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Artificial Intelligence in Nephrology:
Advancements, Opportunities, and Concerns
in Hemodialysis

Nataphut Boonvisuth, Khajohn Tiranathanagul
Division of Nephrology, Department of Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Abstract

Artificial Intelligence (Al) is a rapidly evolving field that is making inroads into various industries, including medicine.
The advancements in Al technology have demonstrated their potential to improve diagnostic accuracy, treatment
outcomes, and overall patient well-being, making it a valuable tool for healthcare professionals and institutes. This
article provides an overview of the history and terminology of Al, including machine learning and deep learning. It
also examines the benefits and limitations of Al in medicine, with a specific focus on its application in the field of
nephrology. In this area, Al has demonstrated its potential to enhance patient care via clinical decision support systems,
particularly in hemodialysis. The article highlights how Al is being used in various aspects of hemodialysis, including
anemia management, dialysis adequacy and service planning, arteriovenous access assessment, dry weight prediction,
intradialytic adverse event detection, mineral and bone disorder management, mortality and cardiovascular disease
prediction, and cognitive function assessment. The goal is to provide readers with a preliminary understanding of Al

and its potential to transform the practice of nephrology in the future.

Keywords: machine learning; Al; HD; dialysis; ESKD; ESRD; kidney failure; renal failure
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Introduction

Artificial Intelligence (Al) has been gaining significant
attention in recent years as a rapidly growing field that has
begun to permeate various industries, including medicine.
Advancements in Al technology have been shown to have
a positive impact on diagnostic accuracy, treatment
efficacy, and overall patient outcomes. The integration of
Alin the medical field has opened new doors for healthcare
professionals and has the potential to revolutionize the
way medicine is practiced.

This article provides an overview of Al terminology,
highlighting its opportunities and concerns. We also

explore the specific use of Al in the complex field of

nephrology, with a particular focus on current advance-

ments in hemodialysis.

History and Terminology

In 1956, a group of computer scientists introduced the
term artificial intelligence (Al), defined later as “a subject
about the study and development of computer systems

"1 To mimic

that can copy intelligent human behavior
human behavior, this field brings together many disciplines
such as computer science, mathematics, data science, and
engineering. It focuses on the interaction between humans
and computers. An example of an early Al application is

the old-fashioned Chatbot, a script-based program that
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looks for keywords in human questions and then gives
back the answer that has already been coded. However,
despite its usefulness, the problem with this approach
is its rigidity.

Another subset of Al programs that can think for itself
is developed and called Machine learming (ML). ML is a
program or model that enables computers to learn from
data and even improve themselves without being explicitly
programmed. Input and output data are fed through these
algorithms, resulting in the development of models. Its
debut in the image classification competition in 2012,
earned the first title with a significant victory over other
conventional mathematics models”. There are two types
of ML: conventional ML models such as decision trees’,
random forests’, and support vector machines’. These
models use simple network architecture, are capable of
handling small to medium data sizes, have good
performance on structured data (tabular, categorical,
numerical), and require low computational resources. The
other type is deep learning (DL), which is more complex
and requires more computational power.

DL is a type of ML program that relies on building

multiple layers of non-linear modules and replacing
the processed data with a new layer®. This allows more
complex functions to be created. The core principle of
DL is a multi-layered substructure that is beyond human
ability to design, leading to solutions for complex tasks
that traditional programs could not do and the discovery
of hidden associations that human beings could not see.
DL can handle both structured data and unstructured data
(image, audio, text) quite well. This can be classified into
many types, depending on the structure of the program
and the type of data, such as recurrent neural network
(RNN)" or convolutional neural network (CNNY’.

Another term that is gaining attention is “Big data”,
representing a large volume of structured and unstructured
data. To improve the performance of Al systems, large
amounts of data are required to train these models.
Therefore, big data and Al are closely related and often
used together to achieve better results.

Details on each type of model and its infrastructure
are not in the scope of this article.

An explanation of each term is shown in Figure 1.

4 4

.

>

Al ML
e Afiled of science

e An algorithm of Al

that mimics that can improve an infrastructure
human behavior itself consisting of many
layers
\§ J \§ J g J

l-»

DL
e Type of ML that has

Figure 1 Terminology of each word. Artificial intelligence (Al); Machine learning (ML); Deep learning (DL)

Categories of ML by Learning Method
The concepts of each type of machine learning can
be categorized into three ways: supervised learning,
unsupervised learning, and reinforcement learning. Each
has different approaches and rationales behind it.
Supervised learning is a method of machine learning

that uses labeled data, where the output of a model

is labeled by a human expert. Its purpose can be
classified into prediction (or regression) or classification.
For instance, the application for prediction of intradialytic
hypotension (IDH) from the trend of vital signs. The target
of this model would be to identify the occurrence of IDH
events. When the model finished the learning session by

recurrent neural network. It could predict the IDH event,

170 U Nephrol Soc Thail 2024; 30(3): 168-184
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by using the next set of vital signs’. Another example is
in the classification of the severity of lupus pathology,
where the model has each class of lupus pathology as
a target and can recognize images using a convolutional
neural network'®. The choice of supervised learning
algorithm also depends on the type of data used, such
as linear regression being commonly used for continuous
data, and decision trees/random forests for categorical
data. Supervised learning is widely used in various
medical fields, as it can handle labeled data. Further
details on designing the models can be found in other
sources.

On the other hand, unsupervised learning is a method
of machine learning that does not involve any labeled
data and instead, focuses on finding hidden patterns
between input variables. Clustering and association finding
are techniques that can be used, such as the K-means
method to group cancer genes into different clusters.
This technique has been utilized in CKD to identify
co-expressed genes with shared biological functions,
which has helped in identifying potential therapeutic
targets and biomarkers'’. Dimensionality reduction,
another technique, involves reducing the number of
input variables by identifying and removing redundant or
irrelevant ones while preserving as much of the original
information as possible. Principal component analysis

(PCA) is a common technique used for dimensionality

reduction and has been used in glomerular diseases
such as lg A nephropathy to identify important genes
that contribute to the disease™. This approach is valuable
in the identification of potential therapeutic targets and
biomarkers.

Reinforcement learning is a method of machine learning
that focuses on learning through interaction with an
environment. This learning algorithm learns from feedback
in the form of rewards or punishments. The goal is to
learn a policy that maximizes the total reward obtained
from the environment. While this approach has been
mainly applied in game playing and robotics, there are
also some studies in the medical field, such as a study
from Valencia' that explored the use of a reinforcement
learning-based method for personalizing erythropoietin
dosage in a dosing algorithm for hemodialysis patients.

In summary, both supervised, unsupervised, and
reinforcement learning methods have their unique advan-
tages and disadvantages, and the choice of usage depends
on the type of data and the problems that need to be
solved. Each of these subjects has far more detail than the
scope of this review. Table 1 provides an overview of the
simplified rationales and differences in learning methods.
Examples of these methods in both non-medical
and nephrology (hemodialysis) fields are shown in
Figure 2, which can provide a better understanding of

these new concepts.

Table 1 Rationales, strengths, and limitations of each type of machine learning model by learning method.

Learning Method

Supervised Learning

Unsupervised Learning

Reinforcement Learning

Rationales Learning from labeled Learning from unlabeled Learning without dataset through
data data interaction with environment
and feedback
Strengths Used for classification and|Find hidden patterns and Learn from the experience
prediction structure and adapt to a complex and
Ability to handle missing|Used for clustering and dynamic environment
values association finding Used to optimize a long-term
strategy
Limitations Risk of overfitting Requires large amounts of data | Requires significant trial and error
Need caution in tuning to Results can be subjective Can be computationally
generalize to unseen data  |Limited ability to make expensive
predictions or infer causality

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

Supervised

Prediction

Classification

Examples in
daily life

- in

Fraud detection )
Forecasting the

agricultural system weater

Prediction the
consequences of
event during
dialysis

Examples in

hemodialysis Identifying an

arteriovenous
fistula at risk of
rupture

Unsupervised Reinforcement

Clustering Association Maximize reward

Analysing land use
in the most
suitable way

Recommending
product in an
online store

Robotics

Identifying a Proposing Personalization
population at potential of
risk of biomarker that Erythropoietin
adverse events predict mortality dosage

Figure 2 Mind map of learning method of ML and its example

Benefits and drawbacks of Artificial Intelligence

Al has several strengths and weaknesses that are
worth considering. Among its advantages, Al can identify
hidden correlations and connections, process a diverse
range of inputs besides numerical data such as audio,
video, images, and text, adapt itself to new incoming data,
and play a critical role in precision medicine. Al can also
serve as a component of clinical decision support systems
(CDSS) which aid physicians in making more accurate
decisions for each patient, reducing time, and minimizing
human error, while also increasing cost-effectiveness. An
example of the clinical implementation of CDSS will be
mentioned in the next section.

However, Al also has certain limitations. One of the
major drawbacks of Al is the complexity of its architecture,
especially in the case of some machine learning models,
such as deep learning. These models are more intricate
than traditional models that rely on basic mathematical
principles. There is a myriad of algorithms that can be
used to solve a single problem, and each algorithm has
its particularities that must be considered when selecting
the appropriate one. Additionally, modifying the structure

of an Al model can be challenging, as it may necessitate

retraining the model from scratch. One major limitation
of Al is its “black box” nature, where the causal links
between visible inputs and outputs are not transparent.
While some efforts have been made to clarify this
issue, they are not widely generalized". However, many
explainable Al techniques have been developed to
provide humanly understandable explanations of how an
Al model arrives at its decisions. For example, SHapley
Additive exPlanation (SHAP) values can help laypeople
understand the effect of each parameter on the model.
The quality and quantity of input data for the model are
also crucial, as Al models require large and clean
datasets to perform optimally. Furthermore, Al is prone to
unconscious bias. A study from Berkeley found that some
financial algorithms charged Latino and African American
borrowers higher interest rates unintentionally”’. Lastly, Al
has raised concerns about privacy and ethical issues. As
Al continues to be implemented in healthcare, there are
concerns about the privacy and ethical implications of
collecting and processing large amounts of patient data.
The more data that Al systems use, the larger the electronic
data will be available not only for developers but also

for potential cybercriminals who may try to exploit it for

172 J Nephrol Soc Thail 2024; 30(3): 168-184
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malicious purposes Regulations should be developed to
ensure patient privacy and security, including laws and
policies that mandate data anonymization, encryption,
and access controls. Healthcare organizations should
also be transparent with patients about data collection
and obtain explicit consent before using it for research

or other purposes.

Table 2 Pros and Cons of Artificial Intelligence
Pros

Identify hidden correlations and connections

Overall, it is essential to balance the potential benefits
of Al with these concerns. It is important to note that Al is
not yet a replacement for physician judgment, but
rather a tool that enhances and complements physician
decisions. A summary of this section can be shown in
Table 2.

