=
=
=
=
=
=
~

ROLOGY SOCIETY OF




L~
]\

\WdiN 3HL
THAILAN

ROLOGY SOCIETY OF

Nephrol

ysarisaviAuisalaniius:inAlng

Society of Thailand

Journal of the

ogy

Vol. 32 No 2 April-June 2026 / Uf 32 aUUA 2 Idou IWWEU-0NUIEU 2569

Editorial Team

Editor-in-Chief
Sinee Disthabanchonsg,

Editorial Board Members
Subject Editors

Sirirat Anutrakulchai,
Anutra Chittinandana,
Somchai Eiam-Ong,

Wisit Kaewput,

Talerngsak Kanjanabuch,
Sookkasem Khositseth,
Nuttasith Larpparisuth,

Watanyu Parapiboon,

Bunyong Phakdeekitcharoen,

Ittikorn Spanuchart,
Nattachai Srisawat,
Suchai Sritippayawan,
Vasant Sumethkul,

Prapaipim Thirakhupt,

Associate Editors

Chantisa Arayangkoon,
Montira Assanatham,
Phongsak Dandecha,
Wankawee Jeerangsapasuk,
Piyanut Kaewdoungtien,
Wonngarm Kittanamongkolchai,
Sawinee Kongpetch,
Chatchai Kreephla,

Tanun Ngamvichchukorn,
Kamolwan Pakchotanon,

Pattharawin Pattharanitima,

Journal Manager
Pattrawan Incharoen,

Ramathibodi Hospital, Mahidol University, Thailand

Khon Kaen University, Thailand

« Tropical renal disease

Bhumibol Adulyadej Hospital, Thailand

« Chronic kidney disease and hypertension

Chulalongkorn University, Thailand

« Hemodialysis and apheresis

Phramongkutklao College of Medicine, Thailand

 Acute kidney injury and chronic kidney disease

Chulalongkorn University, Thailand

« Peritoneal dialysis and glomerular disease

Thammasat University, Thailand

« Pediatric Nephrology

Siriraj Hospital, Mahidol University, Thailand

« Kidney transplantation

Maharat Nakhonratchasima Hospital, Thailand

« Peritoneal dialysis and tropical renal disease

Ramathibodi Hospital, Mahidol University, Thailand

« Cystic kidney disease and electrolyte,
acid-base disorder

University of Michigan, USA

« Interventional Nephrology

Chulalongkorn University, Thailand

« Critical Care Nephrology

Siriraj Hospital, Mahidol University, Thailand

« Peritoneal dialysis and nephrolithiasis

Ramathibodi Hospital, Mahidol University, Thailand

« Kidney transplantation and glomerular disease

Phramongkutklao College of Medicine, Thailand

« Pediatric Nephrology

Rajavithi Hospital, Thailand

Ramathibodi Hospital, Mahidol University, Thailand
Prince of Songkla University, Thailand
Thammasart University, Thailand

Police General Hospital, Thailand
Chulalongkorn University, Thailand

Khon Kaen University, Thailand

Suranaree University of Technology, Thailand
VajiraHospital, Navamindradhiraj University, Thailand
Bhumibol Adulyadej Hospital, Royal Thai Air Force,
Thailand

Thammasat University, Thailand

Nephrology Society of Thailand

FUtNNBIUTIANGENNS
afl Augussns

AUITNNBIUTIUIENS

NBIUIIUISNS

Tsanenuasunsud uninedeuding

UTIUIBNIANEIVAN

0AANA NyauYwd

guinus lasaAsug
auAns InATumI
Uselwilan Ssqud
Wiy msfiyad

U388 SnAnaLTey

a

58S anUIgmd

AUy ASNgITIU

AUE 1DUDDI

S99UTIUIBNS
Inste nInay
2550913 AsUNLeAaTE
Yozoly uimaiieu
a6 ALNYS

oUIT IBAYYNs

Fun Fedasang
NIAANA ANULAYT
AUAIST AAluRIUUN
AnTIu Ansilsan
LTI OAUGTIN
Juien 8158103

o

;:J; AN5A15E15
ANTIITIU DURTY

ﬁlmaaﬂimimm":mmﬁy

« Peritoneal dialysis and glomerular disease

IMIFIUNNFARSNITZUINLLNEN

o Acutekidney injury and chronickidney disease

U INGABFITUAENT

« Pediatric Nephrology

Iiﬂwmmaqﬁwaas]aﬂmﬁn

« Chronic kidney disease and hypertension

IMYITIUNNEFARSNTZUINLLNEN

» Pediatric Nephrology

T59NEIUIBNINTITUATIIVALN

» Peritoneal dialysis andtropical renal disease

TsesngUIas s ud

« Cystic kidney disease and electrolyte,
acid-base disorder

TssngunaAs s

» Kidney Transplantation

TssnegunaAs s

« Peritoneal dialysis and nephrolithiasis

PAINITUUNTIVE Y

« Critical Care Nephrology

W INeFITUNY ansgoalsni

« Interventional Nephrology

T5ane1U"as U3 uR

« Kidney Transplantation and glomerular
disease

UNNINYISBVOULNY

« Tropical Renal Disease

PNV Y

« Hemodialysis and Apheresis

wuninedemaluladgsuns
ANV Y
Tsanenuanisig
UANINYIRBVOULAY
AWINYIUNA
TsanenunasssuAanseaunseiiesh
UPNINYIRYAWATUATUNS
Iﬁwmmgqﬁwaaaamﬁﬁu
UMINYIFLETTUANERS
Tsaneguiasundud
Tsanenuasaia

aunmulsalawislsenelne

Journal of the Nephrology Society of Thailand (JNST)

Online ISSN 2774-0676

Royal Golden Jubilee Building, 4th Floor, 2 Soi Soonvijai, New Petchburi Road, Bangkok 10310, Thailand Tel. +66 (0) 27166091, +66 (0) 27167450,

+66 (0) 27181898

E-mail : jnst@nephrothai.page

MsarsauaNlsalawisUszndlng
ormstadumszunst 50 9 $u 4 1ol 2 seuAudie aumesyEdalual nana 10310 waslnsdwii : 027166091, 02-7167450, 027181898
sanuuuglidnuaznwlsznau uSen whnanisiiud $1ia ns/ufind : 0-2669-3131-4




Journal of the

Nephrology

Society of Thailand 1sasauiAuisalanrids:zinAlng

78 Special Article
78 Kidney Health for All: Caring for People, Protecting the Planet
Raymond Vanholder, Dina Abdellatif, Augusto Cesar Soares Dos Santos Jr,
Ricardo Correa-Rotter, Natarajan Gopalakrishnan, Bill Wang8, Stefanos Roumeliotis,

Alessandro Balducci, Agnes Haris, Manjusha Yadla, Li-Li Hsiao

91 TRT Registry
91 2024 Annual Report of the Thailand Renal Replacement Therapy (TRT)

Registry — Executive Summary
Bancha Satirapoj, Pichaya Tantiyavarong, Anan Chuasuwan, Adisorn Lumpaoponsg,
Kavee Limbutara, Kraiwiporn Kiattisunthorn, Kanin Thammavaranucupt, Nuttha Lumlertgul,
Paramat Thimachai, Pornpimol Rianthavorn, Watthikorn Pichitporn, Wijittra Chotmongkol,
Sookruetai Lekhyananda, Suwikran Wongpraphairot, Chayabha Vorrapittayaporn,
Narunat Keereewan, Nantana Spilles, Nipa Aiyasanon, Paweena Singhatis, Piyaporn Towannang,
Monpinya Charttong Homjan, Soysaang Srangsomvong, Suntaree Permpoonsavat,

Onuma Pengpinid, Talerngsak Kanjanabuch, Vuddhidej Ophascharoensuk

103 Review Article
103 Advances in Urinary Sediment Analysis
Win Kulvichit, Nattachai Srisawat
120 Kidney Xenotransplantation

Kornrawee Sawasdichai, Suwasin Udomkarnjananun

132 Original Article
132 Diagnostic Performance of Breast Arterial Calcification for Detecting Coronary
Artery Calcification in Women with Chronic Kidney Disease
Pattranid Mueangpaisarn, Hutsaya Prasitdumrong, Naowanit Nata,

Ouppatham Supasyndh, Bancha Satirapoj




142 Mangosteen-Derived Mangostin as a Topical Prophylaxis Against Catheter-Related
Infections: A Multicenter, Double-Blind Randomized Placebo-Controlled Trial
Sutthikarn Ruammek, Bancha Satirapoj, Tanin Apiyangkool, Artchawin Premprasong,
Udomlak Sukatta, Ouppatham Supasyndh

153 Effect of High-Dose Oral Vitamin C on 24-Hour Urinary Oxalate Excretion:

A Systematic Review and Meta-analysis of Intervention Trials

Nutthavuth Arjinpathana, Phawit Norchai

160 Case Report
160 Clinical Outcomes of Methanol Intoxication Outbreak Managed with
Hemodialysis at Nopparat Rajathanee Hospital: Case Series and Literature Review

Yatip Mukdaloy, Chitrada Thongdee




78

Kidney Health for All: Caring for People,
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Abstract

The current kidney care model - focused on late-stage disease and in-center hemodialysis - is unsustainable,
because of costs, environmental burden, poor outcomes, and reduced quality of life. The 78th World Health
Assembly’s recognition of kidney disease as a serious health threat presents a critical opportunity to reshape kidney
care. Aligned with this, the 2026 World Kidney Day theme, “Kidney Health for All: Caring for People, Protecting the
Planet”, calls for a systematic change. A sustainable model must prioritize early detection and prevention, reducing
the need for kidney replacement therapy. Transplantation and home dialysis benefit people with kidney failure, the
environment, and society. Dialysis itself must become more eco-friendly without compromising care quality, recognizing
that planetary perturbations in turn affect kidney health. Conservative care should also be considered, particularly
for elderly and frail patients, if the quality-of-life benefits outweigh the perspectives offered by dialysis. Achieving this
shift requires coordinated action across all stakeholders: educating and engaging the public, policymakers, and health

professionals to raise awareness of the threat of kidney disease, and an urgent move toward patient-centered care.

Keywords: environment; green nephrology; prevention; screening; sustainable kidney care; World Kidney Day
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Chronic kidney disease (CKD) is 1 of the most common
noncommunicable diseases globally,"* linked to
significant comorbidities, particularly cardiovascular
disease, premature mortality, societal costs, reduced
productivity, and a considerable environmental footprint.
CKD disproportionately affects disadvantaged populations
and minority groups.” Advanced CKD causes distressing
symptoms, social isolation, and, in children, gsrowth and
development delays.

Despite its wide-ranging impact, CKD remains
underrecognized as a global health threat. Recently,
CKD’s profile was raised by the World Health Organization
Resolution on Kidney Health, approved at the 78" World
Health Assembly.” The Resolution urges governments to
integrate prevention, early detection, and management
of kidney disease into national noncommunicable disease
strategies, and to expand access to equitable, sustainable,
high-quality kidney care, progressively including dialysis,
transplantation, and conservative care within universal
health coverage. In addition, World Kidney Day (WKD)
was acknowledged as key for raising public awareness
and promoting kidney health.

Sponsored and championed by Guatemala, the
Resolution marked a pivotal step in establishing kidney
disease as a global health priority. Guatemala’s
leadership was pivotal in mobilizing broad support,
particularly from those countries most affected by the
growing burden of CKD and care access inequities. It also
recognized the strong influence of environmental factors
on kidney health, highlighting the disproportionate impact
of climate change on developing countries and small
island States, as emphasized in the 77" WHA Resolution
(see below).

These milestones form the policy foundation for
the 2026 WKD theme, “Kidney Health for All: Caring
for People, Protecting the Planet,” which underscores
the need to safeguard kidney health, to address the
environmental effect on kidney health but also of
kidney care on the environment, and to pivot health care
models from a focus on late-stage treatment to early

risk reduction and detection (Figure 1).

This editorial calls for urgent, integrated action
across early detection, prevention, equitable care, and
environmental stewardship to advance both kidney and
planetary health (Table 1),° underscoring the need for
a more sustainable kidney care model with prevention and
ecofriendliness as 2 main pillars (Figures 1 and 2)° to
which all other attention points are linked. We offer
a general outline of measures that can be taken by
communities and governments, although it is merely
impossible to propose a ready-made outline that fits all.
Kidney health plans need to be developed, aiming for
a sustainable model, but might necessitate adaptations

depending on local possibilities and circumstances.

Prevention: the foundation of kidney health

Beyond general primary and secondary preventive
measures for all kidney conditions, prevention may
require targeted therapies, including rare kidney diseases.’
Diabetes and hypertension—the leading causes of
CKD—remain widely underdiagnosed and undertreated.”
Kidney function is further compromised by modifiable
lifestyle factors, including smoking, unhealthy nutritional
habits (notably, excess sugar and salt), alcohol use,
obesity, exposure to nephrotoxins, physical inactivity,
exposure to heat, environmental pollution, and
agrochemicals. Addressing these could significantly
reduce the CKD burden.” Prevention is beneficial across
all country wealth levels but is especially critical where
costly CKD therapies are inaccessible or inadequately
reimbursed, resulting in premature death and catastrophic
out-of-pocket health expenditures.

A shift toward prevention as the cornerstone of
sustainable kidney care calls for simple yet effective
public health strategies, such as promoting healthy diets
or introducing health-oriented taxation (e.g., salt, sugar,
or fat taxes).” Currently, governments invest manifold
more in cure than in prevention, and a more balanced
distribution among both factors is needed. Several
governments are taking steps in that direction, sometimes
within the context of a global cardiovascular health plan,

but approaches differ depending on local conditions.

https://he01.tci-thaijo.org/index.php/JNST/index
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A.Current Model ﬁ B. Sustainble Model
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Figure 1 (a) Current model of kidney care. (b) Sustainable model of kidney care. Elements that are less or insufficiently

prominent in that specific model are in italics with a blue frame; elements that are prominent in a specific model are

in bold with a red frame. Yellow backeround indicates if beneficial for sustainability, and orange background indicates

disadvantageous. Light blue-shaded box with black frame is used for kidney replacement therapy. The thickness

of the arrows indicates the degree of impact on the following element. CKD, chronic kidney disease; home dialysis,

peritoneal dialysis and/or home hemodialysis.
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Figure 2 Approaches toward environment-friendly dialysis, categorized for manufacturing, transport, therapeutic

activity, and waste handling. The list is not exhaustive. For more detailed lists, see the study by Vanholder et al.’

Environment friendliness should not be pursued at the expense of patient quality of life or clinical status. Compact

dialysis systems consume less water or recycle dialysate over sorbents.
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Table 1 Different actions to make kidney care sustainable, according to the topic and target

Topic

Prevention

| Target population |

People with diabetes

Action

e Timely diagnosis
« Adequate treatment

People with
hypertension

« Timely diagnosis
 Adequate treatment

Lifestyle errors
jeopardizing kidney
function

« Promote healthy lifestyle and offer advice for correction
(e.g., no smoking, sedentarism, nutrition errors, and alcohol consumption)
« Limit exposure to nephrotoxins
« Health-promoting taxation (e.g., salt, sugar, or fat taxes)
« Education campaigns

Unfavorable living
conditions; difficulties
in reaching quality care

« Correct living conditions (e.g., social measures to reduce insufficient
cooling of buildings, food insecurity, and poverty)

» Correction of inequities (e.g., ethnic/gender disparities [gender refers
to social or cultural rather than biological identity], health illiteracy,
discrimination, and disadvantages of remote areas)

Early detection

People with risk factors
of CKD General
population aged >45 yr

« Urine testing

+ Albuminuria testing

* Screa/eGFR

» Screening for CKD risk factors (mainly hypertension, diabetes, cardiovascular
disease, and obesity)

« Education of the public and caregivers

« Ensure that appropriate therapy reaches all valid candidates

Environmental
kidney threats

Global warming

» Urgent: decrease GHG emissions

+ Adapt working conditions (adapt hydration and protection against
pollution and nephrotoxins)

+ Adapt living conditions (building cooling and greenery)

Floods, hurricanes,
and typhoons

« Urgent: decrease GHG emissions

« Prevent floods

« Avoid diseases propagated by floods (e.g., malaria and dengue)
« Ensure safe water storage

« Forestall water contamination risks in flood-prone areas

Fine particulate matter
pollution

« Decrease and prevent the generation of fine particulate matter
(industry, transport, and forest fires)
» Minimize pollution and particulate matter release

Transplantation

Promotion of organ
donation

* Provide clear guidelines on organ donation and transplantation

« Act against donor and recipient exclusion based on questionable criteria

« Stimulate application of all donor types (deceased, living, and after
cardiac death)

« Promote preemptive transplantation

« Technical and institutional support on organization transplantation
programs in areas with poor transplantation rates

« Guidelines on how to react to a paid donation

« Education, press campaigns, and social media campaigns

https://he01.tci-thaijo.org/index.php/JNST/index
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Table 1 Different actions to make kidney care sustainable, according to the topic and target (continued)

Topic | Target population | Action

Promotion of organ « Provide clear guidelines on the organization of organ donation and

transplantation transplantation programs
« Technical and institutional support for organization transplantation programs
« Education
* Press and social media campaigns

Declining graft function |« Research and innovation to improve graft longevity (e.g., organ preservation,

over time, immunosuppression, and antifibrosis approaches)

post-transplantation

complications

Dialysis Eco-friendly dialysis® | Transparency about manufacturing and transport emissions

« Spent dialysate and RO reject recycling

« Decrease manufacturing and transport emissions
* Register and diminish emissions at unit level

* Recycling material

« Decrease water wastage

» Waste triage

« Peritoneal dialysis

» Home hemodialysis

Simpler and more
compact dialysis systems

« Peritoneal dialysis
» Research and innovation

Comprehensive

Preserve the quality of

« Discuss the possibility of conservative care with patients

conservative  |life, particularly in frail |+ Shared decision-making
care and elderly patients |+ Awareness creation among candidates for KRT and health professionals
Patient All people with CKD |« Promote correct and appropriate information delivery to all KRT candidates
empowerment » Shared decision-making

- Facilitate patient-friendly units and hospitals
« Nurse involvement in patient contacts

« Kidney care discussion groups

« Patient involvement in research and registries
« Patient training in communication skills

Kidney care in
crises

All people with CKD
All crisis situations

Al crisis-prone
countries and regions

« Inclusion of kidney care in crisis preparedness plans

» Awareness creation among authorities

« Development of less resource-dependent therapies

» Development of own disaster preparedness plans if kidney care is
excluded from official plans

Advocacy

The entire community
is involved in kidney
care

 Awareness creation about kidney health and burden of kidney disease at
all societal levels
« Education and information

CKD, chronic kidney disease; eGFR, estimated g¢lomerular filtration rate; GHG, greenhouse gas; KRT, kidney

replacement therapy; RO, reverse osmosis; Screa, serum creatinine.

°For more details, see Figure 2 and the study by Vanholder et al.®
The table summarizes several examples, but is not exhaustive.

J Nephrol Soc Thail 2026; 32(2): 78-90
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WKD promotes Eight Golden Rules for kidney
health—simple, actionable lifestyle measures10: regular
physical activity; healthy diet; adequate hydration; blood
glucose control; blood pressure management; avoiding
smoking; using medications as prescribed; and regular
kidney function testing. These principles provide a
framework for kidney health promotion across populations
and health care settings.

Because unfavorable living conditions and difficulties
in reaching quality care have a negative impact on
outcomes of noncommunicable diseases, including
CKD,'" prevention must also address social dimensions.
These include food insecurity, poor food quality, poverty,
remoteness (rural vs. urban), inadequate access to
services, redlining, unfavorable living conditions
(unhygienic and unsafe housing, inadequate building
cooling, and polluted living areas), and lack of
neighborhood greenery.

Public understanding of how the kidney functions
and its threats is poor. Informative campaigns,
such as the European Renal Association’s ABCDE
initiative, which highlight albuminuria, blood pressure,
cholesterol, diabetes, and estimated glomerular
filtration rate as key warning signs, should be widely
disseminated.”” The public is to be encouraged to ask
their primary care providers about these factors, like
people currently do for their glucose and cholesterol.

However, educational outreach often misses those
at highest risk of CKD: individuals with limited
health literacy, language or cultural barriers, or lower
socioeconomic status. Tailored approaches (videos,
social media campaigns, and cartoons) are vital for
reaching these deprived populations across all aspects
and levels of CKD.

Early detection: a critical, underutilized tool
CKD symptoms typically emerge at advanced
stages, when therapies can only delay, not prevent,
kidney failure.”" Serum creatinine remains the most
widely used marker for routine assessment and
monitoring of CKD, but lacks sensitivity for early

detection,” which is essential for timely and effective

prevention of progression. Albuminuria stands out as
a simple, low-cost, and reliable early indicator of
kidney microvascular damage and CKD, as well as
related conditions such as hypertension, diabetes, and
dyslipidemia.'® However, urinary screening assessments,
including albuminuria checks, are rarely performed, even
in well-developed health care systems."

Albuminuria testing can thus detect hidden cases
across the entire cardio-kidney-metabolic spectrum,"
serving as an alarm for conditions that, if untreated,
lead to irreparable organ damage, including the kidneys.
The progression of all conditions thus detected can
be decelerated therapeutically, with the potential to
reduce the pressing individual and societal burden of
CKD and kidney failure. Modeling suggests that
population-wide, timely albuminuria screening and
treatment could lower the lifetime incidence of dialysis
or transplantation by 21.8% and of cardiovascular
disease by 12%."*" Implementing universal screening
from age 45 years or even 35 years onward has been
suggested to enhance cost-effectiveness and health
care resilience.”® Programs like the US Kidney Disease
Screening and Awareness Program help to promote
early screening and detection of CKD.20

In addition, kidney disease should be a central
attention point also outside nephrology, particularly in
diabetes, hypertension, cardiovascular disease,
and obesity, as a negative outcome accelerator in

these conditions.”*#

Underlining this threat requires
continued advocacy by the nephrological community,”
particularly as several novel therapies now delay
progression.”* For screening to have an impact, it must
be paired with education of the public and of frontline
providers, such as general practitioners, nurses,
pharmacists, and, particularly in low-resource settings,
community health workers. Detection of CKD and its
risk factors should be followed by effective therapies,
given their wide-ranging benefits, but these should be
made universally accessible and affordable.

Despite its growing burden, awareness and early
low- and

detection of CKD remain limited in

middle-income countries. A 2024 pilot study in high-risk

https://he01.tci-thaijo.org/index.php/JNST/index
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groups in India reported 60% prevalence but extremely
low awareness (16.5% in rural areas; 1.4% in urban areas).”
In Brazil, serum creatinine and albuminuria testing
remain below recommended levels, limiting early CKD
detection and opportunities for timely intervention.”
These gaps underscore the urgent need to integrate
essential screening tests, like albuminuria and serum
creatinine, into routine primary care, especially in regions

where people often present with advanced disease.

