph featured a vertical line that represented the
reference line of zero difference. The distance from this
line and the peak indicated the estimated bias of each
model. The shape of the graph is typically mountain-like,

with the base representing the entire possible range of

difference between the prediction from the new model
and the BCM-DW bordered by the limits of agreement
for that model. The stacked machine learning model
(blue) showed a steep rise in the graph indicating a
higher probability of the folded variable being small with
acceptable distance from the peak to the zero line. The
agreement between the new model and the BCM-DW is
shown in the Bland-Altman plots in Figure 4. SHAP values
for the parameters in the model are shown in Figure 5.
The time latency for running the model was less than
1 minute and the size of the code was approximately 1

megabyte.
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Figure 3 Folded Empirical Distribution Function Curves

Configuration A (upper); Configuration B (lower).

STACK, stacked machine learning models; LR, multiple linear regression; gNN, non-time-series data in neural network models;

LSTMreg, LSTM regression; gtNN, combination of last embedding layer from time-series and non-time-series data
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stacked machine learning model and the body composition monitor
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BCM-DW, body composition derived dry body weight; ML-DW, machine learning derived dry body weight
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Figure 5 SHAP values of the parameters in the stacked machine learning model
PREBW, pre-dialysis body weight; POSTBW, post-dialysis body weight; BMI-POST, post-dialysis body mass index;
HDF, hemodiafiltration; UFRH, ultrafiltration rate per hour; NUF, net ultrafiltration; HB, hemoglobin; NA, sodium

Discussion

The present study attempted to use various
approaches including LSTMreg and LSTMclass in the
prediction of DW using time-series data alone, but the
results were unsatisfactory. Combining the time-series
data with the non-time-series data also failed to yield
positive outcomes. However, the time-series data had
the potential in classifying HD sessions based on the gap
between the pre-HD body weight and the post-HD body
weight, but the model failed to do so possibly due to

the interference by other factors such as reduced heart
rate variation by the use of beta blockers or sinus node
dysfunction commonly observed in older patients. The
study also found that non-time-series data were able
to predict BCM-DW as shown by several models such
as eNN, LR, and STACK. Finally, the STACK model was
selected because of its best performance.

The agreement between the STACK model (ML-DW)
and the BCM-DW was acceptable with only a small bias.

The mean differences of -0.78 kg in configuration A and
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0.02 kg in configuration B indicated that the ML-DW was
higher than that obtained by BCM in configuration A
and lower in configuration B. Gradual probing of DW has
been shown to have favorable impact on both blood
pressure and left ventricular mass index, both of which
are linked to better outcomes and reduced mortality in
HD patients®”. The randomized clinical trials have shown
the benefit in the group of patients that was able to
reach lower post-dialysis body weight up to 1.0 kes
(95% confidence interval (1.6, -0.5 kg), p<0.001).
Thus, STACK could become a useful tool for DW
assessment.

The present study showed that the limits of the
agreement between the ML-DW and BCM-DW were
quite wide. The maximum discrepancy was estimated at
approximately 3.5 kgs, therefore, the ML-DW may not yet
replace the estimated DW derived from BCM. However,
when compared with the estimated DW obtained
clinical assessment, the limits of the agreement were
even wider ranging between 3.79 kg up to 7.21 kg"'°.
Therefore, ML derived DW may be a better option for
DW estimation compared with clinical assessment.
The ML model likely offered greater objectivity, accuracy,
affordability, repeatability, and generalizability compared
with clinical assessment.

The present study is the first study that employed ML
in the prediction of BCM-DW and used time-series data as
input variables. External validation was also performed
in HD patients from other centers. The present study
has several limitations. The input data was collected
retrospectively; therefore, it was not possible to identify
all incidences and interventions that occurred during HD
session that could interfere with the model prediction.
The model did not incorporate cardiac parameters that
could influence the blood pressure and the heart rate
variability during ultrafiltration.

In conclusion, the present study served as a proof
of concept study that ML could be a useful tool in DW

prediction.
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Pretransplant Dialytic Modality and Outcomes of
Kidney Transplantation: Analysis of the Nationwide
Data from Thailand Transplant Registry
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Abstract

Background: Kidney transplantation (KT) is the best option for kidney replacement therapy. The data on the
impact of pretransplant dialytic modality on outcomes of KT remain conflicting. The aim of the present study was
to evaluate the association between pretransplant dialytic modality and outcomes of KT.

Methods: This is a retrospective cohort study of 8,097 patients that received KT between 1987 to 2020 from
Thailand transplant registry database. There were 5,038 patients that met the inclusion criteria, 634 received
peritoneal dialysis (PD) and 4,404 received hemodialysis (HD). The primary outcomes were 1-year, 5-year and 10-year
patient and death-censored graft survival (DCGS). The secondary outcomes were delayed graft function (DGF) and
acute rejection.

Results: There were no differences in patient survival (PD vs. HD, adjusted hazard ratio 1.23 (0.77-1.96), p=0.391)
and DCGS (1.50 (0.95-2.39), p=0.083). Overall, the PD group experienced lower incidence of DGF (adjusted
odds ratio 0.71 (0.56-0.91), p=0.006) which was more pronounced in the subgroup of decreased donor KT
(0.69 (0.53-0.89), p=0.004). Lower incidence of DGF was also observed among deceased donor KT recipients that
received maintenance HD for <12 months. The incidence of acute rejection was comparable between the two
groups (adjusted odds ratio 0.47 (0.17-1.32), p=0.149).

Conclusion: There were no associations between pretransplant dialytic modality with patient and graft survival
and the incidence of acute rejection. The incidence of DGF was significantly lower in the recipients that received

PD especially in the subgroup that underwent deceased donor KT.
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a long period of waiting for deceased donor is common.”
The recent data from Thailand Transplantation Society
revealed a total of 714 KTs between 1 January to 31
December 2020, 136 cases were living donor KT (LDKT)
and 578 cases were deceased donor KT (DDKT). The
average waiting periods for LDKT and DDKT were 1.89
and 5.02 years, respectively. Thus, almost all patients
on the waiting list required maintenance dialysis prior to
KT. The impact of pretransplant dialytic modality on the
outcomes of KT remains conflicting. The meta-analysis
by Tang et al published in 2016 found that peritoneal
dialysis (PD) might be associated with better outcomes
after KT compared with hemodialysis (HD).> In another
large cohort of 92,884 patients, receiving maintenance
HD prior to transplantation was associated with an
increase in the risk for graft failure and recipient death.
On the other hand, the studies by Resende et al and
Dipalma et al did not find any relationship between
dialytic modality with graft function and patient
survival.”® Therefore, the influence of pretransplant
dialytic modality on the outcomes of KT require further

exploration.

Material and Methods

Study design and population

This was a retrospective observational cohort study
that used the data from Thailand transplant registry.
A total of 8,097 patients who underwent KT between
January 1987 to December 2020 were screened. The
inclusion criteria were age >18 years old and dialysis
vintage >3 months prior to KT. The exclusion criteria were
pre-emptive KT, having received at least 1 KT in the past,
multi-organ transplantation and incomplete data. The
present study was approved by Rajavithi hospital ethical
committee and conducted according to the Declaration
of Helsinki. An informed consent was not required.

Data collection

Donor data including age, sex, body weight,
height, history of hypotension and cardiopulmonary
resuscitation (CPR) prior to harvesting, last serum
creatinine, cause of brain death, and viral serology test

results were collected. For the recipients, the mode of

dialysis, age, sex, body weight, height, cause of kidney
failure, dialysis vintage, underlying diseases, and viral
serology test results were recorded. The data related to KT
including the type of KT (LDKT or DDKT), panel
reactive antibody (PRA), HLA mismatching, cold ischemic
time (CIT) and immunosuppressive regimens were also
collected.

Outcomes

The primary outcomes were 1-year, 5-year and 10-year
patient survival and DCGS. The secondary outcomes were
the incidence of DGF and acute rejection. The latest
dialytic modality recorded in the registry database was
used to define the modality of dialysis of the recipients.
DGF was defined as the need for dialysis during the first
week of KT. The diagnosis of acute rejection required
confirmation by allograft biopsy. Graft loss was defined
as allograft dysfunction resulting in the return to dialysis,
allograft nephrectomy, another KT, or recipient death.

Sample size calculation

According to the previously published data by Lopez
et al, the sample size needed for the present study was
1,515 patients for each group of PD and HD.'

Statistical analysis

Data were presented as mean + standard deviation
or median (interquartile range). Differences between the
two groups were analyzed by the unpaired t-test or
nonparametric test. Categorical data were compared
using the Chi-square test. Kaplan-Meier survival curve
and log rank test were used to analyze the survival.
Factors associated with survival were determined by
Cox proportional hazards models. Relationships between
the two variables were evaluated by regression analysis.
The variables with P-value <0.2 in the univariate analysis
were included in the multivariate model. The p-value <0.05
was considered statistically significant. All statistical

analyses were performed using SPSS 26.0 software.

Results

The study flow diagram is shown in Figure 1. A total
of 8,097 patients that received KT between 1 January
1987 to 31 December 2020 were screened and 5,038

patients were included in the final analysis. There were
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634 patients in the PD group and 4,404 patients in the
HD group.

Kidney Transplantation
between 1987-2020
N=8,097

Excluded
N=3,059

\J v

Peritoneal Dialysis Hemodialysis
(LDKT=193, DDKT=441)  (LDKT=1,552, DDKT=2,852)
N=634 N=4,404
v \/

Data Analysis

Figure 1. Study Flow Diagram
LDKT, living donor kidney transplantation; DDKT, deceased

Characteristics of Donors and Recipients

Table 1 shows characteristics of the donors according
to pretransplant dialytic modality of the recipients. The
average age was 38.63+13.3 years. Most of the donors
were male. The most common cause of death was
traumatic brain injury. The average body mass index
(BMI) was 23.64+3.73 ke/m’. There were no differences in
age, sex, and BMI| between the PD and HD groups. The
proportions of patients with last serum creatinine <1.5
me/dL and CIT <24 hours were also not different between
the two groups. The history of hypotension prior to
harvesting was more common in the PD group, whereas
the history of receiving CPR was comparable between
the two groups. The PD group was more likely to receive
donors with positive hepatitis B serology. The rest of

the serology test results were comparable between the

donor kidney transplantation two groups.
Table 1 Characteristics of the donors
Parameters PD HD p-value
Male sex (n/%) 431 (68.0) 2,922 (66.3) 0.389
Age (years) 38.27+13.22 38.68+13.32 0.460
Height (kg) 163.67+9.13 163.85+9.70 0.696
Body weight (kg) 63.10+11.89 63.86+12.57 0.197
Body mass index (kg/m?) 23.49+3.72 23.65+3.73 0.261
HBsAg positive (n/%) 124 (34.6) 730 (29.0) 0.030
Anti HCV Ab positive (n/%) 3(0.5) 21(0.5) 1.00
Anti CMV IgG positive (n/%) 566 (96.1) 3,942 (95.7) 0.677
Anti-HIV Ab positive (n/%) 0(0.0) 8(0.2) 0.607
Hypotension prior to harvesting (n/%) 385 (66.6) 2,330 (58.4) <0.001
Receiving CPR prior to harvesting (n/%) 60 (10.5) 396 (10.0) 0.722
Last serum creatinine <1.5 mg/dL (n/%) 484 (76.9) 3,236 (73.9) 0.104
Cold ischemic time <24 hours (n/%) 580 (91.6) 3,976 (90.8) 0.518
Cause of brain death (n/%) 0.572
+ Head trauma 285 (64.6) 1,744 (61.2)
« Stroke 108 (24.5) 794 (27.8)
« Anoxia 2(0.5) 22 (0.8)
+ Brain tumor 3(0.7) 22(0.8)
« Others 43 (9.8) 270 (9.5)

PD, peritoneal dialysis; HD, hemodialysis; CPR, cardiopulmonary resuscitation; Ab, antibody
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Table 2 shows characteristics of the recipients. The
recipients in the PD group were significantly younger than
those in the HD group. The average BMI was comparable
between the two groups. Most of the recipients were
male. The viral serology test results were comparable
between the two groups. The most prescribed
maintenance immunosuppressive regimen was the

combination of corticosteroid, tacrolimus, and

common in the HD group; however, the result of PRA
was comparable between the two groups. The etiology
of kidney failure was mostly listed as unknown. The
average dialysis vintage was significantly longer in
the HD group. As for the underlying diseases, DM was
less common, whereas hypertension was more common
in the PD group. The recipients in the HD group were

more likely to receive LDKT compared with those in the

mycophenolate mofetil. HLA mismatching was more  PD group.
Table 2 Characteristics of the recipients
Parameters ‘ PD HD p-value
Male sex (n/%) 406 (64.0) 2,778 (63.1) 0.640
Age (years) 40.41+11.42 45.39+11.95 <0.001
Height (kg) 162.33+8.25 163.56+8.31 0.001
Body weight (kg) 58.45+11.33 59.92+12.97 0.006
Body mass index (kg/m?) 22.12+3.51 22.31+4.03 0.261
HBsAg positive (n/%) 14.(2.3) 159 (3.6) 0.077
Anti HCV Ab positive (n/%) 5(0.8) 82(1.9) 0.055
Anti CMV IgG positive (n/%) 579 (95.7) 4,044 (96.3) 0.501
Anti-HIV Ab positive (n/%) 2(0.3) 7(0.2) 0.379
Living donor kidney transplantation (n/%) 193 (30.4) 1,552 (35.2) 0.018
Dialysis vintage (years) 46.88+36.80 50.11+43.05 0.044
Dialysis vintage <12 months (n/%) 58 (9.1) 662 (12) <0.001
Cause of kidney failure (n/%) <0.001
+ Diabetes mellitus 31 (4.9) 501 (11.4)
« Hypertension 107 (16.9) 740 (16.8)
 Glomerular disease 122 (19.2) 1,014 (23.0)
« Others 20 (3.2) 206 (4.7)
« Unknown 354 (55.8) 1,943 (44.1)
Underlying diseases (n/%)
Diabetes mellitus 46 (11.3) 644 (18.8) <0.001
Hypertension 437 (84.4) 3,116 (76.6) <0.001
Cardiac Diseases 12 (4.1) 153 (5.7) 0.242
Induction therapy (n/%) 0.612
» None 195 (30.7) 1,345 (30.5)
+ Interleukin 2 receptor antibody 368 (58.04) 2,541 (57.7)
+ Anti-thymocyte/Anti-lymphocyte globulin 63 (9.9) 451 (10.2)
« Anti-CD52 antibody 1(0.2) 27 (0.6)
« Others 6 (0.9) 30 (0.7)
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Parameters ‘ PD ‘ HD ‘ p-value
Maintenance therapy with prednisolone (n/%) 0.004
» Tacrolimus and mycophenolic acid 440 (69.4) 2,857 (64.9)
+ Cyclosporine and mycophenolic acid 84 (13.2) 699 (15.9)
+ Tacrolimus and azathioprine 0(0.0) 22(0.5)
+ Cyclosporine and azathioprine 5(0.8) 116 (2.6)
 Others 105 (16.6) 710 (16.1)
HLA mismatching (n/%) 0.001
e 0-2 339 (53.5) 2,020 (45.9)
e 34 251 (39.6) 1,941 (44.1)
« 5-6 44 (6.9) 443 (10.1)
Last panel reactive antibody (n/%) 0.334
c 0% 568 (89.6) 3,901 (88.6)
. 1-49 % 34 (5.4) 313 (7.1)
e 50-79% 14 (2.2) 91 (2.1)
e >80% 18 (2.8) 99 (2.2)

PD, peritoneal dialysis; HD, hemodialysis; Ab, antibody

Outcomes

The primary and secondary outcomes of all patients
are shown in Table 3. Figure 2 illustrates the Kaplan-Meier
survival curves of the primary outcomes of patent and
graft survival. Subgroup analyses according to the type of
donor (LDKT or DDKT) are shown in Table 4. The results
of multivariate Cox proportional hazards models for the
patient and graft survival are shown in Table 5.

Patient survival

Thirty-four (5.4%) patients in the PD group and 343
(8.7%) patients in the HD group died during the study
period. In the PD group, the overall patient survival at
1, 5and 10 years were 96.9, 94.2 and 88.5%, respectively.
In the HD group, the overall patient survival at 1, 5,
10 years were 97.1, 93.0 and 87.2%, respectively.
Kaplan-Meier curves showed no significant differences
in the overall patient survival between the two groups
(p=0.238). The most common cause of death for both
groups were infection and cardiovascular disease. In the
subgroup of 1,745 LDKT, 7 (3.6%) patients in the PD group
and 91 (5.9%) patients in the HD group died (p = 0.520).
In the subgroup of 3,293 DDKT, 27 (6.1%) patients in PD
group and 252 (8.8%) patients in HD group died (p = 0.192).

The most common cause of death for both subgroups

was infection. In the multivariate Cox proportional
hazards model adjusted for relevant factors, the overall
patient survival was comparable between the PD and
HD groups (PD vs. HD, adjusted hazard ratio 1.23
(0.77-1.96)). Similar findings were observed in the LDKT
(1.77 (0.77-4.06)) and DDKT (0.96 (0.53-1.71)) subgroups.

Death-censored ¢raft survival

Fifty-six (8.8%) patients in the PD group and 495
(11.2%) patients in the HD group lost their allograft. In
the PD group, the overall DCGS at 1, 5, 10 years were
95.8, 90.0 and 80.6%, respectively. In the HD group, the
overall DCGS at 1, 5, 10 years were 96.6, 90.2 and 79.9%,
respectively. Kaplan-Meier survival curves showed no
difference in DCGS between the two groups (p = 0.758).
The most common causes of allograft loss were
rejection in the PD group and interstitial fibrosis and
tubular atrophy in the HD group. In the subgroup of
1,745 LDKT, 16 (8.3%) patients in the PD group and 166
(10.7%) patients in the HD group experienced allograft
loss (p = 0.742). In the subgroup of 3,293 DDKT, 40
(9.1%) patients in PD group and 329 (11.5%) patients
in the HD group experienced allograft loss (p = 0.395).
The major causes of allograft loss in the LDKT subgroup

were rejection in the PD group and interstitial fibrosis
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and tubular atrophy in the HD group. The major cause
of allograft loss In DDKT subgroup was rejection. In the
multivariate Cox proportional hazards model adjusted
for relevant factors, there was no significant difference
in the overall DCGS between the PD and HD groups (PD
vs. HD, adjusted hazard ratio 1.50 (0.95-2.39)). Similar
findings were observed in both subgroups of LDKT (1.66
(0.80-3.44)) and DDKT (1.00 (0.71-1.42)).

Delayed g¢raft function

One hundred thirty three (21%) patients in the
PD group and 1,185 (26.9%) patients in the HD group
experienced DGF (PD vs. HD, adjusted odds ratio 0.71
(0.56-0.91), P<0.001). The lower incidence of DGF in the

PD eroup was more pronounced in the DDKT subgroup

Table 3 Primary and secondary outcomes of all patients

Outcomes (n/%)

(0.69(0.53-0.89), p=0.004). In LDKT subgroup, the incidence
of DGF was higher in the PD group but the difference did
not reach statistical significance. Among DDKT recipients,
the lower incidence of DGF was also observed in the
group of recipients that received maintenance HD for
<12 months prior to KT (crude odds ratio 0.71 (0.52-0.95),
p=0.021).

Acute rejection

Four (0.6%) patients in the PD group and 57 (1.3%)
patients in the HD group developed acute rejection (PD
vs. HD, adjusted odds ratio 0.47 (0.17-1.32), P=0.153).
Similar findings were observed in both LDKT and DDKT

subgroups.

Patient survival 0.238
e l-year 519 (96.9) 3,686 (97.1) 0.879
e 5-year 230 (94.2) 1,863 (93.0) 0.373
e 10-year 26 (88.5) 647 (87.2) 0.232
Patient survival 0.030
o Alive 600 (94.6) 4,061 (92.2)
» Dead 34 (5.4) 343 (7.8)
Death-censored graft survival 0.758
o l-year 510 (95.8) 3,638 (96.6) 0.293
e 5-year 222 (90.0) 1,785 (90.2) 0.697
« 10-year 22 (80.6) 609 (79.9) 0.987
Graft survival 0.069
« Functioning 578 (91.2) 3,909 (88.8)
e LOss 56 (8.8) 495 (11.2)
Delayed graft function® 133 (21.0) 1,185 (26.9) <0.001
Acute rejection” 4 (0.6) 57 (1.3) 0.153
Cause of death 0.952
« Infection 14 (53.8) 134 (49.6)
« Cardiovascular cause 6 (23.1) 63 (23.3)
« Malignancy 0(0.0) 6(2.2)
« Others 5(19.2) 55 (20.4)
« Unknown 1(2.8) 12 (4.4)

250 J Nephrol Soc Thail 2023; 29(4): 244-255

https://he01.tci-thaijo.org/index.php/JNST/index




Original Article JNST

Outcomes (n/%)

Cause of graft loss

Death with functioning graft
Rejection

Glomerular disease

Interstitial fibrosis/Tubular atrophy
Vascular or urologic causes
Non-compliance

Others

PD

1(2.2)
15 (33.3)
4(8.9)
8(17.8)
9 (20.0)
0 (0.0)
8(17.8)

HD

16 (3.8)
142 (33.6)
34 (8.1)
152 (36.0)
20 (4.7)
5(1.2)
53 (12.6)

p-value

0.007

PD, peritoneal dialysis; HD, hemodialysis

*adjusted for donor factors including age, donor type, history of hypotension and CPR prior to harvesting, last serum
creatinine and recipient factors including age, dialysis vintage, cause of kidney failure, types of immunosuppression,
last PRA, HLA mismatching, and acute rejection

*adjusted for donor factors including age, history of hypotension prior to harvesting, donor type, last serum
creatinine, and cold ischemic time and recipient factors including age, cause of kidney failure, dialysis vintage,

types of immunosuppression, last PRA, and HLA mismatching

A All patients B LDKT © DDKT
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Figure 2 Kaplan-Meier survival curves of patient and death-censored graft survival

A, B and C demonstrated patient survival, and D, E and F demonstrated death-censored graft survival.
PD, green line; HD blue line

PD, peritoneal dialysis; HD, hemodialysis; LDKT, living donor kidney transplantation; DDKT, deceased donor kidney

transplantation
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Table 4 Subgroup analyses according to the type of donor

Outcomes (n/%)

Patient survival 0.203
« Alive 186 (96.4) 1,461 (94.1)
« Dead 7(3.6) 91 (5.9)
Graft survival 0.302
- Functioning 177 (91.7) 1,386 (89.3)
o Loss 16 (8.3) 166 (10.7)
Delayed graft function® 14 (7.3) 63 (4.1) 0.060
Acute rejection” 1(0.5) 11 (0.7) 1.000
Patient survival 0.057
« Alive 414 (93.9) 2,600 (91.2)
» Dead 27(6.1) 252 (8.8)
Graft survival 0.127
« Functioning 401 (90.9) 2,523 (88.5)
. Loss 40 (9.1) 329 (11.5)
Delayed graft function® 119 (27.0) 1,122 (39.3) <0.001
Acut Acute rejection® 3(0.7) 46 (1.6) 0.132

PD, peritoneal dialysis; HD, hemodialysis

“adjusted for donor factors including age, history of hypotension and CPR prior to harvesting, last serum
creatinine, and recipient factors including age, dialysis vintage, cause of kidney failure, types of immunosuppression,
last PRA, HLA mismatching and acute rejection

*adjusted for donor factors including age, history of hypotension prior to harvesting, last serum creatinine,
and cold ischemic time and recipient factors including age, cause of kidney failure, dialysis vintage, types of

immunosuppression, last PRA and HLA mismatching
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Table 5 Multivariate Cox proportional hazards regression models

Death-Censored Graft Survival
(PD vs. HD)
Hazard Ratio (95% Confidence Interval)

Patient Survival

(PD vs. HD)
Hazard Ratio (95% Confidence Interval)

All patients 1.23 (0.77-1.96)° 1.50 (0.95-2.39)"

Living donor KT 1.77 (0.77-4.06)° 1.66 (0.80-3.44)°

Deceased donor KT 0.96 (0.53-1.71) 1.00 (0.71-1.42)

“adjusted for donor factors including age, donor type, history of hypotension prior to harvesting, last serum
creatinine and recipient factors including age, dialysis vintage, cause of kidney failure, DM, cardiac disease, types of
immunosuppression; last PRA, HLA mismatching and delayed graft function

®adjusted for donor age and recipient factors including age, dialysis vintage, cause of kidney failure, DM,
cardiac disease, types of immunosuppression, last PRA, HLA mismatching, delayed graft function and graft loss
“adjusted for donor factors including age, history of hypotension prior to harvesting, last serum creatinine and recipient
factors including age, dialysis vintage, cause of kidney failure, DM, cardiac diseases, types of immunosuppression; last
PRA, HLA mismatching, delayed graft function and allograft loss

“adjusted for donor factors including history of CPR prior to harvesting, donor type, last serum creatinine, cold ischemic
time and recipient factors including age, dialysis vintage, types of immunosuppression, last PRA and HLA mismatching,
delayed graft function and acute rejection

“adjusted for recipient factors including age, dialysis vintage, cause of kidney failure, types of immunosuppression,
last PRA, HLA mismatching, delayed graft function and acute rejection

‘adjusted for donor factors including history of CPR prior to harvesting, donor type, last serum creatinine and

cold ischemic time and recipient factors including age, dialysis vintage, types of immunosuppression, last PRA, HLA

mismatching, delayed graft function and acute rejection

Discussion

The present study used the data from Thailand kidney
transplant registry between 1987 to 2020 to determine
the relationship between pretransplant dialytic modality
and outcomes of KT. The main findings of the study were
no significant differences in the patient and graft survival
between the group of recipients that received PD and HD
prior to KT. Similar findings were observed in subgroups
of LDKT and DDKT. However, lower incidence of DGF
was observed in the PD group compared with HD group
especially in the subgroup of recipients that received
DDKT. The incidence of acute rejection was similar
between the two groups.