‘ Cons

Complex architecture

Process diverse inputs beyond numerical data

Algorithm selection challenges

Adapt to new incoming data

Modifying structure can be challenging

Aid in clinical decision-making, reducing time and
human error

“Black box” nature makes causal links unclear

Play a critical role in precision medicine

Quality and quantity of input data crucial

Cost-effective

Prone to unconscious bias

Raises concerns about privacy and ethical issues

How Artificial Intelligence is being used in
Nephrology

To help nephrologists know how far this subject is
being merged into their career. We searched for the MEDLINE
cover period from database inception to Nov 20, 2022.
A total of 1687 articles were found using the keywords
“Artificial Intelligence” and “Nephrology” or “kidney dis-
ease.” After an initial screening and exclusion of articles
on renal mass and uro-oncology, 342 articles remained
that were related to Al in nephrology. The majority of
these papers were published after 2010. The papers
were then further categorized into 9 domains within
nephrology based on our institute subspecialty, including
hemodialysis (HD) (n= 65), peritoneal dialysis (PD) (n=5),
kidney transplantation (KT) (n=29), acute kidney injury
(AKI) (n=71), chronic kidney disease (CKD) (n=72), critical

care (n=16), glomerular disease (n=39), nutrition (n=3),

and miscellaneous (n=42). The detail of the objective in
each domain is shown in Table 3.

If we focus on the HD domains. In recent years
advancements in Al have pushed the use of models in
many ways. We divided these into a total of 8 subsections.
As many doctors may not be familiar with this topic, we
aim to provide them with a picture of how it relates to
parameters encountered in everyday practice. To achieve
this, we classify the inputs of the models into six groups:
1) demographic data (age, sex, height, status of diabetes,
etc.), 2) laboratory data (sodium, calcium, etc.), 3) time
series data (systolic blood pressure, diastolic blood
pressure, etc.), 4) prescription data (dosage of medication,
route of medication, etc.), 5) dialysis data (dialyzer type,
dialysis vintage, vascular access, etc.), and 6) image data
(picture of arteriovenous fistula, digital slides of renal

pathology, etc.).

https://he01.tci-thaijo.org/index.php/JNST/index
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Table 3 Literature review in each domain.

Topic

HD

Publications(N) ‘

65

Objectives

Prediction of adequacy of dialysis and service planning,
Arteriovenous access assessment,

Prediction of mortality,

Prediction of CVD event,

CDSS for anemia,

CDSS for CKD-MBD management,

Prediction of dry weight,

Prediction of intradialytic adverse events,

Prediction of cognitive function

PD

Prediction of PET,

Prediction of mortality,

Prediction of treatment failure,

Prediction of CVD event,

Finding pathogen-specific inflammatory response

29

Prioritization for allocation of organs,
Prediction of time on the waiting list,
Prediction of renal survival,
Prediction of graft function,
Prediction of %IFTA,

Prediction of tacrolimus level

AKI

71

Prediction event/severity of AKI in many operations including CABG, TAA repair,
heart transplant, PCl, TKA, burn,

Prediction event of AKI in CVD patients,

Prediction of Contrast-induced nephropathy,

Prediction of mortality post-AKI,

Finding novel biomarkers

CKD

72

Prediction of RRT initiation,

Prediction of DN progression,

Prediction of ADPKD progression,

Prediction of other CKD progression,
Finding potential biomarkers/genes for CKD,
CDSS for anemia management,

CDSS for CKD-MBD management

Critical care

16

Prediction of renal recovery,

Prediction of RRT dependent,

Prediction of severe AKl in ICU,

Prediction of Vol responsiveness in oliguric patients,
Predict the trend of blood urea nitrogen level

174 J Nephrol Soc Thail 2024; 30(3): 168-184
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Topic

Publications(N) ‘

Glomerular 39
disease

Diagnosis of SLE, IgAN, MN, and others using data from either a light microscope
or electron microscope,

Prediction of Nephrotic syndrome in the general population,

Prediction of histology of kidney biopsy from clinical parameters,

Prediction prognosis of nephrotic syndrome patients

Objectives

Nutrition 3

Predict the consequence of malnutrition patients,
Prediction of potassium amount in the diet of the patient

Miscellaneous 42

Finding potential genes, and biomarkers for diseases e.g. AIN (IL1617),
Prediction stone analysis,

Prediction of urine 24-hour analysis of stone component,

Develop a new Modified protocol for imaging,

Image recognition for renal stone, hydronephrosis, and CAKUT,
Prediction of hyperkalemia

Abbreviations: CDSS, clinical decision support systems; CKD-MBD, chronic kidney disease with the mineral bone

disorder; PET, peritoneal equilibration test; CVD, cardiovascular disease; IFTA, interstitial fibrosis, and tubular atrophy;

CABG, coronary artery bypass graft; TAA, Thoracic aortic aneurysm; PCl, percutaneous coronary intervention; TKA,

total knee arthroplasty; RRT, renal replacement therapy; DN, diabetes nephropathy; ADPKD, Autosomal dominant

polycystic kidney disease; SLE, systemic lupus erythematosus; IgAN, Ig A nephropathy; MN, membranous nephropathy;

AIN, acute interstitial nephritis; CAKUT, congenital anomalies of the kidney and urinary tract.

Managment of anemia

The utilization of Al through CDSS in the prediction
of erythropoiesis-stimulating agent (ESA) responsiveness
is a particularly promising example of how Al can aid
clinicians. It is by far the field with the most published
articles by our search. The prediction of ESA responsive-
ness is a challenging task due to the complex interplay
between various objective data such as the dosage of
ESA, the route of administration, iron status, and the
level of parathyroid hormone, all of which ultimately
impact hemoglobin levels. While conventional statistical
models were developed in the early 1990s, they were not
successful in clinical applications'®. In 2003, a study group
from the University of Valencia used ML to uncover these
hidden associations'’. Since then, many ML models have
been developed. An observational study in 2016 found
that clinical adjustments with CDSS, specifically the
“Anemia Control Model (ACM) by Fresenius Medical Care,”

led to a higher percentage of hemoglobin on target (76.6%
versus 70.6%), less deviation in hemoglobin fluctuation
(0.95 g/dl to 0.83 g/dl), and a lower mean erythropoietin
dosage (0.63 to 0.46 mcg/kg/month), as shown in Figure 3'°.
The implementation of these ML algorithms in the form
of CDSS serves as a prime illustration of the potential
of Al'in clinical decision-making. The utilization of these
models has been shown to result in more precise
treatment targeting, reducing the occurrence of adverse
events for the patients, streamlining the prescription
process for the physicians, and increasing cost-effective-
ness for healthcare institutions. It is expected that in the
future, the use of these Al-powered CDSS will become
increasingly prevalent among nephrologists in their
management of patients. The ability of these models
to process large and diverse sets of data, adapt to new
information, and identify complex correlations make them

a valuable asset in the field of healthcare.
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The trend of Hemoglobin level

Hemoglobin level (meg/dL)
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Figure 3 Temporal evolution of hemoglobin of the same patient.

The vertical dotted line represents the time of ACM introduction. Adapted from the study of Carlo Barbieri'®.

Dialysis adequacy and service planning

The utilization of Al in the management of dialysis
units has proven to be a valuable asset in the face of the
large quantity of data collected during dialysis sessions. By
utilizing Al as an auditing system, it is possible to summarize
these sessions from a clinical quality perspective, such as
assessing the likelihood of clotting, session interruption,
or the adequacy of the dialysis. This application of Al has
been studied, with a total of 12 articles dedicated to this
specific use. The majority of these studies utilize a diverse
range of input data, including demographic data, laboratory
data, time series data, and dialysis data, to construct a
risk profile for each patient. This risk profile can then be
used to prioritize surveillance management in clinics with
limited resources, ultimately improving patient outcomes

and streamlining clinical decision-making.

Assessment of arteriovenous access

The assessment of good arteriovenous fistula (AVF)
and arteriovenous graft (AVG) is crucial for successful he-
modialysis and is typically based on clinical examination
by skilled medical healthcare professionals. However,
this process can be time-consuming and may require
additional visits for the patient. A study conducted by
the Renal Research Institute has demonstrated that the

utilization of ML algorithms can aid in the classification

of AVF/AVG images into three stages of aneurysm/
pseudoaneurysm, which have different levels of risk for
AV access rupture, a serious complication that can lead
to morbidity and mortality"”. This ML model has been
shown to accurately predict these stages with a 93%
accuracy. The input is image data from a smartphone.
This allows patients to easily send a picture of their AVF
for evaluation during interdialytic days, without the need
foran additional visit, thus promoting proactive management
and reducing the burden on patients. Another study
from the same group has focused on AVF patency, using
demographic data (age, sex), laboratory data (albumin,
ferritin, PTH), underlying disease (status of diabetes), and
dialysis data (number of vascular access use, number of
clots, dialysis vintage, Kt/v, etc.) to predict AVF failure
within 90 days with a good AUC of 0.80%.

The utilization of photoplethysmography (PPG)
sensor systems is widespread in various applications,
such as determining oxygen saturation and heart rate. A
study conducted in Taiwan has explored the use of PPG
sensors as a portable device for the assessment of AVF*,
The study, which is a proof-of-concept, developed an
ML model that transforms the PPG wave into a velocity
comparable to that of doppler ultrasound. This model
can classify AVF with abnormalities with a high accuracy

of 89%. This technology could be a promising alternative
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to the traditional clinical examination, as it allows for a
more convenient, non-invasive, and accurate assessment
of AVF.

Dry weight prediction

The determination of dry weight (DW) is a crucial as-
pect of hemodialysis, as it serves as the foundation for
determining the appropriate ultrafiltration volume for
each patient. The maintenance of an accurate DW is vital
as deviations, whether too high or too low, can lead to
a variety of negative consequences. Despite the impor-
tance of accurate DW determination, traditional clinical
assessment methods, such as those utilizing history taking
and physical examination, have been known to be both
inaccurate and insensitive. In recent years, several studies
have attempted to replicate these methods through the
utilization of ML techniques, with the ultimate aim of
determining DW that is comparable to clinical-assessment
DW? % Inputs for these ML models typically include
demographic data, laboratory data, underlying disease,
and dialysis-related data. However, none of these models
incorporate parameters from time-series data as an input.
The performance of these ML-based models has been
variable, and the application of these models in clinical

settings remains a topic of ongoing debate.

Intradialytic adverse event detection

As mentioned above, the determination of an
appropriate DW for patients undergoing hemodialysis
remains a contentious issue, with various methods
employed to assess optimal DW. Without knowing the true
DW, some models aim for the prediction of consequences
instead. The prediction of intradialytic adverse events,
such as intradialytic hypotension (IDH) and cramping,
has also been explored by 2 fashions. Predictive models
utilizing static input parameters before the dialysis session
have been implemented on a pilot basis. These models
utilize a variety of input data, including demographic data
(age, sex, height, etc.), laboratory results (sodium, calcium,
etc.), underlying medical conditions (status of diabetes,
hypertension, etc.), time series data as a timestamp

(systolic blood pressure and diastolic blood pressure

before dialysis session), and dialysis-specific data (dialyzer
type, dialysis vintage, etc.). However, models utilizing
non-static parameters (change of timestamps data during
hemodialysis sessions such as systolic blood pressure,
diastolic blood pressure, heart rate, and respiratory rate),
have proven to be more effective in proactively mitigating
adverse events, with many models demonstrating excellent
performance in terms of area under the curve (AUC) for
adverse events (0.83-0.90)** *. By utilizing such assistive
tools, healthcare professionals can reduce their workload

and more efficiently monitor adverse events.