Environmental risks: an emerging challenge
for kidney health

We are witnessing rapid environmental and climatic
changes with profound health consequences. The
kidneys—which are central to maintaining volume
homeostasis—are especially vulnerable to these shifts.

Global warming raises the risk of heat stress and
dehydration, which are major contributors to acute

2128 3nd

kidney injury and kidney stone development,
eventually progression to CKD.” Outdoor workers
exposed to extreme heat are particularly at risk, especially
when hydration is inadequate, or working conditions are
insufficiently adapted, as in Mesoamerican nephropathy,
a rapidly progressing form of CKD identified in agricultural
workers in (sub)tropical climates.”

Climate change also intensifies extreme weather
events, such as floods, hurricanes, and typhoons.
These, combined with the rising temperatures, increase
the spread of tropical diseases, like malaria or dengue,
as well as water-borne disorders, like leptospirosis
or infectious diarrhea®, all of which can cause acute
kidney injury. Flood waters may also become nephrotoxic
when contaminated with industrial or natural pollutants.
Additionally, fine particulate matter from industry,
transport, and forest fires has been linked to the
prevalence of CKD.”

Vulnerable populations bear the brunt of these risks,
often living in inadequately protected environments,
with limited access to cooling, greenery, and safe working
conditions.

In 2024, the 77" World Health Assembly adopted

a landmark Resolution on Climate Change and Health,
recognizing the environmental crisis as a major threat
to human well-being and calling for climate-resilient,
low-carbon health systems. The Resolution pressed
Member States to incorporate health into national
climate strategies and endorsed mechanisms, such
as the Alliance for Transformative Action on Climate
and Health, to support implementation.”

Building on this momentum, the 78" Resolution
specifically emphasized coordinated global action on
environmental threats to overall and kidney health.
Together, these Resolutions create a compelling dual
mandate: to place kidney health at the intersection of
noncommunicable disease control and environmental
stewardship, and to guide Member States toward
more integrated, equitable, and sustainable health
responses.

Addressing environmental risks, however, must go
hand in hand with reducing the ecological footprint

of kidney care itself (see below).

Ecofriendly kidney failure care: toward greener
nephrology

The ideal approach to forestall the negative impact
of interventions is taking measures, ensuring that they
are no longer needed. Accordingly, prevention of kidney
disease supports planetary sustainability by delaying
or avoiding dialysis or reducing the use of pharmaceuticals,
the production of which also has an environmental
footprint. However, if drugs delay the progression of
CKD and the need for kidney replacement therapy
(KRT), this may compensate for the carbon footprint of
drug production. A real-data secondary analysis of the
placebo-controlled CREDENCE study, investigating
the impact of canaslifozin on outcomes, found a 20%
to 25% greenhouse gas reduction during 2.6 years of
follow-up in patients with type 2 diabetes not yet on
KRT.>**

Transplantation: advancing access and
sustainability
Among KRTs, transplantation offers the best

J Nephrol Soc Thail 2026; 32(2): 78-90
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outcomes—lower societal costs, improved survival,
enhanced quality of life, and significantly less
environmental impact compared with dialysis.***’

Yet, access to kidney transplantation varies widely
across and within countries, influenced by health
care infrastructure, socioeconomic status, and geography
(rural vs. urban). Donation practices also differ: some
countries rely heavily on living donors, whereas others
focus mainly on deceased donation. In many areas,
donation after cardiac death or preemptive transplantation
remains underutilized, despite favorable outcomes.””
Furthermore, potential donors and recipients are
frequently disqualified on the basis of arbitrary criteria or
prejudices, with the exclusion of specific social groups,
age categories, women, individuals with nonessential
comorbidities, or borderline donors. Excluding borderline
donors also reduces the donor pool, despite evidence
that kidneys from borderline donors are safe, provided
careful assessment, long-term follow-up, and treatment
of risk factors.” In low-resource settings, kidney trans-
plantation programs are often underdeveloped or
absent, further deepening health inequities and
enhancing economic burden.

Reducing transplantation disparities requires clear,
globally endorsed guidelines on program design, ethical
and legal frameworks for responding to paid donation,
and both technical and institutional support from
countries or units with advanced transplantation
programs. Efforts should also include public education
programs to expand the donor pool and to address

cultural, religious, and societal concerns.

Sustainable dialysis: reducing environmental
impact while improving access

Most people on KRT receive dialysis despite the
many disadvantages mentioned above.””*! In recent
years, the environmental burden of dialysis has emerged
as an added concern.

The healthcare sector heavily impacts environmental
degradation.”” Dialysis is one of the main contributors
due to its repetitive, long-lasting water and energy

consumption, greenhouse gas emissions, and plastic

waste generation.® Although therapeutic activities are
a direct part of this process, approximately 70% of
health care-related greenhouse gas emissions stem
from the supply chain, largely related to manufacturing,

% In addition, substantial

transport, and waste handling.
volumes of spent dialysate and reverse osmosis reject are
usually discarded through the drain system, a particular
issue in arid regions or during droughts.**

Urgent action is needed: investment in eco-friendly
dialysis technologies, which must prioritize patient safety
by reducing toxicity from microplastics and eluates,
while also improving the treatment experience by
addressing stressors, like excessively noisy machines;
critical review of the clinical procedures to reduce
environmental footprint without affecting treatment
quality; and greater transparency about the burdens
of manufacturing and transport and how they are
addressed (Figure 2).° This responsibility requires
collaboration among industry, physicians, patients, nurses,
engineers, chemists, and environmental scientists.

Home-based therapies—peritoneal dialysis and most
home hemodialysis regimens, except daily extended
dialysis—offer environmental advantages versus
in-center hemodialysis, including reduced patient and
personnel transportation needs, lower energy consumption
for room temperature control, lower reverse osmosis plant
electricity consumption, and, with compact hemodialysis
systems and peritoneal dialysis, less water consumption.
Peritoneal dialysis has a smaller footprint than in-center

hemodialysis,” "’

even though transporting its bulkier
supplies may still generate substantial emissions,
particularly when the transport distance is long.* Most
home hemodialysis regimens are also suggested to
show a benefit versus in-center hemodialysis, except for
6 x 8-hour extended hemodialysis (300 ml/min dialysate
flow).”” Incremental dialysis may further decrease
environmental burden, together with dialysate flow
optimization,™ if this is clinically suitable, and provided
informed consent is obtained.

Peritoneal dialysis and existing compact hemodialysis
systems can also help expand dialysis access in

low-resource settings and in crises. In addition, several
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systems that regenerate dialysate over sorbents are
currently under development or undergoing prelimi-
nary clinical testing, but are not yet available for wide-
spread clinical use.” However, to achieve availability in
emerging countries, barriers like import taxes or transport

costs must be addressed (e.g., through local manufacturing).

Comprehensive conservative care:
indispensable but often forgotten

Comprehensive conservative or palliative care is
the third option for treating kidney failure, next to
transplantation and dialysis. This approach focuses on
maximizing quality of life through full medical support,
without initiating KRT.*

Conservative care is particularly appropriate for
frail and elderly people, many of whom show a rapid
decline in functional status and increased mortality
in the first year after dialysis start.51 People with CKD
stages 3 to 5 preferred conservative care if dialysis
implied an increase in hospital visits or restricted travel
capacity.” Despite this, conservative care often remains
underutilized.””

Educational initiatives aimed at both people with
kidney disease and health care professionals should
increase awareness and understanding of conservative
care. Promoting this approach more broadly can ensure
people receive treatments aligned with their values,
circumstances, and wishes, while reducing unnecessary

medical, economic, and environmental burdens.

Patient empowerment: the elephant in the
room

Many people report that the information provided
before starting KRT is of average to poor quality, particularly
in countries with lower gross domestic product.™

Paternalistic decision-making remains common,
overlooking opportunities for early modality planning,
vascular access creation, and elective KRT initiation.
By contrast, shared decision-making actively engages
patients in treatment choices, enhancing satisfaction,
quality of life, and outcomes, increasing transplantation

and home dialysis rates, and reducing reliance on

in-center hemodialysis.”**

The current hospital structures remain highly
patient-unfriendly, making even vocal people poorly
heard. Readily accessible, smaller hospital-independent
outpatient units, increased nurse involvement in
consultations, and discussion groups with active patient
participation are possible innovative options, next
to several educational and informative initiatives
elaborated throughout this text. Support from
patient organizations could help to advance these
evolutions.

Effective predialysis care, accurate risk prediction,
and strategic modality planning are crucial for improving
outcomes and reducing health care costs, but could
be optimized, particularly in lower-resource areas, by
forestalling late referral, fragmented care, inadequate
patient education, poor adherence, and limited
communication.

Patient involvement is also crucial in research design,
data interpretation, and registry development, helping
to steer efforts in directions that really matter to
them. Patients also should be encouraged to participate
in training programs that build confidence and
communication skills, empowering them to become
active care partners and shape the future of kidney
health.”

Kidney care in crisis situations: adapting to
a changing world

The number of people affected by crisis situations is
steadily increasing, driven by population growth, climate
change, and increasing geopolitical instability. These
crises range from natural disasters (earthquakes,
floods, extreme weather, and pandemics) to human-made
emergencies, particularly armed conflicts.”’

People with kidney diseases are particularly vul-
nerable as they depend on specialized medication
and resource-intensive treatments, like dialysis. These
require skilled staff, clean water, electricity, functional
machines, transport to supply stock, and reliable
infrastructure—resources that are typically compromised

in crises.”’
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Missing dialyses can quickly lead to life-threatening
complications, such as hyperkalemia, which may require
urgent evacuation.” Interruption of drug therapies
may accelerate CKD progression or cause kidney graft
rejection. Despite these risks, people with kidney diseases
are rarely considered in official disaster plans.

With crises becoming more frequent and severe,
kidney health should be integrated into disaster
planning and emergency protocols. Authorities should
be made aware of the nephrological community’s
specific needs through strong coordinated advocacy.
In the event that kidney care is not included in
general disaster plans, nephrology communities and
nephrologists should develop their own. Simultaneously,
there is an urgent need for less resource-dependent

treatment strategies.

Call to action: a collective and global responsibility

The traditional kidney care model, which is
aligned around in-center hemodialysis, is no longer
sustainable—ecologically, economically, and ethically
(Figure 1). People living with CKD urgently need
a better quality of life and care. Transformation requires
a holistic approach (Table 1), with all stakeholders
considering each of the key areas discussed above—
adapted to local situations, infrastructure, and resources.
WKD 2026 amplifies this need, issuing a call to global
action:

 The public should be educated to ask care providers
about their kidney parameters and function.

 Workers, particularly those employed outdoors in
agriculture and construction, should be sensitized
about occupational threats of heat and environmental
pollution and how to mitigate these to preserve
kidney health.

« People with kidney disease and their communities
should be empowered to take an active role in
shaping care pathways that serve their needs to
their benefit.

» Health care professionals must shift emphasis
toward integrated, preventive, and community-based

care that enhances well-being and environmental

responsibility, with a focus on early disease and
out-of-hospital approaches.

» Researchers and industry must challenge the
status quo and prioritize innovation, striving
toward equity, flexibility, patient friendliness,
and sustainability.

« Policy makers and administrators need to recognize
the cardio-kidney-metabolic cluster as a critical
public health threat, prompting system redesign
and promoting sustainable kidney care by funding
and reimbursement initiatives.

- Patient advocacy organizations must be recognized
as essential partners in the design, implementation,
and evaluation of policy initiatives to ensure the
system is built around patient-specific needs.
However, active advocacy is a responsibility of
the entire kidney care community.

+ Global health partnerships should link these efforts,
advocating at all levels for cohesive future-ready
kidney care and global health.

Widespread lack of awareness—among the public,
policy makers, and even health professionals—con-
tributes to persistent inequities across socioeconomic,
gender (social or cultural rather than biological identity),
ethnic, national, and regional lines. Tackling this requires
robust education that highlights the public health threats
and general burden imposed by kidney damage and
kidney diseases.

Given the demographic and geopolitical trends,
appropriate, well-planned screening, early detection,
and prevention are the first and foremost steps to
reach sustainability goals. These measures reduce
complications, progression to advanced kidney disease,
and the need for KRT. Prevention will ultimately also
favor global health by mitigating the course of diseases
that frequently cause or complicate CKD and/or are
accelerated by CKD, significantly decreasing personal and
societal problems that already emerge in robust social
security systems. In the absence of universal coverage,
this will have even greater benefits by preventing early,
fatal outcomes and devastating financial consequences

for many.
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Conclusion: aligning kidney health with global
health and sustainability agendas

The World Health Organization’s recognition of
kidney diseases as a global priority at the 78" World
Health Assembly marks a pivotal moment.” It provides
a comprehensive mandate for urgent action and a strong
foundation for national and international advocacy.

The 2026 WKD theme catalyzes the embedding
of kidney health and care within broader health and
sustainability. This shift to patient-centered models
must be championed by all stakeholders who share this
responsibility, across health, environment, labor, and
policy sectors, through partnership-aligcned movements
and coalitions with groups with parallel interests across
organ specialties.

This publication and WKD 2026 issue an urgent,
united call to prioritize kidney health as a pillar of
a healthier, fairer, and more sustainable future. The
decisions made now will determine the lives of millions

for decades to come.
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Abstract

The 2024 Thailand Renal Replacement Therapy (TRT) Registry Annual Report examines national trends in incidence,
prevalence, practice patterns, and outcomes to inform health policy and system planning. In 2024, the incidence
of renal replacement therapy (RRT) reached a historic high of 515 per million population (33,976 new cases), largely
reflecting the expansion of hemodialysis (HD) following the implementation of the 2022 “free-choice” dialysis policy.
Peritoneal dialysis (PD) initiation declined markedly, while kidney transplantation remained limited. RRT prevalence
more than doubled from 2016 to 2024, exceeding 2,600 per million population, with HD accounting for most of the
increase. Diabetes (32.7%) and hypertension (32.2%) were the leading causes of end-stage kidney disease. The dialysis
population was predominantly older (mean age 62.6 years) and had relatively low educational attainment. Important
care gaps were identified, including high catheter use at HD initiation, frequent twice-weekly dialysis, suboptimal
anemia control, prevalent mineral and bone disorders, and insufficient preventive care. Between 2017 and 2024,
cumulative mortality reached 39.2% (9.5 deaths per 100 patient-years), with higher mortality in PD than HD patients.
Cardiovascular disease and infections were the leading causes of death. One-year survival was 95.4%, declining to
61.9% over five years. Despite expanded RRT access under universal coverage, improving long-term outcomes and
system sustainability will require strengthened chronic kidney disease prevention, optimized dialysis quality, equitable

financing, expanded transplantation, and continued investment in high-quality registry data.
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Introduction

Chronic kidney disease (CKD) has been shown to
be independently associated with an increased risk of
cardiovascular events and all-cause mortality among
Thai individuals at high cardiovascular risk." In addition,
data from Thai cohorts with elevated atherosclerotic
risk demonstrate that increased arterial stiffness is a
significant predictor of progressive renal decline, including
the development of end-stage kidney disease (ESKD) and
the need for dialysis initiation.”

Globally, the burden of CKD and ESKD has risen
markedly over the past three decades.”* By 2023, an
estimated 4.6 million individuals worldwide were receiving
renal replacement therapy (RRT), with type 2 diabetes
mellitus and hypertension representing the leading
underlying causes.”® CKD currently affects approximately
one in nine adults worldwide, with Asia shouldering a
disproportionate share of this burden due to its large,
aging population and high prevalence of cardiometabolic
risk factors.

Despite well-established recommendations from
Kidney Disease: Improving Global Outcomes (KDIGO),
which emphasize early detection, optimal blood
pressure control, and the use of evidence-based therapies
to slow disease progression and reduce cardiovascular
risk, implementation remains inconsistent across regions.”
8 Variability in healthcare infrastructure, reimbursement
policies, and access to novel therapies continues to
contribute to gaps in CKD care and outcomes.

Thailand has experienced a continuous rise in ESKD
incidence, with more than 20,000 new dialysis initiations
annually.” Similar trends are observed across Southeast
Asia, driven by population aging, increasing prevalence
of diabetes and hypertension, and expanded access to
RRT.”° This growing demand places significant pressure
on healthcare infrastructure and financing systems.

From a health economics perspective, kidney
transplantation remains the most cost-effective RRT
modality, followed by peritoneal dialysis (PD), while
hemodialysis (HD) is generally more resource-intensive.
These findings have informed dialysis policies across Asia,

including Thailand’s long-standing PD-First strategy under

the Universal Coverage Scheme (UCS), which successfully
expanded nationwide access to home-based dialysis.'* !
In 2022, Thailand implemented a “free-choice” policy
allowing patients to select either PD or HD as initial
therapy through shared decision-making. Although this
policy strengthened patient autonomy, it was associated
with increased HD utilization, raising concerns regarding
long-term financial sustainability and early mortality risks.
Ongoing policy discussions have therefore focused on
balancing patient-centered care with cost-effectiveness
and system capacity.'” "

The Thailand Renal Replacement Therapy (TRT)
Registry provides essential national data to monitor trends,
outcomes, and healthcare utilization. Between 2000 and
2023, the registry recorded over 150,000 patients receiving
RRT, with cardiovascular disease and infection as leading
causes of mortality." Continuous expansion of dialysis
facilities and workforce capacity has improved access;
however, challenges in equitable distribution, modality
selection, and long-term sustainability persist.

This 2024 TRT Annual Data Report analyzes current
national trends, outcomes, and system challenges to
inform evidence-based policy decisions and optimize RRT

delivery in Thailand.

Incidence of Renal Replacement Therapy (RRT),
2000-2024

The incidence of RRT in Thailand has increased
substantially over the past two decades, reflecting the
growing burden of ESKD. A marked shift in modality
distribution occurred after implementation of the national
“free-choice” dialysis policy in 2022.

Between 2016 and 2019, incident RRT cases rose
steadily from 16,071 (243.8 pmp) to 20,079 (301.7 pmp).
During 2020-2021, overall incidence remained stable at
approximately 300 pmp, with increasing PD initiation and
modest declines in HD.

Following policy implementation in 2022, HD
initiation increased sharply, exceeding 13,000 cases
annually in 2022-2023, while PD initiation declined to
fewer than 5,000 cases per year. In 2024, a dramatic

surge was observed, with 33,976 new RRT cases
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(515 pmp), driven predominantly by 27,136 incident transplantation as initial therapy eradually increased
HD patients. PD initiation totaled 5,851 cases, to 989 cases but accounted for only a small proportion

remaining well below pre-2022 levels. Kidney  of total incident RRT (Table 1).

Table 1 Incidence of Renal Replacement Therapy (RRT) in Thailand

Hemodialysis Per'iton.eal Kidney : Total l\.lew RRT Population* Incidence (p(-?‘r million
Dialysis Transplantation Patients population)
2016 8,175 7,260 636 16,071 65,931,550 244
2017 8,774 7,474 709 16,957 66,188,503 256
2018 10,096 8,008 670 18,774 66,413,979 283
2019 11,249 8,101 729 20,079 66,558,935 302
2020 10,201 8,917 714 19,832 66,186,727 300
2021 9,825 9,688 433 19,946 66,171,439 301
2022 13,004 4,993 710 18,707 66,090,475 283
2023 13,045 4,159 986 18,190 66,052,615 275
2024 27,136 5,851 989 33,976 65,951,210 515

*Population data are based on mid-year national population estimates. Incidence is expressed as the number of
newly treated RRT patients per 1 million population (omp). Data on peritoneal dialysis utilization were obtained
from the National Health Security Office (NHSO) of Thailand. Data on kidney transplantation were obtained from
the Transplantation Society of Thailand (TST).

These findings indicate a transition from a PD-dominant ~ Prevalence of Renal Replacement Therapy
era to HD predominance, with important implications ~ (RRT), 2000-2024
for healthcare financing, infrastructure, and long-term RRT prevalence has increased steadily, driven by
sustainability. rising incidence and improved patient survival. The
total number of patients receiving RRT nearly doubled
from 81,418 (1,235 pmp) in 2016 to 157,070 (2,381 pmp)
in 2024 (Table 2 and Figure 1).
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Table 2 Prevalence of Renal Replacement Therapy (RRT) in Thailand

Year | Hemodialysis PeD:i:KZiesal TransK;i)clI::'étion Population* Preval;g;iliiiec:nTillion
2016 54,161 19,125 8,132 81,418 65,931,550 1,235
2017 61,170 20,450 5,360 86,980 66,188,503 1,314
2018 69,979 21,693 5,652 97,324 66,413,979 1,465
2019 77,778 22,235 6,212 106,225 66,558,935 1,596
2020 83,586 22,995 6,926 113,507 66,186,727 1,715
2021 85,114 23,843 6,495 115,452 66,171,439 1,745
2022 86,325 24,439 7,225 117,989 66,090,475 1,785
2023 129,113 23714 7,555 160,382 66,052,615 2,428
2024 126,505 23,059 7,506 157,070 65,951,210 2,381

*Population data are based on mid-year national population estimates. Prevalence is expressed as the number
of patients receiving RRT per million population (pmp). Data on peritoneal dialysis utilization were obtained from
the National Health Security Office (NHSO) of Thailand. Data on kidney transplantation were obtained from the
Transplantation Society of Thailand (TST).
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Hemodialysis data from TRT, Peritoneal dialysis data from NHSO
Figure 1 Annual prevalence trend of dialysis patients from 2000 to 2024

HD was the primary driver of this growth, increasing  gradually until 2022 (peak 24,439 patients) before
from 54,161 patients in 2016 to 126,505 in 2024, with  declining modestly to 23,059 in 2024, consistent

a pronounced rise after 2022. PD prevalence increased  with reduced initiation rates. Kidney transplantation
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prevalence remained relatively stable (approximately
5,000-8,000 patients), indicating persistent limitations

in donor supply and transplant capacity.

Data Integrity and Limitations

All data were validated and deduplicated using the
TRT Registry Program (version 3.3.1) to ensure reliability.
Limitations include potential reporting delays from
a small number of centers, possible policy-related
shifts in administrative coding, and limited availability
of detailed clinical and socioeconomic variables. Long-term
modality-specific outcomes were not evaluated.

Overall, Thailand’s RRT landscape is undergoing
rapid transformation, characterized by expanding HD
utilization, declining PD initiation, and gradual growth in
transplantation. These shifts underscore the need for
balanced modality planning, sustainable financing

strategies, and strengthened CKD prevention efforts.