Several investigators that examined the relationship

between pretransplant dialytic modality and outcomes

of KT also reported comparable patient survival between
the PD and HD groups.”™ In the Taiwanese nationwide
cohort study of 1,812 patients published by Lin et al, no
difference in the overall patient survival was observed
(PD vs. HD, hazard ratio 0.85 (0.61-1.18))." A small study
that included 38 PD and 268 HD patients by Freitas
et alalso observed no significant difference in recipient
survival at 1 year (p=0.800) and 3 years (p=0.657).” The
characteristics of the recipients in the Freitas et al’ study
were similar to the present study in terms of donor age
and higher percentage of LDKT in the PD group. Another
retrospective study of 143 patients who received first
LDKT by Ardalan et al showed no significant difference
in the overall 5-year patient survival (p=0.13).> As for the

cause of death, similar to the present study, Lopez et al
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reported infection as the most common cause of death
in the PD group. However, the most common cause of
death in the HD group was problems related to
vascular access.' In the retrospective analysis of a
large database from the Centers for Medicare and
Medicaid Services in the USA (n=22,776 patients), Snyder
et al reported similar patient survival between PD and
HD modalities (PD vs. HD, hazard ratio 0.95 (0.85-1.06)).
There have also been reports of better recipient survival
with PD compared with HD."**

As for DCGS, the previous findings have been
conflicting. Higer DCGS in the recipients receiving PD as
well as comparable DCGS between different modes of
dialysis have been reported®*™ Similar to the findings
from the present study, the recent meta-analysis by Tang
et al’ reported no significant difference in DCGS between
PD and HD groups (p=0.080). Lopez et alalso found no
significant difference in the incidence of DCGS between
PD and HD groups (PD vs. HD, hazard ratio 0.68 (0.41-1.10),
p=0.120) but observed shorter allograft lifespan in the
group of younger recipients that received older donors.'
Among patients that received LDKT, Ardalan et al reported
no significant difference in the 5-year DCGS between the
PD and HD groups (p=0.260).°

The present study observed a lower incidence
of DGF in the PD group. This relationship was more
pronounced in the subgroup of patients that received
DDKT. The explanation for this finding could be related
to the dialysis procedure. The use of artificial membrane
in HD could increase the production of free radicals,
oxidative stress and inflammation which might increase
the risk of DGF."*** On the other hand, PD is associated with
better cell-mediated immunity, preservation of residual
kidney function and less oxidative stress compared
with HD.*" Similar to the present study, the meta-analysis
by Tang et al also reported a lower risk of DGF in the
group of recipients that received PD compared with HD
(PD vs. HD, odds ratio 0.67 (0.62-0.72), p=0.024).” However,
this difference was more pronounced in the LDKT
subgroup but not significant in the DDKT subgroup.
Among patients that received LDKT, Ardalan et al

reported no difference in the incidence of DGF between

PD and HD groups.” The lack of the difference in the
incidence of DGF in LDKT could be explained by better
donor and recipient preparations.

The incidence of acute rejection in the present study
was comparable between PD and HD in the overall
cohort and in the subgroups of LDKT and DDKT. The prior
study suggested an increased risk of acute rejection in
patients receiving HD." It is possible that PD causes less
suppression of the cell-mediated immunity, whereas HD
aggravates the activation of immune system. Furthermore,
DGF was found to be associated with an increase in the
incidence of acute rejection.”"” The incidence of acute
rejection in the present study was low (PD vs. HD, 0.6 vs.
1.3%) and there was no difference in the incidence of
acute rejection between PD and HD. Similar findings
have also been reported by others.?®"® The meta-analysis
by Tang et al reported no significant difference in the
incidence of acute rejection between the two pretrans-
plant dialytic modalities (PD vs. HD, odds ratio 0.96
(0.75-1.16)).°

The strengths of the present study were the large
number of patients nationwide and the long follow-up
period up to 10 years post KT. The limitations included
the substantially lower number of patients in the
PD group. The latest dialysis modality was used in the
analyses and the switching of dialysis modality (from PD
to HD or vice versa) within the same patient was not
taken into account. The data on dialysis adequacy was
also not available in the present study.

In conclusion, there were no associations between
pretransplant dialytic modality with patient and graft
survival and the incidence of acute rejection. The
group of patients that received PD showed lower
incidence of DGF which was more pronounced in the
DDKT subgroup. The lower risk of DGF was also observed
among the DDKT recipients that received maintenance
HD for <12 months.
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Abstract

Background: Low bone mineral density (BMD) is common among maintenance hemodialysis (MHD) patients and
associated with increased fracture risk and mortality. However, BMD does not provide information on bone quality. The
dual-energy X-ray absorptiometry (DXA)-derived lumbar spine trabecular bone score (TBS) facilitates the assessment
of bone quality. The present study examined BMD, TBS, and factors associated with low TBS in MHD patients.
Methods: This is a single-center, cross-sectional study of 132 MHD patients. Areal BMD and lumbar spine TBS were
determined by DXA. The degree of abdominal aortic calcification (AAC) was evaluated in a lateral lumbar spine
radiograph using Kauppila score.

Results: The median age was 67 years and 35.3% were women. The average dialysis vintage was 4.9+5.9 years.
The prevalence of osteoporosis was 39.2%. Higher prevalence of osteoporosis was observed in women (women
59.6% vs. men 27.9%). The prevalence of low TBS (<1.31) was 33.8%. TBS was also significantly lower in women
(women 1.29+0.12 vs. men 1.40+0.12; P<0.001). The group of patients with low TBS showed higher percentage
of female and higher serum cholesterol, alkaline phosphatase, and homocysteine compared with the group
with normal TBS. Serum calcium, phosphate, magnesium, parathyroid hormone, 25-hydroxyvitamin D, and
beta-2-microglobulin were comparable between the two groups. The prevalence of severe AAC (Kauppila scores >6)
was 52.6%. There were no correlations between AAC score with BMD or TBS. In multivariate analysis, female sex
was the only independent predictor of low TBS.

Conclusions: Low TBS was observed in approximately one-third of MHD patients. Female sex was the only
independent predictor of low TBS. There were no correlations between mineral parameters and AAC with TBS.

Whether low TBS could predict fracture risk will require further study.
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Introduction

Mineral and bone disorders (MBD) in chronic kidney
disease (CKD) which encompass abnormalities of
mineral metabolites and hormones, bone diseases and
cardiovascular calcification contribute to the risk of
cardiovascular disease, mortality, and fracture. The 2017
Kidney Disease Improving Global Outcomes (KDIGO)
guidelines suggested that bone mineral density (BMD)
may be used to evaluate fracture risk in CKD patients.’
However, the predictive ability of BMD diminishes
substantially in patients receiving dialysis compared with
general population.” BMD can be used to determine the
quantity of the bone but gives limited information on the
bone quality. The microarchitecture of trabecular bone,
one of the important components of bone strength,
cannot be assessed by BMD testing. As the risk of
fracture increases with progression of CKD, it may be
important to assess both the quality and the quantity
of the bone. Bone microarchitecture may be evaluated
by high-resolution peripheral quantitative computed
tomography (HR-pQCT) and bone biopsy, but the use
of both modalities is limited due to high cost of the
HR-pQCT and the need for specialized laboratory
equipment to process and the specialist to read the
bone biopsy specimen. Measurement of trabecular bone
score (TBS) has emerged as a new tool for assessing
bone microarchitecture based on dual-energy X-ray
absorptiometry (DXA) images of the lumbar spine. Low TBS
indicates degraded and weakened bone microarchitecture
which is associated with an increase in fracture risk.

According to the prior study in patients with CKD,
TBS correlated with both cortical and trabecular bone
microarchitecture evaluated by HR-pQCT and bone
histomorphometry.” The previous research in Caucasian
population with CKD and end-stage kidney disease (ESKD)
revealed the association between lower TBS and increased
fracture risk."®Only few studies on TBS in Asian ESKD popu-
lation have been published. The present study examined
the prevalence of osteoporosis and low TBS in patients
receiving maintenance hemodialysis (MHD). Factors associ-
ated with low TBS and the relationship between TBS and

abdominal aortic calcification (AAC) were also examined.

Methods

Study design and population

This is a single-center, cross-sectional study that
included MHD patients from Srinagarind Hospital, Khon
Kaen University, Thailand between April 2022 to March
2023. The Inclusion criteria were age >18 years and
receiving HD for =3months. The exclusion criteria were
history of organ transplantation, receiving concurrent
peritoneal dialysis or palliative care, presence of active
malignancy or psychiatric disorders, pregnancy, and
history of using or currently receiving anti-resorptive
agents including bisphosphonate, denosumab, and
aromatase inhibitors. The Khon Kaen University Ethics
Committee for Human Research (IRB00001189) approved
the research protocol. All participants provided written
informed consent. The study was performed according
to the Declaration of Helsinki.

Biochemical data

The data on demographic, underlying diseases, CKD-MBD
medications (vitamin D, phosphate binders, and
cinacalcet), and laboratory data including serum calcium,
phosphate, 25-hydroxyvitamin D, parathyroid hormone
(PTH), total alkaline phosphatase, beta2-microglobulin,
and homocysteine levels were collected. All patients
underwent lateral lumbar spine radiograph in a standing
position using standard radiographic equipment. The
severity of AAC was graded using the previously validated
Kauppila score.” Areal BMD was assessed using DXA (Lunar
Prodigy, GE Lunar, Madison, Wisconsin, United States) at
the lumbar spine (L1-L4), total hip, femoral neck, and
distal third of the radius. Osteopenia (-2.5 < T-score < -1)
and osteoporosis (T-score < -2.5) were determined using
the World Health Organization (WHO) T-score threshold
values.' DXA images of the L1-L4 vertebrae and TBS
iNsight software (version 2.1, Med-Imaps, Pessac, France)
were used to evaluate and calculate TBS. The patients
were divided into two groups based on TBS as follow:
low TBS group, TBS <1.31; normal TBS group, TBS >1.31.
The TBS cut-off of 1.31 was used because the previous
study reported the association between TBS <1.31 and

increased fracture risk."

258 U Nephrol Soc Thail 2023; 29(4): 256-265

https://he01.tci-thaijo.org/index.php/JNST/index



Original Article J NST

Statistical analysis

Continuous variables were presented as mean + standard
deviation (SD) or median (interquartile range (IQR)).
For categorical variables, the data were presented as
proportions. The Shapiro-Wilk test was used to determine
the normal distribution of the data. Comparisons between
two continuous variables were performed using the
Student’s T-test or Mann-Whitney U test. For categorial
variables, Chi-square test or Fisher’s exact test was
applied. The relationship between the two variables was
analyzed by Pearson or Spearman correlation. Factors
associated with low TBS were evaluated using logistic
regression analysis. P-value <0.05 was regarded as
statistically significant. All statistical analyses were
performed using STATA Version 17 (Texas, USA).

201 patients from hemodialysis unit
were assessed for eligibility

Results

Two hundred and one patients were screened, and
132 (66%) completed the study (Figure 1). The median
age was 67 (57-72) years, and 47 (35.3%) patients were
female. The median dialysis vintage was 3.1 (1.2-5.4) years.
The median body mass index was 21.2 (19.1-23.6) kg/m”.
Eighty-two (61.7%) patients had type 2 diabetes. Forty
(30.1%) patients received calcium-containing phosphate
binders, 33 (24.8%) received calcitriol or alfacalcidol,
and 16 (12%) received cinacalcet. The comparisons of
biochemical parameters between the group of patients
with low TBS and normal TBS are shown in Table 1. The
group with low TBS showed higher percentage of female
and higher serum total cholesterol, alkaline phosphatase,

and homocysteine but lower serum albumin levels.

69 patients (34%) were excluded:
Dead (n=9)

Received kidney transplant (n=9)
Palliative care (n=14)

\

132 patients (66%) completed
the study

Figure 1. Study Flowchart

Fifty-five (41.7%) patients had osteopenia and
52 (39.4%) had osteoporosis. The prevalence of osteo-
porosis was higher in female (female 59.6% vs. male
27.9%) (Figure 2). The average TBS was 1.36+0.13. Female
showed significantly lower TBS (female 1.29+0.12 vs. male
1.40+40.12; P <0.001). The prevalence of low TBS (<1.31)

was 33.8%. The average TBS was lower in the group of

\

Active malignancy (n=6)
+ Denied enrollment (n=26)
Others (n=6)

patients with osteoporosis compared with the group
with normal BMD (1.30+0.10 vs. 1.40+0.13; P <0.01).
There was no difference in the TBS between the groups
of patients with and without DM or with and without
AAC. TBS were also comparable among the groups
of patients with PTH below, within, or above the target

range (2 to 9 times the upper normal limit) (Figure 3).
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Table 1. Comparisons of biochemical parameters between the group of patients with low and normal trabecular

bone score

Parameters

Low TBS <1.31

Normal TBS >1.31

N=45 N=87
Age (years) 65.5+14.7 62.9412.0 0.29
Female (%) 27 (60%) 20 (23%) <0.01
Dialysis vintage (years) 3.8 (1.5-5.2) 3(1.0-5.5) 0.53
Type 2 diabetes (%) 29 (64.4%) 53 (60.9%) 0.22
Body mass index (kg/m?) 21.8+3.7 21.943.9 0.43
Hemoslobin (g/dL) 10.4+1.5 10.7+1.6 0.24
BUN (mg/dL) 58.1+17.6 61.5+21.3 0.36
Creatinine (mg/dL) 9.27+2.48 9.924+2.94 0.21
Fasting plasm glucose (mg/dL) 145490 131465 0.29
Bicarbonate (mEg/L) 233+2.7 23.442.7 0.87
Uric acid (mg/dL) 6.9+1.6 6.8+1.9 0.75
Cholesterol (meg/dL) 159+44 141433 0.01
Calcium (mg/dL) 8.61+0.69 8.80+0.70 0.07
Phosphate (mg/dL) 3.67+1.49 3.82+1.51 0.29
Magnesium (mg/dL) 2.28+0.35 2.38+0.36 0.07
Albumin (g/dL) 3.9+0.4 4.1+0.4 0.04
Alkaline phosphatase (1U/L) 178+143 127470 <0.01
25-hydroxyvitamin D (ng/mL) 38.8+12.5 41.8+14.3 0.12
Parathyroid hormone (pg/mL) 280.9+227.7 317.1+289.2 0.23
C-reactive protein (mg/L) 6.4+9.0 5.7+10.9 0.64
Beta2-microglobulin (mg/L) 26.4+8.6 24.34+8.5 0.09
Homocysteine (umol/L) 26.8+8.0 23.5+6.4 0.01

TBS, trabecular bone score

80-
70-
60-
50-
40-
30-
20-
10

04

Prevalence (%)

Women

Figure 2. Prevalence of osteopenia and osteoporosis

BMD, bone mineral density

- Normal BMD

. Osteopenia
|:| Osteoporosis
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Figure 3. Comparisons of trabecular bone score according to different parameters
A, sex; B, diabetes; C, parathyroid hormone levels and D, abdominal aortic calcification

TBS, trabecular bone score; DM, diabetes mellitus; PTH, parathyroid hormone; AAC, abdominal aortic calcification

AAC was present in 119 (89.5%) patients. The median (77 (93.9%) vs. 42 (84%); P = 0.035). There was no
Kauppila score was 6 (2-10). There were 70 (52.6%) difference in the prevalence of AAC between the group
patients with severe AAC (Kauppila score >6) (Figure 4).  of patients with PTH level within or outside the target
The patients with DM showed higher prevalence of AAC  range (78 (89%) vs. 41 (91.1%); P = 0.92).

60

50+
40+
30+
20+
10
. M

No AAC  Mild-Moderate Severe AAC
AAC

Prevalence (%)

Figure 4. Prevalence of abdominal aortic calcification according to severity

AAC, abdominal aortic calcification; mild to moderate AAC, Kauppila score 1-5; severe AAC, Kauppila score 26
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TBS correlated positively with the BMD at the lumbar
spine (L1-L4), total hip, femoral neck, and distal third of
the radius (Figure 5). There was no relationship between

TBS and the severity of AAC. In univariate logistic regression

A
1.8
1.6
14

TBS

1.2

1.0 e : P <0.001

R’=0.23
0.8 LR L

0.0 0.5 1.0 1.5
Femoral Neck BMD (g/cm?)

TBS

* P <0.001
R’=0.23

0.0 0.5 1.0 1.5
Lumbar Spine BMD (g/cm?)

2.0

analysis, female sex, higher alkaline phosphatase, and
homocysteine levels were associated with low TBS. In
multivariate analysis, female sex was the only indepen-
dent predictor of low TBS (Table 2).

TBS

P <0.001
R’=0.23

0.0 0.5 1.0 1.5 2.0
Total Hip BMD (g/cm?)
D
1.8
1.6
1.4
%)
om Py
F1.2 -
1.0 . * P <0.001
R’=0.24
08 [ JRURLIURLRLLEURURUN [RLISURUSUSUSUSLURLUSUN [RUSLRUSLIURUSUSUSLY |
0.0 0.5 1.0 1.5

Distal 1/3 Radius BMD (g/cm?)

Figure 5. Relationship between trabecular bone score and bone mineral density at all sites

TBS, trabecular bone score; BMD, bone mineral density

Table 2. Logistic regression analyses of factors associated with low trabecular bone score

Univariate Multivariate

Variables | OR | 95% ClI | P | OR | 95% ClI | P
Age (5 years) 1.08 0.94, 1.25 0.292 1.18 0.96, 1.45 0.125
Female sex 5.10 234,111 <0.001 5.88 2.39, 14.44 <0.001
BMI (kg/m?) 0.99 0.90, 1.09 0.863 0.96 0.85, 1.09 0.510
DV (months) 1.00 0.99, 1.00 0.321 1.00 0.99, 1.01 0.295
Diabetes 1.20 0.57, 2.52 0.636 1.39 0.50, 3.83 0.524
BUN (mg/dL) 0.99 0.97, 1.01 0.354 0.99 0.97, 1.03 0.939
Creatinine (mg/dL) 0.92 0.80, 1.05 0.213 1.14 0.89, 1.46 0.280
Calcium (mg/dL) 0.67 0.39, 1.15 0.150 0.92 0.43, 1.96 0.835
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Univariate Multivariate
Variables 95% CI 95% Cl
Phosphate (mg/dL) 0.93 0.73, 1.19 0.573 1.03 0.73, 1.46 0.847
Magnesium (mg/dL) 0.46 0.16, 1.30 0.142 0.45 0.09, 2.12 0.312
ALP (IU/L) 1.01 1.00, 1.01 0.017 1.00 0.99, 1.01 0.220
25-0OH-D (ng/mL) 0.98 0.96, 1.01 0.243 0.98 0.95, 1.02 0.402
PTH (pg/mL) 0.99 0.99, 1.00 0.467 0.99 0.99, 1.00 0.159
CRP (mg/L) 1.01 0.97, 1.04 0.713 1.00 0.96, 1.05 0.993
p2-M (me/L) 1.03 0.99, 1.07 0.182 1.01 0.96, 1.07 0.654
Homocysteine (umol/L) 1.12 1.05, 1.20 0.023 0.95 0.89, 1.02 0.151

OR, odds ratio; Cl, confidence interval; BMI, body mass index; DV, dialysis vintage; ALP, alkaline phosphatase; 25-OH-D,

25-hydroxyvitamin D; PTH, parathyroid hormone; CRP, C-reactive protein; p2-M, beta2-microglobulin

Discussion

The present study revealed the prevalence of
osteoporosis of 39.2% and low TBS of 33.8%. The group
of patients with low TBS were more likely to be female,
had higher serum cholesterol, alkaline phosphatase,
and homocysteine levels compared with the group
of patients with normal TBS. TBS correlated well with
BMD at all sites. There were no correlations between AAC
score with BMD or TBS. In multivariate analysis, female
sex was the only independent predictor of low TBS.

BMD testing has been the gold standard for diagnosis
of osteoporosis. However, BMD does not provide the
information on bone quality. Lumbar spine TBS could
be added to BMD for additional information on bone
microarchitecture and bone quality.”” The current KDIGO
guidelines recommend BMD test in patients with CKD.'
Several studies in dialysis patients have confirmed the
ability of total BMD in predicting cardiovascular and
all-cause mortality.” Not only reduced bone mass was
associated with increased fracture risk and mortality, poor
bone quality also contributed to the risk of fracture.'*"
HR-pQCT is another modality that can provide
information on bone microarchitecture which can
predict fracture risk. However, HR-pQCT is not available
in most dialysis facilities due to high cost. TBS is a more

economical alternative because the images can be

obtained by DXA at the same time as BMD test. Previous
studies have demonstrated lower TBS among CKD
patients compared with general population, and lower
TBS was associated with higher fracture risk.** '**® Based
on the data from the meta-analysis of TBS database
for estimating the risk of fracture in 17,809 subjects from
14 prospective cohorts across diverse regions, the TBS
value of 1.31 has been proposed as a cut-off for both
males and females. TBS >1.31 is regarded as normal,
1.23 - 1.31 as having partially degraded microarchitecture,
and <1.23 as degraded microarchitecture.' By applying
this cut-off value to the MHD patients from the present
study, approximately one-third showed partially degraded
or degraded microarchitecture.