Management of mineral and bone disorder
Regarding mineral and bone disorder (MBD) management,
these studies focus on complex interactions between
calcium, phosphate, vitamin D, PTH, etc. Although it uses
the same concept as anemia management, the number
of papers in this field is limited to six papers. One study
from Taiwan, which utilizes underlying disease and
laboratory data to predict in-range PTH, demonstrates
promising results with an AUROC of 0.83 (p=0.003)*. Some
studies have also shown that ML can predict vitamin D
deficiency with higher accuracy than conventional logistic
regression”’. However, it should be noted that these
studies are currently lacking in external validation, and

their generalizability is thus limited.

Prediction of cardiovascular disease and mortality

In the realm of hemodialysis, the initiation of treatment
is a crucial juncture at which patients are often forced to
make decisions based on their intuition and the potential
impact of treatment on their quality of life and survival.
A period of a few months following the initiation of
hemodialysis is a particularly high risk for mortality. Through
the utilization of ML models, it has been demonstrated
that the prediction of mortality in this early stage can
be accomplished with greater accuracy than traditional
statistical models (AUC 0.82 vs AUC 0.69-0.72)*. This can
greatly aid patients in making informed decisions regarding
their treatment. Furthermore, ML models have also been
developed to predict 90-day and 5-year mortality with

greater accuracy than conventional statistical models”,
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which can facilitate patient-nephrologist shared
decision-making for the continuation or cessation of
dialysis with increased confidence.

In addition to predicting mortality, some studies in
this area have also focused on the prediction of other
hard outcomes such as cardiovascular events™ . Input
data of this model consists of a wide variety of variables
including demographic data (age, sex, ethnicity, region),
laboratory data (hemoglobin, hematocrit, leukocyte,
creatinine, eosinophil, iron status, albumin, electrolyte,
uric, LDH, LFT, ESR, CRP, etc.), time-series data (vital signs,
UFR, etc.), underlying disease (diabetes, hypertension,
cystic kidney, etc.), and dialysis data (dialysis vintage,
vascular access, Kt/v, etc.). Large-scale implementation
of these models has been undertaken in Taiwan®.

Furthermore, unsupervised learning has been utilized

in some models™ !

to identify potential biomarkers that
may serve as key pathways for predicting mortality or
cardiovascular events, such as IL-12p70, AST, and miRNA.
However, further research in the realm of basic sciences
is needed to fully understand the associations between
these biomarkers and clinical outcomes before they can

be implemented in real clinical settings.

Cognitive function assessment

Cognitive impairment is a prevalent issue among
individuals with End-Stage Renal Disease (ESRD), which
is associated with poor outcomes. While the domain of
memory is impaired earliest in Alzheimer’s disease,
cognitive impairment in ESRD usually presents with
impairment of orientation, attention, and executive
ability®. One-third of ESRD patients in their 50s and 60s

have executive function impairment, with a prevalence

of around 60% in patients over 60 years of age. Various
factors may contribute to this phenomenon, including
demographic data such as age and educational level,
underlying diseases such as atherosclerosis and diabetes,
and dialysis parameters such as retention of uremic
toxins, hemodynamic instability, and anemia. However,
its mechanism remains poorly understood™. Diagnosis of
cognitive impairment is traditionally made subjectively by
a neurologist using clinical scores such as the Montreal
Cognitive Assessment Scale (MoCA). With advancements
in neuroimaging technology, a study group from China has
developed several ML models that predict MoCA scores
using only image data from functional magnetic resonance
imaging (fMRI)””. These models have shown good accuracy
in predicting MoCA scores (RMSE 0.88, RMSE 2.40) and
may help researchers better understand the relationship
between cognitive function and neuroimaging in ESRD
patients. However, their practical application is limited
due to the cost and inaccessibility of fMRI screening, and
they have yet to be validated with external datasets.

Details of important publications are provided in
Table 4.

Conclusion

Al 'is transforming the way nephrologists diagnose and
treat patients. The field of nephrology has been merged
with Al in various ways. The promising concept of CDSS
has been proven in beneficence not only to patients but
also to physicians, and institutes. This is slowly changing
the landscape of the management in the dialysis unit
and will probably have a significant impact on the way

we practice in the coming years.
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Chinese Herbal Medicine Induced Nephrotoxicity

Nattawadee Mokkongphai, Suthiya Anumas
Division of Nephrology, Department of Internal Medicine, Faculty of Medicine, Thammasat University, Pathum

Thani, Thailand

Abstract

For centuries, Chinese herbal medicine has been used for various purposes, including treating several diseases,
aiding in weight reduction, and as food ingredients. The enduring belief is that natural products are safer than modern
drugs containing synthetic chemicals. Alternative medicine remains widespread in Thailand today. However,
herbs containing compounds like aristolochic acid, other plant alkaloids, and additives from manufacturing
processes can cause renal failure. Due to the underreporting of adverse effects, Chinese herbal medicine is often used
without caution and with little awareness of potential risks. Renal failure from these herbs can result from mechanisms
such as Smad signaling, p53-mediated signaling, and the action of organic anion transporters, leading to apoptosis,
fibrosis, and tubular atrophy in the kidneys. Several studies have found that using steroids to treat patients with
renal failure caused by Chinese herbal medicines can help slow the progression of kidney failure and reduce the

need for renal replacement therapy.
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Preemptive Kidney Transplantation
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Abstract

Currently, kidney transplantation (KT) is considered the best mode of renal replacement therapy (RRT) because
it offers a better quality of life and overall survival compared to other options. Clinical practice guidelines typically
recommend preemptive KT before the patient starts dialysis due to its superior clinical outcomes. These outcomes
include better graft and patient survival, a lower acute rejection rate, and cost-effectiveness compared to KT
after dialysis. However, several barriers hinder the widespread adoption of preemptive KT, such as limited donor
availability, the readiness of recipients, and reimbursement issues. Given the increasing number of patients with
end-stage kidney disease requiring RRT globally, including in Thailand, preemptive KT should be considered the first
and preferred choice of RRT for these patients. This review focuses on the advantages and barriers of preemptive
KT, the appropriate time to begin the preparation process, and potential solutions to increase the number of

preemptive KTs in Thailand.
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Renovascular Hypertension

Panhathai Kasempin, Surasak Kantachuvesiri
Division of Nephrology, Department of Medicine, Faculty of Medlicine, Ramathibodi Hospital, Mahidol University,
Bangkok, Thailand

Abstract

Currently, the evaluation of treatment for hypertension due to abnormal renal artery conditions involves a
multidisciplinary medical team, including nephrologists, cardiologists, radiologists, and vascular surgeons. This is
because patients with hypertension caused by abnormal renal arteries often exhibit a variety of symptoms, which can
lead to cardiovascular complications, resulting in increased morbidity and potentially higher mortality rates. From the
past to the present, there have been randomized controlled trials comparing the treatment of hypertension due to
abnormal renal arteries using medication versus angioplasty with stent placement. The results of these studies remain
inconclusive due to significant limitations in each study. This review aims to compile information on the pathology,
clinical symptoms, diagnostic criteria, and current treatment guidelines to provide physicians and researchers with

a comprehensive understanding, enabling them to further study the topic or apply this knowledge in patient care.
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fifinqumuauiiuisuifisunsininnnzanudlaiingnnidudeaundludesilafiound Tasmsldonfisusunsiwvinans
fsuevaeaidensiuiunislduaain navesnsAnwiiesnundslédeaguiilidanu esanidediiavesudaznisdnm
Aoutann uninsliiingusvasd efesnemuradeyaiieatunesanimnsialsn 01n1suanmianain inasfluns
Fiedelsn wardoagUuumnanmsinuiluilagdu ileliumduasdiidosnsinundeyatludnwsosesvide Ithanuslugua

Snwgihesialy

AdA: viaeadenlaiy; lsalaFesy; lane; ladew; anudiues

unin
Fimvesnmeanuiilafingsandudeaunsiiluides
ImdaUn@ (renovascular hypertension) 21ARSILAZ LWL
UftRnseadniinainuatsfonn dun ngueinisiinig
Wutuwesrusulainmrusudalagn uaz/msonusy
lowealndn Faufnanangene o Aviliiinisanamweden
fluidedla’ vialuonsuanswendulsafifinnnnisni
AnUnAvemvaonidenundiludedn (renal artery disease)
Wlvinsanamwesmnuiudeniiluidesl (renal perfusion
pressure) vhlAamMsAEon waznsuinduresiedeln
aue1vziludniglavinden (ischemic nephropathy)’
Renal artery stenosis wulsinniis¥esay 5 vosnguitaediu
Tsannusulaingesilansuaime) (secondary hypertension)
Tnefitasanninfesas 20 fnnslsanrmdulaiingsiine
$#9N133NW1 (resistant hypertension) Faflewdie ANIAIVAL

anuduladinlilaniudiningudliivieaslafueiniugy
Arufuogtetios 3 slasuiienduilaans viefuaed
ansanvauanudulafsliedlunaeiithminglagldeian
Audiuet1atos 4 wiln® LarUssanusesar 0.6 fis 3 seau
yasrusulafneglunaeianuguusudniesiiaunans

WYIFANINNSLAALIA
Taduefurzvilsiimuauanudulafinessianie Wiy
5¥UUg3lUU Renin-angiotensin-aldosterone system (RAAS)
Faflouswiudoniiluidela (renal perfusion pressure) AAAY
ﬁ]zl,ﬁﬂmimzﬁumwé"daaﬁuu renin 91NV juxtaglo-
merular cells T¥Uasu angiotensinogen fia¥1997nsu
Ty angiotensin | Ilag angiotensin converting enzyme
findsanven azUdsuain angiotensin | Ju angiotensin I
%1 angiotensin Il \{Hugesluuddniinszdunisdusves

JUseusUsITAIND: Uumie inwuilal
dka: minkpth@gmail.com

SuunA: 11 dguigu 2567; Usuugaunly: 18 nsngimu 2567; SUATUN: 29 nangIpu 2567

0929
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viaoaidemsilvivasnideanas Lagnszdunisdssesluy
aldosterone Mnseuvannlatumdiaar ldAaniansedu
szuuUszamdummin shliAansfuindeuasthuina
vielnaudu Snitsmasla aldosterone Sanseduliiiniaii
Tnfeuusnaseladuuaednde ddasnmeniimuaay
ylanusulafisluseniegedn

1T a4 1934 Goldblatt* ¥vhn1svaaestuan 2 wuy
1009 iflesBunengsanmvesnsinnnzaudulaings
Tulsavaenidonunsiiluidsdlafinund

1. uuusians 2 kidneys 1 clip® (Uil 1) wulglugthaeid
vaondesilidedlaiuinaden fo wuusiassiith clip wilu

naendonunsiiluidedlatnanis Tnefivaendonunsdndis
Frannsaludsdaldnudnd Tnsesuienalansiinanie
mmﬁuiaﬁmqﬂmﬂLLUUf\%amﬁiﬁd’l dleiAans clip naen
Fonunsiluidodlndroils awviild renal perfusion anas
viliAnnisnszdu RAAS Tulpdnaiiinmaniiuvemasniden
uns drullndnefifidonludesunfinznantansedu RAAS vls
dinnstuledienesnnadaanziiuinnty dofuluwuy
1804 2 kidneys 1 clip ansuainizanudulaingdain
ngesluy angiotensin Il Fafugasluuiivilninanundy
vowmaendonyilinnudulafingedudundn

Unilateral renal artery stenosis

|

Reduced renal perfusion

:

1 renin angiotensin system (RAS)

Increased renal perfusion

v '

T renin

Suppressed RAS Increased Na+ excretion

1 angiotensin I
t Aldosterone

:

Angiotensin Il-dependent
hypertension

Uil 1 3Unuudaes 2 kidneys 1 clip

(pressure natriuresis)

ARUYAYI9In Yu AC, Glen; Luyckx, Valerie; Marsden, Philip; Skorecki, Karl; Taal, Maarten (2019). Brenner and

Rector’s The Kidney. 11" Edlition ed.