Underlying Causes of End-Stage Kidney Disease
(ESKD)

Diabetic nephropathy (32.7%) and hypertension
(32.2%) were the leading causes of ESKD, together
accounting for more than 65% of dialysis cases, as
shown in Table 3. Glomerulonephritis accounted for
3.2%, with lupus nephritis as the most common subtype.
Chronic tubulointerstitial diseases accounted for 2.6%.
Notably, 5.6% of cases had unidentified causes and 12.4%
had missing data.

These findings confirm the dominant role of metabolic
and vascular diseases in driving Thailand’s ESKD burden
and underscore the need for intensified prevention
and early management of diabetes and hypertension.

Among 751 patients with biopsy-proven glomerulo-
nephritis progressing to ESKD, IgA nephropathy was the
leading cause, accounting for 28.9% of cases. This was
followed by membranous nephropathy, focal segmental
glomerulosclerosis (FSGS), and membranoproliferative
glomerulonephritis (MPGN), as summarized in Table 4. A
substantial proportion (38.9%) had unknown etiologies,
highlighting limitations in diagnostic evaluation and late

presentation.

Table 3 Underlying Causes of End-Stage Kidney Disease
(ESKD)

Erliikogy Total Percentage
(N = 140,031) (%)
Diabetic Nephropathy 45,785 32.7
Hypertensive Nephropathy 45,029 32.2
Glomerulonephritis 4,453 3.2
Chronic Tubulointerstitial 3,596 2.6
Disease
Obstructive Nephropathy 1,549 1.1
Polycystic Kidney Disease 1,690 1.2
Others 12,883 9.2
Unknown 7,398 5.6
Missing Data 17,395 12.4

Table 4 Biopsy-Proven Glomerulonephritis Resulting in
End-Stage Kidney Disease (ESKD)

Etiolo Total Percentage

s (N = 751) (%)
IgA Nephropathy 217 28.9
Membranous Nephropathy 42 5.6
Focal Segmental 38 5.1
Glomerulosclerosis (FSGS)
Membranoproliferative 30 3.9
Glomerulonephritis
(MPGN)
Crescentic 16 2.1
Glomerulonephritis
Mesangial Proliferative 9 1.2
Glomerulonephritis
Chronic Allograft 8 0.8
Nephropathy
Amyloidosis 2 0.3
Others 95 12.7
Unknown 292 38.9

J Nephrol Soc Thail 2026; 32(2): 91-102
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Demographic and Socioeconomic Characteristics

The mean age of dialysis patients was 62.6 + 16.7
years, with a slight male predominance (52.5%). Age
and sex distribution were similar across modalities.
Educational attainment differed by modality: 39% of
patients had primary education or lower, particularly
among PD patients. In contrast, a substantially greater
proportion of HD patients had attained a bachelor’s
degree or higher (14.5%) than PD patients (5.6%). These
disparities suggest socioeconomic and health literacy

factors may influence modality selection and outcomes.

Reimbursement Schemes

The UCS accounted for the largest proportion of
patients, covering 48.3% of the total cohort, followed
by the Civil Servant Medical Benefit Scheme (CSMBS)
at 18.9% and the Social Security Scheme (SSS) at
16.0%. Notably, UCS insured 82.2% of PD patients,
underscoring its central role in supporting home-based
dialysis (Table 5). In contrast, HD patients were more
evenly distributed across UCS, CSMBS, and SSS. These
differences in insurance coverage likely influence access to

care, dialysis modality distribution, and clinical outcomes.

Table 5 Distribution of Dialysis Patients Across Reimbursement Schemes

Hemodialysis

Peritoneal Dialysis Total

Category, N (%) ‘

Universal Coverage Scheme (UCS)

(N = 126,505)

56,535 (44.7)

(N = 13,526)

11,116 (82.2)

(N = 140,031)

67,651 (48.3)

Social Security Scheme (SSS) 21,908 (17.3) 512 (3.8) 22,420 (16.0)
Civil Servant Medical Benefit Scheme (CSMBS) 25,513 (20.2) 937 (6.9) 26,450 (18.9)
Self-payment 11,509 (9.1) 145 (1.1) 11,654 (8.3)
Others 11,040 (8.7) 816 (6.0) 11,856 (8.5)

Hemodialysis Practice Patterns

Among HD patients, arteriovenous fistula (AVF) was
the most commonly used vascular access, accounting
for 61.3% of cases. This was followed by permanent
catheters (22.7%), double-lumen catheters (10.7%),
and arteriovenous grafts (5.3%). The relatively high use
of catheter-based access may reflect delayed referral,
suboptimal pre-dialysis care, or inadequate vascular
access planning.

Thrice-weekly HD was the predominant schedule
(67.5%), while 30.8% received twice-weekly HD. Dialysis
adequacy was assessed using spKt/V and urea reduction
ratio (URR). Among twice-weekly patients, mean spKt/V
was 1.73 + 0.35, and URR was 75.0 + 7.3%; however,
59.6% had spKt/V <1.8, indicating suboptimal adequacy
by recommended targets. In contrast, thrice-weekly
patients had a mean spKt/V of 1.68 + 0.33 and URR
of 74.1 + 6.9%, with only 5.2% failing to achieve the
target spKt/V of 1.2. The proportion of patients with

URR <65% was low in both groups (8.8% in the
twice-weekly HD group and 9.3% in the thrice-weekly
HD group).

Nutritional assessment showed mean normalized
protein catabolic rate (nPCR) values of 1.20 + 0.25 g/kg/
day in the twice-weekly HD group and 1.11 + 0.21 g/kg/
day in the thrice-weekly HD group. Despite acceptable
averages, a substantial proportion of patients had nPCR
<1.0 g/kg/day, particularly in the thrice-weekly group
(31.0% vs. 21.5%), suggesting inadequate protein intake

in a considerable subset of patients.

Mineral Bone Disorder, Nutrition, and Anemia

The mean serum calcium level was 9.0 + 1.1 mg/dL,
with 65.7% of patients within the normal range (8.6-10.3
mg/dL). However, hypocalcemia occurred in 30.5% and
hypercalcemia in 3.8%, both of which are clinically
relevant given their associations with bone fragility and

vascular calcification.
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The mean serum phosphate level was 4.6 + 1.4 mg/dL.
Hyperphosphatemia (>4.5 mg/dL) was present in 47.0%
of patients, while 6.0% had hypophosphatemia (<2.7
mg/dL). Persistent phosphate imbalance remains a major
concern due to its link with secondary hyperparathyroidism,
vascular calcification, and increased mortality.

The mean intact parathyroid hormone (iPTH) level
was 391.9 + 356.3 pg/mL (median 301.8 pg/mL, IQR
168.6-499.4), with 63.1% within the recommended
target range (135-585 pg/mL). Nevertheless, 18.4% had
suppressed levels (<135 pg/mL), suggesting low bone
turnover, and 18.6% had elevated levels (>585 pg/mL),
consistent with secondary hyperparathyroidism.

The mean serum albumin level was 3.8 + 0.5 g/dL
(median 3.9 ¢/dL, IQR 3.6-4.1). Although 79.7% had
albumin 23.5 ¢/dL, 20.3% exhibited hypoalbuminemia,
indicating ongoing risks related to malnutrition and
inflammation.

Overall, mineral metabolism abnormalities and
nutritional impairment remain prevalent in this dialysis
population, underscoring the need for continuous
monitoring and individualized management to optimize
CKD-MBD control and improve long-term outcomes.

Anemia remained suboptimally controlled, with a
mean hemoglobin level of 9.7 ¢/dL and more than half
of patients having levels <10 g/dL. Control varied across
reimbursement schemes: 54.3% of patients under the
CSMBS achieved target hemosglobin levels, compared
with 38.9% under the SSS, 39.2% in the self-payment
group, and only 28.6% under the UCS, highlighting
disparities in access to anemia care.

The median transferrin saturation was 27.1% (IQOR
21.1-34.5%), and the median ferritin level was 398.9 ng/
mL (IOR 216.0-658.5 ng/mL). Iron deficiency was common,
with 21.0% having transferrin saturation <20% and 22.7%
ferritin <200 ng/mL. Conversely, elevated iron indices were
also observed, with 14.5% having transferrin saturation
>40% and 38.5% ferritin >500 ng/mL, suggesting potential

iron overload in a substantial subset.

Most patients received erythropoiesis-stimulating
agents (ESAs) intravenously (61.1%), while 11.9% were
treated subcutaneously. Epoetin alfa accounted for 92.9%
of prescriptions, with other ESAs used infrequently.
Overall, anemia control remains inadequate in a large
proportion of dialysis patients, with significant variation
across insurance schemes. Suboptimal iron balance and
unequal access to ESA therapy likely contribute to these
disparities, underscoring the need for more standardized

and equitable anemia management.

Causes of Death in Dialysis Patients

Between 2017 and 2024, 83,344 deaths occurred
among 212,612 registered dialysis patients, yielding
a cumulative mortality proportion of 39.2%. Mortality
was higher in PD than in HD patients (54.2% vs. 37.3%),
with an overall mortality rate of 9.5 deaths per 100
patient-years (PD: 13.3; HD: 8.8) (Table 6).

Cardiovascular disease was the leading cause of
death (20.1%), followed by infectious diseases (12.7%)
and cerebrovascular disease (4.6%). HD patients
experienced a higher proportion of cardiovascular
deaths (21.6%), whereas PD patients had more i
nfection-related deaths (15.7%). Notably, 40.5% of
deaths lacked cause-of-death data, underscoring the
need to improve registry completeness. Cardiovascular
and infectious diseases remain the principal drivers of
mortality, with modality-specific risk patterns requiring

targeted prevention strategies.

Overall Patient Survival

With a median follow-up of 2.48 years (interquartile
range [IQR], 1.31-4.30), survival remained high in the
first year (95.4%) but declined to 78.9% at 3 years and
61.9% at 5 years (Figure 2). While short-term outcomes
are favorable, long-term survival declines substantially,
emphasizing the importance of sustained cardiovascular
risk reduction, infection prevention, and timely transplan-

tation evaluation.
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Table 6 Causes of Death in Dialysis Patients

Total Hemodialysis Peritoneal Dialysis
Cause of Death (N = 83,344) (N = 70,331) (N = 13,013)
N (%) N (%) N (%)
Cardiac Disease 16,734 (20.1) 15,190 (21.6) 1,544 (11.9)
Infectious Disease 10,578 (12.7) 8,534 (12.1) 2,044 (15.7)
Uncertain 5,816 (7.0) 4,688 (6.7) 1,128 (8.7)
Cerebrovascular Disease 3,870 (4.6) 3,268 (4.7) 602 (4.6)
Malignancy 1,805 (2.2) 1,701 (2.4) 104 (0.8)
Kidney Disease 1,127 (1.4) 1,022 (1.5) 105 (0.8)
Accident 663 (0.8) 621 (0.9) 42 (0.3)
Liver Disease 603 (0.7) 568 (0.8) 35 (0.3)
Suicide 121 (0.1) 94 (0.1) 27(0.2)
Other 8,276 (9.9) 8,255 (11.7) 8,138 (62.5)
Missing 33,751 (40.5) 28,790 (40.9) 4,961 (38.1)
83,344 / 212,612 70,331 / 188,618 13,013 / 23,994
Cumulative Mortality Proportion (39.2) (37.3) (54.2)
Overall Mortality Rate 9.5/100/year 8.8/100/year 13.3/100/year
Overall Survival
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Figure 2 Overall Survival of Patients Receiving RRT in Thailand (2024)
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Five-year survival differed significantly by underlying
kidney disease. Patients with polycystic kidney disease
(79.2%) and glomerulonephritis (77.7%) had the best

outcomes, whereas diabetic nephropathy had the

poorest survival (54.6%) (Figure 3). Diabetic nephropathy
is associated with markedly worse long-term survival,
highlighting the need for intensified metabolic and

cardiovascular management.

Survival analysis by cause of ESKD

1.00 -
E 0.751 Diabetic nephropathy
S — = = Hypertensive nephropathy
i ----- Glomerulonephritis
% 0.50 1 CTIN
:E’ —-—--Polycystic kidney disease
O 0.25 e N e e Others

== Unknown
0.004, . . . . ; . .
0 1 2 3 a4 5 6 7 8
Years
Cause of ESKD 5-Year Survival (%) | 95% Confidence Interval

Diabetic nephropathy 54.6 53.9-55.4
Hypertensive nephropathy 72.0 68.8-74.9
Glomerulonephritis 7 75.4-79.8
Chronic tubulointerstitial nephritis (CTIN) 72.7 69.2-75.9
Polycystic kidney disease 79.2 76.1-81.9
Others 67.1 65.6-68.5
Unknown 66.2 64.5-67.9

Figure 3 Five-Year Survival of Hemodialysis Patients by Cause of ESKD in Thailand (2024)
Note: Survival estimates were calculated using the Kaplan-Meier method. Group differences were assessed

using the log-rank test (p < 0.001).

Five-year survival was highest with arteriovenous
fistula (70.2%), followed by arteriovenous graft (66.1%),
and lowest among catheter users (58.4-61.8%). Early AV
fistula creation and minimizing long-term catheter use
are critical to improving survival outcomes.

Patients receiving twice-weekly HD had the lowest
five-year survival (52.7%), compared with thrice-weekly
(67.0%) and four-times-weekly dialysis (71.7%). Higher
dialysis frequency is associated with better long-term
survival, supporting adequate dialysis dosing and timely

treatment escalation.

Five-year survival was highest among Social Security
Scheme (SSS) beneficiaries (74.4%). Other schemes—
including UCS, CSMBS, and self-paying patients—had
lower and similar survival rates (55.3-57.6%). Significant
disparities in survival exist across insurance schemes,
suggesting socioeconomic and access-related influences
on outcomes and reinforcing the need for equitable
dialysis care nationwide.

The 2024 registry data demonstrate improving
short-term survival but persistent long-term mortality

driven primarily by cardiovascular and infectious
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causes. Survival varies substantially by ESKD etiology,
vascular access type, dialysis intensity, and insurance
coverage, highlighting both clinical and socioeconomic
determinants of outcomes. Strengthening preventive
care, optimizing dialysis delivery, promoting early AV
fistula placement, and ensuring equitable access across
health systems remain key priorities for Thailand’s national

RRT program.

Summary: Dialysis Status in Thailand

Over the past two decades, Thailand has experienced
rapid expansion of RRT, driven by a rising burden of ESKD.
By 2024, RRT incidence reached a historic high of 515 per
million population, and prevalence exceeded 2,600 per
million more than doubling since 2016. Growth has been
fueled mainly by HD, particularly after the 2022 “free
choice” dialysis policy, which accelerated HD uptake.

HD is now the dominant modality, supported by
expanded infrastructure and reimbursement systems,
with over 1,200 dialysis centers nationwide largely
operated by the private sector. In contrast, PD utilization
declined after 2022 and remains below prior levels. Kidney
transplantation has increased modestly but continues
to represent a small proportion of RRT initiation due to
limited donor availability and transplant capacity.

Diabetes and hypertension account for over
two-thirds of ESKD cases, reflecting the growing impact
of non-communicable diseases. The dialysis population
is predominantly older adults with relatively low
educational attainment, underscoring socioeconomic
influences on outcomes. Access to transplantation
remains limited, and disparities across insurance
schemes are associated with differences in care access
and survival.

Important practice gaps persist. Many patients initiate
HD with central venous catheters, twice-weekly dialysis
remains common, and complications such as malnutrition,
anemia, and mineral bone disorders are highly prevalent.
Preventive care is suboptimal, with incomplete infection
screening and low vaccination coverage.

Between 2017 and 2024, cumulative mortality reached

39.2%, higher among PD patients. Cardiovascular disease

and infections were the leading causes of death. Although
one-year survival exceeded 95%, five-year survival
declined to approximately 62%, with worse outcomes
among patients with diabetic nephropathy, catheter use,
lower dialysis frequency, and disadvantaged insurance
coverage.

Overall, Thailand has made substantial progress in
expanding RRT access under universal health coverage.
However, improving long-term outcomes will require
stronger CKD prevention and early detection, better
pre-dialysis planning and vascular access creation,
optimization of dialysis adequacy, revitalization of
PD programs, expansion of transplantation capacity,
strengthened preventive care, and continued investment
in high-quality registry systems to ensure equitable and

sustainable renal care.
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Advances in Urinary Sediment Analysis

Win Kulvichit, Nattachai Srisawat
Division of Nephrology, Department of Medicine, Faculty of Medicine, Chulalongkorn University,
Bangkok, Thailand

Abstract

Urine sediment examination is a fundamental diagnostic tool that provides immediate and clinically
relevant information about underlying kidney disease. Microscopic analysis of urine sediment by trained specialists
helps differentiate among various renal conditions, particularly distinguishing prerenal acute kidney injury from acute
tubular necrosis. It also plays a key role in evaluating slomerular syndromes and crystalline nephropathy. By assessing
cellular morphology and identifying casts and crystals, urine sediment analysis offers critical insights into the nature
of renal injury and disease pathogenesis. Recent advances in automated urine analysis, including digital microscopy
and flow cytometry, have enhanced efficiency and accuracy. These technologies enable rapid quantification of urinary
elements, reduce interobserver variability, and integrate seamlessly with laboratory information systems to improve
workflow. Despite these innovations, physician-performed urine sediment examination remains an indispensable tool
in nephrology. Its contribution to improving diagnostic accuracy in acute kidney injury highlights the importance of

maintaining proficiency in this technique among clinicians managing kidney disease.

Keywords: UA; urinalysis; urine examination; acute renal failure; AKI; ATN; glomerular disease; glomerulonephritis;

nephrotic
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Tnsamzegdsunmsddasunneladeundu (acute kidney
injury 3o AKI) tiesnnlunnislamedeunduiinisuingu
yadlaoguniaga iliwaddoyvielangaasneanuily
Haane dwalimuweavivavisadfnunffiaziounendanin
voslsn Fsanansatrouenamgueslsaldegiauiug daan
Tsalmedesdaiunssuumsresdureslu fimsusushues
Touazinialnlaglifiwadvanasnuin azneulaanylulsa
Tameitesedainlalsuinng W eranular cast 1130 waxy cast
Glomerulonephritis wag Nephrotic Syndrome
MNASIINUSNYULALNBULUU nephritis An uindonuns
¥i30 RBC cast lulaanae Ineflinusirewlagsondaqassem]
wuu light microscopy Wu RBC cast 31u3u 1 dusoilan (field)
%sedl acanthocyte 1nninsesay 5 vesdiuundonuns
w30il dysmorphic RBCs 11nni13eeas 50 w3e 819
phase contrast microscopy WuauIU dysmorphic RBCs
wnninsesay 75 vesinwudnidenundluilad squfu
nsilusAudalutiaant: avdrvativayunisidedonii:
proliferative glomerulonephritis d@unsaidaanzvesye
nephrotic sinaglinungnoullaanyfifivad enanundngiu
nsSeslutulutlaanie wu oval fat body, fatty cast,
cholesterol crystal @sazatfuayunisidadoniag
non-proliferative glomerulonephritis a&Jwi%ﬁmmmwﬁ
fnlavinlfiAalanedsundu Sedudrgdasianglaie
Lﬁauwé’wﬁaqmmm@;ﬁus’mé”m WU prerenal azotemia,
renal vein thrombosis, nephrosarca, 930 interstitial
nephritis {usiu d13uithe nephritic-nephrotic syndrome
%mmsammwumzﬂauﬁaanﬂé’ﬁgﬂugﬂufuumau nephritic

urine k8 nephrotic urine $uAU

Methotrexate
(crystalline cast/crumping)

Triamterene
(spherical)

Acute interstitial nephritis

dmiunsItaRuNME acute interstitial nephritis (AIN)
wuamznautaanzainnulinazaudnwiglunisly
adelsa NNTANYINUIIEILNTIRTIINUILALRBAY
Tulaanyldfunsosay 20-80° d w3y eosinophil 1 Joya
Hagtuliafuayudmau eosinophil fiunnindesay 1
%39 Fovay 5 lunsiladeuenlsa biopsy-proven AIN 910
proliferative glomerulonephritis, diabetic nephropathy,
%39 cast nephropathy 1a° Tugiuves WBC cast ﬁummm
wulunmzduq Idwuiu Wy pyelonephritis, proliferative
glomerulonephritis, acute papillary necrosis IWEJEIEU
Tunng AIN aansanusgneuludlaanszfiuszneuludae
RTECs, granular cast, WBCs uag WBC cast umagluiny
dysmorphic RBCs %38 RBC cast Fehumanunzneuilaane
fiasdosmtuuseinsduiaenidianudes msvhnsiene
%uﬁalmﬁaﬂwﬁﬁ%éfaﬁgﬂé’aq

Acute tubular necrosis 182 Pre-renal acute kidney
injury

dmsunsitadeusnlsaniig acute tubular necrosis
(ATN) uae prerenal AKI Fafuilyymiinulfveslugiannne
Tanedsundu Msnsanuanusnzvestlaangiing
Aefulden (isosthenuria) Uszunad 1.010 A1SWU granular
cast lnglan1z muddy brown cast wag RTECs Uiuen
841128 ATN 110131 prerenal AKI NNV hyaline cast
39 hyaline-granular cast $3f7U RTECs 9199steatiuayu
A1g ATN fiiaan hypoperfusion, prerenal AKI A
suussauindu patchy tubular injury agslsfnuudl
98A529lUNU RTECs %39 granular cast 9133gliiaunsa
#an1ag ATN eenldld ilesnnsenulusfinnuindidies
$ouay 20-25 v03ihe AKI szeedl 2 winiufl nsanumznau
Yaaneidldfunny ATNS
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Tuunendidnumrves RTECs o1auenldenain deep
transitional uroepithelial cell wuglvlddayanienain
ufaglunisuenvfinveasad Wumnnuwadfiasdesiuiu
granular cast Wag proteinuria pnatindamaanenarrindu
RTECs 3111031 uroepithelial cells Tumsnaduiumnlaladl
Jm AKl waz/vie lfingneutaanizdug saudaeiae
anaviliings uroepithelial cell 11nnd1 RTECs uenanni
U granular cast wag RTECs lumyneudaangdimuin
HAMUFUITUTAUAIUTULTIVOY AKI fI88199U NITWY
granular cast $1urusnnlugUasfiueulsameruiadnysd
fanmz ATN fifiauuse wazduiusiuanudedunslédu
nstdavaunulalusuiam