The patients with low TBS showed higher serum
alkaline phosphatase and homocysteine levels than those
with normal TBS. Alkaline phosphatase is secreted by
osteoblasts, and elevated alkaline phosphatase levels
could indicate osteoblast dysfunction predisposing to
impaired bone microarchitecture. Homocysteine is a
protein-bound uremic toxin, and the evidence from
previous studies suggest that elevated homocysteine
levels could modulate osteoclastogenesis by inducing
deleterious effects on bone via various mechanisms."
Similar to BMD, female had lower TBS than male. This

finding was likely due to the same reasons for lower BMD
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in females in general population, which include hypo-
gonadism, estrogen deprivation, and other unidentified
intrinsic factors that may influence trabecular microar-
chitecture in females. However, the present study did
not find the relationship between increasing age and
low TBS. It is possible that the impact of age on TBS
is attenuated in patients receiving MHD due to the
complexities of uremic milieu. Similar to other studies,
TBS correlated well with BMD at all sites. Overall, these
data confirmed the presence of reduced bone mass and
impaired bone quality in MHD patients.

It is well established that the degree of vascular
calcification is associated with an increase in cardio-
vascular events and mortality in dialysis patients.”” The
pathophysiologic mechanisms of vascular calcification
are complex involving both traditional and CKD-related
risk factors.”" Abnormal bone-vascular interactions result
in a reduced capability of the bone to buffer calcium
and phosphate leading to calcium deposition in the
blood vessels.”” The previous study in MHD patients
has revealed an inverse relationship between impaired
bone microarchitecture by HR-pQCT and the degree of
coronary artery calcification by multi-slice computed
tomography® The improvement in bone turnover could
slow the progression of coronary artery calcification in
both low and high turnover bone disease.” Despite the
previous report of an inverse relationship between TBS
and AAC score among young dialysis patients, there
was no relationship between TBS and AAC score in the
present study.” This could be due to the more advanced
age and the higher prevalence of diabetes of the patients
in the present study.

The strength of the present study includes the study
population was relatively large and consisted of a
homogeneous cohort of MHD patients. The parameters
of interest were BMD, TBS, and other MBD-related
factors that were relevant to day-to-day clinical practice.
The limitation of this study was the lack of longitudinal
follow-up which could help provide additional information
on the ability of TBS to predict fracture in dialysis
population.

In conclusion, low TBS was observed in approximately

one-third of MHD patients. Female sex was the only
independent predictor of low TBS. There were no
correlations between any of the mineral parameters
and AAC with TBS. Whether low TBS could predict

fracture risk will require further study.
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Abstract

The Nephrology Society of Thailand (NST) and Thailand Pediatric Nephrology Association recognize the
importance and awareness of the problems related to abnormalities in minerals and hormones associated with
bone disorders, which impact the quality of life and survival of adult and children with chronic kidney disease.
Therefore, the work group propose this clinical practice guidelines based on the currently available scientific
evidence as well as the context and readiness of Thailand. The work group has screened, collected, and
analyzed the available data from research studies conducted both in Thailand and abroad to develop 2022
Thailand Chronic Kidney Disease-Mineral and Bone Disorder (CKD-MBD) Guideline. The purpose of this guideline is
to help physicians provide proper care for patients in accordance with the current evidence as well as to serve as
a standard for the management of CKD-MBD.
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AR LNMUNAMUZUILASAMATWUANG U
(Nomenclature and Description for Rating Guideline Recommendation)

UminAIUzU (Strength of recommendation)

SEAU |

“msUFTR” 1esananuiiulavesduusiliufoReglussduge fusslovidedan was
fAUANAT

“recommended”. Strong recommendation due to clear benefits for most, if not all, patients.
The phrases include “is recommended” or “is indicated/useful/beneficial”

SR lla

“UYFeR” WesnnmnuiulavesduuzhliujiRegluseiuviunans iesivsslowisodtae
wazt1aziinuANen

“should be considered”. Weight of evidence/opinion is in favor of usefulness/efficacy
and cost-effectiveness.

The phrases include “is reasonable”, “can be useful/beneficial” or “is probably recom-
mended/indicated”

saU lib

“1UfUR” osnndilifmnuidlafismeozuuni1 Sulndngruliifemeinazifausslov
sofUle wazenaliduen uilinelviindunesierUae

“may be considered”. Usefulness/effectiveness is unknown/unclear/uncertain or not
well established or not cost-effective. The current evidence is insufficient to confirm
the usefulness/effectiveness of the treatment. However, the treatment is not harmful.
The phrases include “may/might be reasonable” or “may/might be considered”

szau Il

“limsUTR” vie “vhajiR” WesnlifiustloviuazeraneliAndunsiounsioe

“not recommended”. Evidence or general agreement that the given treatment or procedure
is not useful/effective, and in some cases may be harmful.

The phrases include “is not recommended”, “is not indicated/useful/beneficial” or
“should not be performed”

AMAWUANZIY (Quality of evidence)

A dng1uiiléann Randomized controlled trials (RCT) AauAmAvatn13@nw w3e Meta-analysis
High-quality Consistent evidence from several randomized trials (RCTs) or meta-analysis of RCTs
evidence
B wéng1uileann Randomized controlled trials (RCT) Aaunwiieghaios 1 msfinw w3e non
Moderate-quality RCT ‘Umﬂiwqj 917U prospective 38 retrospective cohort %39 case-control study @4
evidence fnaUszdnvisuszlovunialvvegamnudn
Evidence from at least one RCT or strong evidence from large non-RCTs such as prospective
or retrospective cohort study or case-control study
C Wﬁﬂi’mmﬂﬂ’]iﬁmﬂ’]’guﬂ 219U case series, case report
Low-quality Evidence from unsystematic clinical observations such as case series or case report
evidence

unfl 1 (Chapter 1)

mMsitadeAuiinUnAvesaugaussiquasnszgn
Tulselnisess (Diagnosis of CKD-MBD)

1.1 n153U3d8ANURAUNAVIINANITATIININ B
U7)UAn1s (Evaluation of Laboratory abnormalities)

1.1.1 wuzihl¥Sunnataseduuaa@on, Woams,
parathyroid hormone (PTH) wazalkaline phosphatase
(ALP) lugthelsalmidoseszesdt 3b lusiuly (Fuugthsedy
lla, ARNIWUANZIU C).

It is reasonable to begin measurements of serum
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calcium, phosphate, parathyroid hormone, and alkaline
phosphatase activity in patients with chronic kidney
disease stage 3b. (Strength of recommendation lla,
Quality of evidence Q).

1.1.2 S$88%19909N15ATIRAAIUTLAULABLT Y,
Woan, PTH way ALP SLu;Eﬂ’ssﬂmim’%a%’ﬁwgﬁ 3b-5D
%uaq’ﬁ’mwwaﬂsﬂlmLLazmmgumwaqmmﬁmﬂﬂa
YDIHANITNTIMIT U FTANS Tagorariiuauives
ﬂ’]i(ﬂ'ﬁ’J’i]Gl’]iJﬂ’J’]iJLWNWS&@JLW@U'E%LﬁuLLu’ﬂﬁﬂJﬂ’ﬁﬁ]@Uﬁu@ﬂ
AoNsiNyILarNat1AALUDIE (AHULENTEAU lla, ARINIW
nangu C)

The frequency of monitoring of serum calcium,
phosphate, parathyroid hormone, and alkaline phosphatase
activity should depend on the stages of chronic kidney
disease and the degree of laboratory abnormalities. More
frequent monitoring is reasonable when the response to
treatment needs to be followed or the side effects are
expected (Strength of recommendation lla, Quality of
evidence C).

1.1.3 TufUelsnlndeseszesdl 3b-5D uugiils
fsanuwalfunisdsunlamwesseiuwaalon Woas,
PTH uae ALP Saufuiietseneunisndulalunisidsuntas
M35n (AKuLUNIEAY lla, ANAIWUANGIY C)

In patients with chronic kidney disease stages
3b-5D, the trends of serum calcium, phosphate, parathyroid
hormone, and alkaline phosphatase activity can be
useful in making the treatment decision. (Strength of
recommendation lla ,Quality of evidence C).

1.1.4 TuffihelsalaiBoseszesdl 3b-50 019R090
avI9¥AsERU 25-hydroxyvitamin D [25(0H)D] wieUsznau
nmsanaulan1sshw (Auuzdasedu lib, aaninwuangu C)

In patients with chronic kidney disease
stages 3b-5D, measurement of 25(OH)D levels may be
considered.(Strength of recommendation llb, Quality
of evidence Q).

115 mazwiaw%mﬁmﬁuﬁiu;ﬁﬂwkﬂlmﬁya%h
szeedl 3b-5D asldfunissnuduiiendulsernsialy
(Auuzdszau lib, AnnInuang1u C)

In patients with chronic kidney disease stages
3b-5D with vitamin D insufficiency or deficiency, it may
be reasonable to follow the treatment recommendations

for vitamin D insufficiency and deficiency for general

population. (Strength of recommendation llb, Quality
of evidence Q).

1.1.6 Uagunmsnsiainsesiu fibroblast growth factor
23 (FGF23) uay sclerostin TufftaslsalnFesadaiitoya
lifgamefiaztsndielunsdndulanisguasnu (Fuusti
520U lb, AMAINUANGIY C)

There might not be sufficient evidence to
support the measurements of serum fibroblast growth
factor 23 (FGF23) and sclerostin. (Strength of recom-
mendation llb, Quality of evidence C).

1.1.7 wuzihl¥iSunsiainsesunaadon eams,
PTH waz ALP lufUasidnlsalnFodeszey 2 (Huduly
(AwugsEav lla, AMAINIANZIY B)

It is reasonable to begin assessments of serum
calcium, phosphate, parathyroid hormone, and alkaline
phosphatase activity in children with chronic kidney
disease stage 2. (Strength of recommendation lla,
Quality of evidence B).

1.1.8 #915anEunsiasedu 25 (OH)D Tugtheidn
TsalnFeisvey 2 Wuduld wiadlensianunne secondary
hyperparathyroidism (Auugiszau lib, AnnIwvEangu C)

In children with chronic kidney disease stages
2-5D and secondary hyperparathyroidism, the measure-
ment of serum 25 (OH)D levels may be considered.
(Strength of recommendation Ilb, Quality of
evidence C).

1.1.9 NSAsIRaMINSTAULAAWeY Noawn, PTH,
ALP uag 25 (OH)DIuﬁﬂaEJLﬁrﬂsﬂimL'?ua%“ﬂﬁﬁmimmmwz
Arusuussvadlsala@ods (Auuztirsedu Iib, aunm
nangu )

In children with chronic kidney disease, it may
be reasonable to monitor serum calcium, phosphate,
parathyroid hormone, alkaline phosphatase activity and
25 (OH)D levels. (Strength of recommendation llb,
Quiality of evidence Q).

1.1.10 Yagdunisnsnainsedu FGF23 Tuduaeiin
faildoyaliiifivawetiaziandielunisdadulanisquasnw
(AuwugsEau lib, Aunmmangu C)

In children with chronic kidney disease, there may
not be sufficient evidence to support the measurement
of serum fibroblast growth factor -23. (Strength of

recommendation llb, Quality of evidence C).
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1.2 msitadanufinunivasnszgnlulaalaizess (Di-
agnosis of Bone disease)

1.2.1 TuithelsalnGesessosil 36-50 wuzihlinga
Yaszéu PTH v3e bone alkaline phosphatase (BAP) il
Ussifiumnuiiaunfvesnszgnlagsesiu PTH vi3e BAP figenn
v3emunniinunfiendvieyinuneneidanineansegnle
(Auuzszav lla, AMATWYANZ Y B)

In patients with chronic kidney disease stages
3b-5D, it is reasonable to measure parathyroid hormone
level or bone alkaline phosphatase activity because
extreme levels of either marker may predict abnormal
bone pathology. (Strength of recommendation lla,
Quality of evidence B).

1.2.2 msm’saszéﬁ’umiﬂﬁmsmuﬁawaaﬂss@ﬂh
Fonilignsuniuanmsihauvestaiianas (non-kidney-
retained bone turnover marker) laun intact trimeric
procollagen type | N-terminal propeptide (intact PINP) wa
Tartrate-resistant acid phosphatase subtype 5b (TRAP-5b)
onafiuszlenilunisnaunulazRnaunisinwnuiaung
Y8aNsEgN (AuuzU1sEav lib, AMAIMMENgIU C)

The levels of non-kidney-retained bone turnover
markers including intact trimeric procollagen type | N-ter-
minal propeptide (intact PINP) and tartrate-resistant acid
phosphatase subtype 5b (TRAP-5b) may be considered in
making the diagnosis of bone disease and follow-up after
treatment. (Strength of recommendation Ilb, Quality
of evidence Q).

123 lduugdlinsaseduarsustnismyuiou
vesnszgnludeniignsuniuaniauvedlaiianas laun
procollagen type | C-terminal propeptide (PICP), type |
collagen cross-linked telopeptide (cross-laps),
pyridinoline %38 deoxypyridinoline Tun1sidadeainu
AnunfvesnszgnlugvaslsalniFess (Fuuztsedu 1,
AMNWVENgIY C)

In making the diagnosis of bone disease in patients
with chronic kidney disease, measurement of kidney-
retained bone turnover markers including procollagen
type | C-terminal propeptide (PICP), type | collagen
cross-linked telopeptide (cross-laps) and, pyridinoline
and deoxypyridinoline is not recommended. (Strength
of recommendation lll, Quality of evidence Q).

124 Tuffthelsaladesassesil 3b-5D Felifade

oo aiinlsanszgnngu uugiilinsaiamiumuiuiy
¥84n3¢9N (bone mineral density, BMD) ﬁﬂiz@ﬂﬁxiﬂﬂ
nszgnduVasEIue nszgnuaneuvu 1ngldis dual-energy
x-ray absorptiometry (DEXA) iioUszifiuaruidsssionns
\innsEnin Sman1snsratuiliinnsdeuuUans
$nw (AuuzdnsEau lla, ANAIWYANGIY B)

In patients with chronic kidney disease stages
3b-5D who are at high risk for osteoporosis, measurement
of bone mineral density (BMD) at the hip, lumbar spine,
and forearm using dual-energy x-ray absorptiometry
(DEXA) can be useful in fracture risk assessment
especially when the findings may affect the treatment
decision. (Strength of recommendation lla, Quality of
evidence B).

1.2.5 Ua30un1395393A trabecular bone score (TBS)
La¢ high-resolution peripheral quantitative computed
tomography (HR-pQCT) Lﬁaﬂimﬁummﬁmﬂﬂaﬁumﬂiz@ﬂ
vioaudssnssgnitn Seildeyalaiiissmeiazinanyae
lunisdndulanmsguainyn (Auuziisedu lib, Auaw
néngu C)

There might not be sufficient evidence to
support the use of trabecular bone score (TBS) and
high-resolution peripheral quantitative computed
tomography (HR-pQCT) in the evaluation of bone disease
and fracture risk. (Strength of recommendation Ilb,
Quality of evidence Q).

126 Tuffthelsalaidossszosdl 3b-50 019990
ﬁm%mﬁaﬂiz@ﬂ (bone biopsy) Lﬁamnwm%amwmz@jﬂ
(bone histomorphometry) Sman1snsratiurildiinns
WasLuUaIne (Fuugiinsedu la, AMNINVENFIU C)

In patients with chronic kidney disease stages
3b-5D, it is reasonable to perform a bone biopsy when
the findings may affect the treatment decision. (Strength
of recommendation lla, Quality of evidence C).

127 TuffthedinlsalnFesafustssosi 2 Husiuly
wul3un193nseeU alkaline phosphatase (ALP) $33fy
PTH ileUszifiunnuAnUnAvesnszgnlngsysu PTH vide ALP
ﬁqammﬁaﬁ"wmﬂﬁmﬂﬂamwwﬁmwwm%amwsumﬂ'ﬁzaﬂ
1 (Auuziszau lla, AMAWWANgIU B)

In children with chronic kidney disease stages
2-5D, measurement of alkaline phosphatase activity

and parathyroid hormone level can be useful because
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extreme levels of either marker may predict abnormal
bone pathology. (Strength of recommendation lla,
Quiality of evidence B).

1.2.8 U390un13n5193n58AU FGF23 Wag sclerostin
Tufftheiindsideyalsifivmeiazihuntslunisdndiulanis
Auasny (Auszau lib, Aanwuangu C)

In children with chronic kidney disease, there
might not be sufficient evidence to support the
measurement of serum fibroblast growth factor-23 and
sclerostin. (Strength of recommendation llb, Quality
of evidence Q).

1.2.9 wusibiinanuevieaugeuesdUiein
Tsalndosisvey 2 WuduluiiteUszdiu inear srowth aehs
athiae lnglumsnAIsinAueInn 3 eu LLazLﬁﬂmq
WA 1 U msinnugmnt (A uusiiszau lla, Aunm
néngu B)

Regular assessments of length or height of children
with chronic kidney disease stages 2-5D can be useful
in monitoring linear growth. It is reasonable to measure
the length in neonates every 3 months and the height
in children aged 1 and above annually. (Strength of
recommendation lla, Quality of evidence B).

1.2.10 ﬁmsmﬁm%utﬁams@n (bone biopsy) e
ATIINEBNTEAN (bone histomorphometry) 1uﬂiajﬁ;§ﬂw
ﬁmmﬁmjﬂamaqﬂixaﬂﬁlﬂmmmaﬁmaﬁa&Jmmﬁmaﬂaﬁﬂ
LATNISNTIIRARIUWLIIULUDISEAU bone biomarkers (PTH,
BALP) Tuiden ielianunsalinanisnsaiftadeinuseney
Tun1susuasunisine (Fuuziisesdu Iib, aaunw
nangu )

Bone biopsy and bone histomorphometry may
be considered when the type of bone disease cannot be
ascertained from clinical data and trends of serum bone
biomarkers including parathyroid hormone and bone
alkaline phosphatase. (Strength of recommendation
llb, Quality of evidence Q).

1.3 mMsIdaReA1TLAaTiRNINIZaanLaan (Diagnosis
of Vascular Calcification)

1.3.1 Tunsdifinisussfiun1ie vascular calcifica-
tion aansnteindulaludunisguasnuiaeisaladets
sveeil 3b-5D 91ANITUINTINDNVLIEINTTANFUNEIEIWLD?
¥4 (lateral lumbar spine x-ray) iileUsiiunTzuaaides
inglunilsvaondontonasndiunias (abdominal aortic

calcification) MAKNUNIATINILIATDLONTIIEABLTRIADS
16 (Auuziszau lla, Aunmnang1u ©)

In patients with chronic kidney disease stages
3b-5D, it is reasonable to evaluate vascular calcification
if the presence or the degree of vascular calcification
will affect the treatment decision. The evaluation of
abdominal aortic calcification by lateral lumbar spine
x-ray can be used as an alternative to computerized
tomography. (Strength of recommendation lla, Quality
of evidence Q).

13.2 mimaf\]ﬁﬂ%éﬁ&Jﬂ?iw,ﬁmmm?{ga (echocar-
diogram) ieUszfiunmzunadeuneluauiile (valvular
calcification) aunsaldmaununisnsiadieedecenaise
AL (ATUUZUNTEAU b, AAIWUENgIY C)

Echocardiogram may be considered as an
alternative to computerized tomography (CT) scan in
the assessment of valvular calcification. (Strength of
recommendation llb, Quality of evidence C).

133 TuffvelsnlaFodearesil 3b-5D finsaany
mmzunadeumelunimasaidenvsoauiile ﬁﬁmmqwm
Uhunansfiege dndndunguiifinnuidegadenisiflsaiile
uazUanAlan AITHATANTEAULABWYL Woan uag PTH
Saufuiiousudsunissnuldvunzay (@ uusiiiseiu
llb, ANATWKANZIU A)

In patients with chronic kidney diseases stages
3b-5D with moderate to severe vascular calcification
who are at high risk for cardiovascular disease, it may be
reasonable to consider appropriate management of serum
calcium, phosphate and parathyroid hormone. (Strength
of recommendation llb, Quality of evidence A).

1.3.4 n19313d8 calciphylaxis AI50IAENITUSZIIY
Hadeides n1snsnsTnensiiniegsasden sauiu

°

N15953IN9N U URANS wazuuzilEadudofmnis
danmaenzlunsaitldudlalunsifesewindudosann
ﬂﬁﬁ(ﬂ%uLﬂf@ﬁ’mﬁdaﬂﬁ]ﬂ‘i%ﬁuiﬁﬁﬂi@ﬂiﬁﬂiﬂﬂiﬁ (AL
AV lla, AMAMUANZIY C)

Risk factor assessment, detailed skin examination
and evaluation of laboratory abnormalities can be useful
in making a diagnosis of calciphylaxis. Skin biopsy may
aggravate new lesions and is probably indicated only
when the uncertainty in diagnosis exists. (Strength of

recommendation lla, Quality of evidence C).
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1.3.5 Tunsaifinsusudiunag vascular calcification
annsadasindulalunisguainudvasidnlsalaiFess
Tnolanieseesil 5 91995UINTIRIBIATOLENTLSE
Aeufimasvie echocardiography WieUszdunnizunaides
wnvlundanaenidonwns (AILULEITEAU IIb, AMATIN
nangu C)

In the evaluation of vascular calcification in
children with chronic kidney disease stage 5, echocar-
diogram or computerized tomography (CT) scan may be
considered if the findings will affect the treatment
decision. (Strength of recommendation Illb, Quality of

evidence Q).

unil 2 (Chapter 2)
M3sNEBIANUEAUNRYBIENRALSSIRUAZNIZYN
TulselnSa39 (Treatment of CKD-MBD)
2.1 A135n¥1AMURAUNAAINNANIBIUJUANS
(Management of Laboratory abnormalities)
2.1.1 YSunaaadeudinaslésu (Appropriate
amount of calcium intake)

2.1.1.1 wuzdiAasuUseviuLaaLldey
(elemental calcium) laiiu 800-1,000 fadnsumeiu
FesueUsnamaaidonanemswarvenfidunaidoy
Judiudseneu iisannisavanveswaadeulusienie
(AuuzsEav lib, ARNWWANZ Y B)

To reduce the accumulation of calcium,
it may be reasonable to limit elemental calcium intake
including dietary calcium and calcium-based phosphate
binders not to exceed 800-1000 mg/day. (Strength of
recommendation Ilb, Quality of evidence B).

2.1.1.2 wuzdh Wl dheenidonuaziien
Falametesiosiiiaududureaadon 2.5-3.0 mEg/
dns Tuftreildsunisirdamaunula (Fuuzidszdu lia,
AMAWUANZIY B)

In patients receiving regular peritoneal
dialysis or hemodialysis, it is reasonable to use dialysis
solution containing calcium concentrations between
2.5-3.0 mEg/L. (Strength of recommendation lla,
Quality of evidence B).

2.1.1.3 wuzilisnwiszduvwradeuluiden
Teglutisnfinueadmsuitaein (Auwuztdszeu la,
AMAWTANg 1Y C)

In children with chronic kidney disease, it is
reasonable to maintain serum calcium within the normal
range for the age. (Strength of recommendation lla,
Quality of evidence Q).

2.1.2 YSunanaanaiinaslddu (Appropriate
amount of phosphate intake)

2.1.2.1 wughlisuusenuemnsiifivieans
Wudiuusgnaulaiiiu 800-1,000 fadnsusdedu Tuduae
fiflaneealslufongs (Fuuziisedu lla, aanin
nangu B)

In patients with hyperphosphatemia, dietary
phosphate restriction not exceeding 800-1,000 millisram
per day can be beneficial. (Strength of recommendation
lla, Quality of evidence B).