2. wuusiaes 1 kidney 1 clip® (Uit 2) wulsilugfiedid
vaondonuadluidedlafiuiiaosing vidensfivvesvaoniden
udedlalunsdffedlafivhanldtnadien Ao wuudaes
i clip lwiunaendeaunsitluidedavsaesine wieth
unilunaondeaunsiludsslaluuiiilafissinaion Toe
osuenalnmsiinnnzausulafingeannileinisanases
renal perfusion 9giin13nsedu RAAS wililesainlaliannsn

FlmReunazihoonanineldannsanawoadenluides
s Faianmviiiu (volume expansion) Fsazlung RAAS
vhlsfazsuras angiotensin Il agluseuiiswidound fududs
asuiluwuudiaes 1 kidneys 1 clip anwnvesninudiulaings
SaAnanamziiAu (volume expansion) swildunay
suluvasndendunan
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Bilateral renal artery stenosis

&+

Bilateral

1

Stenosis of solitary kidney

Reduced renal perfusion

v

1 renin angiotensin system (RAS)
t renin

1 angiotensin |l
t Aldosterone

Inhibit RAS

v

Impaired Na+ and water
excretion

'

Volume expansion

\

Normal or low angiotensin |l

Ul 2 wuud1ans 1 kidney 1 clip

'

Increased arterial pressure

ARUYAINI9IN Yu AC, Glen; Luyckx, Valerie; Marsden, Philip; Skorecki, Karl; Taal, Maarten (2019). Brenner and

Rector’s The Kidney. 11" Edition ed.

DINTTLLATDINTTLLE MY

pnaluuanse1n1sle 9 uansranulalaetudyannsie
M939E VeI 1ITANUAULATINAITEAUTULSY D1ANUNTIY
néuiiorilaviosdsdienundasiudae enamusauiu
Tsrnaenidonaves lsavaeaidonidla amztvimdon ame
deuidnss wuddnidousvoraniing

venniisiinguennsiionaviliasdannzanudladin
aniduidonuaduidosdilainund® faogs wu Guiinng
anudulafingarausiengtiosnd 30 ¥ Buiinnzeudiladi
FaTuLIMaRINDNY 55 U Fafendesiunmeladoudosuaz
ameiladuiman damearudulafingsiinesonisinu fio
msauanauduladaldldaadmanewdivieaslasuea
wuaTuduegelies 3 vinsaiendulaans viofle
fanansamuauenusiladinlveglunasitmnelaeldoian
Aruduegetion 4 wlia fngarudulafingstuoginng,
vioiinsidonnmihauvestaluginsfimuguniusiuladin
sglunasidumasn Tnnglanedeundulusswingisnw
amyarudulafings Snnsivaemideundu fniadey

msvhanuvedlnegsaifios Imsinuvesafianamdan
1#enneal RAAS blockers aunaaslaiaansdnaunnsiatuagng
fifuddy videffladrsladhamisdelnglimsuanvg Sz
vhuen Wledumaniinesensdnun (refractory congestive
cardiac failure) Hudu

AMAYaINISAALIA

aungiinuldvesiign’ e Tsanasaidenuasuds (Ath-
erosclerosis) andn1sAnwdounaslulszmeiures Xiong
Hong-Liang® uaranisaus a.a. 1999-2016 wuhugthe 2,905
57078 renal artery stenosis mmalﬁmmﬂ atherosclerosis
wnfiedoray 82 ArwgnveInInAnlsmNTUmNE gAY
Yadendemeinnzvaendenundei Funifedestuanie
anudulaings lusiuludengs wazmsguyy ShagiAanisiy
voavimaaidonlatis 2 419 aumgzesawn fo fibromuscular
dysplasia wuldsevay 4 vasaunn1siin renal artery
stenosis Ae AAuiaUnAvInUNTIasndeaLalag
lainsrwanm sSniaanaufaunftuiivaeniden renal arteries
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waz carotid arteries @nansaiindulduuy sporadic Wie
£18M10ANIIRUENTIY (autosomal dominant) wusldidu
3 subtypes laun intimal, medial wag perimedial lngain
mstufinnmmeidvaenidonaziiudnea string-of-beads
Tu medial subtype
uaﬂmﬂum‘wumme‘wmmﬂm’su arteritis 19U Takayasu
arteritis, Polyarteritis nodusa, Kawasaki disease 210013
Anwnuugounaslulsemneluues Xiong Hong-Liang Lay
A’ WU Takayasu arteritis \Juanmaes renal artery
stenosis Uszanuioas 11 1HANAITONIEULUU granulo-
matous YeavaendenuAalig Semsiesuazananse
ndududlmlldiduszer Sonuluivdsenglios Snsdniau
294 renal arteries SaumsUszaNSovay 40-60 wulauinm
naealaen renal artery d@ufu wazsiniiane San Wi
SNtL!
druanvpanlsaiianeveaniaiugnssu dnnuludin
1w Type 1 Neurofibromatosis, Tuberous sclerosis,
Pseudoxanthoma elasticum, Ehlers-Danlos syndrome,
Alagille syndrome, Marfan syndrome William syndrome,
Turner syndrome uag mmmau 9 mmﬂmimﬂaummmﬂﬂm
dsnaliidl renal artery stenosis leilkA n1s@nvesutsvasnidon
uad (arterial dissection) N13@nUIATDIVADALADALAILYGY
(aortic dissection) AMzAuidongaduviaandonuna (arterial
embolus) vaoadeaisNUInMasnEanLAsIg (Aortic
endograft) qmé’fu renal artery LLaB’ﬁﬂTJSSu‘] laun n1azns
A0S renal artery MNEINFUNTEAUUTEAMTUNUNGN
wionslda1suszan ereot alkaloid lumnsiiin wiewuls
Tunsdlfl renal artery annALdgUIINAIUNDNNTOUT LI
TndiAes

N33ty
nMsiladeiiienseng q feil
1. Anatomical study

o mim’mmaﬂaumwam (Duplex doppler
ultrasonography)

o NsTIAvAenidondsiAdeenTIdReNiames
(Helical computed tomography angiography)

o MIATIAViABAEDAlANSENENWMEELNLLLLAAN
(Magnetic resonance angiography)

o nisldansiiussddadnrasnidonuns renal artery
(Renal angiography)

2. Functional study

® Captopril renogram

e Captopril stimulated plasma renin activity

® Renal vein renin levels

druluglun1ifiadsng renal artery stenosis finazly

anatomical study @ functional study sinlsidufifenly
nURR iesniitureunsaseiidudounaritadedn 4
fonadumulsivilildnatilsignios luumanutagvenam
fensnnidadeftouthuldlunsfoiase Feldun
nN13AsIMABALABALAIAIAAUAINDES (Duplex
doppler ultrasonography)

Wunismeaeudiinnuly (sensitivity) $osaz 91-100
AT NI (specificity) Sovaz 82-91 Uaf Ao 31A1
laluns ligndndnsnenis anunsavssfiudedediiidin
(viability) wesleld wiilfedoefidutnanisiinisudanaiu
agiugvisinanisdeorsszdanuiunyslundazynaa uaz

' v
aa o

fdedndnlungudUrgnduminiAuinae (JUn 3 uag
M13199 1)

A q PSV

Velocity
>

AV,

%)
<
(%)

0 Time

3‘1]17; 3 wa@ng wave form a1 Duplex ultrasound

PSV (peak systolic velocity), AT (acceleration time), EDV
(end-diastolic velocity)™

ARLUaYI97n Bardelli M, Veglio F, Arosio E, Cataliotti A,
Valvo E, Morganti A. New intrarenal echo-Doppler
velocimetric indices for the diagnosis of renal artery
stenosis. Kidney International. 2006;69(3):580-7.

_ PSV-EDV

Resistive ind RI
esistive index (RI) ey

Systolic upstroke

Acceleration index (Al) =
Probe frequency

_ PSV renal artery
PSV aorta

Renal aortic ratio (RAR)
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A191991 1 N5LATIEIINE Velocity waveforms'!
Direct signs

e PSV 117171 180 WwURIATHDIWN

Indirect signs

e AT 171771 0.07 Ui

e RAR 11AN31 3.5

o Al 4a8N71 3 LWATHBIUN-

® | ack of Doppler signal

e ARl (@g-977) 1nnINSeeay 5

® Color aliasing

® Tardus et parvus waveform

e Color bruit

N15N5INADALRDARLLDNYLSIADUNAADS
(Helical computed tomography angiography)

Junsnageuiifianuly (sensitivity) Sosay 98 A
FUNIZIAIZ (specificity) Fosaz 94 fioR Ao amsaUsziiiu
in-stent stenosis 1@ AAuuLuEgT wardeanunsauseidiunig
fuRuYBIaRALdEAUSMEIUUAY WAy accessory arteries
laAnInnsesiaviaendenlaglinisaneninsigauuudivan
(Magnetic resonance angiography) WsidlUai11in A @1u15a
viliiiin contrast induced acute kidney injury 16 wagdanu
artifact 971 calcification viilin1sudanasafinnudesuy
nanuduasels

n1snsIAnaaLaenlaglin1saten nA8au
wsiidn (Magnetic resonance angiography)