Crystalline nephropathy

nsnsnundnasadatunznoutaazludeyadify
flinlugnisidaduanvnues AKI MAaann crystalline
nephropathies ¥lAA199 N130139NU uric acid crystal
TunznoudaanzvesUaedid tumor lysis syndrome
Yrelianunsnifiadunne acute urate nephropathy e’
MINATIINU xanthine crystal Tuﬁjﬂqaﬁﬁmw tumor lysis
syndrome #ifn&alé¥uen allopurinol agenatilugmsidade
xanthine nephropathy® N115M399WU calcium-phosphate
crystals lumzneutiaanziiiefiunsunsdesndesaildlg
o1398lunN1sITadun1y acute phosphate nephropathy
1nN135UYUsENIU oral sodium phosphate solution il
dmsumisuanldnounisdesndes’ n1seTIaNy calcium
oxalate crystal Tumgneulaangiievanadlinsiuanive
waziln1iz AKl 52uAU wide gap metabolic acidosis
9139¢11lUgn153U9de ethylene glycol poisoning'
ANSWU needle-shaped birefringent crystals Iuﬁﬂw AK]
ffidldsuen ciprofloxacin aunsagaslunisifdadonine
ciprofloxacin crystal nephropathy’ eghslsinuissy3ai
nsaanuasasatunzneulaanzlilamnetianzinun
wnely iesnnanunsanursasaluilaansluannzundld
Tosamedlodellaanzfialiuund 2 Flusdeudiazvinig
avranzneulaans wdelinsfuussmuemsiitiansuisedne
TuU3annige Wi oxalate crystal 1anundRINMTTUUTENY
onsiitleanunangs e dnlvu Fenlnuan wise frdasous
satulunsudanadasnsevhimfuteyanisedin wans
asrateuiifidfuldfuvinvendnaiada wazasnau
Tutlaanedug Uszneuiuisasvisatvayuimanaiada
finusdu pathologic crystal

Uszandnmlunisitdadennizlamedeundu
nN1IATIAnnaulaanisiesiiendesganssau
n1snsrataaniziesdiendesganssadidunismaaeu
Aduenldinaliuin aasasianielu 2 dluandafv
fhoghsilaaniziiomautanaiignies ilesnmnniistiaany
Puruwadazunnaats annsdnwiluefinndn 15 I
UAINUI Sruunsiiaguuungnautlaanay (urine sediment
scoring system) @1u190%287UABLENN1IE ATN Lag
pre-renal AKI leiAeutnsusiugy lun1sidadedqend
Anglamel@sunaudiuiu 231 579 N15ASIANY granular
cast 1-5 flu low-power field [LPF] wse RTEC 1-5 ¢
Tu high-power field [HPF] a@u1savitunenisitady ATN
Tagnausiugn Taeiian positive predictive value (PPV)
fi%awaz 100 lumenduiun1snsialinu RTECs w3 eranular
cast @w1sn3tady prerenal AKl lasgrausiuguieaiu
Tnefl negative predictive value (NPV) #i¥osay 91"
SnnnsAnwmdanuiinisnnatiaangsaondesgansami
\Wasun153Tadeann prerenal AKI Wiy ATN $osay 23 uaz
Wasun1itadean ATN Ty prerenal AKI Sosay 14%
wenniinsasanunzneutlaaayiid eranular cast waw
RTECs §afuiusiuainusunsevesn1ig AKl Lagaiuise
T iunenensallsalddnaae §Uae AKI fidazuuy
granular cast gefimnudsslunininnnig Ak szﬁuqmm%u
9 7.3 Wi warduiudiuanudswesaududulunis
Urdanaunule Tnenuitnisiunenaswsnisaainduly
lusduuy dose-dependent relationship® wenani
AZWUY granular cast Wag RTECs Jeanansaviunensiug
vaslalugtredifinnglanedeundulddnse Tnsmnny
granular cast #3® RTECs USNIau1nUIUDNHI8MT
ﬂﬁﬁuﬁmaﬂmﬁﬁ?ﬂiwjﬂa‘c’Jﬁﬁiﬁmm granular cast %3
RTECs Wounin
NM13RTIARzNaUTAANIZ 019U TONYINTAINITAANIE
AKI laBndqe n1sdnwilugdUaediuiu 164 17l Su
MSHRARI WUIIN15ATIANU RTECs %30 granular cast
Tunznaulaanzauisaiuienisia AKl 1dae AUC 0.58
fiarudumegedieiosay 94.3 sgslsinunuinfianul
Wivsfovay 22.8" Snnsnwmilsvilugitrefiunlsmetuia
fesanidu wuinisnsatlaanenungneu RTECs wie
granular cast @u150vunenIsiia AKI laseaudnig
fireutsgaudvinanuliduiy Tasagunimsisnzney
YaamzAsudadiamudinigaon1g ATN uazaunsavinuig
5N AKl SauBanadnsfives AKI 18 wininesan
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Ypanznaudaanzlunisidadutaznisnennsailsauas
amglanedaunau

lanusznauldaiunsafiazsinnig ATN eanluliifiasain
fanulireudnein a19190 1 agunisfnuidsednsam

A19199 1 MsAnwruseansnnvesngneulaanizlunsidadouasnensalnnglanedeunau

n1sANY Population ‘ N ‘ Outcomes
Chawla et al. (2008)" AKI 18  |Renal non-recovery AUC 0.79
Perazella et al. (2010)” AKI 197 | Worsened AKI AUC 0.75
(increased AKIN stage, RRT, death)
Bagshaw et al. (2011)*° AKl'in ICU 83 |Worsened AKI AUC 0.85
RRT/death
Hall et al. (2011)" AKI 249 |Worsened AKI AUC 0.66
(increased AKIN stage, RRT, death)
Schinstock et al. (2013)™ Emergency 363 | AKl occurrence by AKIN criteria AUC 0.57
department Sensitivity 22%
patients Specificity 91%
Goldani et al. (2020)* Cardiac surgery 164 | AKI occurrence by AKIN criteria AUC 0.58
patients Sensitivity 22.8%
Specificity 94.3%

AUC, area under the curve; AKIN, Acute Kidney Injury Network; RRT, renal replacement therapy; ICU, intensive

care unit

n1sasavtasIzinznaulaanizuuusnludf
(automated urine examination)

n13nsransneulaaneiesiiendesganssmiiitednin
TuAuLsIU nan QL%EJWW waztyvues interobserver
variability #ivilsinanisnialiuduew Sainmsiamnnisnsa
Yinsgngnoutaanzuuusnludfiiveliaunsansiadey
fod1alied19singy annszau wazUssudaduyu lay
SEUULME N HAIN50USTUIANAAINUUUAITATINH
pgdaanzuarduunwainisoynia lngodedanasiiy
nepeufmehuiunsmsaure s mthiiviesufoRng
MTATIERTaaIAMLsTUURTI9oRWTR LA UAL NN
Tutlagdu 1lesainannsoiinssisedsiaansldegng
ndwmariivseaniam @15199 2) Tnewmaluladundndlésu
WauAe MTRTeRaInaIiaveseunalulaadz (Urine
digitized microscopy) wag automated flow cytometry

Automated particle recognition

S¥UU APR WUs¥UU iQ200 (Iris Diagnostics, USA) #3®

FUS100 (Dirui Industrial Co. Ltd., China) lwmalulagnislua
laminar flow vesilaanizlngliifesdumios aufuroniung
f3via APR LﬁaizqLLaxﬁi”lLLuﬂaqmﬂiuﬂamw lnanaed
FWleagdunmeuniAndl 500 MmseauALaYIATIZlAY
Taswreuszamidion (neural network) Aifigiudoyann
$1983an91 26,000 AW FaszuU iQ200 A115034UNBUNIA
lade 12 Uszin® wazananudndulunismseudiegng
sefle udinadesodediferviglunisniivasunazda
Uszianeymalmilunsdiilusunsulaianunsadiaseilsd
gndoe Tudagdulafinisysudseimunssuunsiataane
SoluiRmenisiaszininidvastudeidoniiefiuniny
TarmNTNIZI0IN1IATI WU DxU Microscopy Series
(Beckman, USA, 2021) ifugudsuugees iQ200 fiseadu
Frograldunniunaransnsanusiduiidemumunynau
Jagnymeiloaoieasesay 4 @21 FUS-200 (Dirui, China)
Huguimunes FUS-100 fisesiuusinasognagetu uid
Htedinnuanulilunisasianiuuaiize
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A197199 2 WSEUIBUNITASIINENaUTEANILLRILATAITASITLUUD A b ULTR

‘ nsATIINznaUlaaNIZIag ‘

n1sasranznauldanlzonludtn

2AR (Bias) HANUUANANTENINGATI aid]
(Interobserver variability)
Y3umsieeng 12 4a. 4 g,
INTFIU A B
Uinauiognsingiasiedlus i GR
AMTIMUNKANLAT LA Moy 179
NSIUUNTATN B leusididadnin
nsnsaalusiu Mo 14if
nMsmMUSunaeunA Uszillualnguszuna Toiiauiusiug)
NNIIUNUNADALUIIR ylalla g
STeEIANTONa i 57
JoRANa1nINNISUUTINKNG 110 1oy
Aldang an N

Cuvette-based microscopy

JEUUNADIRANTIAUAIING 19U sediMAX (77 Elektronika,
Hungary) w%aﬁi’%ﬂﬁ’ﬂu%a Urised Tudnnistumies
Wieasestunzneutlaaniznoumsiinsed wilindesmaia
Funm 15 amdenileiiedne arntuldwenduag neural
network Usvanana 3eszuuiiazuszanananinaenoutlaany
ponunduilannmadieadsiunisnsiangnouliaansies
N19Nd039an35AU” szuundesqanssadAInd Julny
U SediMax (CONTRUST) sautnaluladl phase contrast
microscopy L& bright field microscopy Wiesiiunauiug
Tunsesramesasanasnes @ Cobas u 701 (Roche,
Germany) wag Atellica UAS 800 (Siemens, Germany) 1Uu
Snszuvdnndluel elanligslumsnsiamuaariuaz
A3ada wazanusadeudeussuuasaumalufes jifins
Lﬁaiﬁél,%wwmmaawaLﬁmaﬂé’

Automated flow cytometry

Yaguulatimsiaunssuy automated flow cytometry
Funiiieananszlunsasatwesd mind (asiedt 3) Toe
5¥UU automated flow cytometry lduannisiiaynia

yoadlaanzfidelut ulvar1uin3esnsiatuwad dasunas
waiwes Lileadaunugil scattergram oonuoIATIZI
wlinvesaunIn® f199INTEUUIBY digitized microscopy
Aasizvinmueseynia dregreszuuiildinalulad
flow cytometry lawA UF-100 (Sysmex, Kobe, Japan),
UF-1000i, UF-5000, UF-4000 &sa1nns@inwifisuussanznin
29435N150573 flow cytometry a85zUU UF-5000 §4
fo8nin u 701 Mdu digitized microscopy lusunis
%577 crystal way cast™

Tngaguszuuiiaseitaanizuuudnludfainisonsis
aznoudaanzlanielual 20 Jurfinenisvageu 3
a1desniinisnsiadnsizidaanisaieilenildiian
TnewadeUssanm 2.7 uniidenisnageuuenaininisly
nsinseilaansuuusnlulifdisanduyuiuiany
lneSogas 32 vasosUfuRnisarunsoanituiutnmadna
19NN LA Lazevanduun1nIitadelafg
$avay 70 senisnaasv? Sudunindeniiyiauls
Tunsihunldiiiedeannisensdansesnisnsiadaans
U3uadun
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A191991 3 LUSHULTEUTENINISEUUATIERAINAD ”asuaqmgmﬂ”[,uﬂﬂmw (digitized microscopy) wag flow cytometry

Al

Digitized microscopy

ANBUAIAVIIAVTOVIHAAN TN

Flow cytometry

Scattergrams hifinmuadoynia

aunIpfiszyuaztiule

=3 =l @ =l . .
LALaRALAY, LUALABAYI epithelial cells,
hyaline casts, ASada Lay WUATILTY

< =1 (=3 = . .
LIALARALAY, LUALABAYNI epithelial cells,
hyaline casts, A3afa Loy LWUATISE

UoR ﬁmwiﬁmmaauimaﬁﬁmsmm Tanudemneyies
Uinausegnatusi 2-3 ingang 4 faddns
Fmuusegsiedalug 65-100 100
JugUnsal Tlidenvannvuaiy flvidenduiuiley
371 2,000,000 um 4,250,000 U

Uszansnnlun1sidadeniazlane@eunau
A28N15A5NLNDUUAE1IZUUUDNLUNR
nsfnyvessTuLInTsRnmAIaveseunalulaane
Tagld 10200 Tugtne 25 Tefifianzlanedeunduain
ATN WU3158UU 1Q200 @11150m5399U granular cast oty
Jevay 24 Y9Al0810fleuniuSeray 72 91NN1IMIITL0Y
frundes Fadlauuandisegredidedfy® Snn1sAine
T¥5guU Cobas 6500 Wag Q200 Wisutunsiasiztaans
wafendesvendmiiifiviesufifinisnuin Cobas 6500
asranudinidenvnmeainuliesas 93 uaraud g
Soway 87 uavananuldiadentasmisaianyliSesay 82
wazAuszSenar 81 Tuvarfiszu 10200 asvanuin
Wonunmlgamnuliipeay 92 wagaudwizSevay 71
wazAsIanULladenwnenl8AIAN T euay 90 Lay
A INzdepas 63° uenINENTIASIERTaEIZLUY
dnluiplaglaniy flow cytometry gailvodninluniunis
ns193dadeunadiazasada Taon1sAnwmdamuinssuy
Cobas 6500 fimaulalun1snsia pathologic cast e
Soway 39.2 wazA1AUTUNIESeuay 98.1 @l UX-2000
fiAmnulilun1smsaa pathologic cast Wiwsiovay 45.1 uag
ANANT UL DAY 93.7%° NSAN®IIBITLUY automated
flow cytometry lagly UF-1000i Tullaaniz 214 dregis
WUINEINN5ATIATUAS LG RALAY Wadldinldanuil
wazwadidoyin IdAisuwiiunsaTanznouliaansies
FIENADY WATIATITLAY LA bALYIINITATIAD Bnns
Anwmilsld UF-5000 asradlaanzsiuiu 636 faegaa
wudrfianuhilunisasianmainazaSanaliiosssvay
31.03 wavdovaz 62.75 mwaidu wlefisuiuszuy

digitized microscopy wiim UAS 800 fiftaulalunis
ATIALAAY wazAsadaasieTeray 63.79 uazseuar 80.36
NPT
lavasunisnsiadaadzdnludfdensddedninlu
UsgdvBnmuazanuuiudn wasnsineilaansieing
ndesganssenilaofifeaviqianadu gold standard il
unumddglunsnsinidadelsalaluteqiu

nsasaanznaulaazSsudieuiuiaisn
nsganwlmidmsunizlaneideunau
(Novel biomarkers of AKI)
Jaguiidadfan1sdanmilgnitmuitudmiunisg
rduuazneinsalvesnnzlanedeunau wu neutrophil
gelatinase-associated lipocalin (NGAL), kidney injury
molecule (KIM)-1, interleukin (IL)-18 @38%3annsganam
wiaiUsuenianissniavuinduresienigla nsdnen
299 Hall dazAs’’ Wudn urine NGAL, urine KIM-1, urine
IL-18 wazAziuuaINN1IRTIanznaulaaniz amsadiguiu
msviweAIdes (net reclassification index) va AKI I
oesilidAgy lawila area under the receiver operating
curve %39 AUROC 84 urine NGAL 0.74, urine KIM-1 0.68,
urine IL-18 0.68, urine microscopy 0.66 Iummxﬁ
fractional excretion 489 sodium (FENa) way FEUrea,
fi AUROC 1fis 0.58 waw 0.6 sudndumintdu Tegawmeni
wansliiuInnisaangneudaanivilnuududilunig
wennsaflselndlAssiuiudidaazuul (Uil 5 uaz 6)
Tuvaefl FENa %30 FEUrea fimnuanunsadisesnitlunis
NYINTOUNAANS AK
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Na3%9 UazAale

9

60] M NGAL; P<0.001
[ 1L-18; P=0.001

50

a0

30

20

10

Primary outcome occurrence (%)

Quartile 1

Quartile 2

M KIM-1; P=0.003
W Microscopy; P=0.006

Quartile 3 Quartile 4

Biomarker group

JUN 5 nsurisnanadidianatininlnidmsunlanel@eundusuuniy quartile waz urine microscopy score
0, 1, 2, 23) lumsueraansnglanelReunauinigasazdnsinsdedinlulssmeiuia (worsened AKI or in-hospital

death)"’
Differential Prognosis of AKI
sgﬂfwc’?\sﬁ diagnosis Worsened AKI
: of AKI Need for RRT

4,

1

JUN 6 unugiivanuinianisidnneutaanylunmsguaitisniglanedeundu®

AKI, acute kidney injury; RRT, renal replacement therapy

waaImemstaanz (urine cytology)

Urine cytology %38 urine cytopathology Aa n13AN®N
dnwauzveswadinululiaanslaglindosganssel Jutu
nMslengianuAaUniveswadieymauduilaais 1wy
waduzlse wadhnite uavwadiiidnuusiingd wadai
Anannn1sasrailaanziilunseiidedddnisnioudiogng
wuulaniy W nstu (cytocentrifugation) n13ATaLEAG

AIBUEaNEed kazn15dend Papanicolaou NBULNLINTIY
srendosganssal Tneiluinldlunisidadonzifeves
madutaaniz lneianiz urothelial carcinoma TugUae
fitaanzduden Alilsinanlnawesda
UBNINAIIATINTAAULIS AT urine cytology &adl
wmmﬁwﬁmiumilﬁhisi’qmsﬁmL%a polyomavirus L
BK virus Tugthedgnaigls Tnenuineadiinnde BK virus
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ildnunizlanziiiendn “decoy cells” Fao1aiigusng
Aaewadurise vlideserdeanudiunglunisulana
MIRTIaNU decoy cells agasiaiiios Tnsanzludnueas
finunelu casts wiofidhuiunn fen positive predictive
value gefieSorar 75 funnnitSevar 90% lunsving
1172 BK virus nephropathy™ wenaINi Huinnisanas
wiemelures decoy cells Tusogsllaaneiimnudunus
funsitusaesguasfinsatudelaudanudinissniay
anae vilinsnradnvaswadlulaamenanadundesde
dhseteiifianusings Usendn uasmnzadluudundinis
asmdeliademaia PCR dded1in
wadAnUnfmaniianusansianulddlushogedaaed
rHunsdeudnaghidon lnslanzidensiasnendesqanset
WUU phase contrast dsteluaniiuseazidenveyad
Tadnauudlalagoud®
annsaszyldanaznoutiaaniziild nisfiarsanaay

& 3 <
N decoy cells WLaglyaauzliy

Dulldvesnnieseniaannzimndudumiwosnis
ez neulaaniziiufsaiunisuedn RBC casts Tu
Nt hematuria 3710 glomerular disease ag19lsAnu
Wl urine cytopathology azfidefnatsusznis wandadl
Fosain wu aulifidreusSewida low-crade wagnis
wanadesordesraunisaivesnma Selddinisneniszuy
nssenurawasine aanylula.a. 2016 15801 The
Paris System for Reporting Urinary Cytology (TPS)” uag
lafinsusuugsludaa 2022* Tngivunnaeiwaziuing
AvaulunisduunvinveswadinUnd (3UAl 7) Lile
anauliadianevessieuna, Wwuauwuglunis
799 urothelial carcinoma laglanzainfiinnuguuss
@3 (High-Grade Urothelial Carcinoma - HGUCQ) wag
Faglvinsdomsszninadnnedineuazunmdgquarvoe
uspuuinnin®

The Paris System Approach to Diagnosis in Urinary Cytology

No/

Is there increased
N/C ratio (20.5 )?

(i.e., not intermediate and

basal urothelial cells)

\

Are any one of the following features
present in the atypical cells?
1. Hyperchromasia

Is there a reason for the "atypia"? <

l

Polyomavirus?
Granuloma?
Ileal conduit?
Urolithiasis?
Reactive changes?

Voo

NEGATIVE FOR HGUC

ATYPICAL

At least 1 features present

2. Coarse Chromatin
3. Irregular chromatinic rim

l

At least 2 features present
and High (==0.7) N/C ratio

'

How many cells with these features?