2.1.22 ﬁmimammmsﬁﬁmmmaﬂq lng
nzesfifdnaunaadildlunisavenemis uas
Uzs01ms lugfihedifinnevleaminluidongs (Fuuzidiszdy
lla, ARNIW ang1Y C)

In patients with hyperphosphatemia, it is
reasonable to avoid high phosphate diet particularly
the food that contains preservatives and additives.
(Strength of recommendation lla, Quality of
evidence Q).

2.1.23 {heidniifsedu PTH gendnaninasi
Wmnenuszezveddaitede widssiuearinluiden
oglunaiuninueny wugthlifulsenuesisileas
tiounin Sevay 100 vesrUSuIMANTEIMNSENBeTinaslETu
Us¥d13U (Dietary Reference Intake, DRI) (A1UUzU15ZAU
lb, AN MUANFIY C)

Dietary phosphate restriction less than
100% of dietary reference intake (DRI) may be considered
in children with parathyroid hormone level above the
recommended range and serum phosphate within the
normal range of the age. (Strength of recommendation
llb, Quality of evidence C).

2.1.2.4 wugdladnianeaaluomisanas
\Hudoway 80 vesan DRI lufthewfindifisedu PTH gand
AnasdnunenussezvedlaieSisaufussfuneain
Tudongaaunitnaeiunfiniens (Auuzinszau lla, AaAIm
nangu C)

In children with parathyroid hormone level

above the recommended range and serum phosphate
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above the normal range for the age, dietary phosphate
restriction not exceeding 80% of the dietary reference
intake (DRI) can be beneficial. (Strength of recommen-
dation lla, Quality of evidence C).

2.1.25 wuzilinsiafaniuszaunoane
ludeann 3 WeundinnisaluauamsHaamnlugUae
winlsalaFessszesdl 3 uay 4 UALATIIFARINNN 1 Lou
TufftheinlsalnSedesrey 5 way 5D (Fuustisedu lla,
AMNWMANg U C)

After dietary phosphate restriction, it is
reasonable to monitor serum phosphate every 3 months
in children with chronic kidney disease stages 3-4, and
monthly in children with chronic kidney disease stages
5-5D. (Strength of recommendation lla, Quality of
evidence C).

2.1.3 LUIN19NI5AAAINNISSNE (Follow-up
Guidelines)

2.1.3.1 guziilddsunisineiniuszau
wAalgey Woale waz PTH (Auugirsedu b, Aanw
nangu C)

Modifying the treatment according to the
levels of serum calcium, phosphate, and parathyroid
hormone may be considered. (Strength of recommen-
dation llb, Quality of evidence C).

2.1.3.2 guzitanszaunedainnluidenl
nEULIUNG (AU lla, AnAIWWENg U C)

It is reasonable to lower serum phosphate
towards the normal range. (Strength of recommenda-
tion lla, Quality of evidence Q).

2133 LLuzﬁmﬁﬂLﬁaaﬂwazLLﬂaL%amiuLﬁamqa
(Auuzn9zav lla, AanIWuang1u C)

It is reasonable to maintain serum calcium
within the normal range (Strength of recommendation
lla, Quality of evidence C).

2.1.3.4 wuzihsnwissduneamaludonli
sglunawiuninuengdmsudUaedn (Auuztiszau i,
AMNWMANg U C)

Itis reasonable to maintain serum phosphate
within the normal range for the age of children. (Strength
of recommendation lla, Quality of evidence C).

2.1.4 gr3unaaalue1uis (Phosphate binders)
2.1.4.1 wuzdndenlderdureamnluaimis

Tugfthefifisziunoamaludengs (Fuuziszdu |, annamw
néng U B).

The use of phosphate binders in patients
with hyperphosphatemia is recommended. (Strength of
recommendation |, Quality of evidence B)

2.1.4.2 Liwuzilildenfuneaminiidunades
Wudwlsznevlugfiedifisziuneamn uasuradeosluiden
g9 (Auuzszav 1Il, AMAIWNENGIU B)

Using calcium-based phosphate binders in
patients with hypercalcemia and hyperphosphatemia is
not recommended. (Strength of recommendation IlI,
Quality of evidence B).

2.1.4.1 wuzidrfanislderduneaninia
LmaL%EJ:uLﬂuﬁ’;uﬂﬁzﬂaﬂuﬁﬂaﬂﬁﬁﬁgﬁumammimﬁamgq
waznAMELARTININIZaaALEenA (vascular calcification)
(AU sEav lla, AMAWNANZIY B)

It is reasonable to limit the use of calcium-
based phosphate binders in patients with hyperphos-
phatemia and vascular calcification. (Strength of
recommendation lla, Quality of evidence B).

2.1.42 wugihdrfanislderfuneanniia
weaeudududseneulugtieifissfuneamaluidengs
warsziu PTH ¢ vsedlsAnsEanyinaudesas (adynamic
bone disease) (AMuuzisEav lib, AnAWKENFIU C)

Avoiding calcium-based phosphate
binders in patients with hyperphosphatemia and low
parathyroid hormone level or adynamic bone disease
may be considered. (Strength of recommendation llb,
Quiality of evidence Q).

2.1.4.3 wugirlilderdunaainalungy
waadonluguasfiiniignszgangu (osteoporosis)
(Auuzdszav lib, AanInwuangu C)

The use of calcium-based phosphate
binders may be considered in patients with
osteoporosis. (Strength of recommendation Ilb,
Quiality of evidence Q).

2.1.44 wugihlivanideanisiderdureann
Aferglivududiutsznoudusrornatuu edssiy
nsiinnnvergiiudufiv (Auuzd1seau lla, auaw
nang1u C)

It is reasonable to avoid long-term use of

aluminum-based phosphate binders to prevent aluminum
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intoxication. (Strength of recommendation lla, Quality
of evidence Q).

2145 Tufasiiniidsnsdseiunoainn
Tuidengadlolddrimmeamplueimsudy uugiliBuedy
Woamaluemis (AuussEau lla, Aun1wnEangu C)

It is reasonable to begin phosphate binders
in children with hyperphosphatemia despite dietary
phosphate restriction. (Strength of recommendation
lla, Quality of evidence C).

2.1.45 nsvdenldyliinvesurdunedaine
Tuguasfinlsala@odessey 3-5 RN NTERUTDS
whawealuiden (Auuzdnseau lla, AanIwrang1u C)

In children with chronic kidney disease
stages 3-5, it is reasonable to consider serum calcium
before choosing the type of phosphate binders. (Strength
of recommendation lla, Quality of evidence Q).

2.1.5 mavanaunulaiievianeainalusisnis
(Phosphate removal by dialysis)

2.1.5.1 wuzilinenidonaganaiiies Loy
amsavFuguuuunsnenideslugvaeiiinnzweain
luidengs (Auuzdnseau lb, Ann wnang 1y B)

In patients with hyperphosphatemia de-
spite receiving adequate hemodialysis, another modality
of hemodialysis may be considered (Strength of
recommendation llb, Quality of evidence B).

2.1.6 nM35nwszau PTH Twdan (Management
of PTH level)

2.1.6.1 wughliufunissne desedu PTH
fuwlinfiutuvieanasnindrndmng (@uuzdisedy
llb, AMAWUANFIU C)

It may be reasonable to modify the treatment
when there is a trend towards an increase or a decrease
in parathyroid hormone levels beyond the target
range.(Strength of recommendation llb, Quality of
evidence Q).

2.1.6.2 wugihlisnwnieneamnluidongs
azunadesludens NN Lagin®IN1Y
paimiiud dlessu PTH iuduethadeiiles (Fuuzisedu
lla, AMNAIWUENFIU C)

Treatments of hyperphosphatemia,
hypocalcemia, and vitamin D deficiency can be beneficial

when there is a progressive increase in parathyroid

hormone level. (Strength of recommendation lla,
Quality of evidence Q).

2.1.6.3 wuzddenlden calcimimetics,
calcitriol 30 vitamin D analogs (WUUSUUSENIUNT®
WUUAM) 1303 MAUTZIIN calcimimetics AU calcitriol #50
vitamin D analogs ioszsu PTH Suurltuiiudu (Aruuzth
320U lla, AMNINNENF U B)

The use of calcimimetics, calcitriol or vitamin
D analogs (oral or parenteral) alone or in combination
can be beneficial when there is a progressive increase
in parathyroid hormone level. (Strength of recommen-
dation lla, Quality of evidence B).

2.1.6.4 wurdid1dameunis1tnsoss wan
Qﬂaaﬁlajmuauaw{ami%’ﬂm Famnedainsfintuves
5¢6U PTH aghssaliles warIULTY (AMuzIsEau lla,
AMATWANZY B)

It is reasonable to consider surgical
parathyroidectomy in patients with progressive increase
in parathyroid hormone levels and severe hyperparathy-
roidism despite proper medical management. (Strength
of recommendation lla, Quality of evidence B).

2.1.6.5 fa1sauld calcimimetics lugUaedin

A

dlesziu PTH Sinaiiutuseiesnends nssiinems
fifeamags nislderdureann nsliunadouaduuas
nsldevimiiud luuugthl caldmimetics Tuinflongtios
11 3 U uazdinfidseiuuaa@oudludenndedlsnsiu
faziAnemssuusadiofiameunadoudiluben (Auugii
320U lib, AMNWWANZ U B)

In children with chronic kidney disease,
calcimimetics may be considered when parathyroid
hormone levels continue to increase despite dietary
phosphate restriction, phosphate binders, calcium,
and vitamin D supplements. Calcimimetics may not
be considered in children younger than 3 years old in
the presence of hypocalcemia and other conditions
that may be aggravated by hypocalcemia. (Strength of
recommendation llb, Quality of evidence B).

2.1.7 33uf (Vitamin D)

2.1.7.1 wuzdrliSnwmaunuindudee
Ionfufsssued (Natural vitamin D) lugfihedifinnzuia
vidensosinfiud Inefithuunglunisfiusedu 250H) D T
11NN 30 ulundi/ua. (Auugiseau |, Annwnrang 1 B)
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Natural vitamin D supplement in patients
with vitamin D insufficiency or deficiency and
maintaining25(CH)D level above 30 ng/mL are recom-
mended. (Strength of recommendation I, Quality
of evidence B)

2.1.7.2 wugdlily calcitriol 38 vitamin D
analog Tun1sSnwinig secondary hyperparathyroidism
fiflsydu PTH Wiugeduetnaseiiios lufthelsalaiosesses
a-5 Tunsaifilinuindseduneamaluidengs wienslasu
WoammnunniAunmun kasdiszau 25(0H) D wnndi 30 uily
n3u/aa. (Awunseau lla, AMAIWIEANIY B)

It is reasonable to consider calcitriol or
vitamin D analogs in the treatment of secondary
hyperparathyroidism in patients with chronic kidney
disease stages 4-5 whose serum phosphate are within the
normal range and 25(OH)D level > 30 ng/mL. (Strength
of recommendation lla, Quality of evidence B).

2.1.7.3 uugi Wl calcimimetics Tuguen
SudsemuvIesuenda w38 vitamin D analogs luguen
fuusgmuniesuendn usnfed nielisaudu e
$nw1n198 secondary hyperparathyroidism lugUae
Tsrlnideseszey 5D fiilsziu PTH 1nnnd 600 Alandiv/ua.
wiefluunlduiaefinsiiutuegereios uazaninexd
Temafisesu PTH 11nn1 600 flansiv/aa. (Auuztisedu lia,
AMANUANZ Y B)

In patients with chronic kidney disease
stage 5D, it is reasonable to choose calcimimetics (oral
or parenteral) or vitamin D analogs alone (oral or
parenteral) or in combination in the treatment of
secondary hyperparathyroidism when there is a
progressive increase in parathyroid hormone level
approaching 600 pg/mL (Strength of recommendation
lla, Quality of evidence B).

2.1.7.4 wuzihluTuanvuing1mIongnen
calcitriol 3@ vitamin D analog luffthefiinnzuraiBes
luidenge. (Auuzdlseau |, AMATWWEANGIY B)

Dose reduction or discontinuation of
calcitriol and vitamin D analogs in patients with
hypercalcemia is indicated. (Strength of recommendation
I, Quality of evidence B)

2.1.7.5 ftheidiinlsaln@oss swesil 2-5 A
195U natural vitamin D wndszau 25(0H)D Wesnin 30

wlunsi/ua. (Auwuszau lla, AMNIMUENZIY B)

In children with chronic kidney disease
stages 2-5, it is reasonable to prescribe natural
vitamin D supplement to those with 25(0OH)D level
below 30 ng/mL. (Strength of recommendation lla,
Quality of evidence B).

2.1.7.6 TufUrein mnldsuinndud aas
ATINAANNNTEGU 25(0H)D, wAaiey Woalne 1n 1-3 Lo
(AwuzisEav lla, An1wuang 1y C)

In children with chronic kidney disease,
it is reasonable to monitor serum calcium, phosphate
and 25(0H)D every 1-3 months. (Strength of recom-
mendation lla, Quality of evidence C).

2.1.7.7 wugihliidenly vitamin D analogs
Tufthein Wesedu PTH Suwunlhufisdy (Fuusisedu
lla, AMAIWVENFIU B)

The use of vitamin D analogs can be
beneficial in children with progressive increase in para-
thyroid hormone level. (Strength of recommendation
lla, Quality of evidence B).

2.1.8 Sclerostin

2.1.8.1 330un15057335¥AU sclerostin
éTﬁVLaJﬁsﬁa;ﬂaLﬁmwaﬁ%ﬁ’lmmﬂiumiﬁmﬁﬂama@LLa%’ﬂ‘m
(Awuziseau lib, Ann1wuangu C)

There might not be sufficient evidence to
support the measurement of serum sclerostin. (Strength
of recommendation llb, Quality of evidence Q).

2.1.8.2 hiuzihlvinsiainsedu sclerostin Tu
Msguasnithenn (Auwuzidnszau Il Aaniwiangiu C)
The measurement of serum sclerostin in children is
not recommended. (Strength of recommendation I,
Quiality of evidence Q).

2.2 mMs¥nwin1izaruiaUnivesnszgniiadeiy
nssgnﬁniué’ﬂ’w‘[iﬂlméa%'a (Management of Bone
Disease Targeted at Lowering Fracture risk)

2.2.1 miAtadelsansEanniuuaznsussdiuany
\desdamaiinnszaniinlugitaeTanlaisoss (Diagnosis of
osteoporosis and determination of fracture risk in
chronic kidney disease)

2211 {uaslsalaFosinnizezaasldfu
Fnuszifnaznsnseniadfienisussidfiuanudessients
nsEanvin (Auuzdnseav lla, AanInuang1u C)
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In the evaluation of fracture risk in patients
with chronic kidney disease, comprehensive history taking
and physical examination can be beneficial. (Strength of
recommendation lla, Quality of evidence C).

2.2.1.2 TufthelsalnFodeszerd 1-3 A8l
aRaUnRMiesUfURnsTiaiannzanuiinuniveande
wiuarnsyan aunszAuLAa@ey Wean uay PTH a1u13a
TonueinsidadelsansegnnsumuileuBal joRnisves
asrnseunsielantunmsiiadelsanszgnniu Lagnsiafanses
AILNIANTIANIANTLANMIEIT Dual-energy X-ray Absorpti-
ometry (DXA) mauuamansUFoamudeiuiiaeiialy (i
wugt3EAU |, AMAMNYANGIY A)

To make a diagnosis of osteoporosis in
patients with chronic kidney disease stages 1-3 who
have normal serum calcium, phosphate and parathyroid
hormone, it is recommended to follow the clinical
practice guideline recommendations for osteoporosis in
general population including screening with bone mineral
density testing by Dual-energy X-ray Absorptiometry (DXA)
and using the criteria for diagnosis recommended by the
World Health Organization. (Strength of recommendation
I, Quality of evidence A).

2.2.1.3 wupihlyingiunansegn meds DXA
TufthelselnFesasseril 4-5D wFedihedifimufiaundnma
vosfRnnsfivsiannzaaiinundvesndousiaznszgn
uazdandssionisiinnszgavin lHuA mevdaiinuausy
Fou inamigongannn 50 TRl wde fuedifiamenszgn
wnanndunsieliiguuss (fragility fracture) e Qﬂaaﬁuwmé
farsaninflenudsanieedinduquardeinisine (A1
wuzl152AY lla, ANAINYANGIY C)

It is reasonable to perform a bone mineral
density testing by DXA in patients with chronic kidney
disease stages 4-5D, or other stages of chronic kidney
disease with laboratory abnormalities suggesting the
presence of mineral and bone disorder. Bone mineral
density testing can also be useful in the patients who have
high risk for fracture such as post-menopausal women,
men above 50 years of age, those with prior history of
fragility fracture and those with other risks for fracture.
(Strength of recommendation lla, Quality of evidence C).

2.2.1.4 luffthelselnEedessesd 4-5D v
fUeiidmmiaundvsiesufoRinisivsdsnmeammiiaund

YouNTOLTHALNTEAN awsaltinarin1sIidadelsAnsegnngu
29983AN150UITEIAN INNITANTINIANTEANAILTT DXA
Tnglvidnlafianneanuraunfivesnsegnainlsalniiueie
(Awugiseau lib, Annmvangiu C)

In patients with chronic kidney disease stages
4-5D with laboratories abnormalities suggesting mineral
and bone disorders, it may be reasonable to apply the
WHO criteria for diagnosis of osteopenia and osteopo-
rosis to the results of bone mineral density testing by
DXA scan and to consider the laboratory abnormalities
in determining the type of bone disorder. (Strength of
recommendation llb, Quality of evidence Q).

2.2.1.5 luugilnsiauiansegnlugUae
nnsedulszd (Auuzidiszau Nl aauamnangu C)

Reular testing of bone mineral density should
not be performed. (Strength of recommendation Il
Quiality of evidence Q).

2.2.1.6 luugil¥nrananssgnanluszes
wateend 1 U (Auuzdaszau i, asaw wangau C)

A follow-up bone mineral density testing
should not be performed prior to 1 year. (Strength of
recommendation Il Quality of evidence Q).

2.2.1.7 @wnsald Fracture risk assessment
tools (FRAX) lunsuszifiuanudessienisiinnszgnin
Tuduhels widsdesnismsfnuifiniunagdefetiade
AeatulsalaiFesssnudae (Fuuziszdu lib, amnw
nangu C)

Fracture risk assessment tools (FRAX) may
be considered in the assessment of fracture risk. More
data, especially the ones that incorporate risk factors
related to chronic kidney disease are needed. (Strength
of recommendation llb, Quality of evidence Q).

2.2.1.8 mslin3asdioneed@inedug Tunns
Uixl,ﬁumml,?im@iaﬂis@jﬂﬁﬂ WU Trabecular bone score
(TBS), Vertebral fracture assessment (VFA), Quantitative
computed tomography (QCT) 919iiUszlavulun19219uNu
warfnmunsinmANLRaUnAvenTEgnlugUe (Auusi
520U lIb, ANIWMANgY C)

Other radiologic assessments of fracture risks
such as trabecular bone score (TBS), vertebral fracture
assessment (VFA) and quantitative computed tomogra-

phy (QCT) may be considered in making a diagnosis and
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follow-up after treatment of bone disease. (Strength of
recommendation Ilb Quality of evidence C).

2219 mw\ﬁa%sﬁuaﬁu'n%mimguﬁ&’Ju
vaanszgnludeniilignsumuannsiauveslaianas
(non-kidney retaining bone turnover marker) laun
bone-specific alkaline phosphatase (BALP), intact trimeric
procollagen type | N-terminal propeptide (intact PINP) t.aiy
tartrate-resistant acid phosphatase subtype 5b (TRAP-5b)
9198UTelolunTNUNLLAZAAAINNITTNEIANRAUNG
Yaanszan (Auuzd1sEav lib, AnAIwuang U C)

Measurements of non-kidney-retained
bone turnover markers including bone-specific alkaline
phosphatase (BALP), intact trimeric procollagen type |
N-terminal propeptide (intact PINP) and tartrate-resistant
acid phosphatase subtype 5b (TRAP-5b) may be consid-
ered in making a diagnosis and follow-up after treatment
of bone disorder. (Strength of recommendation llib,
Quality of evidence Q).

2.2.1.10 lnuzilinsiaszduansyadnig
vyudsuvesnsegnluldensignsuniuaininaueslad
anas louA procollagen type | C-terminal propeptide (PICP),
type | collagen cross-linked telopeptide (cross-laps),
pyridinoline, %38 deoxypyridinoline lun155A¥IAY
AnunfvasnszgnlugvaslsalaFess (Fuuzdszdu I,
AMANTANZ 1Y C)

Measurement of kidney-retained bone
turnover markers including procollagen type | C-terminal
propeptide (PICP), type | collagen cross-linked telopeptide
(cross-laps), pyridinoline and deoxypyridinoline is not
useful in the management of bone disease in patients with
chronic kidney disease. (Strength of recommendation
lll, Quality of evidence Q).

2.2.1.11 ﬂ?i@i?ﬂ%ul,ﬁlaﬂiz@]ﬂ (bone biopsy)
$fUn1599195F IAMame5Tnensegn (bone histomor-
phometry) anafivsglowilufiaelsalndotessosd 4-50
‘mﬂﬁaqms%ﬁa58mmﬁmﬂﬂaﬁuaqmz@ﬂmn‘liﬂlmL'%ya%“a
wazdlnudndusonsiuaunissnw (@uuzdnszau lib,
AMAWTANZ U C)

In patients with chronic kidney disease
stages 4-5D, bone biopsy and bone histomorphometry
may be considered when the findings may be useful in

making a diagnosis or treatment decision. (Strength of

recommendation llb, Quality of evidence C).

2.2.2 ma¥nwilsanszgnuguluguislsala@ess
Taglailde1 (Non-pharmacologic intervention for
osteoporosis)

2.22.1 fUreildsunsidedelsanszgnngu
vidodianudsssionszgniinaaslasuduugilisuussn
waadey (elemental calcium) Fisungauvinfu 800-1200
fadnsusotu lnemaluwpraouainemsilundn wie
sfumsbisueadey mnladvemalunislie (Awusidn
52AU lla, AMAMUANFIY C)

In patients who are diagnosed with osteo-
porosis or at high risk for fracture, the elemental calcium
intake between 800-1200 millisram per day is reasonable.
The source of calcium should be mainly from diet or
in combination with calcium supplements. Calcium
supplements can be useful in patients who do not have
any contraindications. (Strength of recommendation lla,
Quality of evidence Q).

2222 feildsunsidadelsansegamngy
‘M%aﬁmmL?imm'aﬂiz@ﬂﬁﬂmﬂﬁ%ﬁmﬁu&ﬁm A4l
fuugthluuni 2.1.7 (Auuzthszdu lla, annwwdng u B)

In patients who are diagnosed with
osteoporosis or at high risk for fracture, it is reasonable
to prescribe vitamin D supplement. (Strength of
recommendation lla, Quality of evidence B).

2223 fUaeildsunsidedelsanszgnngu
videfinuidsadenszgniinaislduiuuziiliiiianssy
N13U6U919N18 (physical activity) ag n1seani1dIney
siinastinn (weight bearing exercise) 8¢ saLaaMIN
ansavile (Auuiiseau lib, aunmnangiu C)

In patients who are diagnosed with
osteoporosis or at high risk for fracture, regular physical
activity and weight bearing exercise may be considered.
(Strength of recommendation Ilb, Quality of
evidence O).