Humsveseufialhosas 90-100 Ay inzEzas
Soway 92-97 Uon Ao lufeltansfiused (contrast) Aauha
N2 renal artery stenosis AULUULRBUNAY LATUDINAA
Ao Uszillu stented vessels lalid @19azUseifiy vessels
funautiuauduass amaganunsaia artifact 1aaan
nsiadeulmviensmela alwesnsmaaougninia
Tunsaifidunasndondiunarsiiodiutas wazvasmden
yundn7idu accessory vessels

nslfansiiviedandmasnidonuas
(Catheter angiography)

Huniswameuiifimnuly wazmnudmzinzaanis
Foway 100 Uumsnyiladennsgureinngviaeniionuns
Widsslafiv drudedosfoiduinanisiidosdinisands
nassieneuarsedliansiiuied

n135n1lun122 atherosclerotic renovascular
disease wag fiboromuscular dysplasia
Tonuszasdvasnisinvuiteliaudulaiinniuaule
asne easseRusnunsiwvedlealiined wasiiie
muauszduthlusamelieglunnizund anlananisiin
azivanvesdsundu (flash pulmonary edema)
Tnouusnissnwreenidu 3 35udn laun nssnwinaeen
nsmuantladeidssdenisiinlsaialauazvaoniden uay

ANS911 revascularization

N3N

Angiotensin-converting enzyme inhibitors #%3@
angiotensin Il receptor blockers (ACEI %39 ARB)

PMNATANYIMUURUUTDUNSIVDY Losito Attilio uag
ﬂmzlzluﬂdm&gﬂwﬁﬁ atherosclerotic renal vascular disease
(ARVD) viavmnd i 195 518 fftheldsunish revascu-
larization $1u3n 136 518 nguille¥uen ACE! §17u 62 518
Fedivislunguanld7ilésunsh revascularization uazlalld
Funs¥ revascularization mﬂmiﬁﬂmﬁwudmdmﬁié’%’u
g1 ACEl I8nsnssendimnnninguitlalléfuen usiiney
1@Sun1591 revascularization wiseliifinny nAwuzives
European society of Cardiology ignfunsiftaduazsnw
lsAviaoniionuwatdiuUatuansu $3uU European Society
for Vascular Surgery U a.a. 2019°Tun135n1 renal artery
stenosis kugdlild ACEl 38 ARB Shwianusuladings
lunsaifidunasmdeaunsluidoladuifioad 1uiien
(unilateral renal artery stenosis) anlunsdiidunaenden
LasRUTEe g (bilateral renal artery stenosis) #3eviaan
Goasiulunsdiilavhaulddfiestiaies (single function-
ing kidney) anunsalilalugUlsanunsanusiesls wsials
whdaunaiansvinnuvedlaedislnadna
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Calcium channel blockers, beta-blockers
wag diuretics

NAULUIBY European society of Cardiology ey
myiladeuazSnwlsaviaenidenuasdinUatvansu iy
European Society for Vascular Surgery U a.a. 2019° ey
gldlun1sSnwn renal artery stenosis @1w15a1% calcium
channel blockers, beta-blockers wag diuretics Tun153nw
amganufilafingsiiinnnuaendonuadudedlaiifaund
nasinuguasdulafalunguiaefid renal arterial
disease ndoyadalsifinasinuuusundlugvosfiiane
renal artery stenosis figuisskuzthlimuausziunIiy
Trigsninnamsiund ilesandesnisussiuanideniioziuge
Auuauludile

nsAuguARALEErelsaTilauaziaeniAan
PNAULLITeT European society of Cardiology LA
nytaduuazSnuliavasnionwasdiulategaiu sy
European Society for Vascular Surgery (ESVS) U a.¢. 2019°
IeuuztinAedu best medical therapy Tugfthefillsemasn
\donunsdrutatsgaduly laun uuziilingaguyns
Sulszuemstitegunm wazesnidameaiuae wugih
gnanlusfunga statins Tugtnedifinnzvaonideaunsgadiy
VNAY kugdIAIuANTERY LDL-cholesterol Titiaendn 70
fadnsudawndans vieanawnniviawiiudesas 50 N
Adasiy (baseline) flogjsywing 70-135 fadn3usiowndans
fhefidulsaummusiuge uurthlinuauinaludon
Tiegluinaiegnadusn wuzihlvien antiplatelet TugUae
flnnznaonidenunseaiuifennsyney Tuhedifinng
AMNIulafings SIuAUNIENaDALARALAIEAF UL
Tiauanuduladialiiu 140/90 fadwnsusen wuzali
finsanlsiennay ACEI vi3o ARBs LHusfusnlunsdlfifiae
fanegveendenungadiusiiuayaudulaings

A15%11 Revascularization

mﬂmiﬁﬂmwmaamuuz‘ju (randomized clinical trials)
Iuﬂdméﬂia atherosclerotic renovascular disease LU3gu
WgUSENINNN19YI revascularization AU N1ssnwlaenis
Tdeiiesae1afe (medical therapy alone) a3Unan1sAnwm
gsiet] (nsned 2)

1. msAnwimaaeauudy (randomized clinical trials)
Tt .4, 2009 Tnengu ASTRAL® investigators Anwiltungy

Q"L'JUEJ atherosclerotic renovascular disease 91431 806 518

WIBUWIBUIZNINNTYIIRRONITANTEI8MADALEDN T
nmssnwleglden wazmssnwlagldeisseenausien (medical
therapy alone) Anmunanissnwiluszezinar 5 U lanu
AnsLAnATEi gy Tudureanisvinauvedle
sefumnudulaiin mgnisalifedfule (renal events)
winnnsalifeaiuile (cardiovascular events) 3080
nsme Tunquitldfunisininonisnsversvasnidon
wununIndou 23 18 WFedln 2 sreainanmeniiala
waziinduRondiuUa1eenfiuILTERAdIuUaEUIALERAN
cholesterol emboli auABIlATUNITAATENA 3 518

2. miﬁﬂwwmaa%wudm (randomized clinical trials)
11t @.71. 2009 108 Bax Liesbeth uazAniz(STAR)" Anwingy
ﬁjﬂ’m atherosclerotic renovascular diseases 97431 140 518
WIHULEUTENININISYIRRON130819T881a0ALE0ATINAU
n3l1e1 (64 59) warnssnenlagltonieseenafen (76 $18)
Aamnaduszoziian 34 Wweu wullidanuuanaiwes
N38AadveINTIYNLYadln MsmuANANAUlaTn N15LAn
YNANN KAZAITANEIINANNANVADALTEALAL I
Tunquitld3unmsivinonisaavensvasaiden tAnny
unsngeuauy i@t in 2 579 1ARAN procedure related
@39 1 578977 infected hematoma wagdeslasunisuintn
naunuln 1 918970 cholesterol emboli Ta31AUIAS
Anwndl Aolunguithefldsumsvivinansisenevaondon
1asun1939adefna1n noninvasive imaging 1in1sAuYes
renal artery snnnin¥esar 50 Sethenguiiluanduaie
p13lispslasunssnunlneni9in revascularization

3. NMsANYIMARRILUUEL (randomized clinical trials)
1wl a.A. 2013 Ine Cooper Christopher uazagy (CORAL)®
Anwgne atherosclerotic renovascular disease 311U
947 518 WIBUEUTEWINNITYIRRaN1T8 199 eannLaen
swAumslten wagnssnwlagldeiesetnauien (medical
therapy alone) Aamudusyezinan 43 weu wuIilild
ANULANANAUYIBINISEBTInNsAT lanaz vaealden
viodeTiediluavnanla anendandemlame ane
lsavaondonanesd 9nsIn1susulsneIuIaaIniladuman
nsideuamedtls wieanudesnislunistrdanaunule
TursszegAnnalunguitldsunmsiinonisaisvenenase
Fon Tanududaladniishinguilioufiesos ey sz
2.3 findiunsusen Inglunguitlé3unisi revascularization
Annmeunsndeuiinutesiigade arterial dissection Tngwu
Judu 11 578
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Mnmsdnudsfildnanatommn Seldannsaazuld o lunsiliififovstvesnish revascularization uugthli
Pnsivinanisansveneviaenden lugUie renal artery vidu surgical revascularization lugthefifinmeinia
stenosis 7AAT7N atherosclerosis laUselemifinianiinis naonden renal artery fidudiou (complex anatomy)
Snwlnensidonfiosegraiien sialuud improvement veq W& NI endovascular procedure duivan %38
renal function, blood pressure control, cardiovascular pugATIUAUTEMININSHNARvaaALEen aorta

events, cardiovascular mortality wag mortality usiiles
melnatetediialuusaznisfine dwusnisdadeniUis  KDIGO consensus’

Whanlun1sAnen ineusilunisitiade renal artery stenosis Definite indication
Fousdvaenisinonisanswenenasndendidilddaey o fnmvinhuendsundunietiladumanideundu
é’qﬁ?uﬂ'1ﬁﬁﬂlﬂiﬁffluquuﬂﬁﬁﬁﬁammzéfaaﬁmmﬁaLﬂmeﬁ sAuinTg high-grade renal artery stenosis
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Chronic Active Antibody-Mediated Rejection
and Kidney Allograft Survival: A 14-Year
Single-Center Retrospective Analysis

Pichaya Kaeoperm, Piyavadee Hombkrailas
Division of Nephrology, Bhumibol Adulyadej Hospital, Royal Thai Air Force, Bangkok, Thailand

Abstract

Background: Chronic active antibody-mediated rejection (ABMR) is a significant cause of graft loss in kidney
transplants. The current treatment strategies have not been very effective. The present study examined kidney
allograft survival after diagnosis and treatment of chronic active ABMR and explored factors associated with allograft
survival.

Methods: 144 kidney transplants were identified from 2007 to 2021. Thirty patients had ABMR, and 15 cases in
12 patients were classified as having chronic active ABMR according to the 2017 Banff classification.

Results: The average time from transplantation to the diagnosis of chronic active ABMR was six years. The median
graft survival after the diagnosis was 2.6 years. Fifty-eight percent of the patients lost their grafts. The average serum
creatinine and urine protein/creatinine ratio at the time of diagnosis of chronic active ABMR were 2.6 mg/dL and
1.5 g/g, respectively. Higher serum creatinine was the only factor significantly associated with graft failure. The
association between heavier proteinuria and graft loss was also noted, but the difference did not reach statistical
significance.

Conclusion: Chronic active ABMR was associated with poor graft survival. Decreased allograft function at diagnosis

was significantly associated with graft failure.
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Introduction

Kidney transplantation is the best modality of renal
replacement therapy for patients with end-stage kidney
disease (ESKD). Improvements in kidney matching
algorithms and effective immunosuppressive drug
regimens result in a continual increase in allograft survival.
Nevertheless, the rates of 10-year allograft survival remain
low at 50% for deceased donor recipients and 65 % for

living donor recipients.' The most common cause of graft

failure is death with a functioning graft, accounting for
519% and 53% of graft failure in living donor and deceased
donor recipients, respectively. The second most common
cause of graft failure is chronic rejection.”