/\

“Few” ~< 5-10 cells “Many” ~> 10 cells

' '

SUSPICIOUS FOR HGUC HGUC

gﬂﬁ 7 WNUNNASEUIUNSIIBNURaaa meUaaniz mu The Paris System for Reporting Urinary Cytology (TPS)*

HGUC, High-Grade Urothelial Carcinoma
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nsussgnalddeyay1uszhvg (artificial intelligence)
lunsiainisasransnauteaanaz

nansaiieseingnaudaanzdisisnaiy folinng
desrundesqanssaidueaiitosidavarsusenns Wy
ANAAIALARBLIINERTII A1WAN waznsiiatlunisua
wa vileraiinnuaaandeulun1sidedels Machine
learning waz artificial intelligence (Al) FLWTUNUIM
Tunamaunndainniuludagiiu Taserdunisadregrudoya
fifllassaauasiinunmgs Woiaunlunadifienuannse
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Kidney Xenotransplantation
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Abstract

Kidney transplantation is the best treatment for patients with end-stage kidney disease. However, there are
still many patients today who have not received a kidney transplant and are still on the waiting lists. The gap
between the demand for kidney transplants and the limited availability of human organs has led to prolonged waiting
times, higher mortality rates, and a significant burden on healthcare systems worldwide. Kidney xenotransplantation,
the transplantation of kidneys from non-human species, most commonly pigs, into humans, has emerged as a
potential solution to the global shortage of donor organs for patients with end-stage kidney disease. Despite
promising advances in genetic engineering, immunosuppressive therapies, and xenotransplantation protocols,
the clinical application of kidney xenotransplants remains challenging. These include immune rejection,
potential zoonotic infections, and long-term organ viability. This review explores the current state of kidney
xenotransplantation, focusing on recent breakthroughs in gene editing technologies such as CRISPR-Cas9,
which enable the creation of genetically modified pigs with organs more compatible with human recipients.
We also discuss the immunological hurdles and strategies to modulate the human immune response. We also

explore the efforts to eliminate the transmission of porcine viruses.
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Sesnsugnanele wilunylafinisudmyifenviieuau
Seannsadadynmdnlutszduiioenluls daudenis
n513gA N Tulan1eiAuiue s Sulavyusaia
(HLA typing) ﬁuhﬂé’tﬂuﬁﬁaﬁmsméﬁ@yﬁy’ﬂwgLLﬁzﬁf

o '

(M3197 1) a5utiadesineg MddgysionslangsedesUanne

<

PNNYUAZ RS

A13199 1 ANULANAeTERImyivaduunumveuIa

2387y

Uadey ‘ ny ‘ a9
annnSeuldeu (Availability) laidie | 9w
Ananwluniswauug (Breeding A i
potential)
srgzhalunmsidngioniaiug | 4-8 weu | 35T
SYULNATUNITAIATIALRAY 11434 | 180 Ju
UIUNABATIA 51260 | 1-26
syezna1lunTsyAule 6 WioU 9%
uleateazluruafiwmunzay
Aldanglunisidesy AN 6N
ANUMIIBUNIINEINA Thahes | wilou
Waguiuau
AN BUNIATTINEN Thahes | willou
Walgunuau
AnuduTusNsszuugliquiuiuau | uand | ade
Anusndulunisiansan Taidwdu | Swdu
RREVHIGEN

a o o & °

ANULERluNSSUlsANER A 6N

ARLUAI9IN Cooper DKC hagnals’

guassalun1sugnanglnannuygau
n1sufasia
msufaslauvadu 3 Usziamanunalnnisiia (Ui 1)
ﬂ’liﬂﬁLﬂﬁlﬁLﬁﬂUWﬁu%ﬂimﬁﬂ (Hyperacute Rejection)
guassafiddgyfianlunisugnaielanainuygaude
nsuasle (eraft rejection)’ tpsandimnulsiiriuves
Tuanaananewiugiianaiu (molecular incompatibilities)
FENININYAuAY miUﬁLaﬁlmLaﬂuwé’u%uguuwﬁwﬁu

meluzadlauemdsanidnsevasaidenanlatngysu
dilngiiniAnnglundnundidedalug inainnisfisienie
fsufiansnfisumiu vide woufived (Antibodies) fidesans
oglunszuaidonagnouunds oidenluaiglafitian
Ugneng ansgiisnuniuasnuivansnegiiinu vse woumiau
(Antigens) ﬁLLUaﬂUaawuﬁ’aL%émmimgﬂdw wag
nszfuszuugiduiuiud vlfAnnssniauuinaiode
wazviaanidenle sillaundondsundu Wiswbuddad
viudl wazldanunsavihauselule

TuTw.e. 2449 Mathieu Jaboulay Fasunngv1isuaa
FosaluiFosnsindanasnaiden lissaunisugnaele
nnvygauduseusnvedan’ wdanisanaielald 3 Tu
wndunuinlafivgnanemgaviienu uaziidgmvasaiden
Alagadu uazidilafindnduainimedanisindavasniden
Al wareUlumendsdsldfunuinaimnfenisufiasia
dounduduguuss

Xenoantigens y1angfis asne gl Uy nasTiTin
sanesitug Selufitvaneds asdegidnunu viie woufiau
Tuny (Porcine antigens) Munnseduansgiifuniuly
funeau neliiinufAzenisufiasis woudiaudad
E?Wﬁzyﬁqmﬁa galactose-a1,3-galactose (o-Gal)® Lilosann
Tusnmeau sudsdnidognisuuriadurduiivoufived
ANSIINTIADYUET Ao anti a-Gal Ab Fsflegluiden
Usgana 1-4% 1 udiuufiifiesmoflagnszduszuy
AaunAUY v liAnn1sdnay wasyinliiinnisuias
Tadounduduguussnunld’ a-Gal gnasrslasioulsd
alpha-1,3-galactosyltransferase %ngmsﬁwﬁaw’mﬁu
7991 GGTAL® hlugnisdnseiugnssuvy Tasduds
N3UANIDNVBIEU GGTAL (a-Gal Knockout pigs)

uona1nd lunnigund asdlusiuvuinwadfisi
wif1iimuaulilfiAanisnszduaeuwdluuyinuniAuly
(complement regulatory proteins) TUsfumantu
1¢wn membrane cofactor protein (MCP/CD46), decay
accelerating factor (DAF/CD55), and membrane inhibitor
of reactive lysis (MIRL/CD59) #slusiumaniiuuimadny
lanusadudinssurunisnianszduaoundiuusily
s1neaula’ Failugnisudludadeiiugnssuny lng
Tagudivimindiasng complement regulatory proteins
i

n1sufjiaslauuuanda (Delayed Xenotransplant
Rejection)

Aindundsgnateladunamdntuieduns Wungy
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mﬂ’liﬁLﬁﬂ“ﬁumﬂmiﬂﬁLﬁﬁi@lLLUUL?QEJUWﬁuﬁmﬁEJLLaua‘U’eg
(acute humeral xenograft rejection) wazn15Ujiashe
wuuLdsundufienduwad (acute cellular xenograft
rejection)"!

Acute humeral xenograft rejection

naen1sAnseugNITUNY a-Gal Knockout pigs
finsmaassunuieiilanyludgnasludsudalang
nsUfiastadsunduduuuss winunsufiasiawuy
drunduiiintuniendagnaelaliudamarsduans
ImUwusxﬁmmuaua?ﬁym'auauaLf\]usuaqmﬂﬂ%mmmﬂ
wilally anti a-Gal Ab Fewsiudn SafluouRiauiid ey
rl,u‘vmﬁﬁZf?f’J A N-glycolylneuraminic acid (Neu5Gc)
uaz Sid antigen (SD@)** Fegnairdlavieulusl cytidine
monophosphate-N-acetylmuramic acid wag B-1,4-
N-acetyl-galactosaminyl transferase LLazgﬂLSﬁjﬁﬁa
AUBuTTeI1 CMAH WAy BAGALNTZ2/BAGALNT2L'Y
gy thlugmadinderiugnssumylasiudanisuansonn
voBumanil®

wana il vuiiwadvosmydeliasdidendt swine
leukocyte antigens class | and Il (SLA-I and SLA-II)
FaUTouiailou human leukocyte antigens (HLAs) Tuau
SLA-I finauandfidu xenoantigen shewuiu Tuauiling
fuseTRldsuidondansss vio ingldsunisugnaisetes
11A9U (sensitized patients) 9zd anti-HLA antibodies
fianansaviiUAzendu SLA molecules vuiimaduaany
waznszduliiAnnsufiaslauuuideunduiiondeaniils

Acute cellular xenograft rejection

nmsufiaslanvuidounduiiendoiwad fesende
miﬂisﬁfmﬁﬂLﬁ@ﬂ‘ma‘wmﬂ‘uﬁﬂ 171‘;& Macrophages, NK
cells, Neutrophils, Dendritic cells, T cells wag B cells
fifiunummdniase T cells

Macrophages viwiinfivainuaislunisnevaues
nanduiundenisignaielaainvygdau Fausin sy
daudantaeu (phagocytosis) nMsndalalnlatl (cytokines)
waztduwadiiauououdiau (antigen presenting cells)
Tnefosin1snsedu macrophage nouagsiviiniizen
T cells shunusnalladgneaneld Inedinsnszsu macrophage
FunsEUILNSnaY oun wadveslaugnaeldsuundu
%Mébﬂm‘i monocyte chemoattractant protein-1 1580
macrophage nfilaugnane® wadvaslaugnareilesy
vnduazvdslinanavewadiignyiians (danger-associated
molecular patterns; DAMPs) iﬂﬂizé’j‘u macrophage KU

v

$75U Toll-like receptors (TLRs)*!

YY)

Juiulusiu galectin-3 #loguu macrophage®

a-Gal UuLEaEH Y
419
Usenauidedauveilsnenie (immune complexes)
5U5UG1?§UL€JW“£I (Fc receptor) Uy macrophages

uenniigafinssuiunstiudsnisnsesiu macrophages
ANSTTULIRAE Tawn n15dsdyIaszning CDAT uu
ﬁ’JLGzIaﬁmJu v Signal regulatory protein o (SIRPa) Uu
macrophage ¥8IMyAI8iu dievsueninduminiientu
lail¥ign macrophage fuAu? wiilesannisadvlsianunsa
dadyaaududsluds macrophage vasaule ludnns
dasofuvesnuiivinviinfiaine Coa7 Wngfuvemy Lile
nlwdudamsiiuiures macrophages l#dga®

NK cells vibinnisujiasts lasnalnusndenis
WWufiunewadlanense (direct cytotoxicity) 1agnns
W&1ans perforins WA granzymes ﬁwmmﬁalﬁalmﬂgﬂma
Taonss Bsgnaruaulneiiuiinszdunisviay (activating
receptors) fU fr3uitdudanisyiau (inhibitory receptors)
\le activating receptors Wu NKG2D fufu TUsfu
pULBP-1 uuwadvesny etinn1snsedu NK cells 19
ﬁwawmaé‘uaqu o inhibitory receptors % KIR2DL4,
ILT2, ILT4, CD94/NKG2A Judu HLA class | vuwaa
veeauUnd ldifinnsvianewad wiwadvylull HLA
Falianansnduda NK cells 16 fafu mavhliwadvoany
anunsouans HLA-Cw3 uag/fse HLA-G, haz/n3e HLAE
aunsatisaanvianelauanaieain NK cytotoxicity la’

dnnalnuilefes nsiduiivrowaslnuafanauiuan

(Antibody-Dependent Cellular Cytotoxicity; ADCC)
Tnee1@en153Uiues immune complex UURIEAANY
U CD16 vu NK cells nszduliAnn1suds perforins
waz granzymes® fin1snaasslunasnnananinuinnisiy
antiCD-16 Ab anansadussniansedu NK cells 167

(T cell activation) Aa18fiu
nszuunsfiAeluay T cells ﬁ]vwimimmamaumau
19 ApsrrunszuIumsiId@usnou mummsﬁ‘usmqma

nsnsedu T cells

waznN19deu (direct pathway and indirect pathway)
Wulhgaiun1siaueaIsnegisi uniu (allorecognition)
Tunu Tnedesondefidyaaiaiy (costimulatory signals)
paouiy loua n15duiuees CD80/CD86 Uu antigen
presenting cells AU CD28 vu T cells wag nN153uAU
Uy CD4A0 uu an’ugen presentmg cells fiu CDAOL vu
T celts”uammummmmma‘ummsma‘uauaﬂ (inhibitory
pathway) fag laun n1sduiuves PDL-1 Uu antigen
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presenting cell fiu PD-1 uu T cells wlugnisirensjuth
wlfiiledudanszuunisnsedu T cells K1y costimulatory
pathways Wag coinhibitory pathway L‘Via"l‘ld:f lAuA anti-CD40
monoclonal antibody, CTLAGIg 3 Jushduds cpso/cDee
wenaniinisan SLA-l, SLA-Il expression Aanunsadaeduda
msnisﬁuﬁy’ﬁ T-cell uag NK cell 1™

B cells vinmunnnanlunisasianauiives lagdas

¥
a

91#e T cells Judinsziu ielilduoufiveafidanud iz
uazdnNuansalunsiugs fsdiu Msvda B cell e
Asfugan1svinaueed B cell Tngly anti-CD40, anti-CD20

@ O PLT
@ Hyperacute
rejection Preformed
human

antibody 1,30-Gal

1,30-Gal

antigen .

8]

Delayed Il -
xenograft . Lée Denditi ®
rejection ® NK cell

Anti-non-Gal **
antibody

Choronic .’F. APC

rejection T cell Zﬁ{fg'gﬁ

Minutes to hours

wio anti-CD83 antibodies @1u15a¥ILinsnsInIson
vaslaugnanele™>
Chronic Xenotransplant Rejection
Aadunevdsignaisladunaimaisifiouded
nangIUMInenSinerinufe wadlfoynasaindiuiu
Wty aendeniiual AnMEAUSNSEY LarUAIY
dudengaiuvasnidonvuiaidn® laedilinsiunaln

nsiafiudde Weodndunaviniisladeniagiduiu waz

am oA Y Ay o a a
Pldifedesiugiduiu lnsameanuiaunflunisaiunu
msudadhvendenluwadny®

Complement 8

Jogdh

Neutrop
NOS

Throlmbus

Damaged

Months to years

gﬂi"i 1 nalnmsiinnisuasle (A) Hyperacute rejection (B) Delayed xenograft rejection (C) Chronic xenograft rejection

PLT, platelets; RBC, red blood cells; MAC, macrophages; ROS, reactive oxygen species; NOS, nitric oxide synthase;

TCR, T cell receptor; MHC, major histocompatibility complex; gal, galactose.

879899797 Qiao Zhou uazmass’

AMUAAUNATUN1SATUANNISUIRIYBBEEN

Coagulation Dysregulation
nsufiaslaviliiAnnisuinidudewadidoyrasaiden

\inn13mas Tissue factor (TF) eonun TF viwinil

WHuduszneusamwes factor VIl neduiuduansi@dou
TF-Factor VII complex ﬁ’m’lsmsél:uﬂ’liﬂ%"m thrombin
salu @ thrombin azvmidaiilunisiudey fibrinogen
i fibrin wenanil thrombin waz fibrinogen €aiinasio
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nmsnsgdumnadlslalatandiaidenyn indadon waz
wadldeynasaidenias Ing thrombin fufuiivuuiamwed
(protease activated receptor-1; PARL) wag fibrinogen
Juiulusfiu slycoprotein Iib/lila vunaniden wdalunszeu
N15UEnd0oNY8Y CDA0 VuiwadiBeymasniden Faay
lU§ufu CDaoL vuindaiden nszfunisndalelnlay
man Tuvazifiontu Welinnssniauwadideynasaiden
9gnda von Willebrand Factor (vWF) PONINTY uaz
AeAaLaY (collagen) Mogliivad doyvasnidonild
Fuvnduaznszguliiianisudiuveaninden tindu
Audenluiign” (Ul 2)
TunngunafiiAnnszvaunisudsfvenden aziia
nszuIuNsiIuNsulaiivesdenniugluaie tnefluseiu
Thrombomodulin feguuinwadifeyvasaiden vineu
33U thrombin Tun13n386U protein C HuUISUULRIwAS
L?jawaamﬁaﬂ (Endothelial protein C receptors; EPCR)
\iewdey protein C \Ju activated protein C LLﬁaaaﬂqwé
$auffu protein S lumsdudimsiinauiden usnaini

A Failure of coagulation
inhibition

Endothelium injury

g49dl Tissue factor pathway inhibitors (TFPI) u19ufiu
TF-Factor VIl complex é’ué?amsa%ﬁa thrombin
Tunsugnanelamnnygau nsvuaumsudeiveadent
RNty waznssuaunaiumsudsveaienivanag
\leannanuluidduvesmyfuau Tag TFPI vaeny
liansnsadudanszuiunsadne thrombin vesnuld™ wag
wadloynasaidenveamyiinililunismds VWF aensn
il Inglidesedonmsuniviessadidoyvasniden
1INTEAW” 73389 thrombomodulin vaeny lilaunsansedu
protein C #n® wenaniimsufiasladwhliianssniay
ffiunntu lnssamudanisudsivondenianniaund
ol uduidengaduvasnidenvuinidn (Thrombotic
microangiopathy; TMA) 1lugnisdnsefugnssuny
Tiifuiimuaunsairelsiuinagfitisauaunssuaunis
udesveadanluau (coagulation-related proteins)®
videsasioduiiaina vWF vesaudluluvy® wuirawnsa
Wiusnsnsegseaveslaiiugnanels

(Vitla = Viila) C Vit y»{(Vila y—( TF
Intrinsic
pathway T K- TFP'
v
X =Q<a " Porcine TF P B Spontaneous porcine
Pathway Inhibitor  PLT/~ N VWF aggregation
\ A A M
i) x e l\,\__,! J G platelet
&= L, ~/ activation Thrombus
_‘l_' —>
D) () collagen
-------------- &Py

A Porcine

~th b duli
(Proten O- X"~ OO

JUN 2 nsmuaunsudsvenieniinunfseninagaduyiuay (A) nszuumsiunsuladiivedendiiaund (8) VWF

VDM TIVAWINHAUN

TF: Tissue Factor; TFPI, Tissue Factor Pathway Inhibitor; aPC, Activated Protein C; TBM, Thrombomodulin; vWF, von

Willebrand Factor; PLT, Platelets; GP1b, slycoprotein Ib.
9799997 Qiao Zhou lazaale’’
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Tafaanny

Snuilaguassarenisugnanslnainnygaude auides
lunshindeli3alundeu Woildinsfnwuasmenuaniige
fio Porcine endogenous retroviruses (PERV) Lz Porcine
cytomegalovirus (PCMV)

Porcine endogenous retroviruses (PERV)

PERV aglundu retrovirus fiunsnsianiugnssuves
PERV sauegludurevy uazgnaienendnuivganms
PERV uwusUsyinmdu PERV-A, PERV-B, PERV-C law
PERV-A, PERV-B nuldlunynnd wazaunsoainsaly
fwadvesauldanudngulunasanaass @1u PERV-C
wulumyunadusinguy weglifiadegau® dluguuanis
naufdgmifieanaudsdlumsinde PERV annvygeu
wasgnangle laun dnsewugnssulagausaiugnssy
999 PERV luBuvowmyoon wdahunideamiziugluiiui
Un elallilésuide PERV dnurlwi® wenaininismaaes
Tuvaesmnaeadianuin o1 antiretroviral Aldlunssnw HIV
1giun ngu reverse transcriptase inhibitors Wy zidovudine,
tenofovir LLazmmju integrase inhibitors W dolutegravir
awnsnanseaulasa PERV 1g

Porcine cytomegalovirus (PCMV)

PCMV aglundu herpes virus fisfndinnsfindionouud
ogfluny (latent infection) fnsAnuilutureunisiine,
n9addn (Preclinical trial) Ugnateilaannnygds® wu
nstevenidio POMV 21nuygas udliny PERV Fuduns

In vitro

Pig fibroblast

BAGALNTZ/L

Nucleus

Nucleus

5UN 3 nsguunsanseiugnssuluwadvylagly CRIPSR/Cas9

GM pig fibroblast

Gene
editing

faido PCMV lanizluatereiiugndis Selunundngiu
nsndelunszuaidenvidonorzduqluigiueiery
nsltlaanvyiian PCMY 8ms1nsegsonvesinugnane
tosnindlefisuiulaainvyiilidn PCMV Fainnsfinw
Tunaeanaasanuin efililunisinu cmv Tuay léun
ganciclovir, foscarnet Ikag zidovudine mmmamzﬁuﬁ‘?@
PCMV 161

N3N uLnaufedagiu §eldAsiaiunse
Prwdnwlsaiaidelisannmyld astu wénnsiddyiian

e demdnideanisiueisizanuyiaadelifamanil

'
a

uUgnanegau Anrsifianuhlunisnsianiniiande
nMsnTmasiugnsntentetunlnenss Tnetaluids
U1 (Quantitative Nucleic Acid Testing; QNAT) ie
flagldtulalunisdmdonatorzanuyiaduquildlunis
Ugnaestaly

wuanenistasiumsufiaslaanvagau
N1IAAADNUTNTIUNY
iWelsidanudniuldseninawadnyfussuugiduiu
YosnLINTY Lfleandninisiinnisufiasinainnisugn
e JagtuldinadefugnssuiiFondn Clusters regularly
interspaced short palindromic repeats (CRISPR)-associated
protein (Cas9) 3o CRIPSR/Cas9™ §1 CRISPR fienisaensiia
Wugnssy Wevnawiisideanisin Caso Wutoulesifiun

Ansiaiugnssuludiuty (a19199 2 waz 3UA 3)

Ca597/'/‘—-\ngNAO
o i

{ £ Transgene
\ ||\||.|me /

cassette
GGTA1/CMAH/BAGALNTZ2/L-KO

a-Gal/Sda/Neu5Ge
elimination

OOTOD O A,

Human transgene
integration and expression

Nucleus

Cas9, CRISPR-associated protein 9 (the “scissors” enzyme that cuts DNA); sgRNA, single guide RNA (the molecule

that directs Cas9 to the specific DNA sequence): GM, genetically modified; KO, knockout; GGTA1, Glycoprotein

alpha-galactosyltransferase 1; CMAH, cytidine monophosphate-N-acetylneuraminic acid hydroxylase; BAGALNT2,

beta-1,4-N-acetyl-galactosaminyltransferase 2; Gal, galactose; Sda, Sd(a) antigen (produced by the B4GALNT2 gene);

Neu5Gc, N-glycolylneuraminic acid.
91989970 Ali A. UazAz"
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| guinnsa (Genetic modification)

Hyperacute rejection

o-Gal Ag GGTA1-KO

Complement regulatory proteins hCD46-tg, hCD55-tg, hCD59-tg

Delayed xenograft rejection

Non a-Gal Ag : Neu5Gc, Sda CMAH-KO, B4GALNT2/L-KO

Macrophage activation hCDA47-tg

NK cytotoxicity hHLA-E-tg, hHLA-G1-tg

T cell activation hPD-L1-tg

hCIITA-DN (reduces SLA-Il expression)"™

Coagulation dysregulation

Coagulation-related proteins hTBM-tg, hTFPI-tg, hEPCR-tg

Systemic inflammation

hHO-1-tg" (anti-inflammatory proteins)

KO, knockout; h, human; tg, transgenic; CIITA-DN, dominant-negative class Il transactivator; Gal, galactose; Ag,
antigen; Neu5Gc, N-glycolylneuraminic acid; Sda, Sd(a) antigen; NK, natural killer; GGTA1, Glycoprotein alpha-
galactosyltransferase 1; hCD, Human Cluster of Differentiation; CMAH, cytidine monophosphate-N-acetylneuraminic
acid hydroxylase; BAGALNT2/L, beta-1,4-N-acetyl-galactosaminyltransferase 2; HLA; human leukocyte antigen;
hPD-L1, Human Programmed Death-Ligand 1; hCIITA-DN, Human Class Il Transactivator - Dominant Negative;
SLA-ll, Swine Leukocyte Antigen Class Il; hTBM, Human Thrombomodulin; hTFPI, Human Tissue Factor Pathway

Inhibitor; hEPCR, Human Endothelial Protein C Receptor; hHO-1, Human Heme Oxygenase-1

gInAna"’

Glucocorticoids

Tun1sugnanelaannuygdniidesgndasuuitlalday
(non-human primates) glucocorticoids Juendideuld
Tunanen1smaaes walugae Induction uaw maintenance
phase g9 glucocorticoid mmsﬂé’ugﬁswgﬁﬁuﬁu
Tavaneds laun anduau T cells (T cell depletion) Kunns
Fues IL-2, Fudansiins1uIuves B cell, wigatld
Eosinophil 118 (apoptosis), aansuansaanvad MHC class |l
waz Fc receptors UuUWad macrophages Nunsiud
cytokines #1199 1 IL-1, TNF-a Wa prostaglandins

Calcineurin inhibitors

lun1neaealgnlenaindnigd non-human primates
finnsdnuniildans Cyclosporin wag Tacrolimus weiéalaidl
Toyaiidauinduoildldmdundnlunisugnlaainny
daunsolyl

Antiproliferative agents

finsfnwilldena antiproliferative agents finanvans
'1??\1 cyclophosphamide, mTOR inhibitors, mycophenolate
mofetil waz leflunomide %a%@aﬂaé’qa’jﬁwﬁm dlng du
navaaesUantnaindnid non-human primates §lsianunse
sryldendlnuivanganiialidudn

Monoclonal antibodies (mAb)

Tocilizumab 181 anti-IL6 mAb fiuugsduusnnd
$Uv04 IL-6 (IL-6 receptors) {iN15ANYIINMIBANNIZONLEU
nainsUgnanglnaindnid non-human primates uaz
Hredestunmainnsudsfvendendiiaundlé® Rituximab
\Ju anti-CD20 mADb 7ilFansiuau B cell (B cell depletion)
@11 Polyclonal anti-thymocyte globulins (ATGs) 1Ju
immunosglobulins fiafauannszsneg vmihiduda T cells
Wundnrunsyuaunis T cell activation-induced apoptosis
waz complement-dependent lysis lun1s@nwinisugneanele
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o

9ndnIg non-human primates wu3NslY ATG $auiuen
nandidu annsaifiudnsinissenveslnugnanels™

Blockade of costimulatory signals

Belatacept 30 CTLA4lg (Cytotoxic T lymphocyte—
associated protein) +8u immunoglobulin fixugedu
fiv cD80/CD86 lallviduiiu CD28 uu T cells 1a 1Uun1s
Fafanrsnsedu T cells® Suaranisdnunilld CTLAAIg
Tun1sugnanglaaindnig non-human primates UNSANY
wulinunisufiasielu 30 Yuusn vamsdnymuingeiia
gnsn1ssenvestnugnaneld usuemsfinwnudilianunse
dosfunsiiaufiaslold fadu CTLAGIg Selalfivdngud
wutndnfivseleviniely dnsdnwinudinisld antiCDgo
mADb 1ULE93U costimulatory signals 51119 CDA0 Ay
CDAOL Witodudanszurunansedu T cells annsnifiasng
mssenvestnvgnaty uazdesiunsiinujiasinla™

f51euAaann1sAnyivgnanglaainnygde oy
Tenagil induction therapy ¢38 ATG $3ufiu anti-CD20
mAb Way maintenance therapy @#oa28 antiCD-40
mAb 333U Rapamycin #du mTOR inhibitors uay
methylprednisolone L&@3u¢1e Tocilizumab Wag Etanercept
(TNF-0. antagonist) nui1 lafiugnanefenglauiuds
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Abstract

Background: Arterial calcification is common in patients with chronic kidney disease (CKD) and contributes
substantially to cardiovascular morbidity and mortality. Breast arterial calcification (BAC), which occurs exclusively in
arterial media, may serve as a surrogate marker of coronary artery calcification (CAC) in CKD.