2.22.4 fUawdildsunsidadelsanszgnngy
visedianudeasionszgninasliiunmsussiiunaztesiy
nsnannnunay (Fall risk assessment and prevention)
(Auuzszav lla, Aaniwrangiu ©)

In patients who are diagnosed with osteo-
porosis or at high risk for fracture, it is reasonable to

perform fall risk assessment and prevention. (Strength
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of recommendation lla, Quality of evidence C).
2.23 masnwlaanszgnguludielsalaiasilay
T#a1 (Pharmacologic interventions for osteoporosis)

2231 lufthelsaladodeazesd 1 fa 3 7ids
Lifinnuinunfnisiesu fiRnnsiivsdanniganufinund
yoandeusuaznszgn Alssunsidedelsnnsygnngu awnsa
THuuamsnsinuilsanszgnngunilougUaemluldang
LuIanYUiRinnsguvedsansegnngy (Auugiiszau
I, AMANVENFIY A)

In patients with chronic kidney disease stages
1-3 who have not yet displayed laboratory abnormalities
that would suggest the presence of mineral and bone
disorder, the treatment for osteoporosis should follow
the clinical practice guideline recommendations for
osteoporosis in general population. (Strength of
recommendation |, Quality of evidence A)

2232 fuaelsalniFedessesd 3 fifaanu
AnunfAmaviesUfiRnisiivaiannganuRnunAveandous
LAENIEAN LLazQﬂaaISﬂvLméa%’ﬁwzﬁ 4 §4 5D #ilasu
nsifadelsanszgnugu Aslasumssnwanuiaunives
HanaipUURAng laudszduuaaden weaws uay PTH
auduziluund 2.1 (Awuzdiszau lla, AN
Néng U B)

In patients with chronic kidney disease
stage 3 who have laboratory abnormalities suggesting the
presence of mineral and bone disorder and in patients
with chronic kidney disease stages 4-5D who are diagnosed
with osteoporosis, it is reasonable to maintain serum
calcium, phosphate, and parathyroid hormone levels
according to the recommendations in chapter 2.1,
(Strength of recommendation Ila, Quality of
evidence B).

2233 QﬂwiﬁﬂimSya%“aﬁlﬁ%’umﬁﬁﬂéfaiiﬂ
nEANNIUYNTIEY AISLATUN1SSNANURRUNENIYIU R
39U Mnadenaudausenszgn loun azidonidunsa
(metabolic acidosis) AMzn1seMLauEess (chronic inflam-
mation) n1aggifle (uremia) saanswenlaogafissme
Tufftheilssumsirdanaunuln (Fuuzihssdu lla, aanm
néng U B)

In patients who are diagnosed with osteo-
porosis, it is reasonable to treat any conditions that may

be causing bone fragility including metabolic acidosis,

chronic inflammation, and uremia. It is also reasonable
to maintain adequacy of dialysis. (Strength of recom-
mendation lla, Quality of evidence B).

2.2.3.4 mildershwlsanszgnngulugiag
Tsalndedssesdl 4 8¢ 50 mrsinsussduuiouiiou
Ustleniifionaldsuanmstesiunsegniinuazenuideses
mMsfnwneusunsiny esndslifinnsAnudidieme
AulTEaNSNMLazANUADAABUDIBIBTARISE) (ATUZUN
32U lla, AMNINVENFIU B)

In patients with chronic kidney disease stages
4-5D, it is reasonable to consider risks and benefits of
each anti-osteoporotic agent prior to making treatment
decision because the evidence to ensure the efficacy and
the safety of the drugs may be insufficient. (Strength of
recommendation lla, Quality of evidence B).

2.2.3.5 n15Me1ngy bisphosphonate lu
Q’ﬂ’wkﬂlméa%'ﬁwzﬁ 4 9 5 (non-dialysis) faruides
gy lnsiureslaugas wugiiliRnmunisviiay
104lnog19lnaTn (AwuzinsEau lb, AanIWRENgIU C)

In patients with chronic kidney disease stages
4-5 (non-dialysis) who are using bisphosphonates and
whose kidney function continue to deteriorate, it may be
reasonable to monitor kidney function closely. (Strength
of recommendation llb, Quality of evidence Q).

2.2.3.6 n5l0e1 Denosumab AI5ABIENTT
Aamnusziuunadedludon wdssuliennely 1-2 dUni
dlomnfianudesennzunadusludendt Tnsanizly
fuaelsala@odesves 4-5D (Fuusiisedy lla, Amnm
néngu C)

In patients with chronic kidney disease
stages 4-5D who receive denosumab, it is reasonable to
monitor serum calcium within the first 1-2 weeks after
each dose due to the risk of hypocalcemia (Strength of
recommendation lla, Quality of evidence C).

2.2.4 nsinwanuiaunfvaenszgnainlsale
TudUaeiildsunisasranerdaniwnszgn (Treatment of
bone disorder according to bone pathology)

2.2.4.1 Osteitis fibrosa

2.2.6.1.1 uuzihliengu calcimimet-
ics, calcitriol %39 vitamin D analogs \ieanszsu PTH lu
FUhefiiinne osteltis fibrosa (AuuzdIsERY lla, ARAW
néngIu B)
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In patients with osteitis fibrosa, it is
reasonable to prescribe calcimimetics, calcitriol, or vitamin
D analogs to lower parathyroid hormone level. (Strength
of recommmendation lla, Quality of evidence B).

2.2.6.1.2 wusihlvimunussaunaaie
Tuwdon lnenisanUSunameaalueims saudunisidendu
o Iuéﬂ'aaﬁﬁﬂm osteitis fibrosa (ALULUNTZAU Ila,
AMNINVEANg Y C)

In patients with osteitis fibrosa,
lowering serum phosphate by dietary phosphate
restriction in combination with the use of phosphate
binders can be beneficial. (Strength of recommendation
lla, Quality of evidence Q).

2.2.4.1.3 Tugteild3unmseniden
Fosedaisuwazddlameesios wurihlilddhemen
Iniifinnududuvesuaadendegsening 2.5-3.0 mEq/
L’Lur{jﬂwﬁﬁmw osteitis fibrosa (AMWUELNTEAU Ila, AL
nang1u C)

In patients receiving regular
peritoneal dialysis or hemodialysis with osteitis fibrosa,
it is reasonable to use dialysis solution with calcium
concentrations between 2.5-3.0 mEg/L (Strength of
recommendation lla, Quality of evidence C).

2.2.4.1.4 wuzdlina1sIN 6
parathyroidectomy Iuﬂ'ﬂ’wﬁﬁizﬁu PTH g_jnashwial,ﬁm
uazlineuauowion1slie Tufihediiane osteitis fibrosa
(AwugsEav lib, AMNMVENFIU B)

In patients with osteitis fibrosa,
surgical parathyroidectomy may be considered if
there is persistent and progressive increase in
parathyroid hormone level despite appropriate medica-
tions. (Strength of recommendation llb, Quality of
evidence B).

2.2.4.2 Adynamic bone disease

2.2.4.2.1 wuztilvivandesnsidendu
Woawssiafidunadeududiutszneu TnsRansanasy
Wusdurleammdailifiunadeududulszneu lugied
a1 adynamic bone disease (AuuzinsEU lib, AN
nang1u C)

In patients with adynamic bone
disease, non-calcium-based phosphate binders may

be considered as an alternative to calcium-based

phosphate binders. (Strength of recommendation lib,
Quality of evidence Q).

2.2.4.2.2 Wiwuzdililds Aluminum
hydroxide iuﬁﬂaﬂﬁﬁmw adynamic bone disease (AN
wugii1sEau lll, A mnangu C)

In patients with adynamic bone
disease, the use of aluminum hydroxide is not recom-
mended. (Strength of recommendation Ill, Quality of
evidence O).

2.2.4.2.3 wuzihaavsevenen calci-
mimetics, calcitriol %39 vitamin D analogs Iumjﬂ’mﬁﬁ
A1¥ adynamic bone disease (Akuz1szau lb, AMAMN
nangu C)

In patients with adynamic bone
disease, it may be reasonable to reduce tie dose or
discontinue calcimimetics, calcitriol or vitamin D
analogs. (Strength of recommendation llb, Quality of
evidence O).

2.2.4.2.4 duzidliannutNTUTY
LmaL%&J;flwfwEJ'W\IaﬂLﬁ@@LLawfﬂmé’wimwwﬁmﬁaﬂﬁagj
S¥9IN9 2.5 - 3.0 mEq/amﬂu;ﬁ{haﬁﬁﬂm adynamic bone
disease (AMWULIEAY lib, AMNMNENFIU C)

In patients with adynamic bone
disease, it may be reasonable to use dialysis calcium
concentrations between 2.5-3.0 mEg/L. (Strength of
recommendation llb, Quality of evidence C).

2.2.4.2.5 {15001l Teriparatide
yndianuiinnfAveanszgnuusvielinisinuidugudn
lailawa Iuﬂﬂaﬂﬁﬁmw adynamic bone disease (AMtuzn
529U lb, AAINWHANGIY C)

In patients with adynamic bone
disease, teriparatide may be considered when other
treatments fail. (Strength of recommendation llb,
Quality of evidence Q).

2.2.4.2.6 lduuzirliernuyilsa
N3EANNIUNGY bisphosphonate %388Ngu antiresorptive
agents’lué’ﬂaaﬁﬁmaz adynamic bone disease (Auzii
5304 [ll, AAIMvang Y C)

In patients with adynamic bone
disease, the use of bisphosphonates or other
anti-resorptive agents is not recommended. (Strength of

recommendation lll, Quality of evidence C).
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2.2.4.2.7 lduugthlvienduneannsdia
fifuradeududulsznou wasdeulUliendureamsuina
lsifupadoududuuszneudossiunaadonludongini
inasinmeglugtheiindiinnig adynamic bone disease
(Awuzseav 1il, A wnangu ©)

In children with adynamic bone
disease and hypercalcemia, the use of calcium-based
phosphate binders is not recommended. (Strength of
recommendation I, Quality of evidence C).

2.2.4.2.8 laiwugiili natural vitamin
D uaz active vitamin D iilesziunaaifesludonganinnsi
mmm‘c’ﬂuﬁﬂ’mlﬁﬂﬁﬁmw adynamic bone disease (AN
wugi1sEau lll, Annmmnangu C)

In children with adynamic bone
disease with serum calcium above the normal range for
the age, the use of natural vitamin D or active vitamin D
is not recommended. (Strength of recommendation Il
Quality of evidence Q).

2.2.6.2.9 Taluuzdili natural vitamin
D lasediu 25(0H)D gendn 48 wilun3u/dladans viesedu
weaesluidengeninnasinuonglufuisinifiang
adynamic bone disease (A1uuzdszau I, ANIN
néngu C)

In children with adynamic bone
disease with 25(0H) D level above 48 ng/mL or serum
calcium above the normal range for the age, the use of
natural vitamin D or active vitamin D is not recommmended.
(Strength of recommendation lll, Quality of evidence
.

2.2.4.2.10 lauuziilvi active vitamin D
\iesnw1n1e hyperparathyroidism ynwusesu PTH
wualiuanatetedowlos Tnefiansmiusenouiusedu
LmaL%EJ@JLL@SWMLW@]ML%@MW%QUamﬁﬂﬁﬁmw
adynamic bone disease (A1uuzdszAy I, AUNIN
néngu C)

In children with adynamic bone
disease and progressive decline in parathyroid hormone
level, the use of active vitamin D is not recommended.
(Strength of recommendation lll, Quality of evidence
0.

2.2.4.2.11 Biwuginslden teripa-
ratide iffesrnifinanudssenisiin open epiphyseal

growth plate ngﬁualﬁﬂﬁﬁmaz adynamic bone disease
(Awuziseau 1Il, Aanwnangu C)

In children with adynamic bone
disease, the use of teriparatide is not recommended due
to the risk of open epiphyseal growth plate. (Strength of
recommendation Ill, Quality of evidence C).

2.2.4.3 Osteomalacia

2.2.4.3.1 wuzili natural vitamin D
YA 60,000 gilaradUaAY ¥as Ergocalciferol (vitamin D2)
vidoifioui Tugthefifinnig osteomalacia (Fuuziinszdu
lla, ARAWUENFIU C)

In patients with osteomalacia,
supplementing with natural vitamin D such as ergocal-
ciferol (vitamin D2) 60,000 unit/week or equivalence can
be beneficial. (Strength of recommendation lla, Quality
of evidence Q).

2.2.4.3.2 laiwuztlie Aluminum
hydroxide 1up§’ﬂ’;&n‘7iﬁmas osteomalacia (AMMUUI5ZAU
lll, A wrang 1Y C)

In patients with osteomalacia,
the use of aluminum hydroxide is not recommended.
(Strength of recommendation lll, Quality of evidence
Q.

2.2.4.3.3 Warsauliie deferoxamine
MNATIINUANERvedaraiiiilonannerdanimnszan Tu
ﬁﬂwﬁ'ﬁmaz osteomalacia (AMuuzisEAU b, AMAIN
nangu C)

In patients with osteomalacia and
biopsy confirmed aluminum-bone disease, deferoxamine
may be considered. (Strength of recommendation Ilb,
Quiality of evidence Q).

2.2.4.3.4 wuzihlAsnwszauLAaIgeL
wazvleaaluidenlegluseAunainueiveseigdmiu
FUheiniiin1g osteomalacia (Auuziiszay lla, Ansnm
néngu C)

In children with osteomalacia, it is
reasonable to maintain serum calcium and phosphate
within the normal range for the age of children. (Strength
of recommendation lla, Quality of evidence C)

2.2.4.3.5 wugdlisnenszauIndua
Toglursunddmsugtaediniifinng osteomalacia (f
wuzln9EAY lla, ANAIWUANGIY C)
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In children with osteomalacia, it is
reasonable to maintain 25(0H)D level within the normal
range for the age of children (Strength of recommenda-
tion lla, Quality of evidence Q).

2.2.4.4 Mixed uremic osteodystrophy
2.2.4.4.1 uugdlvignnay calcimimet-
ics, calcitriol 38 vitamin D analogs \ieanszsiu PTH lu
;:Iﬂwﬁﬁm’w mixed uremic osteodystrophy (AN
52AU lla, AMATWUANGIY B)

In patients with mixed uremic
osteodystrophy, it is reasonable to lower parathyroid
hormone level with calcimimetics, calcitriol or vitamin
D analogs. (Strength of recommendation lla, Quality of
evidence B).

2.2.0.4.2 wuzihlvimuauszauvlaaime
Tuiden TnsnisanUSunaeamalusimis saudunislden
JunoaLne Iuﬁgﬂwﬁﬁmw mixed uremic osteodystrophy
(AwugsEav lla, AnnImuangu C)

In patients with mixed uremic
osteodystrophy, dietary phosphate restriction in
combination with the use of phosphate binders can be
beneficial in lowering serum phosphate (Strength of
recommendation lla, Quality of evidence C).

2.2.6.4.3 wuzgi1lifiasuIn1fn
parathyroidectomy Iuﬁﬂwﬁlﬁmmaﬂamzﬁu PTH lng
nslden 1‘14@1]’38171'3?511’33 mixed uremic osteodystrophy (A1
wuzd132AY lib, AMAIN WENFIU B)

In patients with mixed uremic
osteodystrophy and severe hyperparathyroidism who fail
to respond to medications, surgical parathyroidectomy
may be considered. (Strength of recommendation Ilb,
Quality of evidence B).

2.2.4.4.4 wuyi i natural vitamin
D au1a 60,000 qﬁmaﬁ'ﬂmﬁ 994 Ergocalciferol (vitamin
D2) vi3eiisuin TugfUaeiisinaz mixed uremic osteo-
dystrophy (Awuginseau lla, Asn1wuangiu C)

In patients with mixed uremic
osteodystrophy, supplementing with natural vitamin D
such as ergocalciferol 60,000 unit/week or equivalence
can be beneficial. (Strength of recommendation lla,
Quality of evidence Q).

2.2.4.4.5 Wa1sauliien deferoxamine

MnasIAnuAMEivreseralilonainneSaninnszan lu
ﬁjﬂ’mﬁ'ﬁqu mixed uremic osteodystrophy (AU
529U lb, AAINUANGIY C)

In patients with mixed uremic
osteodystrophy and biopsy proven aluminum
intoxication, deferoxamine may be considered. (Strength
of recommendation llb, Quality of evidence C).

2.3 wuanan1stdasiunazyzasnitzuaaldeuinig
nasaLaan (Guidelines for prevention and slowing the
progression of vascular calcification)

2.3.1 nsaavierdaiadeidesvesnaiin vascu-
lar calcification (Reducing the risks of vascular calci-
fication)

23.1.1 \ilosdeniz vascular calcification
fifieuguussuunansdsgaludtaslsalnFesedanuduius
flupuiaunAnuNansiesUfUANS laud seausaadey
Woawe gasluumsilniess wagindudludon Jauugin
THUATRmuALLz 2.1 Tneu$umsdnunaussduuaaide
Woawnn gesluuniivsesd uaydnniufludeslviegluinai
unzay @uuzdszeu lla, AMANVAN Y B)

In patients with moderate to severe vascular
calcification, maintaining serum calcium, phosphate,
parathyroid hormone and vitamin D levels within the range
recommended in chapter 2.1 can be beneficial. (Strength
of recommendation lla, Quality of evidence B).

23.1.2 LLuzﬁmﬁﬂL?immﬂq'u Vitamin K

v '
g v oa

antagonist laun warfarin lugthelsalaizesaniinTe vascular
calcification AifiAnaguussUILnAaRegs (Fuusthszau lib,
NANFIUTLAU B)

In patients with moderate to severe
vascular calcification, it may be reasonable to avoid
vitamin K antagonists such as warfarin. (Strength of
recommendation llb, Quality of evidence B).

2.3.2 wwannan1sieiioveanniae vascular
calcification #ifiA2ugunssUIuna1afiege (Guidelines
for pharmacologic treatment in moderate to severe
vascular calcification)

23.2.1 wuzgilindnidesefureamail
wraeududiulsynou waziansandentdendunoan
fluifiupaiBendudiutsznavuwny Tiud Lanthanum wae
Sevelamer safisvanidsansldondunoamaidozgfivu
L‘T;JumuﬂixﬂauLﬂuiwmmmuIuﬁﬂaaﬁﬁixeﬁ’uwgmmqq
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U vascular caldification AifiANLULIULNANES
g9 (AuuzdsEa lla, AMAIWAENGIU B)

In patients with moderate to severe vascular
calcification and hyperphosphatemia, it is reasonable
to avoid calcium-based phosphate binders and to
consider non-calcium-based phosphate binders including
lanthanum and sevelamer. It is also reasonable to
avoid long-term use of aluminum-based phosphate
binders. (Strength of recommendation lla, Quality of
evidence B).

2322 nstdelgneulslodaine Tunis
¥rapA1IY vascular calcification fefitayaliifigane
(AuuzsEav lib, AMATWYANZ Y B)

There might not be sufficient evidence
to support the use of sodium thiosulfate in slowing
the progression of vascular calcification (Strength of
recommendation llb, Quality of evidence B).

2.3.23 finrsanslden calcimimetics il
Yrapn1e vascular calcification ﬁquLLiﬂuﬁﬂwkﬂlméa%’a
srey 5D (AMUULENTEAU lib, AMNITWUANGIU B)

In patients with severe vascular calcification,
calcimimetics may be considered to slow the progression
of vascular calcification. (Strength of recommendation
llb, Quality of evidence B).

2.3.2.4 M3l Vitamin K Tunisvzasnieg
vascular calcification §afitoyalslifigans (Auuzdasedu
llb, AMATWUANFIU C)

There might not be sufficient evidence to
support the use of vitamin K in slowing the progression
of vascular calcification. (Strength of recommendation
llb, Quality of evidence C).

2325 nslduunii@on Tun1sszanning
vascular calcification aildayalaliigane (Auwuzdiszsiu
llb, AMANMENFIY B)

There might not be sufficient evidence to
support the use of magnesium in slowing the progression
of vascular calcification. (Strength of recommendation
llb, Quality of evidence B).

2326 milden SNFA72 Tuftaelanlaiots
seey 5 D lun1swgasn1ie vascular calcification ailvaya
Lilesne (Auuzdnseau lb, Aanwnang 1y B)

There might not be sufficient evidence to

support the use of SNF472 in slowing the progression of
vascular calcification. (Strength of recommendation lb,
Quiality of evidence B).

2.4 NM135n¥1A172 calciphylaxis (Management of
Calciphylaxis)

2.4.1 uwamnsnsguainundesdudmiugiae
TsalaisaeiildSunisifadedniinnnz calciphylaxis
(Guidelines for initial management of calciphylaxis
in chronic kidney disease)

2.4.1.1 wugihlWldsunisauasnwiwuuan
311115 (multidisciplinary management) Usznausae
o1gsuwwdlsale fidermaiulsafiomis fidsgnsgua
uHa (Fagunnd Aagunvganies weula) @L%ya%wzgﬁm
Tawuinis (@rgsunndganulasuinis lawuins dnimvun
819%19) LLazI}EL‘TJIEJTUWQJ,@”]uﬂﬁiSEJUﬂ’mm%‘uﬂimﬁaﬂﬁﬁ]LLa
LLUUUisﬁUUSsﬂENImaiﬂ%uﬁummquuﬁ%ﬂ‘iﬂ (AU
AU |, AAUANg Y C)

In the management of calciphylaxis, a
multidisciplinary approach comprising of nephrologist,
dermatologist, general and plastic surgeon, wound care
nurse, dietitian, and palliative care team is recommended.
(Strength of recommendation I, Quality of evidence
@)

2.4.1.2 wuzililasunisguasnuiuinuug
nMskIsAeLiediunenseindossn nsliersyiuenis
Uan warnisanviorndniiaduidsssieniiy calciphylaxis.
(Awuzinseav |, Annwnang1u C)

For wound care in calciphylaxis, surgical
debridement, pain control and modification of risk factors
are recommended. (Strength of recommendation |,
Quality of evidence C)

2.4.2 wuamnnisanienidndadeidesvaniig
calciphylaxis (Guidelines for reducing the risks of
calciphylaxis)

2421 {Uwifinng calciphylaxis $3uiy
finmeeamlngluiden (serum phosphate > 4.5 mg/dL)
wuzililderduneamnilifueadoududiuuszneou
lagimualiidmunevesseauneamnluifonagsvning
3.5-4.5 mg/dL (AuuzlsEau lla, AaNINMANgU C)

In patients with calciphylaxis with serum
phosphate above 4.5 mg/mL, it is reasonable to use

non-calcium-based phosphate binders and to target
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serum phosphate between 3.5-4.5 mg/mL. (Strength of
recommendation lla, Quality of evidence C).

2422 ;:\Tﬂ’wﬁﬁmw calciphylaxis 1Ay
N3¢ secondary hyperparathyroidism LLuzﬁﬂﬁmmm
s¥AU serum parathyroid hormone (PTH) aglutis
150-300 Wlansu/ua Tunsdliiszdu serum PTH gaannni
300 #ilansu/ua farsaiildenngu calcimimetics 10N
n5l9f vitamin D analogs n3difiszsiu PTH ga lalansnsa
Auaulaglden calcimimetics tigdog1fe 13RI
H6ia parathyroidectomy (AMuuginsEau lib, AMAIN
nangu )

In patients with calciphylaxis and secondary
hyperparathyroidism, it may be reasonable to use
calcimimetics rather than vitamin D analogs to maintain
parathyroid hormone level between 150-300 pg/mL. In
patients who fail medications, surgical parathyroidectomy
may be considered. (Strength of recommendation Ilb,
Quality of evidence Q).