Chronic antibody-mediated rejection (ABMR) is
responsible for as high as 60% of late graft failures. An
effective management strategy is crucial in improving
long-term graft outcomes.” This type of rejection can be

divided into two groups: chronic active ABMR, where the
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allograft is continuously attacked by antibodies, leading
to ongoing inflammation, and chronic ABMR, when
antibodies have previously attacked the allograft but are
no longer actively doing so. The symptoms of chronic
active ABMR are insidious, presenting as proteinuria and
a gradually rising serum creatinine. Despite being a major
cause of allograft failure, an effective treatment has yet
to be established.” The retrospective study investigated
allograft outcomes after chronic active ABMR treatment
and factors associated with graft survival in chronic
active ABMR.

Materials and Methods

Study design and ethics Statement

This retrospective study was conducted at Bhumibol
Adulyadej Hospital, Bangkok, Thailand. All patients who
underwent living-related or deceased-donor kidney
transplantation between 2007 and 2021 were included.
The ethics committee approved the study for human
research of Bhumibol Adulyadej Hospital. Informed
consent was not required.

Patients and diagnosis of chronic active ABMR

The electronic medical records were reviewed. Among
the 144 kidney transplant recipients, 30 patients had
biopsy-proven ABMR. Patients with only chronic active
ABMR were identified according to the 2017 Banff
classification. The criteria required the presence of ABMR
(evidence of current or recent antibody interaction with
the endothelium (Cad), or serologic evidence of donor-
specific antibody (DSA), microvascular inflammation (MVI),
qualifying for this category is a glomerulitis (g) score +
peritubular capillaritis (PTC) score > 2) with histologic
evidence of chronic tissue injury, such as transplant
glomerulopathy (TG) attributable to ABMR. Patients with
compatible histology but negative DSA were included in
the analysis as suspected chronic active ABMR. A total of
15 chronic active ABMR cases in 12 patients were included

in the final analysis.

Biochemical and treatment data
The data on serum creatinine, proteinuria, donor-specific

human leukocyte antigen (HLA) antibody development,

dates of transplantation and allograft biopsy, and the
treatment received post-biopsy were recorded. Additional
data, including age, gender, primary kidney disease, panel
reactive antibody (PRA), donor type, HLA mismatching,
early complications, medications, and immunosuppression
drug levels, were also collected. The treatment for chronic
active ABMR was decided based on the clinical condition
and the decisions made by the primary nephrologist. At
our center, all patients diagnosed with chronic active
ABMR received five sessions of plasma exchange (1.5 x
blood volume) followed by intravenous immunoglobulins
(IVIG) infusion (2g/kg). In patients with severe rejection,
rituximab 375 mg/m?” was also administered.

Outcomes

The primary outcome was renal allograft survival. The
secondary outcome was factors associated with allograft
survival. Graft loss was defined as the need to return to
dialysis. Patients were followed until graft loss, death, or
the end of 2023.

Sample size calculation

The sample size was calculated according to the previ-
ous study on treatment of chronic active ABMR in renal
transplant recipients.” The calculation yielded a sample

size of 19 patients.

N = [Za,/el
e =&
Sit) = e

A = -In(S)/time
Alpha (0) = 0.05, z,,= 1.959964

A = Median overall graft survival 5.6 years =
(-log(0.5)/5.6) = 0.1238

A = 1/total time follow up 15 years = 1/15 = 0.067
& = [(0.067- 0.1238)/ 0.1238| = 0.4588
N = 19

Statistical Analyses

The data were reported as number (%), mean =
standard deviation, or median (interquartile range).

Differences between groups were analyzed using
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Student’s t-test, Wilcoxon rank-sum test, or Fisher’s exact
test. Allograft survival was analyzed using the Kaplan-Meier
curve. All analyses were performed using R version 4.1.1.

P value <0.05 was considered statistically significant.

Results
Baseline characteristics
The study flow diagram is shown in Figure 1. The

patients with chronic active ABMR were 75% males with

144 kidney transplants
between 2007 - 2021

I
30 ABMR

15 Pure c-aABMR in 12
patient

Figure 1 Study Flow Diagram

an average age of 41 years. Sixteen percent had diabetes,
58% had hypertension, and 58.3% had chronic glomeru-
lonephritis as the cause of ESKD. The mean PRA at the
time of transplantation was 0%. Fifty percent received
kidneys from living donors. Early rejection, defined as any
rejection within three months after kidney transplantation,
was observed in 25%, while 25% experienced delayed
graft function. Table 1 shows the baseline characteristics

of all patients.

Excluded

e Acute ABMR : 9

e Chronic ABMR : 5
¢ Mixed rejection : 1

ABMR, antibody-mediated rejection; c-aABMR, chronic active ABMR

Table 1 Baseline biochemical data of all patients

Parameters | N=12

Male sex, N (%) 9 (75)
Age (years) 414 +9.1
Underlying disease, N (%)

e Diabetes mellitus 2 (16)

o Hypertension 7 (58)

« Dyslipidemia 3 (25)
Cause of end-stage kidney disease, N (%)

 Unknown 7(58.3)

¢ Chronic glomerulonephritis 2 (16.7)

e Autosomal dominant polycystic kidney disease 2 (16.7)

* IgA Nephropathy 1(8.3)
Donor parameters

e Living donor, N (%) 6 (50)

» Donor age (years) 40.4 + 11.8
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Parameters | N=12
Immunological risk
e HLA mismatching 3.5 (2-6)
e Panel reactive antibody (%) 0 (0-0)
Early complications, N (%)
« Delayed graft function, N (%) 3(25)
o Early rejection, N (%) 3 (25)
Immunosuppressive drugs, N (%)
e Tacrolimus 6 (50)
e Cyclosporine 2 (16.7)
» Mycophenolate mofetil 11(91.7)
* Prednisolone 12 (100)
e Everolimus 5(41.7)
Drug levels (ng/ml)
e Tacrolimus 43+ 15
e Cyclosporine 206 + 220.6
e Everolimus 72+14
Parameters at the time of diagnosis of chronic ABMR
e Duration after transplantation (month) 74.3 £ 51.2
e Serum creatinine (mg/dL) 2.6 +0.7
* Spot urine protein/creatinine (g/g) 1.5+1.6
» Positive donor-specific antibody, N (%) 9 (75)
HLA class 1 4 (44.4)
HLA class 2 7(77.8)
Mean fluorescent intensity 7425 (3551-8610)
Treatment, N (%)
e Plasma exchange 10 (83.3)
e Intravenous gamma globulin 10 (83.3)
e Rituximab 3(25)
* Repeated treatment 3 (25)
e Supportive treatment 2 (16.7)

HLA, human leukocyte antigens

Histopathology

The average duration from transplantation to the
diagnosis of chronic active ABMR was 74.3 + 51.2 months.
Table 2 illustrates histopathological features of chronic
active ABMR according to Banff classification. The median

g score was 2, the mean PTC score was 2.3, and the

mean cdd score was 2.1. The median scores for interstitial
inflammation, tubulitis, and intimal arteritis were 0. The
mean chronic glomerulopathy (Cg) score was 1.5. The
median scores for interstitial fibrosis, tubular atrophy, and
increased mesangial matrix were 1. The mean arteriolar

hyalinosis was 0.9.
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Table 2 Histopathological features of chronic active antibody-mediated rejection according to Banff classification

Characteristics

| Banff’s score

Interstitial Inflammation (i) 0 (0-1)
Tubulitis (t) 0 (0-0)
Intimal arteritis (v) 0 (0-0)
Glomerulitis (g) 2(1.5-2)
Peritubular capillaritis (PTC) 23+06
Cad 21+15
Interstitial fibrosis (ci) 1(1-1)
Tubular atrophy (ct) 1(1-1.5)
Chronic glomerulopathy (cg) 1.5+08
Mesangial matrix increase (mm) 1(0.5-1)
Arteriolar hyalinosis (ah) 09 +0.7
Ci+ Ct 23 +0.8
g+ PTC 4.1+ 09

Donor-specific antibody

Nine of 12 patients (75%) had the data on DSA. Most
patients showed MHC class Il DSA (77.8%), either alone
or in combination with other types of MHC. The median

mean fluorescence intensity was 7425.

Treatment

Ten of 12 patients (83%) received IVIG and plasma
exchange treatments. Three of these ten patients (30%)
also received rituximab. Two patients (16.7%) did not receive
the treatment because of rapidly deteriorating allograft
function (increased serum creatinine from 3.5 mg/dL to
4.5 mg/dL within one week and heavy proteinuria of 6.4
g¢/g) and the presence of active infection (intraabdominal
abscess). Among these two patients, the primary nephrologist
chose to optimize the immunosuppressive drusgs.

Repeated biopsies were performed on three
patients who subsequently received a repeated course of
treatment. Two patients underwent repeated biopsies
due to worsening allograft function, and both eventu-
ally developed allograft failure. The other patient had a

repeated biopsy due to increasing proteinuria. The

allograft function of this patient remained stable during

the d-year follow-up period.

Graft survival

Patients were followed for a median of 7 years (5.5-9.8
years). Seven of 12 patients (58.3%) lost their graft. The
median graft survival from transplantation was 9.5 years
(Figure 2A). The median graft survival from the diagnosis
of chronic active ABMR was 2.6 years (Figure 2B). The
graft survival rates were as follows: 1-year survival 100%
(95% confidence interval 100-100), 5-year survival 83%
(64.7-100), and 10-year survival 44% (22.4-88.2).

Patients with graft failure had significantly higher
baseline serum creatinine (2.9 vs. 2.1 mg/dL; p-value
= 0.032) and lower eGFR (24.7 vs. 35.8 mL/min/1.73m?2;
p-value = 0.044) at the time of allograft biopsy compared
to patients with functioning graft. Patients with higher
urine protein (1.3 vs. 1 ¢/g; p-value = 0.087) showed a
tendency toward an increased risk of graft loss. Banff
classification score did not predict graft failure. However,
higher scores for PTC, c4d, and cg were associated with

worse graft survival (Table 3 and Figure 3)
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Figure 2A. Overall Median Graft Survival
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Figure 2B. Median Survival After Diagnosis
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Figure 2 Graft survival.

Figure 2A, graft survival from the time of transplantation; Figure 2B, graft survival from the time of diagnosis.