Methods: This cross-sectional study included 103 women aged >40 years who underwent digital mammography,
lateral lumbar spine x-ray for abdominal aortic calcification (AAC), and non-contrast CT for coronary artery
calcification (CAC). The BAC score was calculated based on the number of calcified breast arteries, the maximum
length of calcification, and calcification density.

Results: BAC severity increases with advancing CKD stage. In multivariable analysis, adjusting for traditional
cardiovascular risk factors, BAC was independently associated with reduced kidney function and older age.
In patients with advanced CKD, BAC demonstrated high sensitivity (85.7%) and moderate accuracy (67.6%) for
detecting CAC. Both BAC and AAC scores were significantly associated with CAC, with area under the curve (AUC)
values of 0.67 and 0.84, respectively. The combined BAC and AAC model showed improved predictive performance
for CAC (AUC 0.88).

Conclusions: Combined BAC and AAC provide good predictive performance for CAC, supporting the potential role

of BAC as a noninvasive surrogate marker of vascular calcification burden in female patients with CKD.
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Introduction

Chronic kidney disease (CKD) remains a major global
health problem, with a rapidly increasing prevalence
worldwide, making it the 12" leading cause of death
globally." Cardiovascular disease is the leading
contributor to morbidity and mortality among patients
with CKD. One of the principal mechanisms underlying
cardiovascular disease in this population is vascular
calcification. Both the prevalence and severity of vascular
calcification are strong predictors of cardiovascular events
and all-cause mortality in patients with CKD.”.

Based on pathogenesis and clinical characteristics,
vascular calcification is broadly classified into two
distinct types: intimal and medial calcification. Intimal
calcification is primarily associated with atherosclerosis
and is commonly observed in patients with traditional
cardiovascular risk factors, such as hypertension,
hyperlipidemia, and diabetes mellitus. In contrast,
medial calcification is a non-occlusive process that
develops along elastic fibers within the arterial wall,
leading to increased arterial stiffness and reduced
vascular compliance. In patients with CKD, both forms of
calcification are frequently observed; however, medial
calcification is more prevalent and more specific in
advanced CKD and end-stage kidney disease (ESKD).*’

Currently available imaging modalities for the
assessment of vascular calcification include lateral
abdominal radiographs for detecting abdominal aortic
calcification (AAQC), echocardiography for valvular and
vascular calcification, and computed tomography (CT)
for quantifying coronary artery calcification (CAC). Among
these modalities, non-contrast CT coronary artery imaging
is considered the gold standard for the detection and
quantification of vascular calcification in clinical practice.
However, CAC assessed by CT primarily reflects intimal
calcification and is not specific for medial calcification,
which predominates in CKD.”

Early studies demonstrated that calcification of
breast arteries is confined to the medial layer of
the vessel wall and is significantly more prevalent
on mammography in patients with ESKD.® Breast arterial

calcification (BAQ), therefore, represents a potentially

attractive and noninvasive imaging marker for medial
vascular calcification. Subsequent studies have
reported that the prevalence of BAC increases in parallel
with CKD severity and dialysis duration.®” Despite
these observations, the diagnostic performance of BAC
as a screening tool for vascular calcification in patients
with CKD has not been well quantified. In this study, we
aimed to evaluate the feasibility of BAC for detecting
vascular calcification and to investigate its associations

with clinical and biochemical factors in patients with CKD.

Methods

Study Design and Population

This cross-sectional study was designed as a
diagnostic study. Eligible participants were women
aged >40 years with documented CKD, categorized
according to CKD stages 2-5. All participants underwent
evaluation for vascular calcification using digital
mammography, lateral lumbar spine radiography, and
non-contrast coronary CT scanning. Exclusion criteria
included a history of breast cancer, prior coronary artery
bypass grafting or coronary stent implantation, and
any contraindication to mammography or coronary CT
imaging. The study flow is illustrated in Figure 1.

Ethics approval

The study was conducted in accordance with the
Declaration of Helsinki and approved by the Institute
Review Board of the Thai Army Medical Department
(Approval ID: R050h/64). Informed consent was obtained
from all subjects.

Vascular Calcification Imaging

Screening mammograms for BAC and lateral abdominal
radiographs for AAC were independently evaluated by
a radiologist blinded to patients’ clinical characteristics
and CAC results. BAC was identified as thin, parallel,
linear calcifications along the margins of breast arteries
and was distinguished from other breast calcifications,
which typically appear as punctate or irregular, thicker
linear densities. The BAC score was recorded on a
scale of 0 to 12 and calculated based on the number
of calcified vessels, the maximum length of calcification,

and calcification density.'
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Assessed for eligibility (n=170)

Women aged >40 years with CKD stages 2-5

Excluded (n=67)
« Incomplete imaging (n=47)

\J

Included in final analysis (n = 103)

v

All participants underwent:
« Mammography (BAC)
 Lumbar X-ray (AAC)
« Coronary CT (CAC)

v

Statistical analysis:

« Association (BAC, AAC, CAC)

« Diagnostic performance
» Multivariable analysis

Figure 1 Study Flow Diagram
CKD, chronic kidney disease

AAC was assessed using the Kauppila scoring system,
which grades the severity of anterior and posterior
aortic calcification at lumbar vertebral segments L1-L4."
Coronary artery calcification was quantified by a
cardiologist specializing in cardiac imaging using the
Agatston scoring method on non-contrast CT images.'”

All vascular imaging studies were performed within
a closely defined timeframe, not exceeding 1 month.
Patients were included if complete vascular imaging
data were available within this period, rather than being
prospectively referred for study-specific imaging.

Clinical and Laboratory Data

Clinical data collected included age, body mass
index (BMI), smoking status, comorbidities, and medication
use. Cardiovascular risk factors, including diabetes
mellitus, hypertension, and dyslipidemia, were
recorded. Laboratory parameters assessed for each
participant included blood urea nitrogen (BUN), serum
creatinine, estimated glomerular filtration rate (eGFR),
calcium, phosphorus, albumin, intact parathyroid
hormone (PTH), 25-hydroxyvitamin D [25(OH)D], lipid
profiles, hemoglobin Alc, and alkaline phosphatase
levels. Cardiovascular disease was defined as a
documented history of ischemic heart disease, ischemic

stroke, or peripheral arterial disease.

\

- Breast cancer (n=5)
« Prior CABG/stent (n=15)

Data Analysis

Continuous variables are presented as mean + standard
deviation or median with interquartile range (IQR), as
appropriate. Comparisons between groups were
performed using the independent t-test for normally
distributed data and the Mann-Whitney U test for
non-normally distributed data. Categorical variables
were compared using the chi-square test. Logistic
regression analysis was conducted to evaluate the
association between BAC and clinical or biochemical
factors. Multivariable models were adjusted for
potential confounders, including age, diabetes mellitus,
hypertensive nephropathy, BMI, systolic blood pressure,
baseline eGFR, and statin use.

Receiver operating characteristic (ROC) curve analysis
was performed, and the area under the curve (AUC)
was calculated to assess the predictive performance
of BAC, AAC, and their combination for CAC. A two-sided
P value <0.05 was considered statistically significant.
All statistical analyses were performed using IBM SPSS
Statistics for Windows, version 17. Sample size estimation
was based on an expected vascular calcification
incidence of 36%, yielding a minimum required sample

size of 96 participants.’
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Results

A total of 103 women were included in the final
analysis. Baseline characteristics of patients with and
without BAC are summarized in Table 1. The mean age
of the study population was 70.06+8.93 years. Patients
with BAC were significantly older (72.95+8.63 vs. 65.86+
7.66 years; P < 0.001), had lower eGFR (36.63+18.88
vs. 49.56+23.55 mL/min/1.73 m?; P = 0.003), higher
hemoglobin Alc levels (6.75+1.24 vs. 6.09+0.92%;
P = 0.003), and higher AAC scores (median 9 vs. 4;
P = 0.010) compared with patients without BAC.

There were no significant differences between
groups with respect to underlying comorbidities,
including hypertension, dyslipidemia, type 2 diabetes
mellitus, coronary artery disease, and cerebrovascular
disease. Similarly, no significant differences were observed
in the use of calcium carbonate, vitamin Dz, calcitriol,
warfarin, sevelamer or lanthanum, or statins. Laboratory
parameters, including serum calcium, phosphate, intact
parathyroid hormone (iPTH), 25-hydroxyvitamin D [25(0H)
D], alkaline phosphatase, and lipid profiles, were also

comparable between groups.

Table 1 Baseline characteristics of patients with and without breast arterial calcification (BAC)

Characteristic Total BAC positive | BAC negative
Demographics and clinical parameters
Age (years) 70.06+8.93 72.95+8.63 65.86+7.66 <0.001
Body mass index (kg/m?) 25.88+4.55 25.28+4.41 26.76+4.66 0.104
Systolic blood pressure (mmHg) 138.08+15.48 140.33+15.64 134.81+14.82 0.075
Diastolic blood pressure (mmHsg) 73.0+11.38 73.0+11.29 73.0+11.64 0.933
Comorbidities, n (%)
Type 2 diabetes mellitus 58 (56.3) 38 (62.3) 20 (47.6) 0.140
Hypertension 91 (88.3) 55(90.2) 36 (85.7) 0.489
Dyslipidemia 86 (83.5) 49 (80.3) 37(88.1) 0.297
Coronary heart disease 1(1.0) 1(1.6) 0 (0) 0.404
Cerebrovascular disease 1(1.0) 1(1.6) 0(0) 0.404
Medications, n (%)
Calcium carbonate 53(51.5) 31(50.8) 22 (54.2) 0.876
Vitamin D2 82 (79.6) 51 (83.6) 31(73.8) 0.225
Calcitriol 3(2.9) 2(3.3) 1(2.4) 0.790
Warfarin 7(6.8) 6 (9.8) 1(2.4) 0.140
Sevelamer or lanthanum 6 (5.8) 2(3.3) 4(9.5) 0.184
Statin therapy 88 (85.4) 55(92.0) 33 (78.8) 0.101
Vascular calcification scores
Coronary artery calcification (CAC) score 151 (19-681) 235 (26-751) 86 (4-346) 0.081
Abdominal aortic calcification (AAC) score 8 (1-13) 9 (3-14) 4 (0-11) 0.010
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Table 1 Baseline characteristics of patients with and without breast arterial calcification (BAC) (continued)

Characteristic Total BAC positive | BAC negative | p-value

Laboratory parameters

Estimated GFR (mL/min/1.73 m2) 41.9+21.76 36.63+18.88 49.56+23.55 0.003
Serum calcium (mg/dL) 9.52+0.47 9.47+0.53 9.58+0.38 0.251
Serum phosphate (mg/dL) 3.68+0.66 3.68+0.64 3.68+0.69 0.997
Intact parathyroid hormone (pg/mL) 53 (42-103) 61 (42-115) 51 (41-89) 0.374
25-hydroxyvitamin D (ng/mL) 37.57+13.61 38.60+14.62 35.99+11.89 0.360
Alkaline phosphatase (U/L) 85.34+32.25 89.16+35.67 79.79+£25.93 0.148
Hemoglobin Alc (%) 6.48+1.16 6.75+1.24 6.09+0.92 0.003
LDL cholesterol (mg/dL) 96.21+33.61 91.15+34.10 103.57+31.85 0.065
Triglycerides (mg/dL) 135.38+59.20 129.23+55.72 144.54+63.62 0.202

BAC, breast arterial calcification; GFR, glomerular filtration rate; CAC, coronary artery calcification; AAC, abdominal

aortic calcification; LDL. low-density lipoprotein

Prevalence of BAC in CKD and Associated Factors

When stratified by CKD stage, the prevalence of BAC
increased significantly with worsening kidney function.
BAC was detected in 9 patients (39.1%) with CKD stage
2, 26 patients (56.5%) with CKD stage 3, and 26 patients
(76.5%) with CKD stages 4-5 (P=0.017) (Figure 2). In
contrast, no significant increase in the prevalence of CAC

or AAC was observed across advancing CKD stages.

Consistently, in multivariable logistic regression
analysis adjusted for traditional cardiovascular risk fac-
tors—including age, hypertensive nephropathy, diabetes
mellitus, body mass index, systolic blood pressure, and
statin use—the presence of BAC remained independently
associated with lower eGFR (adjusted HR 5.67; 95% Cl
1.78-17.83; P=0.003) and older age (adjusted HR 1.09;
95% Cl 1.02-1.17; P < 0.001) (Table 2).
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Figure 2 Prevalence of breast arterial calcification according to stages of chronic kidney disease
BAC, breast arterial calcification; CKD, chronic kidney disease
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Table 2 Univariate and multivariate logistic regression analyses of factors associated with breast arterial calcification

Univariate Multivariate
Jaresie Unade:Sted 95% ClI Adj;';ted 95% CI
Age (per year) 1.10 1.02-1.18 | 0.005 1.09 1.02-1.17 | 0.019
Body mass index (kg/m2) 1.01 0.90-1.13 | 0.845 0.99 0.87-1.14 | 0.898
Systolic blood pressure (mmHg) 1.04 1.00-1.09 0.036 1.03 0.99-1.08 0.144
Diastolic blood pressure (mmHg) 0.98 0.94-1.03 | 0.452 - - -
Type 2 diabetes mellitus 1.80 0.65-5.03 | 0.262 1.56 0.46-5.27 | 0.475
Hypertension 1.64 0.40-6.80 | 0.492 1.06 0.19-5.73 | 0.951
Dyslipidemia 0.99 0.25-3.87 | 0.984 - - -
Coronary heart disease 1.00 0.00-1.00 1.000 - - -
Cerebrovascular disease 1.00 0.00-1.00 1.000 = - =
Statin therapy 0.67 0.14-3.28 0.624 0.51 0.10-2.72 0.434
Estimated GFR <30 mL/min/1.73 m? 3.16 1.26-7.94 | 0.015 5.67 1.78-17.83 | 0.003

Multivariate analysis was adjusted for age, type 2 diabetes mellitus, hypertensive nephropathy, body mass index,

systolic blood pressure, baseline estimated glomerular filtration rate (eGFR), and statin therapy. HR, hazard ratio; Cl,

confidence interval; GFR, glomerular filtration rate.

Predictive Value of BAC for Coronary Artery
Calcification in CKD

In the overall CKD population, the sensitivity and
accuracy of BAC >0 for identifying CAC >100 were 67.2%
and 60.8%, respectively. Among patients with eGFR
<60 mL/min/1.73 m2, the sensitivity of BAC increased
to 70.0%. Notably, in patients with advanced CKD (eGFR
<30 mL/min/1.73 m2), BAC demonstrated markedly
higher sensitivity (85.7%) and accuracy (67.6%). When
a BAC score >2 was applied in this subgroup, diagnostic
accuracy further improved to 73.5%. These findings

indicate that BAC’s predictive performance for CAC

increases as kidney function declines.

Receiver operating characteristic (ROC) curve analysis
was performed to assess the ability of BAC and AAC
to predict CAC >100 in patients with CKD. Both BAC
and AAC scores were significantly associated with CAC,
with area under the curve (AUC) values of 0.67 (95% Cl
0.57-0.78; P=0.004) and 0.84 (95% CI 0.76-0.92;
P <0.001), respectively (Figure 3). Importantly,
the combined model incorporating both BAC and AAC
demonstrated superior predictive performance for CAC
(AUC 0.88; 95% Cl 0.81-0.96; P=0.003).
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Breast arterial calcification (BAC) 0.67 | 0.57-0.78
Abdominal aortic calcification (AAC) | 0.84 | 0.76-0.92
BAC+eGFR <60 mL/min/1.73 m’ 0.72 | 0.62-0.83
BAC+eGFR <30 mL/min/1.73 m* 0.69 | 0.58-0.80
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Figure 3 Receiver operating characteristic curve showing the area under the curve of breast arterial calcification for

predicting the coronary artery calcification score >100.

AUC, area under the curve; Cl, confidence interval; BAC, breast arterial calcification; AAC, abdominal aortic

calcification; eGFR, estimated glomerular filtration rate; CAC, coronary artery calcification.

Discussion

This study demonstrates that the prevalence and
severity of BAC increased significantly with declining
kidney function. BAC is a feasible and clinically meaningful
imaging marker for CAC in patients with CKD. Combined
AAC and BAC increased the predictive value for CAC.
These findings support the role of BAC as a surrogate
marker of CAC.

The findings of the present study are consistent with
prior reports showing a higher burden of BAC, exclusively
medial calcification, in patients with CKD and ESKD.*"*
Importantly, BAC was independently associated with
older age and reduced eGFR after adjustment for
traditional cardiovascular risk factors. This observation
highlights the strong link between CKD-related
disturbances in mineral metabolism and medial
arterial calcification. In CKD, abnormalities in phosphate
handling, calcium balance, and inhibitors of vascular
calcification promote osteogenic transformation of

vascular smooth muscle cells, leading to progressive

medial calcification and arterial stiffness.”®

The strong
association between BAC and kidney function
underscores its potential utility as a CKD-specific vascular
risk marker, rather than a marker of atherosclerotic
disease alone.'"*®

From a clinical perspective, our findings have
several implications. First, BAC assessment may provide a
readily available, noninvasive screening tool for vascular
calcification in women with CKD, particularly those with
advanced disease. Mammography is already routinely
performed for breast cancer screening in women aged
>40 years, a population that overlaps substantially
with individuals at risk for CKD and cardiovascular
disease. The incidental detection of BAC, therefore,
offers an opportunity for opportunistic cardiovascular
risk stratification without additional cost, radiation
exposure, or imaging procedures.

BAC demonstrated increasing sensitivity and
accuracy for predicting CAC as kidney function declined.

This suggests that BAC may be particularly useful in
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identifying high-risk CKD patients who may benefit
from intensified cardiovascular risk modification, closer
monitoring, or further cardiovascular evaluation. In
resource-limited settings where CT-based CAC assessment
is not routinely available, BAC could serve as a pragmatic
alternative marker to guide clinical decision-making.

Although AAC showed superior predictive perfor-
mance for CAC, BAC remains more specific for medial
calcification, which is the dominant form of vascular
calcification in CKD.” The improved predictive
performance observed with the combined BAC and
AAC model supports a multimodal imaging approach
that integrates information from different vascular
beds to better characterize calcification burden and
cardiovascular risk in CKD."”*

Several limitations of this study should be
acknowledged. First, the study population consisted
exclusively of women, limiting the generalizability
of the findings to male patients. However, this reflects
the inherent limitation of BAC assessment, which is
restricted to individuals undergoing mammography.
Future studies should explore alternative markers of
medial calcification applicable to both sexes.

BAC assessment is semi-quantitative and subject
to interobserver variability. Although readings were
performed by experienced radiologists blinded to
clinical data, the lack of automated or standardized
scoring systems may introduce measurement bias.
The development and validation of automated or
artificial intelligence-based BAC quantification tools
could enhance reproducibility and clinical applicability.

This study was cross-sectional, precluding causal
inference and longitudinal outcome assessment. While
BAC was associated with CAC, cardiovascular events,
and kidney function, we were unable to evaluate its
prognostic value for cardiovascular morbidity, mortality,
or CKD progression.

CAC assessed by non-contrast CT reflects a composite
of intimal and medial calcification and may not fully
capture the medial calcification burden characteristic
of CKD. Advanced imaging techniques capable of

differentiating calcification compartments may further

clarify the relationship between BAC and true medial
vascular calcification.

Finally, the sample size was relatively modest
and derived from a single-center cohort, which may
limit external validity. Larger, multicenter studies are
warranted to confirm these findings across diverse CKD

populations.

Conclusion

The presence and severity of breast arterial calcification
increase markedly with advancing CKD and are indepen-
dently associated with older age and reduced kidney
function. The combination of BAC and AAC demonstrates
good predictive performance for CAC, particularly in
patients with advanced CKD. BAC is a noninvasive, readily
available imaging marker that may complement existing
modalities for assessing vascular calcification burden in

female patients with CKD.
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Abstract

Background: Non-tunneled hemodialysis (HD) catheters (NTHCs) are associated with high rates of systemic and
localized infections. Mangostin, a xanthone derived from mangosteen, exhibits antimicrobial and anti-inflammatory
properties; however, its clinical efficacy in preventing exit site infection (ESI) and catheter-related bloodstream
infection (CRBSI) has not been established. The present study evaluated the efficacy of topical mangostin ointment
in preventing systemic and local infection.