2423 Q’ﬂaabﬂlm‘%ﬁﬁws 5D wuzili
Fsnssnwnistanaunmilaegramingay nglvidaiaina
Wiganevasnsidavaunule (dialysis adequacy) Wiushaust
auAtturinvesaniaulsalawislssinalne lnglud
anusndudeafiussdunstrianaunulaauiutmane
YosaufiganevesnIsUUanaunuln eniunsaissau
WaaLWWTuLﬁafﬂgdmajam*ﬁﬂmuaulé’éf’mmimmummi
wazen (AWULTEAY lla, AMNINUENgIY C)

In patients with chronic kidney disease
stage 5D, it is reasonable to follow the targets for dialysis
adequacy as recommended by The Nephrology Society of
Thailand. It is also reasonable to increase the adequacy of
dialysis beyond the recommended targets when dietary
phosphate restriction and medications fail to control
hyperphosphatemia. (Strength of recommendation lla,
Quiality of evidence Q).

24.2.4 wuridmdnidesenionadaiuse
Mg calciphylaxis laA vitamin D, calcium, warfarin way
iron (AMUuLd152AY lla, ANAITWUANGIY C)

It is reasonable to avoid medications that
may increase the risk of calciphylaxis including vitamin D,
calcium, warfarin, and iron. (Strength of recommenda-
tion lla, Quality of evidence Q).

24.25 n9ld calcimimetics \flovzaantig

v '

vascular calcification lugUaeiin lutleqiudslidoyaly
Wigene (Auuseau lb, AMAMMENgIY B)

There might not be sufficient evidence
to support the use of calcimimetics in slowing the
progression of vascular calcification in children. (Strength
of recommendation llb, Quality of evidence B).

2.4.3 wumnsmsignlafeulsledainalugUqe
Tiﬂhéé]%’ﬂﬁﬁﬂ’]’;% calciphylaxis (Guideline for treat-
ment of calciphylaxis with sodium thiosulfate in
chronic kidney disease)

2.4.3.1 wuzin e lgineulslodainanig
viaeaidons Lile3nwiane calciphylaxis $awfunisgua
fhwunaune MsRadneEedunensefndosen s
Tz fuensuin waznisanviordndadedessanioe
calciphylaxis (AMMuU152AY lla, AMNIWKANGIY C)

Sodium thiosulfate can be beneficial in the
treatment of calciphylaxis in addition to wound care,
surgical debridement, pain control and modification of
risk factors. (Strength of recommendation lla, Quality
of evidence Q).

2.4.3.2 wuzildusmseleneulsledains
manaenidonsluruine i raus i muaLLInng
nsAamunsinsRuaniseazSnluATuas (Auuze
520U lla, AMAWUENZIU C)

It is reasonable to prescribe sodium
thiosulfate at an appropriate dosage and provide an
appropriate follow-up plan as described in the
guideline. (Strength of recommendation lla, Quality
of evidence Q).

2.4.3.3 luuzi i laioulsledamaie
$nw1n1ay calciphylaxis 1u;§ﬂ'mw‘1ﬂiiﬂ1m§ua%’q (AUl
szau Ill, AnnnvangY C)

The use of sodium thiosulfate is not
recommended in children with calciphylaxis. (Strength
of recommendation Ill, Quality of evidence C).

2.43.4 fansultielgineulsledainaia
Ushaseslsa calciphylaxis lunsdiildanunsaldeinis
naealdenala A5n13Usmselunenlsledaiindnuiiim
se8lsa calciphylaxis wuzthlvusnwunmdgidervmsm
TsaRanils Taestalule 25% Sodium thiosulfate wuan
1-3 1. Selutsnaiiunasneay dUniar 1 Adeuunaiy
(Auuzdszav lib, AanIuang 1w C)
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When intravenous route of sodium thio-
sulfate is not possible, intralesional sodium thiosulfate
using 25% sodium thiosulfate 1-3 ml once weekly may
be considered after consultation with dermatologist.
(Strength of recommendation llb, Quality of evidence
Q.

2.4.3.5 Biwuzhlielsdeulsledamavisin
NIONNT004 ijaﬂmﬂ{]iymﬂﬁ(ﬂﬂ%mﬂumﬂLaummi
nsdlusmssImaInuazidsarienisiinidoyntivesios
SNEUNIHUIMINSEMIaae (Auuzseau I, AuAw
néngu C)

Intraperitoneal or oral sodium thiosulfate
is not recommended due to low bioavailability of the
oral route and risk of chemical peritonitis of the intraperi-
toneal route. (Strength of recommendation Ill, Quality
of evidence Q).

2.4.4 WWIMNIN5INEINT3E calciphylaxis Tugtae
Iiﬂ1méﬂ%’ﬂ€l’?83§5us] (Guidelines for other treatments
of calciphylaxis in chronic kidney disease)

2.4.4.1 lunsdifilsa calciphylaxis $nwienn
vselddu wiilvnnsshulneanivinissauiunnsiien
Todoulslodamnegafuiings wiedderulunislien
Tpeulsledamn onafiansanineimenisiitameoendiau
WSIAUEN %38 hyperbaric oxygen therapy (AuugsEAU
llb, AguAINMENFIU C)

In patients with refractory calciphylaxis
despite appropriate care by multidisciplinary team and
sodium thiosulfate or in patients with contraindication to
sodium thiosulfate, hyperbaric oxygen therapy may be
considered. (Strength of recommendation lib, Quality
of evidence Q)

2.4.4.2 Tauugi iy hyperbaric oxygen
therapy luUheiin (Auuziinszdu IIl, aaunmudngiu C)

The use of hyperbaric oxygen therapy is not
recommended in children. (Strength of recommenda-
tion I, Quality of evidence Q).

2.4.4.3 Tunsdifilsa calciphylaxis $nwien
gty wiilnnssnulaganivinissauiunnslien
Tndulsledanegrafuiiuds vieddowulunislven
loireulslodan o1afiansanlien bisphosphonate (A1
wuzi13Eau lb, AAWMENgIU C)

In patients with refractory calciphylaxis

despite appropriate care by multidisciplinary team
and sodium thiosulfate or in patients with contrain-
dication to sodium thiosulfate, bisphosphonates may
be considered. (Strength of recommendation Ilb,
Quality of evidence Q).

2.4.4.4 m3ldy1 bisphosphonate TugUae
Winfidilse calciphylaxis Ssiitoyaliifiome (Auustihszdu
lb, AN MUENFIY C)

The evidence to support the use of
bisphosphonates in children might be insufficient.
(Strength of recommendation llb, Quality of evidence
Q.

2.4.4.5 nsly apheresis Tun1sshwilsa cal-
ciphylaxis feiitayalsifivsne (Auuzdiszau lib, Auamw
néngu C)

There might not be sufficient evidence to
support the use of apheresis in calciphylaxis (Strength
of recommendation llb, Quality of evidence Q).

2.4.4.6 n15l9 Vitamin K Tun1sdnuilen
calciphylaxis §aditayaliiiiesne (Fuuzidszdiu lib, annn
néngu C)

There might not be sufficient evidence to
support the use of vitamin K in calciphylaxis (Strength

of recommendation llb, Quality of evidence Q).

unii 3 (Chapter 3)
N1538338UazN15NWIANUHAUNAVDIHUAALISTN
uaznszaniugUlendsnisugnangla (Management
of Post-transplant Mineral and Bone Disorder)

3.1 M57TAEANUHAUNAYDIFNAAUISIUATNTEAN
lufUaenasugnanela (Diagnosis of post-transplant
mineral and bone disorder)

3.1.1 Tugsusnuaenisvgnanelanisiinisnsie
Anmusziunna@uuuazieamaluldensgslosduaviay
1 ads wazinnuethwaidlesauniisziuindeusazasd. @
wuzd192AY |, AMAWNANZIY B)

During the early period after kidney transplantation,
monitoring serum calcium and phosphate at least once
a week until the levels become stable is recommended.
(Strength of recommendation |, Quality of evidence B)

3.1.2 TufUrevdslgnanels wuzilvingiasaniy
szAuuAa@El Wodln PTH m1uAuIAIIgEy Sﬁuaeujﬁu
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sEAUNTIaIuYedle wazauiinunfvesaiiontudUie
usazsne Ingszeviamsfaauuazuumesnssnulnduly
Tumadeaiuiugihelseln@ess (Fuugthssdu b, aanm
néngu C)

In kidney transplant recipients, it may be rea-
sonable to monitor serum calcium, phosphate, and
parathyroid hormone. The frequency of monitoring
may be based on allograft function and the degree of
laboratory abnormalities or the recommendations
for patients with chronic kidney disease. (Strength of
recommendation llb, Quality of evidence C).

3.1.3 fansanesiamianseantugtiendsUgnatsle
fogluszer GIT-G5T Aflmnudssdonisifnnszgnngu
Tunsdliinanisnsrananszgnifiuteyaiianunsavasluns
daaulawdsunlainisinu (Auuziisedu b, Annw
néngu C)

In kidney transplant stages G1T-G5T patients who
are at high risk for osteoporosis, bone mineral density
testing may be considered if the findings will affect the
treatment decision. (Strength of recommendation lib,
Quality of evidence Q).

3.1.4 wuzihlinsafenusedunaaloy Woalne
PTH, alkaline phosphatase W&z 25(OH)D AUANULAUIZ AN
Tufthediniilésumsdgnanele Tnetusgiussdumainnu
voile uagAmuRnunfvesnalienluliazse lnussugia
msfnmuwazuwvenmsinwidulvlumadieaiuiuddoe
Winlsalmidass (Fuuzthsedu lla, annmndng u ©)

In kidney transplant children, it is reasonable to
monitor serum calcium, phosphate, parathyroid hormone,
alkaline phosphatase activity and 25(OH)D levels. The
frequency should be based on the level of allograft
function and the degree of laboratory abnormalities in
accordance with the recommmendations for children with
chronic kidney disease. (Strength of recommendation
lla, Quality of evidence C).

3.1.5 hiwusihlviassuansegniugednndsuan
d1ele esaindesiiavesnisulananazindesiedild
Iumimwmaﬂizﬂﬂlmﬁﬂ (Auuzd1szau lIl, ApAW
nangu C)

In kidney transplant children, bone mineral density
testing is not recommended due to the lack of proper

equipment and the standard for interpretation (Strength

of recommendation Ill, Quality of evidence C).

3.2 AM3inyiAuEaUNfvasaNnauIsIALaTNIEAN
TugUnendsugnanela (Treatment of post-transplant
mineral and bone disorder)

3.2.1 Wyl natural vitamin D ¥in ergocalciferol
(vitamin D2) %30 cholecalciferol (vitamin D3) TugUae
vdsnsugnaelalusuimderfuiivuzihdmiulssens
vl Taefinrsanfnnusesu 2500H)D uay ngalif natural
vitamin D Tunsdiifiamzurai@esluidengs (Fuuzissiu
llb, AMuAMIENFIU C)

In kidney transplant recipients, natural vitamin
D supplements including ergocalciferol (vitamin D2) or
cholecalciferol (vitamin D3) may be considered using the
dosing recommendations for general population. It may
be reasonable to follow serum 25(OH)D after treatment
and stopping natural vitamin D when hypercalcemia
develops. (Strength of recommendation Ilb, Quality
of evidence O).

322 luszygiia 12 Weuusnudinisugnanele
Tugftheifisnsinisnsoswoslauinnin 30 wa/undi/1.73 37
LLazﬁmaﬂiz@ﬂﬁ"w wugn NS NwIR3e natural vitamin D,
active vitamin D %30 antiresorptive agent TAefiasad
PMNsERULAATEN Neaws , PTH , ALP, uwag 25(0H)D (A1
wuzd152aY lb, AMAMNUANGIY B)

In kidney transplant recipients with eGFR >30 ml/
min/1.73 m® who have low bone mineral density at
12 months after transplantation, natural vitamin D, active
vitamin D, or antiresorptive agents may be considered.
The type of medications may be chosen according to the
levels of serum calcium, phosphate, parathyroid hormone,
alkaline phosphatase activity and 25(OH)D. (Strength of
recommendation llb, Quality of evidence B).

3.2.3 Tuffthevdsgnaneladiegluszey GAT-G5T
Afananszgadn wwamsnsinliidululumadendu
fugtelsaladoteszey Ga-Gs A8lldsunsthiomauny
lngs (Fuuziisedu lib, aunwudngau )

In kidney transplant stages G4T-G5T patients
with low bone mineral density, it may be reasonable
to follow the treatment recommendations for patients
with chronic kidney disease stages 4-5 (non-dialysis).
(Strength of recommendation llb, Quality of evidence
O.
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3.2.4 WUyt natural vitamin D ¥iin ergocalciferol
(vitamin D2) %38 cholecalciferol (vitamin D3) Iuﬂﬂwlﬁﬂ
ndan1sugnanelalusuiafefuiivugihdmiulssens
MU wazngaliimdudlunsdiiiniizuaafeunie
seau 25(0H)D Tuifengs (Auuzdisedu lla, AMAIW
nangu C)

In kidney transplant children, it is reasonable
to follow the same recommendations for children
without kidney disease for the use of natural vitamin D
supplements such as ergocalciferol (vitamin D2) or
cholecalciferol (vitamin D3). It is also reasonable to
discontinue natural vitamin D when hypercalcemia or high
25(0H)D level develop. (Strength of recommendation
lla, Quality of evidence Q).

3.2.5 duasuliiinisesniidiniensafanssy
Afunsadoulmifiensniseiyivlnvesnszgnlieglu
wnasiunlufeinudsnisdgnanels (Fuuzidiszau la,
AMAWTANg 1Y C)

In kidney transplant children, it is reasonable to
encourage exercise and physical activities in order to
maintain normal bone growth. (Strength of recommen-
dation lla, Quality of evidence Q).

326 linedAlaaifssesdiiiodosfunisufiasia
Turuaifigaindidululdluguasinndsnisugnansla,
(AUUI5ZAY |, AMATWIEANFIU B)

The lowest dose of corticosteroid should be
used in kidney transplant children. (Strength of recom-

mendation I, Quality of evidence B).

unfi 4 (Chapter 4)
wuaneiuulgunslunisauanazsne
(Policy advocacy)
4.1 g13uneawaluens (Phosphate binders)
4.1.1 faslsalaedanaunistrdanaunyla
(Predialysis patients)

4.1.1.1 wuzthlyivanidosemsifinleamngs
Tneldmssulszmuneanadaninnia 800-1000 fadnsu
fiatu (Awuznseau lib, AMAIMUEANIY B)

Avoiding a high phosphate diet may be
considered. Daily phosphate allowance may not exceed
800-1,000 mg/day. (Strength of recommendation llib,
Quality of evidence B)

4.1.1.2 wushbildenduneamnlunguunaimey
Togluarssulseniunaaldon (elemental calcium)
1nn31Tuay 800-1000 fladndusieu Fesiuunaiden
fldanemsuazen Wieannisavanvesaadenlusisnie
(AwuzisEav lib, AMNIWVENgIY B)

The amount of elemental calcium intake
from diet and phosphate binders may not exceed
800-1,000 mg/day. (Strength of recommendation lib,
Quality of evidence B)

4.1.1.3 wuzihlisrdurleamailiupaden
Judiudszneu windUrefiszdunaadouluidongenin
szauUnAvetusazioslURN1T (Auuzisedu |, A
néng1u B)

The use of non-calcium-based phosphate
binders in patients with hypercalcemia is recommended.
(Strength of recommendation I, Quality of evidence
B)

4.1.2 I}J:"l]%Uiiﬂlﬁéi)%l\iﬁ‘lﬁ%"ljﬂ’ﬁﬂ’]ﬂ’ﬂﬂﬂLL‘VI‘L!‘I.GI
(Dialysis patients)

4.1.2.1 wuzhlyivanidssemsiiineamngs
Tnglainrssudsenuneanasauinnia 800-1000 fadnsu
Aoy (AuusEau lla, AMAINVENFIY B)

Avoiding a high phosphate diet with daily
phosphate allowance not exceeding 800-1,000 mg/day
can be beneficial. (Strength of recommendation lla,
Quiality of evidence B)

4.1.2.2 wuzihlivhdanaunulnegrsweiiies
WiemuausziuaamaluFon (Fuuzissdu lla, aunw
néng1u B)

Delivering adequate dialysis can be
beneficial for optimum phosphate removal. (Strength of
recommendation lla, Quality of evidence B)

4.1.23 Tuffvaefisinnznszgansuuugaili
Tenduroanslunguupa@enuslinssulsemupaidey
(elemental calcium) uinnITuay 1200 Tadnsusiodu
Feruuradentilfanesuazeiiiioannisazeauves
whaweailusenie (Auu1seau lib, AMNMUENgIY B)

In patients with osteoporosis, the use of
calcium-based phosphate binders may be considered
but the amount of elemental calcium intake from both
diet and phosphate binders may not exceed 1200 mg per

day in order to reduce the risk of calcium accumulation
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(Strength of recommendation llb, Quality of evidence B)
4.1.2.4 uushlildorduneamalunguunaiBosuludiioni
AMENIEYNNTU (osteoporosis) (AUULUNTZAU lib, AMAIN
néngu C)

The use of calcium-based phosphate
binders in patients with osteoporosis may be considered.
(Strength of recommendation lib, Quality of evidence
O

4.1.25 wugihlerduneamadliuaadon
Judwdszneu mniihelissdunaadeyludongniisgiu
UnivesusaziiaauJuRnis (hypercalcemia) (Rnuziinszau
|, AAINNANFIY B)

Using non-calcium-based phosphate
binders in patients with hypercalcemia is recommended.
(Strength of recommendation I, Quality of evidence B)

4.1.2.6 fsanlferdurleaniniiliueadon
Judiudszneu mnduaeiinnsuaadeuinisvasaiden
(vascular calcification) (A1WLUZUI5EAU la, ANIN
néngu B)

It is reasonable to use non-calcium-
based phosphate binders in patients with vascular
calcification. (Strength of recommendation lla, Quality
of evidence B)

4.1.2.7 finnsanlierdureamniiliuaaide
Judwlsznou mngUleliszdu PTH i wazdllsansan
9utoras (adynamic bone disease) (AwuzU5ZAY lib,
AMNWAN U C)

Using non-calcium-based phosphate
binders in patients with low parathyroid hormone level
or adynamic bone disease may be considered. (Strength
of recommendation llb, Quality of evidence C)

4.1.2.8 laiwuzihliedureamindislozqid
uduuseneufussznatunuiundt 1 Weou wielesiu
nsiinnrezgliduiduiiy (Auusiiszau I, aaaw
nangu C)

The use of aluminum-based phosphate
binders for a longer than 1 month is not recommend
in order to avoid aluminum intoxication (Strength of
recommendation I, Quality of evidence C)

4.1.3 flheifinlsalaFasa (Children with chronic
kidney disease)

= @

4.1.3.1 TugdUreinfidensdszdunoains

Twdonguileladrianeamalue1visudd uuzilvisy
gnyurlaaaluevng (AwuzinsEau lla, @mmwwé'ng'm @)
It is reasonable to begin phosphate
binder in children with persistent hyperphosphatemia
despite dietary phosphate restriction (Strength of
recommendation lla, Quality of evidence C)

4.1.3.2 nmaaenldulinveserduneainalu
fhednlsalndesizey 3-5 Iinsannnsssuresunaidon
luidion (ALULETEAU lla, AMNMUENGIY C)

It is reasonable to choose the type of
phosphate binders in children with chronic kidney
disease stages 3-5 based on serum calcium. (Strength of
recommendation lla, Quality of evidence C)

4.2 Calcimimetics

4.2.1 wuzilinarsalden calcimimetics Tu
NM33AWIA1I secondary hyperparathyroidism 5¥AUFULSS
%38 osteitis fibrosa Iuéjﬂ’m‘[ﬁﬂiméaé’q 5D fiflandeags
ABNISHIARARABNNNTLeT08R (ANUULENTEAY |, AMNIN
nangu B)

In patients with chronic kidney disease stage
5D who have contraindications to parathyroidectomy,
calcimimetics is recommended in the treatment of
severe secondary hyperparathyroidism or osteitis fibrosa.
(Strength of recommendation I, Quality of evidence B)

4.2.2 wupihlvildenngu calcimimetics Tun1ssnw
N13¢ secondary hyperparathyroidism izﬁugmm %30
osteitis fibrosa fiwulugtaelselniEoss 50 Frufuilsedu
waa@enludengininnusiung Tuwaildheenidon
niotherdrslanedosiosiifiaududuveswnaion
2.5 mEQ/@nT UA7 (AU lla, AMNITWUENS U B)

In patients with chronic kidney disease stage
5D who remain hypercalcemic despite using dialysis
calcium concentration 2.5 mEg/L, the use of calcimimetics
can be beneficial in the treatment of severe secondary
hyperparathyroidism or osteitis fibrosa. (Strength of
recommendation lla, Quality of evidence B)

4.23 liuushl3uldengy calcmimetics lu
fuanlsalnFesisszaaineifsduunadenludonsiing,
8.0 un./ma. (AMULLNTEAU lla, AMAITWENGIU B)

Calcimimetics is probably not recommended in
patients with serum calcium below 8.0 mg/dL. (Strength

of recommendation lla, Quality of evidence B)
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4.2.4 wusihbidenldvlinuaengy calcimimetics
%uﬁ'ﬁ%’msﬂwﬁwmmulm, ANNTULIIVDINIY secondary
hyperparathyroidism, Usziiin15l4en calcimimetics LAw wag
Sumsizen (interaction) sewinsendudldlugineuasiinves
calcimimetics (AwuznsEav lib, AMAIMNVENIU B)

It may be reasonable to choose the type of
calcimimetics based on the modality of renal replace-
ment therapy, severity of secondary hyperparathy-
roidism, history of prior use and probability of drug
interactions. (Strength of recommendation Ilb, Quality
of evidence B)

4.25 wuzdlildenngu calcimimetics (Wuy
Sutsgmundeuuudn) Wuenien wieldswiu calcitriol
130 alfacalcidol (wuusuUszmuntawuuda) Tun1sinw
N1 secondary hyperparathyroidism ﬁﬂﬁ%{uﬁmsﬁu
Ypauralonluldonnasnni1ssnyl (ALUEUISEAU la,
AMNINNENF I B)

In the treatment of secondary hyperparathy-
roidism, it is reasonable to choose calcimimetics (oral
or parenteral) alone or in combination with calcitriol
or alfacalcidol (oral or parenteral) based on serum
calcium. (Strength of recommendation lla, Quality of
evidence B)

4.2.6 uugihlinasanuurunveseIngs calcmi-
metics, calcitriol #58 alfacalcidol FuTUsEAUvRLARTEY
Twden uagveanluion rufuuwldunisdsuntas
299 PTH 58119190153n97 (Auugdseau |, Apaw
néngu C)

The dose of calcimimetics, calcitriol or alfacalcidol
should be adjusted based on serum calcium, phosphate,
and the trend of parathyroid hormone levels. (Strength
of recommendation |, Quality of evidence C)

4.2.7 finsanld calcimimetics lugUaeiinlsala
Sesefifongious 3 T Fuly esedu PTH Himafisduso
osnevids msdrnevsfitinoaings msldedurleans
ASlALAaRELLESULAYNSIEINNAUA (AUUZENSEAY lb,
AMATWUANG Y B)

The use of calcimimetics may be considered in

children aged 3 years or older with progressive increase

in parathyroid hormone level despite dietary phosphate
restriction and the use of phosphate binders, calcium and
vitamin D supplements. (Strength of recommendation
llb, Quality of evidence B)

4.3 yfgulsladamn (Sodium thiosulfate)

4.3.1 wuzily erlwfeulsledainauidudu
Fouay 25 (25% sodium thiosulfate) N9MaBALEDARN
TugdaelsalnFoss iladnwinz calciphylaxis 3auffy
nsguasnuuIauee Mt iedumeviofndooen
nslienszivennistin waznsanviordadadoidese
Mg calciphylaxis (AUUz52AY lla, AnNWEANZ 1Y C)

In the treatment of calciphylaxis, the use of
intravenous 25% sodium thiosulfate in combination with
local wound care, surgical debridement, pain control and
modification of risk factors can be beneficial. (Strength of
recommendation lla, Quality of evidence C).