Table 3 Factors associated with graft failure at the time of allograft biopsy

Kidney Allograft
Factors Failure Functioning
(N=T7) (N=5)

Serum creatinine (mg/dL) 29+ 0.7 21+02 0.032
Estimated GFR (mL/min/1.73 m?) 24.7 £ 9.1 358 6.7 0.044
Urine protein/creatinine (g/g) 1.3 (1-2.1) 1(0.5-1.2) 0.087
Histopathology

Interstitial Inflammation (i) 0 (0-1) 0 (0-8) 0.832
Tubulitis (t) 0 (0-0) 0 (0-0) 0.273
Intimal arteritis (v) 0 (0-0) 0 (0-0) 0.496
Glomerulitis (g) 2 (2-2) 2(1.2-2) 0.893
Peritubular capillaritis (PTC) 24 +£05 2+06 0.163
C4ad 24+ 1.5 1.5+14 0.242
Interstitial fibrosis (ci) 1(1-1) 1(1-1.8) 0.5

Tubular atrophy (ct) 1(1-1) 1(1-1.8) 0.7

Chronic glomerulopathy (cg) 1.7+1 13+05 0.469
Mesangial matrix increase (mm) 1(1-1) 1(0.2-1) 0.701
Arteriolar hyalinosis (ah) 0.8 +0.7 1+0.9 0.59
Ci+Ct 22+04 25+1.2 0.539
g + PTC 4.3 + 0.7 3.8+ 1.20 0.318
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Figure 3 Serum creatine and urine protein after the diagnosis of chronic active antibody-mediated rejection and

allograft survival

Discussion

The present study described a series of kidney transplant
recipients with chronic active ABMR. The incidence of
chronic active ABMR was 8%. The average duration from
kidney transplantation to the diagnosis was 6.3 + 4.3 years.
Among the patients with chronic active ABMR, 58.3% of
patients lost their kidney allografts. The median graft
survival from the time of diagnosis was 2.6 years. Higher
serum creatinine and lower eGFR at the time of allograft
biopsy predicted worse graft survival. A trend between
higher urine protein and decreased graft survival was
also noted.

The previous study by Redfield et al. reported a 7%
incidence of chronic active AMBR among their patients.’
The incidence of graft loss was 76%, with the median
graft survival from the diagnosis being 1.9 years. These
findings are comparable to the present study. Moreover,
this previous study also demonstrated the association
between serum creatinine >3 mg/dL and urine protein
>1 g/g with a higher risk of graft loss. Again, these findings
are consistent with the present study. Another study by
Yilmaz et al. reported a lower incidence of 2.5% of chronic
active ABMR with graft survival rates of 97%, 85%, 739%,
and 50% at 1, 3, 5, and 10 years, respectively.” Serum
creatinine levels =3 mg/dL, estimated glomerular filtration
rate (GFR) <30 mU/min/1.73 m?, and urine protein >1 g/g

at the time of diagnosis were associated with ineffective

treatment and decreased graft survival rate.

However, the study by Chiu et al. reported considerably
better graft survival.” The median graft survival after the
diagnosis was 5.6 years, with only 26.8% of the patients
losing their allografts. These differences could be
attributed to the early detection of ABMR in the study
by Chiu et al.. Chronic active ABMR was diagnosed when
serum creatinine was below 1.8 mg/dL. Moreover, the
patients in this study received multiple follow-up biopsies
and multiple repeated treatment courses if the biopsy
results showed persistent lesions. These data suggested
that an aggressive monitoring method through protocol
biopsy rather than serum creatinine and repeated courses
of treatment according to the biopsy findings could result
in a more favorable allograft outcome.

The present study did not find a significant difference
in the immunological and histopathology features
between the patients with graft failure and functioning
grafts. This was likely due to the small number of patients.
However, the group that experienced graft failure did
show a tendency toward higher scores of PTC, C4d, cg,
and MVI. These are consistent with the findings from
Sapinar et al.® In this previous study, the improvements
in histopathology after treatment included a significant
decline in PTC score and glomerulitis. In addition, Yilmazet
et al. reported that transplant glomerulopathy was a poor

prognostic factor for allograft outcome.”’
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The present study is limited by being a single-center
and retrospective study, which limits the conclusion
regarding causality. The small number of cases also
diminishes the statistical power, especially in analyzing
the differences in the immunologic and histology features.

In conclusion, the incidence of chronic ABMR was
8% and was associated with decreased graft survival.
Decreased allograft function at diagnosis was a poor
prognostic factor for allograft survival. Early and more
aggressive treatment and monitoring may be warranted

to improve the outcome of chronic active ABMR.
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Constant Amino Acid Plus Dextrose Infusion
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Abstract

Background: Increasing amino acid loss has been observed in patients receiving intradialytic parenteral nutrition (IDPN).
There are two standard protocols for lipid-free formula-IDPN infusion: constant amino acid plus dextrose infusion
and sequential dextrose followed by amino acid infusion. However, the difference in amino acid loss between the
two infusion protocols has never been explored.

Methods: The present study is a randomized crossover trial performed on ten malnourished chronic
hemodialysis patients. They were randomized to receive a constant or sequential infusion protocol. The crossover
was performed one week later. Plasma and dialysate amino acid concentrations were determined before and after
the hemodialysis session. The changes in blood pressure and capillary glucose concentrations during hemodialysis
were also recorded.

Results: The average declines in plasma essential, non-essential, and total amino acid concentrations were
comparable between the two infusion protocols. Substantially higher non-essential and total amino acid
concentrations were observed in the dialysate from the constant infusion group. In the sequential infusion group,
the average capillary glucose level was higher at the 2™ hour and lower at the 4" hour of hemodialysis, and two
patients had hypotension.

Conclusion: Constant infusion of amino acid plus dextrose solution during hemodialysis resulted in a more significant

loss of amino acids into dialysate than the sequential infusion of dextrose followed by amino acids.
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Introduction

Protein-energy wasting (PEW) is a state of nutritional
and metabolic derangements in patients with chronic
kidney disease characterized by simultaneous loss of
systemic body protein and energy stores.' Many contributing
causes include increased resting energy expenditure,
persistent inflammation, acidosis, multiple endocrine
disorders, and the dialysis procedure.” Dialysis may contribute
to PEW through infectious, inflammatory, and volume-
related complications and the loss of nutrients such as
protein and amino acids.” The previous study showed
that the amount of amino acid lost into the dialysate
during one dialysis session could range from 6 to 8 gm.*
In the latter study that prescribed amino acid infusion
during hemodialysis, the loss was as high as 28 + 4 gm.
Still, there was a net positive balance, and the plasma
concentrations of amino acids increased.”

Regarding essential amino acids, branched-chain amino
acids (BCAAs), including leucine, isoleucine, and valine,
are nutritionally crucial as they cannot be synthesized
endogenously and must be obtained through the diet.
BCAAs typically decrease following hemodialysis and are
essential for protein synthesis and regulating molecular
pathways implicated in disease pathophysiology. ®
Decreased plasma BCAA levels, particularly valine, have
been reported in chronic kidney disease’, with implications
for central and peripheral metabolic functions. "** BCAA
depletion during hemodialysis has been linked to fatigue,
and normalization of plasma BCAA concentrations has
shown improvements in protein metabolism, appetite,
and nutritional status.”

An intradialytic parenteral nutrition (IDPN) regimen of
glucose infusion is aimed at restoring glycogen supply
in malnourished patients."* In addition, infused glucose
may also help prevent the conversion of infused amino
acids to energy by suppressing hepatic gluconeogenesis.
Moreover, insulin release in response to glucose infusion
can also enhance the cellular uptake of amino acids.”
Glucose and insulin regulate the expression of numerous
amino acid transporters in various tissues. Insulin signals
rapidly induce the uptake of glucose and BCAAs into the

muscle and tissues.'® In the previous study, intravenous

infusion of amino acids and glucose during hemodialysis
helped prevent a fall in plasma amino acid and glucose
concentrations. Only a slight increase in the losses of free
amino acids into the dialysate was detected.’

In current clinical practice, the amino acid solution is
usually infused during the last 60 to 90 minutes of
hemodialysis. This infusion method may have
disadvantages, such as undesirable high blood levels
of amino acids, less efficient metabolic utilization, and
possibly more significant loss during hemodialysis.'” On the
other hand, infusion of amino acid solution plus glucose
throughout the hemodialysis session may have potential
advantages, including preventing the depletion of amino
acid and glucose pools throughout the dialysis session
and lowering the risk of intradialytic hypotension from
excessive ultrafiltration before the end of hemodialysis.
There are two standard methods for lipid-free
formula-IDPN infusion: constant amino acid plus dextrose
infusion and sequential infusion of dextrose followed
by amino acid. The difference in amino acid loss between

the two infusion protocols has never been examined.

Materials and methods

Study design and ethics statement

This study was a randomized crossover trial of chronic
hemodialysis patients at Phramongkutklao Hospital.
Ethics approval was obtained from the Institute Review
Board of the Ethics Committee of the Royal Thai Army
Medical Department (Approval number R047h/65). This
study was registered with the Thailand Clinical Trial
Registry (TCTR20230317005). Informed consent was
obtained from all patients.

Amino acid solution and infusion protocols

The composition of the amino acid solution is shown
in Table 1. The two infusion protocols used in the
present study were as follows: 1) constant infusion of both
dextrose and amino acid solution from the beginning until
the end of the hemodialysis session; 2) sequential infusion
of dextrose from the beginning until 60-90 minutes before
the end of the hemodialysis session followed by infusion
of amino acid solution during the last 60-90 minutes of

the hemodialysis session.
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Table 1 Compositions of amino acid solution

Amino acids Each 500 ml

L-leucine T¢
L-isoleucine 45¢
L-valine 5¢
L-lysine acetate 355¢
(L-lysine equivalent) 2.53¢g
L-threonine 1.75¢
L-tryptophan 1.25¢
L-methionine 1.5¢
L-phenylalanine 25¢
L-cysteine 05¢
L-tyrosine 0.25¢
L-arginine 225¢
L-histidine 1.75¢
L-alanine 1.25¢
L-proline 15¢
L-serine 15¢
L-aspartic acid 05¢
L-glutamic acid 05¢
Total free amino acids 36.025 ¢
Essential amino acids 26.025 ¢
Non-essential amino acids 10.00 ¢
Total nitrogen 5.00 g

Patients and randomization

The inclusion criteria were age >20 and receiving
thrice-weekly maintenance hemodialysis. The exclusion
criteria were as follows: 1) volume overload; 2) sepsis;
3) hypotension from a cardiac cause; 4) advanced
malignancy; 5) advanced liver disease; 6) blood flow

rate during hemodialysis <250 mL/min. A block of 4

randomization randomly assigned patients to either
constant amino acid plus dextrose infusion or sequential
dextrose followed by amino acid infusion. Five patients
were randomized to the constant infusion protocol, and
the other five were randomized to the sequential one. The
two groups were crossed to the other infusion method

one week later (Figure 1).
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Figure 1 Study flow diagram

Outcomes

The outcomes of the present study were differences
in the changes in plasma amino acid concentrations after
hemodialysis and amino acid loss in dialysate between

the two infusion protocols.

Determination of amino acid concentrations
in plasma and dialysate

Plasma samples were obtained from the arterial
bloodline before and after hemodialysis, and the dialy-
sate was collected at the end of the hemodialysis to
determine amino acid concentrations. Biofluid samples
were prepared by denature technique. Most abundant
proteins from human plasma were removed by crash-
ing solvent using acetonitrile with a 1:1 ratio followed
by centrifugation at 14,000 rpm for 10 minutes, yielding
clear supernatant. The supernatant was then filtered
through a 0.2 pm cellulose acetate syringe. The prepared

supernatant was injected into a high-performance

Constant infusion (n=5)

liquid chromatography system (model SHIMADZU

Nexera LC-40 series).