Methods: This multicenter, double-blind, randomized, placebo-controlled trial enrolled 66 acute and chronic HD
patients from 3 hospitals. Participants were randomized to receive topical mangosteen-derived mangostin ointment
(mangostin group) or a placebo, applied at the catheter exit site immediately following insertion, and were monitored
until catheter removal.

Results: The composite incidence of ESI and CRBSI was significantly lower in the mangostin group than in the
placebo group (P=0.025), corresponding to a 78% risk reduction. Furthermore, a higher proportion of patients in
the mangostin group had mild inflammation (exit-site inflammation score <2) (p=0.008).

Conclusion: Topical mangostin significantly reduces the combined incidence of local and systemic infection and
inflammation in patients with NTHC. Further studies are needed to explore its efficacy in patients with a tunneled

HD catheter or a peritoneal dialysis catheter.
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Background

According to the 2023 Annual Report of the Nephrology
Society of Thailand, over 30% of hemodialysis patients
still rely on non-tunneled hemodialysis catheters (NTHCs)
for primary vascular access'. Furthermore, there is a
substantial demand for urgent hemodialysis among
patients with acute kidney injury (AKI). Multi-center data
from 16 hospitals across Thailand (2013-2015) indicated
that approximately 8% of hospitalized patients developed
AKI requiring the insertion of NTHC?,

NTHCs are associated with a significantly elevated risk
of catheter-related infections—ranging from 2 to 5 times
greater than with arteriovenous fistulas (AVFs)— and are
linked to increased mortality compared to both AVFs and
arteriovenous grafts’. Infection rates have been reported
as 3.25-13.6 per 1,000 catheter-days*’. Consequently,
the 2019 KDOQI guidelines recommend restricting the
duration of NTHC use to a maximum of two weeks and
advocating for the application of topical antiseptic or
antibiotic ointments at the catheter exit site until
complete wound healing to mitigate infection risks®.
However, this recommendation is based primarily on
expert opinion and has not yet been incorporated into
the routine standard clinical practice. Furthermore,
comparative studies evaluating various topical agents,
including mupirocin, Polysporin triple ointment, and
povidone-iodine, have demonstrated no statistically
significant differences in clinical efficacy. Despite their
potential benefits, the routine use of topical antibiotics
is increasingly constrained by concerns over antimicrobial
resistance and the imperative need for broader-spectrum
antimicrobial activity®’.

Consequently, xanthone compounds extracted from
mangosteen pericarp have attracted considerable interest
due to their diverse pharmacological activities. Among
these, a-mangostin is the most prevalent and extensively
documented, exhibiting potent antibacterial, antifun-
gal, anti-inflammatory, and antioxidant properties' .
Research indicates that a-Mangostin accelerates wound
healing by enhancing bacterial clearance, stimulating
collagen synthesis, facilitating re-epithelialization, and

modulating inflammatory responses'®. Notably, it

demonstrates potent antibacterial activity, particularly
against gram-positive pathogens such as Staphylococcus
aureus, Staphylococcus epidermidis, Streptococcus spp.,
Enterococcus spp., and Propionibacterium acnes, and
is effective against methicillin-resistant Staphylococcus
aureus (MRSA) by disrupting bacterial cell membranes'.
A systematic review of 30 studies further revealed
that a-mangostin’s antibacterial efficacy was comparable
to that of conventional antibiotics, underscoring its
potential as an alternative antimicrobial agent”.

Thailand serves as a major global producer of
mangosteen in Southeast Asia. Utilizing a-mangostin
extracted from mangosteen pericarp not only significantly
increases the economic value of agricultural byproducts
but also fosters sustainable support for local farming
communities. Currently, a-mangostin extracts have been
successfully used in the treatment of periodontal diseases
and acne, yielding high patient satisfaction'®. Despite
these established therapeutic applications, the potential
of a-mangostin to mitigate catheter-related infections
and suppress inflammation at hemodialysis catheter
exit sites remains unexplored. Consequently, this study
represents the first clinical investigation into the efficacy
of a-mangostin in reducing inflammation and preventing
infection associated with non-tunneled hemodialysis
catheters (NTHCs).

Materials and methods

Study Design and Setting

This multicenter, randomized, double-blind, placebo-
controlled trial was conducted across three clinical sites
in Thailand: Phramongkutklao Hospital and College
of Medicine, Fort Suranari Hospital, and Ananda Mahidol
Hospital, between July 2024 and February 2025. The
study protocol was reviewed and approved by
the Institutional Review Board of the Royal Thai Army
Medical Department. In accordance with the Declaration
of Helsinki, written informed consent was obtained from
all participants prior to their enrollment in the study.

Study population

Eligible participants included adult patients diagnosed

with AKI or end-stage kidney disease who required renal
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replacement therapy via a newly inserted NTHC and were
eligible for enrollment in the study. Exclusion criteria were
predefined as follows: (1) history of mangosteen allergy;
(2) ongoing continuous renal replacement therapy;
(3) known colonization with multidrug-resistant
organisms; or (4) concurrent use of systemic antibiotic
therapy at the time of enrollment.

Trial procedure

Participants were randomized into two groups: the
intervention group received topical mangosteen-derived
mangostin ointment (mangostin group), while the control
group received a placebo ointment. Randomization was
performed using a computer-generated random number
list with a permuted block design (block size of four).
Allocation concealment was ensured by sequentially
numbered, sealed envelopes distributed to each
participating center. This concealment was maintained
until the point of treatment assignment. Both participants
and outcome assessors were blinded to the group
allocation. Prior to the intervention, all participants
underwent an initial hypersensitivity test. The
investigator applied a 2-cm diameter area of either

mangostin or placebo ointment to the participant’s

AKI/ESKD patients with new access NTHC

inner forearm. The site was observed 30 minutes later
for signs of allergic reaction, including erythema, wheal
formation, or pruritus.

All participants underwent ultrasound-guided
insertion of NTHCs by either a nephrology fellow or
an attending nephrologist, using the aseptic Seldinger
technique. Catheters were placed in either the internal
jugular or femoral vein based on clinical indication and
vascular accessibility.

Post-procedure, standard exit-site care was performed
by hemodialysis nurses under aseptic conditions.
The catheter exit site was disinfected with a 2%
chlorhexidine solution in 70% alcohol. In the intervention
group, approximately 5 mm of mangostin ointment
was applied directly to the catheter exit site using a 15 ¢
tube with a 10 mm outlet. In the control group, an
identical procedure was performed using a placebo
ointment. Applications were performed immediately
after catheter insertion and at the end of each hemo-
dialysis session. Finally, the cannulation site, catheter
hub, and connections were covered with sterile gauze
dressings, in accordance with institutional catheter care
protocols (Figure 1).

Block
Randomization  Access NTHC
(1:1) Allergy test

Placebo group

-_—

Follow up exit site of NTHC every
hemodialysis session

 ARREREREEAN

Swab culture exit site
at 2 weeks

Figure 1 Study protocol

MMAAEAN
J

-
. o

Y Follow up until

* NTHC was removed

« Exit site infection /CRBSI
« Receive IV or oral ATB

AKI, acute kidney injury; ESKD, end-stage kidney disease; NTHC, non-tunneled hemodialysis catheters; CRBSi,

catheter-related bloodstream infection; IV, intravenous; ATB, antibiotics
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The topical mangostin formulation used in this
study was Kapioku Acne Gel, developed through a
collaboration between Kasetsart Agricultural and Agro-
Industrial Product Improvement Institute, Kasetsart
University, and Quality Plus Biomedtech Co., Ltd.
The formulation underwent stability testing and
dermatological safety evaluation in human volunteers
and is registered with the Thai FDA under license number
10-1-6500016681. The active formulations consisted of
Garcinia mangostana peel extract (a-mangostin, 0.5%),
water (94.2%), Carbopol Ultrez (0.5%), triethanolamine
(0.5%), panthenol (0.5%), dimethicone (2%), Germaben
Il (0.8%), and Polysorbate 20 (1.0%). The placebo gel,
provided by the same manufacturer, was identical in
appearance and composition to the active gel but

omitted the a-mangostin extract. Both formulations

were manufactured by Quality Plus Biomedtech Co.,
Ltd. in strict compliance with GMP, ISO 22716, and I1SO
9001 standards.

Evaluation of catheter exit-site inflammation and
infection

At each hemodialysis session, the catheter exit site
was systematically evaluated by trained nurses prior
to dialysis initiation and before dressing replacement.
Clinical parameters, including edema, erythema, tenderness,
crusting, and purulent discharge, were recorded. In
the absence of a validated scoring system specifically
for NTHCs, the Exit Site Scoring System from the 2012
International Society for Peritoneal Dialysis (ISPD)
Guidelines/Recommendations'’ was adapted to
standardize wound evaluation and documentation
(Table 1).

Table 1 Exit Site Scoring System from 2012 ISPD Guidelines/Recommendations

Feature ‘ 0 Point ‘ 1 Point ‘ 2 Point
Swelling No Exit only; <0.5 cm >0.5 and/or tunnel
Crust No <0.5 cm >0.5 cm
Redness No <0.5cm >0.5 cm
Pain No Slight Severe
Drainage No Serous Purulent
Outcomes not be associated with bacteremia®

The primary outcome was the time to the occurrence
of a composite endpoint, defined as either exit-site
infection (ESI) or catheter-related bloodstream infection
(CRBSI). The secondary outcome was the severity of
exit-site inflammation, quantified using the adapted
exit-site scoring system. Patients were followed from the
time of catheter insertion until the occurrence of the
composite endpoint, catheter removal, or the initiation
of systemic antibiotic therapy.

Definitions

Exit site infection (ESI) was defined as the presence
of hyperemia, induration, and/or tenderness within 2 cm
of the catheter exit site. This condition may be

accompanied by drainage from the site and may or may

Catheter-related blood stream infection (CRBSI) was
defined as clinical manifestations and at least one positive
bacterial culture (BC) from a peripheral source (dialysis
circuit or vein) and no other apparent source, with either
positive semiquantitative (>15 CFU/catheter segment, hub
or tip) or quantitative (>10° CFU/catheter segment, eg,
hub or tip) culture, where by the same organism (species
and antibiogram) is isolated from the catheter segment
(eg, hub or tip) and a peripheral source (dialysis circuit or
vein) blood sample. If available, the following would be
supportive: Simultaneous quantitative cultures of
blood samples with a ratio of >3:1 (catheter hub/tip vs
peripheral [dialysis circuit/vein]); differential period of

catheter culture versus peripheral BC positivity of 2 hours®
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Sample Size Calculation

The sample size was determined based on a previous
study by Sesso et al. (1998)"°, using time-to-event (survival)
analysis. Assumptions included a two-sided a=0.05 (Z=1.96),
a power of 80% (Z=0.84), a hazard ratio (HR) of 7.2, and
equal allocation between groups (k = 1.0). The estimated
probabilities of catheter-related infection were 0.057 in
the experimental group and 0.388 in the control group.
Using the standard formula for survival analysis, the
required sample size was calculated to be 31 participants
per group.

Statistical Analysis

Descriptive statistics were used to summarize
baseline characteristics. Continuous variables were
assessed for normality and reported as mean + standard
deviation for normally distributed data. Categorical
variables were presented as frequencies and percentages.
Between-group comparisons for continuous variables
were performed using the independent Student’s t-test

or the Mann-Whitney U test, as appropriate. Categorical

175 patients with newly access NTHC were
screened

variables were compared using the chi-square test or
Fisher’s exact test, as appropriate. All analyses were
conducted according to the intention-to-treat principle.
Time-to-event outcomes were evaluated using the
Kaplan-Meier method, with differences assessed by
the log-rank test (Mantel-Cox). All statistical tests
were two-sided, and a p-value < 0.05 was considered

statistically significant.

Results

Baseline characteristics

A total of 66 participants were randomized equally
to the mangostin and placebo groups (n = 33 per group).
In the mangostin group, one participant was lost
to follow-up, and one participant died from causes
unrelated to the study intervention. In the placebo
group, two participants were lost to follow-up, and two
participants had their NTHCs removed after only one
dialysis session (Figure 2). All randomized participants

were included in the intention-to-treat analysis.

~N

109 excluded from the study
12 Catheter inserted for
» non-renal indication

\J

66 eligible patients underwent randomization

« 23 CRRT
« 48 Current use of ATB
« 26 Colonization with drug

resistant organism
G J

Mangostin group ]

(N=33)

—

Mangostin group
(N=31)

e 1 Loss F/U
» 1 Death

Figure 2 Study Flow Diagram

Placebo group

(N=33)
« 2 Loss F/U
¢—> « 2 Removal of NTHC
after one HD
session

Placebo group
(N=29)

NTHC, non-tunneled hemodialysis catheters; F/U, follow-up; HD, hemodialysis; CRRT, continuous renal replacement

therapy; ATB, antibiotics

Baseline characteristics and laboratory parameters
for the mangostin and placebo groups are shown in
Table 2. Catheter characteristics are presented in
Table 3. Regarding the type of kidney disease, ESKD

accounted for 80% of NTHC use in both groups. The
right internal jugular vein (Rt. 1JV) was the most common

catheter insertion site in both groups.
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Table 2 Baseline characteristics of all patients by the treatment group

s s
Sex, Male (N/%) 20 (60.6%) 19 (57.6%)
Age, years (mean + SD) 67.3+12.46 60.1+16.09
Body mass index, kg/m? (mean + SD) 23.94+4.4 23.86+5.0

Comorbidities (N/%)

» Diabetes mellitus

18 (54.5%)

15 (45.5%)

+ Hypertension

28 (84.8%)

30 (90.9%)

« Dyslipidemia

19 (57.6%)

16 (48.5%)

« Ischemic heart disease 3 (9.1%) 4 (12.1%)
« Atrial fibrillation 3(9.1%) 2 (6.1%)
« Heart failure 3(9.1%) 2(6.1%)
« Cerebrovascular accident 2 (6.1%) 3(9.1%)
« Cancer 2 (6.1%) 0 (0%)
« Viral hepatitis 1 (3%) 2 (6.1%)
Use of Immunosuppressive drugs (N/%) 3(9.1%) 4(12.1%)
Laboratory Parameters (mean + SD)
» Hemoglobin (g/dL) 9.1+2 9.3+2.1
« Serum albumin (g/dL) 3.45+0.64 3.52+0.53
» Blood urea nitrogen (mg/dL) 76.4+35.3 86.6+31.6
+ Serum creatinine (mg/dL) 8.95+5.62 9.31+5.63
Table 3 Characteristics of the catheter by the treatment group
e =
History of central venous catheter (%) 10 (30.3%) 9 (27.3%)

Types of kidney disease (%)

« End-stage kidney disease

27 (81.8%)

27 (81.8%)

+ Acute kidney injury

6 (18.2%)

6 (18.2%)

Catheter Insertion Site (%)

« Right internal jugular vein

23 (69.7%)

28 (84.8%)

« Left internal jugular vein

2 (6.1%)

2 (6.1%)

« Right femoral vein

8 (24.2%)

3(9.1%)

Indication for catheter placement (%)

« Short-term use in new chronic hemodialysis patients

17 (51.5%)

19 (57.6%)

« Thrombosis of AVF/AVG 8 (24.2%) 7(21.2%)
« Switching from HD to PD 2 (6.1%) 0 (0%)
« Acute kidney injury 6 (18.2%) 7 (21.2%)

HD, hemodialysis; PD, peritoneal dialysis; AVF, arteriovenous fistula; AVG, arteriovenous graft
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Outcomes

The primary outcome was the time to the first
occurrence of either ESI or CRBSI. Kaplan-Meier survival
analysis demonstrated a significantly higher infection-
free survival in the mangostin group compared to the
placebo group (log-rank p=0.025; Figure 3). The infection
rate per 1,000 catheter-days was markedly lower in
the mangostin group at 2.12 (95% Cl: 0.53-8.49),

1.00+
0.75+
0.50+

0.25+

Composite ESI or CRBSI

0.00+

compared to 10.90 (95% Cl: 5.67-20.94) in the placebo
group (p=0.025). Furthermore, the mangostin group
demonstrated a 78% reduction in infection risk
(Relative Risk [RR] = 0.22; 95% Cl: 0.05-0.95) relative
to the placebo (Table 4). The number needed to
treat (NNT) was 5, indicating that five participants would
need to be treated with a-mangostin ointment to

prevent one catheter-related infection.

Log rank, p=0.025

T T
0 2

Number at risk
Magostin 33 23
Placebo 33 24

Weeks 6 8 10
14 11 4 0
13 4 4 1

—e— Mangostin

—&— Placebo

Figure 3 Kaplan-Meier survival curves for the composite outcome of exit-site infection and catheter-related

bloodstream infection

ESI, exit site infection; CRBSI, catheter-related bloodstream infection

Table 4 Composite outcome of exit site infection and/or catheter-related bloodstream infection

Variables

Mangostin

Placebo

(N=33) (N=33)

Composite exit site infection and/
or catheter-related bloodstream infection, n (%)

‘ p-value

2 (6.1%) 9 (27.3%) 0.021

Infection rate per 1000 catheter-days
(95% confidence interval)

2.12(0.53, 8.49)

10.90 (5.67, 20.94) 0.025

Relative risk (95% confidence interval)

0.22 (0.05, 0.95)

The separate outcomes of ESI and CRBSI are
shown in Supplementary Table 1 and Supplementary
Figures 1 and 2. There were 2 (6%) and 4 (12%) ESls
in the mangostin and placebo groups, respectively
(P=0.39). As for CRBSI, there was 1 episode (3%) in the
mangostin group and 5 episodes (15%) in the placebo
group (P=0.09).

The severity of exit-site inflammation was assessed

using the Exit Site Scoring System. The detailed results
on exit-site scoring (0-4) for the two groups are shown
in Supplementary Table 2. A significantly greater
proportion of participants in the mangostin group had
mild inflammation (score < 2) compared with the placebo
group (90.9% vs. 63.6%, p = 0.008), indicating that topical
mangostin application was associated with a significantly

lower degree of exit-site inflammation (Figure 4).
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100+

90.9

75

50

25

Percent of patients

Mangostin

P=0.008

63.6

Placebo

Exit site score <2

Figure 4 Proportion of patients with exit site score <2

At two weeks, culture results from the exit site showed no significant difference in bacterial type

between the two groups (p = 0.668), and no bacterial growth was observed in over 70% of participants in

both groups (Table 5).

Table 5 Exit-site culture results at two weeks after catheter placement.

. Mangostin Placebo
Bacterial culture results p-value
(\EXK)) (\EXX))
No growth 25 (75.8%) 23 (69.7%)
Staphylococcus coagulase-negative 2 (6%) 1 (3%)
0.668
Staphylococcus epidermidis 0 (0%) 1 (3%)
Missing 6 (18.2%) 8 (24.2%)

Catheter survival

The average duration of NTHCs use was comparable
between the two groups (P=0.46). The most common
reason for catheter removal was the establishment of
permanent vascular access, whereas CRBS| was the second
most common cause, observed in 3% of the mangostin
group and 12.1% in the placebo group (Supplementary
Table 3).

Discussion

The main finding of this multicenter, double-blind,
randomized controlled trial is that a topical mangosteen-
derived mangostin ointment significantly reduces
the composite outcome of ESI and CRBSI, as well as
exit-site inflammation, compared with placebo in
patients with NTHCs. To our knowledge, this is the first

study to evaluate the clinical efficacy of a mangosteen-
derived mangostin ointment for preventing ESI and
CRBSI in this population.

A previous trial by Sesso et al. established the
efficacy of 2% mupirocin in reducing catheter-related
infections'®. However, the CDC’s Dialysis BSI prevention
Collaborative recommendations emphasize the growing
concern over antimicrobial resistance associated with
prolonged antimicrobial ointment use'. In this context,
o-mangostin, a bioactive xanthone, emerges as a potent
alternative. Recent in vitro studies have demonstrated
that a-mangostin possesses broad-spectrum antimicrobial
activity against common skin pathogens, including
methicillin-resistant Staphylococcus aureus (MRSA), by
disrupting bacterial cell membrane integrity'" . Beyond its

antimicrobial properties, we also evaluated exit-site
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inflammation using the peritoneal dialysis catheter
exit-site scoring system; a significantly greater proportion
of participants in the mangostin group had minimal
inflammation (score <2), indicating an added benefit
not assessed in the earlier trial. Unlike traditional
antibiotics, a-mangostin has been shown to inhibit
pro-inflammatory cytokines such as TNF-a and IL-4.
This dual-action mechanism may accelerate tissue
healing at the exit site, creating a less hospitable
environment for bacterial colonization”. Given its
favorable efficacy profile and an observed number
needed to treat of 5 for the composite outcome,
mangostin ointment may represent a promising
alternative for preventing catheter-related infections in
patients requiring temporary hemodialysis access.

Limitations include a relatively small sample size,
which may have reduced power to detect differences in
individual outcomes (ESI or CRBSI), the use of a placebo
rather than an active antimicrobial comparator, and the
absence of reported safety data.

In summary, our study demonstrates that a topical
mangosteen-derived mangostin ointment is a potentially
effective intervention for reducing ESI and CRBSI,
as well as exit-site inflammation, in patients with NTHCs.
To build on these findings, future research should
use larger sample sizes and include active comparator
arms, such as antimicrobial ointments. Furthermore,
expanding the study population to include patients
undergoing peritoneal dialysis or those using tunneled
cuffed catheters—while evaluating various catheter
types—would significantly enhance the generalizability

and clinical applicability of these results.
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A Systematic Review and Meta-analysis
of Intervention Trials

Nutthavuth Arjinpathana, Phawit Norchai
Department of Antiaging and Regenerative Science, College of Integrative Medicine,

Dhurakij Pundit University, Bangkok, Thailand.

Abstract

Background: High-dose oral vitamin C (> 1,000 mg/day) is widely consumed, yet its impact on 24-hour urinary
oxalate—a primary driver of calcium oxalate supersaturation—remains a critical clinical concern, particularly for
patients with nephrolithiasis. This study evaluated the effect of high-dose vitamin C on changes in 24-hour urinary
oxalate concentration, with specific subgroup analyses comparing stone formers (SF) to non-stone formers (NSF).
Methods: We conducted a systematic review and random-effects meta-analysis of human intervention trials
published between January 2000 and December 2025. Eligible studies included adults receiving oral vitamin C
(1,000 mg/day) for >2 days, with documented 24-hour urinary oxalate measurements.