4.3.2 Ransuldienlgfvulsledamaaauidudu
Sovaz 25 (25% sodium thiosulfate) dnuiusoslsa
calciphylaxis lunsdifildaunsaliemvasadonsile
(Auuziszav lib, Aanwuang 1l C)

In the treatment of calciphylaxis, intralesional
25% sodium thiosulfate may be considered when
the intravenous route is not possible. (Strength of
recommendation llb, Quality of evidence Q).

4.3.3 vandssmsudmseludodlsledamanisun
ﬁamaﬂimﬁaﬂu@ﬂ’m‘bmimé@%’q fifinne calciphylaxis
L‘fja\‘lmﬂﬂ&gmmsamﬁmﬂumﬂLaummi NIUVITIITYIN
Unnuagidestensiinideyntiirosiosdniaunsdiumee
MeYRYIDY (AwusEau I, aanwuangu C)

In the treatment of calciphylaxis, oral or intraperitoneal
route of sodium thiosulfate is not recommended due to
the low bioavailability of the oral route and the risk of
chemical peritonitis of the intraperitoneal route (Strength

of recommendation Ill, Quality of evidence C).
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Abstract

The Nephrology Society of Thailand has decided to revise the “Hemodialysis Clinical Practice Recommendation
2014” in order to align with current medical evidence. This updated recommendation, known as the “Hemodialysis
Clinical Practice Recommendation 2022,” not only incorporates current scientific evidence but also includes
additional content related to medication usage in hemodialysis patients, low-flux hemodialysis, high-flux hemodialysis,
hemodiafiltration, and super high-flux hemodialysis techniques. The revised guideline also addresses the issues
related to the extended-hours and more frequent hemodialysis treatment, quality assessment of dialysis units,
and specific recommendations for patients with HIV infection. These revisions aim to establish consistent and
evidence-based guidelines for medical professionals in the context and suitability of the country while maintaining

the best possible care for patients.
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randomized controlled AfAnnmAsgoEnilin1sAng
WIDNTANYILUY non-randomized controlled aualnig)
Fafinauszinvieszlovinielnvesaduta

C mueis néngruildannisAnuludnumzdu 9
AfaunmAviensfnudoundudmssaun viensfnw
WUV registry ‘vﬁ'ammLﬁuﬁawaaﬂmzﬁﬁmmw Uuﬁugm
Uszaunsainiemadin

Az 1 )
nswssunsdmiuginelsalaGesaiionts
UnUanaunule
fuuziii 1.1 arsdsUInviniedesagUneiiiony
o1gsunmdlanla 1o (Auuzihsedu 1, aunmmdng u B)
1. fUneiinisanasvesnisvinauveslnegeeiiles
laun
11 fimswdsuresszerlnEeds (CKD staging) wing
svgiifinsvhouredlnanasainiiy vieliddnsinisnses
vaslnanasnnnindosay 25 anAdedy
1.2 finsanawewnsIni1snieswedlauinnin 5 ua./
W1/1.73 3.4, siol
2. gUreiidnsinisnsesvetladaenia 30 wa./u1i/
1.73 p3.a. Inswanedlefidovdsaay 1
3. Foudisaudu 9 lud
3.1 flanglanedounduilinsinvliitu wie
TuwnldudessnwrtUanaunule
3.2 ddndruvesdayiiusensietdululaany (urine
albumin-to-creatinine ratio, UACR) Faust 300 un./ndu vide
f9ayiiululaany (urine albumin excretion rate, UAER)
Fausl 300 un./Su wieieuwinfuiidndiunedusiuse
AstoAtiulutaaniz (urine protein-to-creatinine ratio,
UPCR) saust 500 un./nda viedlenlusiiulullaans (urine
protein excretion rate, UPER) Faust 500 un./u nasldsu
nsmuAnAuiulaialanulminen
33 ﬁmwmmﬁu‘[aﬁmgdﬁmuqﬂﬂﬁﬁa&J&nam
ausilafindaus 4 wdatuly
3.4 757NV red blood cell cast way/%5e i
Wadeauaslutlaanyunnnin 20 wad/high power field
wazmmanve Ll
3.5 fssfulnunaifonludengadoss
3.6 lfumsitadehillsadslumaduilaanszannni
1 sy ﬁaimﬁ’umazaﬁﬁumqLauﬂamw wazdsUInw
Aagunmdszuumadulaanesuguainy

3.7 ﬁiﬁﬂimﬁya%’dﬁl,ﬁmmmﬁm'&mammqﬁuqmw
3.8 finmevaendendeniilafiv

Azt 1.2 @ﬂw‘lmlméa%’amﬂﬁ%’uﬁwLLuzu"ﬂv’f
wisusitonstanaunule el

1. fuelanladefinsldumuuzilfinioudaie
nsUrtanauvule LﬁaL'%'m%ﬂgﬂiﬂlméa%“ﬁwzﬁ 4 (A19RT
nsnsewedlatiesnit 30 wa./ui/1.73 asa.) (Awuzii
AU 1, AMANVENFIY B)

2. fUhelsalnidotessesd 4 Tuly msldsueuiuay
Aluztyaden A9n1355ne Aldane dnsuselewinng 9
suTdeiinazderesvesnatitanaunulaaseungunis
Wonidenseteielaiien nsédlavneosios msugnanele
Aeunsisuventa (preemptive kidney transplantation)
nsUgnanele waznssnwikuulsEAuUseaes (Auuzi
FTAU 1, AMNINVENFIU B)

3. fUhelsalneseszesdl 4 ffinshausednanag
atasiaulos fiuanaviastuiinnanisnuniu nswsey

wnun1ssnwbiami deyanisindulaiionitnisunda
naunulauazyszifiunissuivesdUisuazasouniiag
Tunvszdouegatioslayass (Fuuztisedu 1, AN
néngu B)

4. Q’ﬂwiiﬂimL'%ya%fnﬁéfmauiaLﬁaﬂmiWam%aﬂﬁw
wiadbafion AsldsunisimIsuduidenanaslddimiu
nsneniaenviin arteriovenous fistula (AVF) 3® arte-
riovenous graft (AVG) TriwdeuldiileBuniswenidon wadl
syeznaINsIAsENTURUSAsINIsnse ety way
Fnmadonvela aeldnasitavesengsundlsala
wazAagunngvaoniion (AMuuzilszdu 1, AMAIN
Wéngu B)

5. fuaelsaladedeitldunisintomdudonnins
Fuanarvinaslidruusiidonisudnsid uidoanas
NMIHIR warAnauANaNysalvanduten (Auuzil
LAV 1, AMAIWNANFIY B)

Auuzid 1.3 msfinnsansunistdanaunuladle

1. JUneliseiu eGFR dasniwsawiniu 6 wa./uni/
1.73 93.4. warlinuimsivilladesnsihaudies vie
(AWULTEA 2, AMATWIANZIY B)

2. fUelsnladodesvesd 5 fflsedu eGFR 1NN
6 wa./u1i/1.73 as.a. wilinnzwnsndouiiinlaenss
nlsalndedidslinovausnonisinumaiedsuni was
prfudunsnoguusadodiay agrslaegeniafuioludl
(AwuzsEau 1, AunWuangu C)
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Woanluidongs
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heparin 130 low molecular weight heparin udduusn
(AuUsEAY 1, AMAMMENgIU C)

Az 4.2 TugUreidainuidesganonisianieg
danaan aisnandssanstestunisudeiiveaion wagl
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(Awuziseau 1, Aunwuangu C)
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MBI (AUuLITEAU 1, AMATWUANZIY B)

o o o o 2 £ & v A

AUZUNT 4.4 nawasadunIsNendennuLAdle
Wiy arsldanstesiunisudedvesdannasluansaiunasn
HoannATe (Auuzdnseau 1, aaninwnangiu ©)

Az 5 )
n1sauAuuazdasiun1siniie
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wdadlaiey ﬁaﬁmﬁwmmmiﬂaqﬁma:mw’gumiam%a
Wuaneanwaldnws (development of infection prevention
and control program) (AMUWULU1ITEAY 1, AMAIN
nangu C)

fuuziil 5.2 yaainsiufoaouluaniuneiuia
flusnisnenidenseadadlaastandnlumnasnstiosiu
LLaszQmmiamLﬁﬁa@m 9 9811ATIASA (implementation
of infection and control program) (AMLULUITEAU 2,
AMANTANZY C)

Awuzid 53 @arungruiaiiliudnisreniden
seaseddafinmssarunnsnislunsdsefinsseuin
(surveillance of outbreaks) (AMLUZUITEAU 2, ABAIN
nangu C)

Auuid 5.4 a@oruneruiadiliunisrenidensae
m%‘laqimﬁammiﬁu’miﬂﬁgﬂLauﬁaﬁumumﬁaﬁumﬁ
AAN15IEUIN (ANUULISZAY 2, ANIWUENgIY C)

fuuziii 55 yaainsiufiReuluaniuneivia
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flruinswenidendnioslaiion a1sdrsiionnads
pg1nnseain lurnanaiidlenmasurieundnszaneideld
(AUgTEAU 2, ANANVANGIY A)

fuuztiii 5.6 fihe givaludsaua msdsdionneds
neudunslenidenuagndaainwonideniaa (Auuzi
AU 2, AMAMVENFIU C)

Auuztni 5.7 neuunadurenideanioldarsaiu
dmfumsrlenidon (catheten) yaannsdiesnsnaeuiiimds
Fumisiogld Uaeamevenideaviesumisiiangeanain
Ailinewynaisinazen lulfimsdniauinideuaziaduri
W9N1T (ALULUNIZAY 1, AMATWYANGIU B)

Auuziii 5.8 nsunaduiivaeaidendslddiniy
msnlenidenlainasiu AVF vie AVG dedlivanusmnide
(AULTEAv 1, AMATWIANZIY B)

Auuziii 5.9 nsldane catheterlunisvlenidon fely
wEnUTIRNTe (Auustnsziu 1, AMANWANZ Y B)

fuuziiiil 5.10 nswsuendmiuiismsieninioy
Tuilufidunaaduiiduiiufiazenn deuiluldsuguae
(AUUI52AY 2, AMAINVENFIY B)

Aruuziidl 5.11 wushldeuuu single use wadhsudu
dodlivavilafugievaese msuUseiuduunadn
Tinowdiamih (Auuziinszau 2, AAIWangu B)

fuuziii 5.12 nslieriugUasrlonidendedddndn
Usienide (Fuusthszdu 1, auniwidngiu © lned
wdnnsssil

- lildgafledlunsvivinons

. hanuazenRImItiaY 70% alcohol

- Lllfiduvdeovasadanuiugtassedu

« lldasddeliendriuginesedu

Aruuziifi 5.13 aasldudnns standard precaution
FUhennseiudfuuinisnisweniden (Auusiisziu
2, AUAMWANZIY B)

fuuziil 5.14 fUaeiifienismsszuumaiumela
doihdannuuimsmaenidenmeieiedlaifienunislasu
wugthlvanildvinin uazlovdouetregnitifioannns
unsnIzaneie (Fuusthsysu 2, AANTENEIU O)

Auuziii 5.15 anuneiuiansinuusanuiidiviv
finsousnlunsdiiasdoinfuisindofiflonaunsnszans

duaainsuazUiesieduls (Auugdiszau 2, aunw

Y 9 Y
1Y

wangu O
Auuzf 5.16 antung1uiansiviewenlsadmiv
TiusniswenidenyUiefnevieasdedineiin1siniie

flonmaunsnszaneguaainsuazitaeseduld (Fuusia
AU 2, AMANVENFIY B)

Fuustindl 5.17 dudufUasinidefiunsnszaieido
M198171¢ (airborne precautions) AskenWenidanRUqE
Turesussduay Tunsaifilsifivieaussfuauanansaliviesen
wonlsaldlagasiszuussugemafia (Auuziinseey 2,
AMNTWYANG Y B)

Fuusiindi 5.18 dudugUasfnideiiunsnszieido
maazaaqﬁmﬂﬁwam (droplet precautions) A3IsKYN
wonidengUaslureufeinenlsa lunsdilififosien
wonlsa annsadiuseunisrlenifusevaniingld Liloan
maé’uﬁaﬁu@ﬂwsmé"u (Auzd15EAY 2, AMAIN
nangu B)

Azt 5.19 ﬁww%’u@'ﬂ’Jaam%yaﬁuwiﬂizm&n%ya
N1NTENRE (contact precautions) Asuenweniaon
fheluveafieusnlsn uasyransmsldadonad gafle uuy
TWadafen (@uuziisedu 2, AMANANG Y B)

Auuziiil 5.20 anuneunanisinassgunsalidesiu
329M18 (PPE) TWunyaainseganaiiisawaziivunalimdan
pg1aiigane lngaunsalmisifenegraumingaunulssian
nsunsnszIEe (Auuzisedu 2, aunmdngu B)
CRERRE)

Awuziid 5.21 é’aﬁmﬁmﬁamé’ﬂ’;mﬁamm HBsAg
(5wamwgmﬂuau), anti-HBs, anti-HBc, anti-HCV vn31e
ousnidn (@uugthszdu 1, anmndng u B)

Fuuziii 5.22 FosdinnsdadendUioilonsia HBsAg
(dwansradaduav), anti-HBs, anti-HCV %ﬂ@ﬂwﬁaanﬂ
6 wou Tugthense (Auuzdnseau 1, AnnTWNEngIY B)

Fuuziii 5.23 dvdudUaedinsany anti-HCV 1y
N ATLATUNITEMTI nucleic acid test (NAT) %38 HCV
RNA iflouszifiuszozvaslin (Auuziisedu 2, quaw
nangu A)

fuuzthil 5.24 mindseanunsssuiavieinisfiaie
HBY vdo HCV Tmituluaniuneuia aasfimansiadanses
dufislufthesiedu numuspsnistesiunisinidels
waznInTuYAaINSIRENISUL UARNNIRIN15RE1ATIASA
(Awuzseav 2, Aunnuangu C)

Fuuziiiil 5.25 yaansiilinsguagUasnsufiin
“FomssrTeiuguousie” eanmmihdelugiduimnnis
duialpgnsawaziugUnsniang (Auugseau 2, aunm
vangnu B) lneilseazidennu ased 5

Az 5.26 msiinsuenldiadeslafion 1wy
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wionidontUne HBY wiegfidslifinansaamis serology
(Awuzseau 2, Aunnuangiu C)

Fuusiinil 5.27 Fosfinisevsindenisluaiedlaiion
(disinfection) u&sn1sWonidesviudl lunnasmdmeniae
dmiugUae HBY uay HCV (Aruugiissdu 1, Annw
nangu C)

Fauusiindi 5.28 lithanedadennduanldadmiuite
HBV wag HCV (Auuginseau 1, aniwvangiu C)

Fuusiind 5.29 annsnthdnsonduanlislddmiy
fthe HOV Tasnszuaunsdanareusinidennslisunisufin
aghaasenTalazlasndeiuyaains (Auuzdiseau 2,
AMAWUANG 1Y C)

fuuzthil 530 dnvsdauysituilid udndulunis
WonifendmiugUae HBY wiouinsuengunsniuaslivsio
NN eBY (Auusthsedu 2, gauniwndngu B)

fuuziiil 531 yaansimdaliuinislenidentvae
HBV laimslrusmstitietulurisnaifieniu (Auuziisziu
2, AMAUANFIY B)

Fuuziii 532 fUaenenidoanniteidinusifes
lesuingu aslasunisiniafuleshiadudnaud (Auuzi
AU 2, AMANVENFIY B)

Fuuziii 5.33 fUaeonidendlaiunisidededndy
naulinsvaussmeindudesiulifadudniaud (non-
responder) msmaiihszfinmsindemilounguitliiag
losuindu (Auuziinszau 2, aaniwnrangiu C)

fuuziiil 538 A2531159529 anti-HBs luyAains
ynsefidediuiniggiae HBY uaglusieilifigivie
Hilanesutaduuusilfdniafuuniyaarnssedy 1 lng
I%muwmLLaﬁ%'msmummeﬁqﬂﬂaﬂ"ﬂﬂ (AuUzU1sERU 2,
AMATWUANZIY B)

Fuusiind 5.35 arsfinissndenisluiadeslaidion
(disinfection) udsn1sWonidesviudl lunnasimdmeniade
(Awuzseavu 2, Aunnuangiu C)

Fuustii 5.36 A1 Nazeas e uen
Lﬂ%laaimLﬁaunﬂﬂ%y’wé’ﬂ%mut,a% (ABUZUITTAU 2,
AMANUANZIY C)

Fuusindl 5.37 esiinmssiderauazenanedniy
wdupsedlaflouegnavingay (Anuziiszeu 2, AN
nangu C)

Fuusiind 5.38 niavenidenudasadidodld exter-
nal pressure transducer W3 venous uay arterial blood

line wagdsulninnasmasduganisneniden a1ddamn

ﬂulﬁau internal pressure transducer ﬁamq&%’m‘%m IGEA!
ANNareInviserauuguw lwnauldiudUigsiedely (f
WuLUIIZAY 2, AMNTWUENFIU B)

fuuztini 5.39 larsihyaaisdadoauldan (1
wueIEAU 2, AuNINMANg Y C)

Auuztdl 5.40 nsihdnseanlddh (dialyzer repro-
cessing) @nnsavild enulunsaltenatuideudodsdnse
hdne Tnefnsesiidunlidn Foslluszdnsnmuazning
Unendvgean (Auugtseau 1, AMAWMINEIY B)

Auwuzidl 5.41 deulanfnseuazandudensenain
wies nendansly deswmsrsdeunisUnatinvesdesouas
clamp e q wiouvilanvuzsessuvasadeudie (f
wuzd19EAY 1, AMAWUANZIU C)

fuuziiil 5.42 gunsalaznudneidu 9 faztlld
sorfugfihesedu mslifunadavihnnuazenegamsnya
(AuUznsEav 2, AMAmUang 1Y C)

Auuzind 5.43 vieafiliusnisvendendewdedlaiiey
doaduanfsaanie (Fuugiinszdu 1, gaunmmdngu ©)

Awuzidi 5.44 aoruneuiaditiuins Wduluana
AUzl Lnagikarn13SuseINInsgIuruaelaion O
W, 2557 Ipefiswavideadesiolud (Fuuzthsedu 1,
AMAWMANg U C)

. Arsifluitlisingn 4 msa. ﬁawﬁwmﬁms g
woniden Tnsdniiuavanlidiosnit 1.8 u.

. doslisnansedmiuieuaziaua

. Foddifuiitesinvemeunadudndiu

. msimsueniuiivenfvves

Auuziifl 5.45 msvhauazeInsidedunndenuiim
Woniden wWu Weq g 1y fu ué’mwﬂamﬁama%nm%
(Awuzseavu 2, AN wuangau C)

Azl 5.46 m*iﬁmil,ﬂf?{auﬁwglﬁm Usaniuou
ndsnsenidemaiannads (Auuziesdu 2, amnm
nangu C)

Awuziil 5.47 sesdadanses Tndulumuduugii
nagikazn1ssUseInsgIUnelafient 2557 laelisne
andunsarolull (Auuztiszeu 1, AMANANZ 1Y C)

. fosfinsusnifesirsiinseseenaniuiinenidondine
wazoananituieFeuthuians

. Fosdiszuuszunaniafivanyay

. liesfushnsesigraud Bluiiuiidesinses

fuuziii 5.48 Tunsdidnasinsesifilay HBY vido HCV
Fasiinsuene1edrefansesiinite HBV oenan HCV uaw
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v
a v o

g1adsfnseslufnde Tnodesnadainafundeiingaiu
fanunsadesfunisuud euduens (Auuzinsedy 2,
AMNWMANG U C)

Azl 5.49 N13vANLETeIng19E1IRINTeY A3
¥nsahdede 0.5-1.0% sodium hypochlorite #8303
Tdnuluudagsouniswenifen (Auugiiszdu 2, Annw
néngu B)

Auuztid 5.50 aarunenunadesiinisueniiuiinay
wonarusdaifivesinde (Fuusisedy 1, auaiw
néngu B)

Auuztid 551 theneniden (dialysate) #ir1un"3
Wenidonuds lideduverinde lusndudedinisuoniia
(Auuzszav 2, Aunmnangy C)

Auuziiil 5.52 gunsalkaznudmaisng 9 a1siinig
é”]LﬁENLﬂuﬁﬂmnLﬁmmmﬁuﬁasmmlﬁﬁﬁuﬁﬁwwamL%ya
wazausgeananiedtaiisulngldnisesnaramniiuen
Mnmatieenvesiiae Lifinnsgiegunsalildauuda
Dudesthe (Auuzdnseiu 2, Aunmnang 1 B)

Az 5.53 mﬂzamL%Iaﬁmﬁmiﬁﬁmemgﬂ?%' (An
wuLdIEAY 1, AMNWUENFIU B)

fuuziil 5.54 (hevonidenmsliiuiadulinialng
Wuuszdmnd Imaiﬁmiﬁmiﬁﬁwé’ﬂLﬂmwﬁﬁaaﬁu@'ﬂaaﬁﬂﬂ
(AUTEAY 2, AMATWIANZIY B)

Awuziil 5.55 Aasiin1sdntadudestuldwinlng
luyaains udsedmnd (Aruusiiszdu 2, aunw
nangu B)

Auuzind 5.56 HUreranidonnislasuinduleiy
lsavanoniauiiilunendd laedsn1sanldudninugiinelnu
fhevly (Auuztihszdu 2, guaiwndngu B)

Az 6
n1sinaugUaglagnisnsiamiesissuianisuas
nsUszfiuanuiganaluniswanidan

fuuzidi 6.1 fUaedilesuniswenidon aislesu
N15AT29 MsEAULNdeusluden Laaldeu veawesa uay
Fayiiu egrsaiiausegatiosyn 3 Wou munrBINE L
lagiden asadennaunsienidenlutinalsrasduni
(AwuzsEau 1, AuAWuANgU C)

Auuziing 6.2 arsnsvaiauduturesdlulnaiy
Twiden (Hb) egrosiouay 1 ads Wionsiaufiufule
NUNANMIETA (Awuzseau 1, Aunnwuangiu C)

Auuziing 6.3 A5RTIL AT R Uges TuuNIS

Tnsewd (PTH) wazUszdliuannsmadnlusianme vn 6 Weu
viotosnindumuaumzan (Fuuziisedu 1, aanam
nangu C)

Auuziing 6.4 hmnevesszauluasusiuniounis
Wanien Ao 22 -24 Tadlua/anT (AUULENTEAU 1, AN
nangu B)

Anuzind 6.5 1Wivinevesseauldunadeunaunis
onidien Ae 4 84 5.5 1adlua/ans (AWULTEAU 1, AW
néngu B)

Auuzind 6.6 msUssdiunnufismeluniseniden
Taeld An kv AiduimansedugBeludennouuasuds
A15NenLEen Way/v38A1 urea reduction ratio (AS&
flslanansamuane KV 1é) 99BN 3 1w (AU
FTAU 1, AMAIWUANEIU B) LazAdsUseLiiuAINIsineu
‘uaﬂ,mﬁmﬁaaguii'mﬁwLﬁuizaxﬁwé'fqﬁmiﬁﬂmummlmﬁmﬁa
aganagiidedfey