Statistical analysis

Data are expressed as mean + standard deviation
or median (interquartile range). Differences between
the two groups were analyzed using an unpaired
T-test or Mann-Whitney U test. Differences within groups
were analyzed using paired T-test, or Wilcoxon Signed
Ranks test. Statistical significance was defined as a
P-value <0.05.

Results

Baseline characteristics

Ten patients were enrolled in the study (Table 2). The
mean age was 63 years, and 50% were male. 60 % had
hypertension, and 30% had type 2 diabetes. The mean
pre-dialysis serum albumin and creatinine were 3.91 +
0.49 g/dL and 7.9 + 2.86 mg/dL, respectively.
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Table 2 Baseline characteristics of all patients

Parameters ‘ Al participants (n=10)
Age, years 63 + 15
Male 5 (50)
Body mass index, kg/m? 23.14 + 5.46
Underlying diseases

® Type 2 diabetes mellitus 3 (30)

® Hypertension 6 (60)

® Heart disease 1 (10)

® Cerebrovascular disease 2 (20)
Medications

e ACEI/ARBs 3(30)

® Beta-blockers 6 (60)

e Diuretics 4 (40)

e Calcium channel blockers 3(30)

e Statins 5 (50)
Dialyzer

® High flux dialyzer 10 (100)

e Surface area 1.3 m’ 2 (20)

e Surface area 2.0 m’ 6 (60)

e Surface area 2.1 m’ 2 (20)
Blood flow rate, mL/min 3755 +4.01
Dialysate flow rate, mL/min 740 + 126.49
Pre-dialysis systolic blood pressure, mmHg 141.8 + 7.22
Pre-dialysis diastolic blood pressure, mmHg 70.6 £ 14.71
Pre-dialysis albumin, g/dL 391 +0.49
Pre-dialysis creatinine, mg/dL 7.9 + 2.86

Data were presented by n; number (%, percentage), mean + SD (standard deviation)

ACEl, Angiotensin-converting enzyme inhibitors; ARB, Angiotensin-receptor blocker; SD standard deviation

Changes in plasma amino acid concentrations

Median plasma amino acid concentrations are
shown in Table 3. In the sequential infusion protocol,
the average plasma essential amino acid concentration
decreased substantially at the end of the dialysis
session (7,223.56 vs. 5,281.44 mcg/mL, p-value 0.028).
There was no significant change in the concentration

of non-essential amino acids. In the constant infusion

protocol, the average plasma essential amino acid
concentration was also significantly lower at the end
of the dialysis session (6,183.67 vs. 4,626.43 mcg/mL,
p-value 0.022). There was no significant change in
the concentration of non-essential amino acids.
Between-group changes in essential, non-essential,
and total amino acid concentrations were insignificant
(Figure 2).
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Regarding individual amino acids, plasma valine and
leucine levels increased substantially after hemodialysis

in the sequential protocol, but between-group changes

were not statistically significant (Supplementary
Tables 1 and 2).

Table 3 Plasma amino acid concentrations pre- and post-dialysis between the two infusion protocols

Types of amino acids

Mean Difference

(95% Confidence interval)

Constant infusion

Sequential infusion

Essential amino acids (mcg/mL) 1,389.53 1,484.33 0.821
s (-3,429.37, -418.96) (-2,484.7, -606.11) '
Non-essential amino acids (mcg/mL) -1,330.24 1,572.22 0.705
§ (-4,375.61, 1,583.98) (-4,647.27, -882.61) '
-3211.45 -3,630.36
Total i id /mL ’ ’ 0.705
otal amino acids (meg/ml) (-6,485.29, 1,487.38) (-5,253.38, -2,104.91)

20000

10000

-10000

Difference of Total Essential+
non essential amino acid
o

-20000

Sequential

P-value=0.705

-

*

Continuous

Figure 2 The changes in total plasma amino acid concentrations

Amino acid loss in dialysate

Dialysate amino acid concentrations were analyzed
at the end of the hemodialysis session. The changes
in dialysate amino acid concentrations are shown in
Table 4. The loss of essential amino acids during
hemodialysis was similar for both infusion protocols
(Figure 3). However, the losses of non-essential amino
acids (Figure 4) and total amino acids (Figure 5) were

substantially higher in the constant infusion protocol.

Changes in capillary blood glucose and blood
pressure

The changes in capillary blood glucose and mean

arterial blood pressure are shown in Table 5. In the
sequential infusion protocol, capillary blood glucose rose
at mid-dialysis and was higher than the constant infusion
protocol. The mean capillary blood glucose declined at
the end of hemodialysis and became lower than the
constant infusion protocol. The mean arterial pressure
at baseline, mid-dialysis, and the end of dialysis were
comparable between the two infusion protocols.
Intradialytic hypotension was observed in two patients
in the sequential infusion protocol and none in the

constant infusion protocol.
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Table 4 The concentrations of amino acids in dialysate at the end of the hemodialysis session

Mean Difference

Amino acids Sequential infusion Constant infusion -value
I I SIS e TS (95% Confidence interval) prvatd

Essent] .
ssential AAs 4747.06 + 54011 | 4,621.11 + 198.74 125.96 0.495
(mcg/mL) (-274.25, 526.16)
Non-essential A% | 5 156,36 + 1,997.3¢ | 7,769.65 + 2,571.06 232 0.022%
(mcg/mL) RIS s A (-4.936.77, -189.81) '
Total AAs (mcg/mL) | 9.803.42 + 2.516.44 | 12,390.75 + 2,684.09 "2,581.33 0.044*
§ OUSRLE £920 27N 2 £,00% (-5,093.48, -81.18) ‘

Data were presented by mean + SD (standard deviation)

AA, amino acids

P-value=0.495
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Figure 3 Essential amino acid concentrations in dialysate
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Figure 4 Non-essential amino acid concentrations in dialysate
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Figure 5 Total amino acid concentrations in dialysate

P-value=0.044
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Table 5 Capillary blood glucose and blood pressure during a hemodialysis

Sequential protocol

Constant protocol

Parameters Mean change Mean change
Capillary blood glucose (mg/dL)
Pre-dialysis 184.7 + 84.75 183.7 + 83.16 0.939
2 -hour 274.4 + 52.54 2299 + 51.93 0.008*
4-hour 130.33 + 43.62 191 + 68.41 0.039*
Blood pressure (mmHg)
Pre-MAP 96.93 + 20.09 90.27 + 12.39 0.575
MAP at 2-hour 92.33 + 11.99 89.33 + 5.66 0.333
MAP at 4-hour 91.73 £ 17.05 93.17 + 13.69 0.878
Hypotension 2 (20) 0 1

Data were presented by n; number (%, percentage), mean + SD (standard deviation)

MAP, mean arterial pressure

Discussion

The present study revealed a reduction in plasma
amino acid levels post-hemodialysis in both infusion
protocols, with no significant differences observed
between the constant and sequential infusion groups
concerning the decline in essential, non-essential, and
total amino acid concentrations. However, the constant
infusion group had a more pronounced loss of non-essential
and total amino acids in the dialysate. Additionally, the

sequential infusion group experienced a higher incidence

of hypotensive episodes. The estimated amino acid loss
in the constant infusion group was 12.39 ¢/L over a
4-hour hemodialysis session. Although the total dialysate
volume was not recorded, elevated amino acid
concentrations in the dialysate implied a more substantial
loss in the constant infusion group. In the previous study'’,
patients were given an infusion containing 39.5 ¢ of amino
acids and 200 ¢ of d-glucose at a constant rate, which
also revealed the loss of 12.6 + 3.6 gm of amino acids,

comparable to the present study. More significant loss
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of amino acids into the dialysate in the constant infusion
method might result from a longer period of high blood
amino acid levels or less efficient metabolism of these
nutrients.

Regarding amino acid quality, our study demonstrated
no statistically significant difference in the mean change
in plasma essential amino acid levels and dialysate
amino acid concentrations between the constant and
sequential infusion protocols. Both protocols exhibited
comparable reductions in amino acid levels post-infusion.
These findings suggest effective amino acid uptake with
both protocols, given the positive amino acid input in
malnourished patients. This contrasts with the previous
report,’” which indicated that infusate composition
influenced plasma amino acid levels, showing increases
in most amino acids except tyrosine and histidine. This
underscores the importance of carefully selecting infusate
composition to optimize nutritional outcomes. Maintaining
and enhancing plasma levels of essential amino acids,
particularly branched-chain amino acids (BCAAs), in
malnourished dialysis-dependent patients could improve
their nutritional status and clinical outcomes.

The complications associated with intradialytic
parenteral nutrition infusion, particularly the higher
frequency of hypotensive episodes in the sequential
infusion group, could be attributed to excessive
ultrafiltration towards the end of the hemodialysis
session.

The study’s results highlight the necessity for tailored
nutritional strategies during hemodialysis to mitigate
amino acid loss and effectively address the metabolic
needs of these patients. By carefully selecting and
adjusting the composition of the infusate, clinicians can
enhance nutritional outcomes and improve the clinical
status of malnourished dialysis-dependent patients. This
approach is crucial for optimizing the balance between
providing adequate nutrition and minimizing the loss of
vital amino acids during hemodialysis sessions.

Although the study showed the statistical significance
of amino acid loss, there is no data of clinical significance.
Given the advantages and disadvantages of sequential

and constant infusion regimens, clinicians should carefully

tailor their approach based on individual patient
characteristics. We propose that a sequential infusion
of dextrose followed by amino acids is preferable for
malnourished patients with well-controlled blood glucose
levels and minimal risk of intradialytic hypotension, as
it effectively provides both calories and protein during
the intradialytic infusion period. Conversely, a constant
infusion of amino acids with a dextrose solution is
recommended for patients with a history of hypotension
or those requiring high ultrafiltrate volume removal, as
it compensates for the significant loss of amino acids
into the dialysate. Regardless of the chosen regimen,
meticulous blood pressure and glucose monitoring
before, during, and after intradialytic parenteral nutrition
therapy is imperative.

This study has several strengths. It is the first to
delineate the differential concentration of amino acid
loss between sequential and continuous amino acid
infusion in patients undergoing chronic hemodialysis.
Using a cross-over design ensured that participants’
characteristics were self-controlled, enhancing the
reliability of the findings. Additionally, including patients
with indications for intradialytic parenteral nutrition
reflects real-world clinical practice. However, the study
has limitations, including the absence of recorded total
dialysate volume, lack of data on nitrogen balance
and oral intake before dialysis sessions, no data on amino
acid uptake, and a short follow-up period, which limited
the assessment of long-term nutritional status outcomes.
Future research should address these limitations to

provide a more comprehensive evaluation.

Conclusion

The constant infusion of amino acids plus a dextrose
solution during hemodialysis resulted in a more significant
loss of amino acids into dialysate than the sequential

infusion of dextrose followed by amino acids.
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