Fuusiinii 6.7 Tugfihefiviendosiiuenmileain 23 ads
fodunv afsar 4-5 v mastiunsUsEfiuALLilEwe
Tunisweniden laglyd A1 stdKt/V %30 EKRc ag1sties
VN 3 o (AULdITEAY 1, AMATWKANTIY B) Uag
miﬂisLﬁummi‘vﬁam‘uaﬂm‘ﬁ'mﬁaagjimﬁwlﬂuiwzﬁﬁﬂ
fimsvhauveslafiivdesgunnegadiduddry

Auuzid 7
nsussiiukassnsneywlnvuinislugdae
Waniaan

fuuzidl 7.1 fUhedldsunisrlenidennislaiuns
Uszfiunmglnswinisnely 90 Sundssudurandon uaz
Aamulsyifiugiognatestas 2 afs Ineasidenldinieddio
lumsuszilunangedesiuiu (Auugdisedu 1, annw
néngu C)

fuuziil 7.2 JUhedildsunisrlenidennisliiuans
91INAN (macronutrients) 819 RLNEEN TABINAIU
25-35 Alaupaes/duiing 1 nn./Au uavlusiu 1.0-1.2 nda/
dwiing 1 nn./Au (Fuugiinsedu 1, aunmvdng u B)

Arwuzing 7.3 Q’ﬂwﬁlﬁ%’umﬁmmﬁammﬂﬁ%’u
#1997M15999 (micronutrients) FIWINIANNULATINGDUS
TngfiledislSunaansemsensdeiinslasulsesnfuves
Usgansne (Dietary Reference Intakes, DRIs) Tagluwugan
TMianfiuasulaolanizegradamiuiiazaslulutu nsd
Alifinznsowtornindusingn (Fuuztiisedu 1,
AMNTWUANG Y B)
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Fuuzii 7.4 feiildsunsenidenasiuusemu
Topeuliifiuiuay 2,000 wn/Au (A UTEAU 1, AN
VANgIU B) uazAIUANUSHNURINUNATEY uARDeN Lay
Woanofaluomsiiofnuszduvenndousfanaluden
Iieglunaeiund (Auuziszau 1, aauninvangiu ©)

fuuziiil 7.5 Uasiildsunisrlenideniinuiinniy
NNLATUINITAITLA TUNITAUMIANNAbaZARALA LUBE S
Hudupounfeuiildsunshanuniauasuuasegdlnddn
(AwugsEau 1, ANAMNVANGIY B)

AUz 8
ﬂ']i@LLaﬂ’]'JgLLW?ﬂ%@U‘UﬂJSW@ﬂtaaﬂ

Fuuziii 8.1 faedildsunisrenden aaslesunis
Uszdiudedasoidosaziihse Tainsfnoinsiadesialy
WU nza3 Uindsws fu pauldendou waglinisuiludnem
puANuwInzadluuarse (Awuelnsedu 1, aanw
nangu C)

Arwuziid 8.2 ﬂﬂaaﬁﬁmmmﬂwﬁwaﬂmmeamﬁam
AstasunsUseiinennisiness drasdeininniivila
ALeAdeuNaY (acute coronary syndrome) AISUEA
nsnenidienViuil AudenrUae

« T aspirin {Ae (Fuustinsedu 1, AMNINVANGIU A)

« Ten nitroglycerin Wundoealdau (Auuztszau 2,
AMAWUANG 1Y C)

. TWeendnuaniysieisudy (Auuzinsseu 1,
AMAINVANZ 1Y C)

. nvuwmdfFevgitelrmsinusely (Fuuz
AU 1, AMAIMMENGIU C)

Auuzinil 8.3 {iheiiflensannnziladuiindiy
(cardiac arrhythmia) asugseniden Aaslasunisuseidiulag
37 aradwnnadn Weendinu asauasinnuaduliih
Wl neulin1ssnwnuussnn ANUTuLSIveIeINIs way
ngan1sHaNdenuIvINTeINTTUMSIIN (ANLuzdnszaY
1, AMAMENgIU C)

Awuzidl 8.4 nsdifasdonionsianuindnesenis
gadulunasnion (air embolism) 19 clamp angdudana
uazngn blood pump iufl §avingUlsususiu wiewlv
pandoudenas 100 uazd1e1nslifity AIsivinanis
iiegatenauoonfeTsmnzan (Auusthsedu 1, aunw
néngu C)

Auuziiil 8.5 nsdifiasderinineinisanufisengiius
DE193ULTY (anaphylaxis) i A T clamp anedaion way

ngan1svenideniuil lagliAudeandudididUie uaz
ihidnseslulddn eendiau warlinmsdnwiniuenia
JUsIRseNNs dwsuufizengiuivia B Gaflanuguuss
Hosnin awnsaviinisveniendeld (Awusiisedu 1,
AMANTANZ U C)

Auuzid 9
nsauainenzauRulaings

fuuziii 9.1 mailadvanuiuladingdluifthevieniden
asldaausulainfivivainiiesinanusulafinsie
WA (home blood pressure, home BP) #30 Ausulaiin
nsapiosinrnusuladinsmluifivinniasnasn 24 v,
(ambulatory blood pressure monitoring, ABPM) Tneidiineus
Aadedil (Fuuzthsedu 2, annmudng u ©

. audulafiniitiu 2135/85 uy. Usen lasiatuay
2 p¥s meuduaznewdy agrades 3 Yusedunluui
Lileeniden (ludiaia 2 &) wariaaisedluvies
Adou Yamnudulainluvinds wdafiadnd wyuanesu
vuitulfzEeu sin 5 wift Aot luudazadilitn 2 ads
Wity 1-2 widt TneYauaudnsildiidunoniden

. ABPM: eanusulafinade =130/ 80 wu. Usen
Tu 24 .

« lugtheeniden luwugtdiidaduaiuduladings
aneanuduladiniiianeu wazwdwendon Tunsdiily
anunsaannusulafinfiviy wie ABPM msddadunnusy
Tafings Wldranusulafindianiuweuia (office BP) >140/
90 1. Usen Salugaenarsduanii Tutuiildlsvenden Tne
fnsiesoudinouayisinnuunnsgudiimun

fuuziil 9.2 JUaedildsunisreniden misldiu
ns¥aausulafinnanouneniden luvusiineniden
agaoevn 30 UM Lazmendinsvlanideniaiody (A
wugl1IEAY 1, AMAWUENZIU C)

Auuziing 9.3 msguasneanuiulafingdlaglilden
(nonpharmacological therapy) ﬁlué’wﬂﬁlﬁ?jmﬁﬂw%l@z
Usuiaewitdin/mginssy uiaisnsililuniseniden
Usznaume’ (AUUnseaY 2, Aun1wmeangu C)

1. fransuslaaladen lany 2 nSuveduineune iy

2. Ysuamimiindandanenidealieglugaeiivuzan
(probing dry weight)

3. yandanslithemenidesdifiaududureduioy
guiensld sodium profile Tugtheunsneiifissiuladon
Tudendisnitluthovonden ovassanaududuves
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Todenluiemendesadilndidesiussiulnionluden
Y9451 (individualized dialysate sodium) GERERPUET)
msnsgmetndmloniden antuinffifistusewineiu
wonuden uazhlvmueuenuduladisldfay

4. vandesnsendenusavadiitesndt 4 s, fansen
Ysuifinnaienden waz/vieanudvesnisneniden
Afiwane Welirsanstheanldmudhmneegramnyan Tng
Luannzunsndouszninanenidon

5. Snwiiananiedl 18.5-23 nn. fle 9.4l

6. 9NAIFIN1EDE1AIALDANUAIUMNIZAL |AZIA
miq‘uw%"

Auuziii 9.4 Tidenldrananuduladislungy an-
giotensin converting enzyme inhibitor (ACEI), angiotensin
Il receptor blocker (ARB) 30 dihydropyridine calcium
channel blocker (CCB) udduusn dlsiiveriu (Auuzii
38AU 2, aunwuang1u C) lagenalvieiiieayiaiien
viesmifuendu wu p-blocker mudovsdluftousiazse
(Auwugseau 1, Aunwuangu C)

fuuziiil 9.5 fUheiilimnuduladingeunzreniden
(intradialytic hypertension) msléunisnsamiadedes
wagUszidlunanvsiaue (AUuUznseav 1, AnNIWRENG Y
o)

Azl 9.6 fUheifanuduladingeunzreniden
Asldsunsquasniegiadusunou fusnsaiugulals
dminsaszuinafurenidenfisanniduly nsdenlden
anausulafniivnzeay msUsuanimtndvdmlondon
waznsusumaiafildlunisroniden (Fwuztiisedu 2,
AMANTANZ Y C)

Az 10
nsguasnua1zanusulafindvusweniden

fuuziiiil 10.1 fheiifanuduladindvuseniden
mslasunsasamiadoides uagdssiliumanvniane
(Auuzdszau 1, aunmnangy C)

fuuziiil 10.2 fheiiianuduladindvuseniden
mﬂﬁ%’vmiaLLﬁ%ﬂHW@HWﬁLﬂu%umau warldsuninsng
dosfumaiindimuaunaiisumizluuiarae (@uuz
LAV 1, AAIMMANg Y C)

Auuziiii 10.3 Qﬂaaﬁhjmauaumm%‘%mﬂm 5 Tuns
Jaatumainnnanudulafindunzleniden amsiansan
Waswdunsaslanadeion (Fuuzinszeu 1, AN
nangu )

o o dl
ALUSUIN 11

o/ d' = []
misnmmsﬁﬂmu%\ﬂﬂwmaaag

o o a ° a a | .

AUTUIN 11.1 m'ivnmwuaqvl,wmaaag (residual
kidney function, RKF) fauddgiugUaelasunis
NoNEeALALAISILINTNNSIUNSYLADNSIEONURINITYINGIU
vadlafivdosy (Not graded)

Az 11.2 JUledilasunisnenden aslasunis
Uszidiumsihnuresafivdeegdusseredsadnaue il
Fuiumudvesn1sNenidentazid1uuienisvinuiLay
vaady (Auusseau 1, aaunimuangiu ©)

AUD UG
Usidly RKF

anwauzdUlenaniden

Anmadlasunisrenidenuuy
Incremental hemodialysis

98 1lRENN 3 Ao

Aurenlasunsweniden 2 Ase
fRdUAIILAY UALNEING

N 4-6 Lo

Useidiudiadennis
Yaanzvanidentil
Leswe (inadequacy)

Adrefilasun1swenion 2 A
AOAUAIILAY Waliitieswe

flafildsunmsveniden 3 a5 | ludndudesusudiu

ARAUAYLAD LALNEaND

Aniivsnadaaneiioandt 100 wa. | lidndudesUsediu
Aiadu 1138 creatinine clearance

<1 1a./u9

fuuztidl 11.3 fUredidsiinisinnuveslandeeg
AsVENABIN1IEANS 9 Tlenvdwalinisvhauveslnanas

FBasanuinwnsvinuvedeaiivdesy Uszneusie
1UINTNITAN 9 il

11.3.1 wnsnsiiiisadasiiunisneniden

. wAndssnnzreasiuarauiuladnailuvae
Woniden Tnesmuaiaindauasdnsnisaaildvanyes
wazU3uen loop diuretic Wiaifiunistutiaaniy uazan
interdialytic weight gain (AMuuzU1sEAY 1, AMAIN
nangu C)

. uuzihidenldmnsssnenidenviadniulanmsdanmn
(biocompatibility) (AuuginsEau 1, AnNIWKANZIY C)

o wuzily ultrapure dialysate (ABUZUISTAU 1,
AMNWUANZ Y B)

. wushisunendenlasld3s Incremental hemodialysis
Tughefdadinsiauvedlamie wazdess Usuifina
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Usnamsihauvedlaiianas (Fuustssdu 2, auaw
nangu C)

. viandssmsnleniden frequent nocturnal hemodialysis
(AuuzsEay 1, AMnwvangu C)

11.3.2 anasnsinaly

. ArsnAniAeansfififivaela WU Nonsteroidal
anti-inflammatory drugs (NSAIDs), aminoglycoside,
radiocontrast iodine 1Jufiu (Amuziseay 1, AanIw
nangu C)

. ‘Lu;jﬂmﬁﬂu failing renal allograft wugiiliasen
nanilurunedilf ilesnwmsianuseslmgnanefimdest
wasiihsyYensfndoanslenta (Fuusirssdy 1, aanw
néngu C)

. wuzihnsmuauanusuladalviegluinasivivnzas
(Awugseau 1, Aunmuangiy C)

- Imﬂwj{ﬂasmlaﬂLﬁ@ﬂé’ﬂﬂﬁ%ﬁgﬂL%"mmwﬁmmé’u
Tadnfiwinzauluniszdaednun RKF
- fawdiinsdesiunnganudulaingasiaiig
duiusiunisandnsmadeTinwaznnzunsndeaulugiie
onidoald usluarsuiuenunifuaudiaeiinnudes
#9013 intradialytic hypotension
. naginsiasadenltetananudu msidenlden

@

fudu first line drug waznmilsasamdifvaeiog mnlai
Foustsulufihefissdinsinuedafiviosguazsudu
Foafingranausiulafin arsfiansudentd ACEs uie
ARBs Lleuzasnisidonvesnisvinauvedlafitndeny’

(Awugseau 1, aunmuangiy C)

Anuzii 12
nannsldenlugUlenaniaen

fuuziii 12.1 msinsmumusionisorlugaeild
Sunsendendusres wavdeuliela qfiuiiu (Fwuzii
3TAU 2, AMNNVENF U B)

Auziind 12.2 assedslunisldendideuilunissne
WA (narrow therapeutic index) IneAnAINOINITTI9LAYS
1NNITIET LazarilamIsinisAnnusEAueNfInNan?
2819lN8TA (AUULINTZAY 2, AMNIWNENFIY B)

Awuzidl 12.3 avsAdsdnisudnenlagnszuiunig
Wonldenaldaus (Dialysis and drug clearance) @1msuen
fifinsvdneannenisnenden mislienasuniendanis
Woniien (AMMULUITEAY 2, ANNINVENFIU B)

Awuzid 13

FBn1sneandandae low-flux hemodialysis,
high-flux hemodialysis, hemodiafiltration, VED)
super high-flux hemodialysis

Auuziid 13.1 n1sidenisnsnenidendaeiinis
low-flux hemodialysis, high-flux hemodialysis, hemodi-
afiltration mﬁﬁmﬁw5@ﬂmnwwﬁwu%qw§ﬁww§ums%lamﬁam
Huthduddny leaslonianisiinnnzunsndeuvestiiae
Imaﬂ{jﬁ’amuLmewﬁﬁ’ﬁL?faﬁﬂ'lil,m%mﬁw%qwét.ﬁa
msvlenidendisirdedlaiion I wa. 2564 aghaaingn
(Awuziseau 1, Aunwuangu C)

Awuzinii 13.2 n1sidendinisenidendaeisnns
hemodiafiltration k&g super high-flux (medium/high
cut-off) hemodialysis wugirlwldamninielaioy
(dialysis fluid) @miuniswenidensiin ultrapure (AU
FTAU 2, AMANVENFIU C)

Fuuztiit 13.3 fuaslunsdeieluiionansldusslond
nnsHendenneis high-flux hemodialysis (AMUZUA
FTAU 2, AMAINVENFIU C)

1. fhefiflenmsduiiduidesnainanzyiidle (uremic
pruritus)

2. finmz hyperphosphatemia Tuvaifiléunissnund
WLZEN

3. §in1g dialysis related amyloidosis (DRA) %138 Sg#iU
B2 microglobulin 311nn71 27.5 un. 6edns

4. 1l residual kidney function imageg

5. f1lSALUIRIUITING L

6. anylavuIng

7. lgsuniswendenunuiunit 3.7 U

fuusiil 13.4 Q‘L’Jaaiuﬂiaisfalﬂﬁmm31&’1’%318%
innsrlenidendaeds hemodiafiltration WiawSauiiiey
v high-flux hemodialysis (AMLULISEAU 2, AMAINW
nangu C)

1. #in9iAin intradialytic hypotension (IDH) Ve ¢ 1ng
AlfduduLazs oMY aUWEn

2. fiame hyperphosphatemia Tuvaizdildsunissnu
Funvan

3. 1A dialysis related amyloidosis (DRA) %38 52AU
B2 microglobulin 111n91 27.5 un. 6adns

4. i residual kidney function mﬁaa&j

5. dnngynlarunns Twwuildsunsduiunasinw
DEHINUNZ AN
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6. fUrnlinnzdnddlinevaussdesinszduiiniden
yungs luvaedildsumsduduuasinwetammnzay

Auuziii 13.5 Yiununisving Seiidesiigadmiu
nInentdonaa83s hemodialysis A9 single pool Kt/V
wnnd 1.2 depdsmsrleniden dmiunisveniden 3 ade
Aoduntt (AuusEau 1, AanInwuang1u C)

Auuziii 13.6 lunsddenisnissnuwidag hemo-
diafiltration AIs&INTSNYIMAERRAREUSUIY effective
convection volume 1nn31 23 ansrendimseniden
o 1.73 asy. Wield post-dilution HDF (Fuugiisedv
2, AMAMMIENgIU C) %38 convection volume 11ANTN
40 Ansstendimsrlenidensie 1.73 asa. leld pre-dilution
HDF (Not graded)

fuuziii 14
Fnswenidandensiiuszezinamionud

Auuzihil 14.1 919fnsLinszognanTanLdon
veruinmawenidenlalugihefifinnemeanil

1. fhefidsdarudulafingauasinifulusnnisyiaim
unluvaedild3unisuivewarnisnenagiamngauudn
(AuwugsEau 2, Aunwuangu C)

2. fiszfureaneialudonguiuaundneidleduvas
ldinuaue1ms Ufueiuaznisoneag 1Mz annd
(AuwugsEau 2, AunWuangu C)

3. fthefindeiangss (Fuusisedu 1, aunwdngu
@)

Auuziiil 14.2 adsuurigUisiiesmnuidnafions
lasunanfie nazunsndeuainnisgaduvauduneniian
wget’ warUiadaansazanasegannigy (Fuust

Y
1Y

AU 2, AMAMTENFIU C)

fuuziiil 15 .
n1sgAnIsWaniaannieiATaslaiiey

fuuztiit 15.1 {Uaelaalaneidedsrezgareildsy
nsrenidenagudy AITATUNTUTTTILAN Iz uAR I
TUNITNUMIULRUNITS N8 (advanced care plan)
dmsumstrdamaunile uaznsquasnuilefinamgings
\Wuszey Tunsdiifuasldannsadadulasenuies stk
AlnaTa visedunulagveumeng iy dduiuwnugiag
(Auuzdiszav 1, aunmnangy C)

Fuuztiit 15.2 {UaelsalnFossszevaninedildsuns
Wenidenagudd mslasunisguadnumuuInianIsindula

Awansrudiuld Taegvasies viodunulagveusie
ngvne nadinlianunsodaduladenuedld (Auustisedu
1, quannmdng u C) nsdliiffihedianiy wienswennsallsa
Ansnninlusaziasuansnudiusly wazeneazifa
BUATIBLALUIY H1ANTUALLRUNITTNYIAY WNNEATs
Widd3nw uazvemsuanianuduevesiiy iseduny
Tngwauenguane Tutugae (Fuuzthazdu 1, gauam
nangu C)

fuuziiil 15.3 fUaelanedildsunisrenidendie
i3edlaiion enalddunisfiorsaneniiu (withhold) 3o
vy (withdraw) mswenidensneiasedlaieaudtne lunsdl
Saweluil (fuusiiisedu 1, annmudngiu O

1. fihefigapdeszsunisiandauunnns annedanm
lusguudsgam

2. fUhesvazgavinevedlsadu 9 uonanlsala 7lsd
unumsinuiiteliguaeiuanlsaty wu wnSovozuns
nszaEanay nmgladumaiesiszeraniine vidasuuds
Child Pugh C ﬁlaiﬁl,muﬂqﬂdwﬁﬂa YERLAY)

3. JUaefidgmszuuilonarinaiouladinguuss
wu euduladindndeddonszduiila viesuiiuaudy
Tafinvunngs, lawuiadmnefisuniussuulnaioulaiin

4. fheiflsemsinny viielsansanss AldFunisgua
Mnfidevguds wiliannsanuaueinisld wazlals
Anudielunisweniden

5. ghegeengunndt 75 U wazlidsmsianueeisiion
2Tu 4 98 loun

a) wmdinviiuinduieileniagefiaziidines
IolaiAu 1 Y

b) i comorbidity score &9 19U Charlson comor-
bidity score >8 %38 French Renal Epidemiology and
Information Network (FREIN) 6-month Prognosis Clinical
Score >9

o anuansalunsUseneviainssedniu uay
11571991 (functional status) 67310 WU Karnofsky
Performance Status Score A1 40

d)  TAEMINTUINITIULSY

Fuuzind 15.4 {uanlsalamneFesissezanrineiiuans
audusveginiswenidenseiededlaiion Taglifilse
vdeannziinizan msldunisusuidumannniiens
sumumssmaulafivinzay (Auuzisedu 1, auniw
nangu )

fuuztiit 155 {lhelsalaiBoseszozaniing vidofuny
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Tneveusengmng fuaninrmsusveginisenidonde
iwdeslawion uazfunsguaLuuUsEAuUsEARY (palliative
care) \iloidgvaeszazaniinevesdin msldiunisgua
WloussimeInsfisunIuAUANTIn (Auusiszdu 1,
AMAMVANg 1Y C)

Azt 16
n1sussiiuganwroglawiey

AUz 16.1 mheladiensadlasunisussfiuumsgiu
msinwilaenisenidendeiniodaiion mnauzoynssy
nsmsrafusesnasgumsinulneniswenidendieiaied
loflen (n30.) 5193818808 senndwrsUsenalng (A
wu13EAu 1, AunINuEaNgU C)

Az 16.2 viglaisudesdadoyanisamsideu
mssnwmaunla (TRT) fadeyarus wasdoyaitan o
asiaue (Auuzinseeu 1, AMAWUANZ 1Y C)

AUz 16.3 nuaglafisunisinssuuamninunly
Tunsusnisdanisvesnuaeladisn (Auuztiszau 2,
AMAWUANZ 1Y C)

Auuzn 16.4 nuaglafisuaisinisAnniy nuniu
wazU st indnsunisguasnugiedldsunsinm
Tnenisenidenmeirsedlafisnegsadinans (Auusin
32AU 2, AanuEngau ©) laun

1. fdtadiunssraunisquaine wu anududy
Yp4.800, SEauLPalLaraanasa, seaunisinseys,
AN YaINIsNandan (URR, Kt/V) 1udu

2. amumsndeuiliisadesiunssuaumsnoniden

3, nadnsvesnsnuiiddey Wiun snsene (mortality
rate), ons5ulisnwilulsanenuia (hospitalization rate),
ANuianelanaryszaun1salvedUie, LazAuAINTIn
(health-related quality of life; HRQoL)

v a
LNE1I91999
1. awaulsalauvislszmalve. YouwuzdinwufuiRnisneniden
sewazadlawiiey w.a. 2565. RuNAIIN 1. ngann: aunaulsals

wraUsewelne; 2565.

300 U Nephrol Soc Thail 2023; 29(4): 289-300

https://he01.tci-thaijo.org/index.php/JNST/index



3

WdiN IHL
THAILAND

ROLOGY SOCIETY OF

Journal of the

Nephrology

Society of Thailand