Results: Three short-term trials (n=141$; SF=59, NSF=82) were included. In the primary analysis (r=0.50),
high-dose vitamin C significantly increased 24-hour urinary oxalate concentration by a pooled mean difference (MD)
of 9.57 meg/day (95% Cl: 0.56 to 18.57; ’=96.4 %). Subgroup analysis revealed a significantly larger increase in SF (MD
15.86 mg/day; 95% Cl: 5.01 to 26.70) compared to NSF (MD 6.76 mg/day; 95% Cl: 0.28 to 13.24; p < 0.001). While
the magnitude of statistical significance for the overall and NSF effects was sensitive to the correlation coefficient,
the direction of the effect remained consistently positive.

Conclusion: High-dose oral vitamin C is associated with increased 24-hour urinary oxalate excretion, with a more
pronounced effect observed in the SF group. Given the high heterogeneity and the sensitivity of the results,

supplementation in high-risk individuals should be managed with caution.
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Introduction

Vitamin C (ascorbic acid) is widely consumed at
gram-level doses for its perceived health benefits.
However, a proportion of ingested ascorbate is
metabolized to oxalate, an important determinant of
calcium oxalate supersaturation and kidney stone risk.
This question is clinically relevant because calcium oxalate
stones are the most common form of nephrolithiasis,
recurrence is common, and even modest increases
in urinary oxalate may be important in susceptible
individuals, particularly stone formers.

The importance of this topic extends beyond
stone-forming populations. High-dose vitamin C is
commonly used in the general population and is often
perceived as harmless, yet its potential lithogenic
effect may be underrecognized in routine clinical
practice. Clarifying its effect on 24-hour urinary oxalate may
therefore improve patient counseling, risk stratification,
and decisions regarding urinary monitoring in both stone
formers and non-stone formers.

Interpretation of the literature is complicated
by methodological issues. In addition to true in vivo
conversion of ascorbate to oxalate, ascorbic acid can
undergo non-enzymatic conversion to oxalate in vitro
during urine collection or processing if pre-analytical
handling is inadequate. Accordingly, preservative-aware
methods are essential for obtaining reliable urinary oxalate
measurements and minimizing measurement bias.

Although prior human intervention studies have
examined the relationship between vitamin C supple-
mentation and urinary oxalate, the available evidence
remains limited by small sample sizes, short study duration,
heterogeneous designs, and variable methodological
rigor. Some studies have reported increases in urinary
oxalate and calcium oxalate supersaturation, whereas
others have shown smaller or inconsistent effects.

The novelty of the present study lies in its preservative-
aware guantitative synthesis of human intervention trials
specifically evaluating high-dose oral vitamin C (1,000
mg/day) and 24-hour urinary oxalate excretion. Unlike
prior narrative discussions or broader reviews of kidney

stone risk, this study focuses on a common biochemical

outcome, integrates evidence across intervention designs,
and prespecifies a comparison between stone formers
and non-stone formers.

Accordingly, this systematic review and meta-analysis
aimed to quantify the effect of high-dose oral vitamin C
supplementation on 24-hour urinary oxalate excretion
and to compare its magnitude between stone formers

and non-stone formers.

Methods

Protocol and reporting

The review followed PRISMA 2020 guidance and
Cochrane methods. No prospective registration was

performed (Figure 1)."

Number of total records (n=24)
» PubMed (n=10)
« Cochrane Library (n=6)
« Scopus (n=8)

\/

After exclusion of duplicate records (n=14)

v

After screening titles and abstracts by two
independent reviewers (n=3)

\

After reviewing the full-text article (n=3)
Inclusion criteria:
« Clinical trials in humans
« Study population: Adults >18 years
» Received oral vitamin C >1,000 mg/day, duration >2 days
* Reports of 24-hour urine oxalate
« Urine collection using preservative-aware urine handling
(acid/EDTA/cooling)
Exclusion criteria:
« Concomitant treatment may affect the oxalate level

v

Studies Included in Quantitative Synthesis (n=3)
Effect metrics by design:
« Parallel: difference-in-change
« Crossover: paired difference
* Pre—post: within-arm change

v

OQutputs
Data extraction tables
Risk of Bias (ROBIN-2/ ROBINS-I) summary
Forest plot (WMD mg/day, random-effects)
Subgroup results (SF vs NSF)

Figure 1 PRISMA flow diagram showing the study
selection process from identification through screening

to final inclusion
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Eligibility criteria

We included human intervention trials (randomized
controlled trials [parallel or crossover], nonrandomized
controlled trials, and pre-post trials) enrolling adults
(218 years) who received oral vitamin C >1,000 mg/day
for >2 days. Studies had to report 24-hour urinary oxalate
or provide data that could be converted. To minimize
measurement artifact, studies were required to use
preservative-aware handling (acidification/EDTA and/or
refrigeration) or demonstrate equivalence of collection
methods.’

Information sources and search

PubMed, CENTRAL, and Scopus were searched
from January 2000 through December 2025 using
terms for vitamin C/ascorbate and oxalate/stone/
nephrolithiasis, and the results were filtered to clinical
trials. Two reviewers independently screened and
extracted data.

Outcome and effect measures

The primary outcome was the change in 24-hour
urinary oxalate (mg/24 h). Values reported in umol/day
were converted using mg = pmol x 0.08802. For parallel
trials, the effect was the between-group difference.
For crossover trials, the preferred effect was the within-
participant paired difference (vitamin C vs. control),
with the paired difference standard deviation (SD).
If this information was not available or no true placebo
comparator existed, the within-period pre-post change
was used. For pre—post trials, within-arm change was
used.*

Risk of bias and certainty of evidence

These tools were used to evaluate the quality
of the trials included. RoB 2 (Risk of Bias 2) was used
for randomized trials and ROBINS-I (Risk of Bias in
Non-randomized Studies) for nonrandomized pre-post
studies. Certainty was assessed using GRADE (Grading
of Recommendations, Assessment, Development, and

Evaluations).””

Synthesis

We pooled mean differences (MD) using a random-
effects model (generic inverse variance), reporting 95%
confidence intervals (Cl) and measures of heterogeneity,
including 12 and 12 values. When the SD of change was not
reported, it was imputed using the Cochrane correlation
approach and tested with r=0.25/0.50/0.75. Prespecified

subgroup analyses compared SF vs NSF.*”

Results

Study selection and characteristics

From 24 records, 3 trials met the inclusion criteria
(n=141): one pre-post study (Baxmann 2003) including
SF and healthy controls; one placebo-controlled
double-blind crossover trial (Traxer 2003) including SF
and normal subjects; and one double-blind crossover
trial in healthy subjects comparing two vitamin C
formulations (Moyad 2009). All studies used acidification
and refrigeration during 24-hour urine collection.'"
(Table 1)

Risk of bias

The pre-post study was at high risk of bias primarily
because of its nonrandomized design, while the
crossover RCTs raised concerns due to limited reporting
of sequence generation and selective reporting. Outcome
measurement risk was low because urinary oxalate
was objectively quantified under preservative-aware
handling.

Meta-analysis

Overall, high-dose vitamin C increased 24-hour
urinary oxalate. In the primary analysis (r=0.50), pooled
MD was 9.57 mg/24 h (95% CI 0.56 to 18.57) with
considerable heterogeneity (12=96.4%; 1260.91).
Sensitivity analyses showed stable point estimates
across r values (9.61-9.52 mg/24 h), while p-values
varied (0.029-0.056).” (Table 2 and Figure 2)
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Table 1 Characteristics of all studies

Study Design Population Duration

Comparator

Urine collection &
preservative

N ‘ Intervention

Baxmann | Pre—post SF 23 (1g) |AA 1 g/day 6 days Baseline |Baseline, day3,
2003 24 (2¢9) (500 mg BID) and day 6
or 2 g/day
(1,000 mg BID)
NSF 20 (19) |AA 1 g/day Acidified with 20 mL
(500 mg BID) of 6N HCL);
Refrigerated
Traxer Randomized NSF 12 |AA 2 g/day 6 days / Placebo |Day 5 to 6 for each
2003 double-blind (500 mg x 2 BID) | period period
crossover RCT SF 12 |AA 2 g/day vvashout* Aci(?liﬁed (~pH2);
(500 mg x 2 BID) >1 week refrigerated.
Moyad  |Randomized NSF 50 |AA 1 ¢g/day x 10 days / Ester-C® |Baseline and day 10;
2009 double-blind 5days—2¢/day x | period Container acidified
crossover RCT 5 days washout with HCL
1 week Refrigerated

AA, ascorbic acid; SF, stone formers; NSF, non-stone formers; BID,
HCL, hydrochloric acid. *washout >1 week (23 weeks for women)

twice daily; RCT, randomized controlled trial;

Table 2 Meta-analysis results of all studies and sensitivity by correlation

Correlation (r) | Number of | Number of | Pooled MD 95% Cl Z-score | p-value | 12 (%) 12
Studies Patients (mg/24h)
0.25 3 141 9.52 0.96 to 18.08 2.18 0.029 94.8 53.98
0.50 3 141 9.57 0.56 to 18.57 2.08 0.037 96.4 60.91
0.75 3 141 9.61 -0.23 to 19.44 1.91 0.056 97.9 73.92

MD, mean difference; Cl, confidence interval

MD [95% ClI] Weight

Overall (random-effects) - Sensitivity r=0.05

Baxmann 2003 - 5 —m—— 19.31[15.47, 23.15] 32.6%
Traxer 2003 1 i —— 8.35 [5.90, 10.80] 33.8%
Moyad 20097 —lb— 1.32 [-1.46, 4.10] 33.6%

Pooled (random) 4 i 9.57 [0.56, 18.57]
50 510 15 20 25 30 35

Mean difference (mg/day)

Heterogeneity (DL random-effects): T°=60.909 | ’=96.4% | Q=55.49 (df=2)

Figure 2 Forest plot showing meta-analysis results of all studies
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In subgroup analyses (r=0.50), SF (2 studies, n=59) 12=87.9%). The test for subgroup differences was
had a pooled MD of 15.86 mg/24 h (95% ClI 5.01 to  significant (p<0.001), but interpretation is limited by the
26.70; 12=93.4%), and NSF (3 studies, n=82) had small number of studies and residual heterogeneity.’
a pooled MD of 6.76 mg/24 h (95% Cl 0.28 to 13.24;, (Table 3, 4, and Figure 3)

Table 3 Meta-analysis of the subgroup of stone formers and non-stone formers

Correlation | Number of | Number of | Pooled MD

95% Cl p-value | 12 (%)

(r)* Studies Patients (mg/24h)
Stone Formers 0.25 2 59 15.75 4.91 to 26.58 0.004 91.4
0.50 2 59 15.86 5.01 to 26.70 0.004 93.4
0.75 2 59 15.96 5.12 to 26.81 0.004 95.3
Non-Stone Formers 0.25 3 82 6.49 0.44 to 12.55 0.036 82.2
0.50 3 82 6.76 0.28 to 13.24 0.041 87.9
0.75 3 82 7.02 -0.34 to 14.38 0.062 93.7

*Correlation in Stone Former (Baxmann 2003); Non-Stone Former (Baxmann 2003 and Moyad 2009); Standard
deviation (Traxer 2003). MD, mean difference; Cl, confidence interval

Table 4 Comparison between subgroups of stone formers and non-stone formers

Number of ‘ Number of Pooled MD

[0} -
Sl Studies Patients (mg/24h) 95% €l p-value
Stone formers 2 59 15.86 5.01 to 26.70 0.004 93.4
Non-stone formers 3 82 6.76 0.28 to 13.24 0.041 87.9

Test for subgroup difference (interaction, primary analysis r = 0.50): statistically significant

(Chiz = 23.94, df = 1, p <0.001).
MD [95% CI] Weight

Subgroups (NSF vs SF, random-effects) - Sensitivity r=0.05

T—NSF : NSF
Baxmann 2003 (NSF) - E L 14.00 [8.30, 19.70] 18.6%
Traxer 2003 (NSF) - E —— 6.20 [2.46, 9.94] 20.3%
Moyad 2009 (NSF) - —;—.— 1.32 [-1.46, 4.10] 20.9%
Pooled (random) - i 6.76 [0.28, 13.24]
1 SF E SF
Baxmann 2003 (SF combined) - i —Wl— 21.57 [16.75, 26.39] 19.4%
Traxer 2003 (SF) 4 E —il— 10.50 [7.68, 13.32] 20.9%
Pooled (random) - E 15.86 [5.01, 26.70]
Overall pooled (random) i _— 10.51 [4.08, 16.93]
0 10 20 30 40

Mean difference (mg/day)

Heterogeneity (DL random-effects): NSF I°’=87.9% T°=28.312; SF 1°’=93.4% T°=57.210; All ’=93.4% T°=49.321

Figure 3 Forest plot for subgroup analysis between stone formers vs. non-stone formers
SF, stone formers; NSF, non-stone formers
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Discussion

This study demonstrates a clear association between
high-dose oral vitamin C (1-2 ¢/day) and increased 24-hour
urinary oxalate excretion. While the absolute increase
was modest, oxalate is a critical driver of calcium oxalate
supersaturation; even small elevations may push
susceptible individuals, particularly stone formers, toward
lithogenic thresholds.”

The pooled increase was more pronounced in stone
formers, which is biologically plausible given their higher
baseline risk. However, this subgroup finding remains
exploratory. The substantial heterogeneity observed
likely stems from variations in study design (pre—post vs.
crossover), dietary control (metabolic diets vs. advice-
based restriction), vitamin C formulations (ascorbic acid
vs. buffered), and baseline urinary chemistry.

The analysis is limited by the inclusion of only three
small, short-duration trials focused on biochemical
surrogates rather than actual stone events. Furthermore,
the high heterogeneity and the need to impute standard
deviations for certain estimates weaken the overall
certainty. One study’s industry involvement raises
concerns about generalizability.

For patients with a history of calcium oxalate
stones, routine gram-dose vitamin C supplementation
should be approached with caution. If clinically
necessary, clinicians should emphasize adequate
hydration and consider monitoring 24-hour urine profiles
in high-risk individuals. For those without a history
of stones, the absolute risk is lower, yet high-dose
supplementation offers uncertain benefits while
potentially adding avoidable lithogenic risk."

To provide definitive evidence, future trials must
be larger and longer, focusing on clinical endpoints like
stone recurrence. Research designs should standardize
dosages, formulations, and dietary controls while
measuring comprehensive 24-hour urine panels,
including citrate and supersaturation indices.

In conclusion, high-dose vitamin C increases
urinary oxalate, particularly in stone formers. Given the
limited and heterogeneous nature of current evi-

dence, supplementation should be individualized until

long-term trials with clinical outcomes are available.
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Clinical Outcomes of Methanol Intoxication
Outbreak Managed with Hemodialysis at
Nopparat Rajathanee Hospital:

Case Series and Literature Review
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'Division of Nephrology, Department of Internal Medicine, Nopparat Rajathanee Hospital, Bangkok, Thailand
“Outpatient Nursing Department, Nopparat Rajathanee Hospital, Bangkok, Thailand

Abstract

Following a mass methanol poisoning outbreak from illicit liquor in Bangkok in August 2024, hemodialysis
became the primary life-saving treatment due to the unavailability of fomepizole in Thailand. This case series describes
the baseline characteristics, biochemical parameters, treatment modalities, and clinical outcomes of patients with
methanol poisoning treated with hemodialysis at a quaternary care hospital under the Ministry of Public Health in
Bangkok, Thailand. Between August 22 and September 3, 2024, a total of 17 confirmed cases of methanol
intoxication were identified. Most patients (94.19%) were male. The most common presenting symptoms were
dyspnea (94.1%) and blurred vision (70.6%). Laboratory findings demonstrated severe metabolic acidosis,
with a median pH of 7.08, serum bicarbonate of 4.0 mEg/L, and an anion gap of 35.0 mEg/L. All patients (100%)
underwent intermittent hemodialysis, while 35.3% required additional continuous renal replacement therapy. The
median door-to-dialysis time was 6 hours. The survival rate was 76.5% (13 cases), and the mortality rate was 23.5%
(4 cases). Permanent disability occurred in 29.4% (5 cases), including permanent visual impairment (17.6%) and
neurological deficits (11.7%). Early initiation of hemodialysis, combined with effective resource management during
a mass casualty event, was a critical factor in achieving clinical outcomes comparable to international benchmarks

despite limited access to antidotes.
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Teulwidanlonslolasdiua (aldehyde dehydrogenase,
ALDH) gosaansldifiunsnosdn (acetic acid) 9nifuges
aaesoldifumivoulasonleduazi’
ardeudognlilfmsguvieSenldindugsvasy
finfldunanunnumuearowfiaweanages (methanol
or methyl alcohol) tasansagnisinmuluysemaninga
fimuvdolunguaudifisieldvos’ wnuoaiignslaseaing
mapdiAe CH,OH dwiinlaana 32 ndu/lua (ananas)
AUSIAsMsnsTaesm (volume of distribution, Vd = 0.6 8ns/
Alansy) lddulusiu wnueaiduneanssod et
anunsazanedlé TifiA lifindu Tlasnsasuusenuld
Juueaneseddinsuldlulssmugnamnssuesdes
dosudsemudnlusilifiAndiy Tnsniueaszgaduiing
duemnsegnemadaly 1 dalus danlnguszana 95% g
gnindaidulneusanesedalelasiiualdsy wmiuea
Hurlefinafiles ntueulesidalerilelnsiiumaddou
Wosurafladidunsanesin waziouludlnadiin (folate
dependent enzyme) wWasunsanesfinduasueulaeenlss
Fsgnidamaden’ nsemesiniduansiidunsesiowad

A9 TusianedunTemnstdulszamen aues lulpnsunsy
melumad Tnesuilonnisudsdulsemuaniuealdaaus
1 Halusauds 3 Ju Fusgfuuiinamasnnsnndu 1agun
sgilonsiiuanademngs aauldendou axisuiaduld
9138 Yanvias 91n1smsaueslaun Jaleufsey duau fu 9n
oIS ldunfivnieniie aws et uiuas wWunm
91137lUnua (snowfield vision) wianiuen wasenie
Annnudeadunsaazimelaneuwmiosauissuumela
Fuwmian dr¥nwldldiurianediviliawndinle’ Jedeiifing
somssnufiddnyianfensidadeldedismn
nsidadeldanmstnuse IAilddutagsvaon Faune
ﬂ%”’aLﬁuﬁaﬁmﬂLf‘immﬂﬂisi’aﬂﬁ?{uqiwaamwﬁms
Jafouilosarnndinislesulnenislunsuinulseniu
g3Uasy a1nsinuealdufivldianiziangas iy
ANSEIRTIAINNTEAULIURA I ULGDA AzviliaunsaItady
wnueadufivldudug Tnessduiiumusasudufivie
Wyuea 20 faansu/wndans vise seauneswalulaans
11AN71 100 Radnsu/indans wiegalsiniy nudesiin
Tunsufod idesann Slsmerviaviswdavinduiianansn
dm529ld uenanidilssuznaisenosnanisnsaaUsEaNal
5-7 Tu ihlildviunaefidmsunisiadidadeansiuniuea
ufi' FafimslinaufiRnisduiietslunsidadeliun
amzidenilunin narusinweesdluaishuiongs (meta-
bolic acidosis with a high anion gap with high osmolar
cap) WaswiulseRuazensfiasdoastaerilinsiteds
I¥nntu
mssnwmdndunisiienduiunse/wagnsidnansie
senansumelpsnalenidentuagivsefummuaniudon
(antidote, extracorporeal treatment) Faedufivves
wnuearslvdiluanisioniusa (fomepizole or ethanol)
nalnvesenazlungeduieuleduaanasedalalasduua vinli
wnuealiudsuluiduresinailasuaznsaasiin Indilea
Huiasuds ADH Taensedifiusyavsnimgs n1slilnddlea
anunsadnensesunisiiuda ADH Tasdl luvaisiioniuea
Jushuegsduieulas ADH fidesdisziuaududulunanasi
AaTiTaRzLEsdu ADH I8 usitevnusadmsudasinldiiwdeuls
Tulssneuna gULLUULamuaaﬁiﬁﬁ%’mﬁqLfJuLLUU%“UUizmu
iovnuoaianauTRnandyaaumanidiliutueuieiosnos
WzsERuleuealuden Wenssziuelunatauiliaeg
\ioduds ADH drulfileatinuanunsaannnitlunnsduds
nsasensanesiin (formic acid) wagdinataAestoeni
enueann wiiosainsimlnfiileasiaunanazdslud
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Usewnrlne Fslfionuealunisidudugesdu ADH Snwnanay
wneaduity yonantunsly folinic acid vnldiAnns
Saddsunsaveddnlndunesiunuazidneenainsieniey
Ton15911813 dun15L59ImTALNILDAIINTNEABNTT
Wenideaturilunsalfifideusd’ nsAnwineunuInsly
glvfiflvasianuisnannisienidenuazandnsinisaele’
ualulszwalngldfomuiwwselndiilya sldeniueaans
Fuiwuny lngleniueadunumlunistisuesduioulesl
ADH ag ALDH m”qﬁ?umﬁ%’ﬂmﬁwﬁ’zgmwmmuaaLﬂuﬁ‘w
Ao NIMINETIUNIUBABBNIINTINEAEIDNITNBNLGDA
ileanymanimuasdnsn1ndeTin losnmaridnansi
Wnueaslgnisentdentuaiunsainlaeg 1959152
nswenidoarilunsdivieifennisguuse deadunsa
melaguman 4 Fennisanefiniunnusasnssendin
33% lufthowmueaiifionnisuuse® esaniumiuea
duiwnelfiAnnizynnanimuazisninisdedindige
msIfaduleeg1esinsnarnisidnfanissawdaiulung
FgandnIINIsIEdsTIn’
msfinuniiiiinguszasdifionenueinisuesitiag nagua
Funeiilssuiwumuealuanunsalitliflondufivlidiilea
LazIIBIUNaNIsSNEnnslE Suntsnenideniiiovda
WYUEA TINAITIENUAIBYANANINLAZENTINIFLTIN

s2108Un Y

nsfnwdiiunisnisssnufvisuuugansdine
(Case series) lufteildsufiviunuea Taglsdayaan
FUredislonsuazgUeidesasdeiulsemuueanssed
Tunguiieaiy walluys WANLDIEN LAZWARRBIAIN
Favdansammumiuas Aundunisinwinazgnivialiiie
Mn1sdnuiluned Uieingauazadyununaigsnssy
TsangnunaunsnusIwsnd nqurmLmLaT douifud 22
Aavnan .. 2567 f Yuil 3 funou wa. 2567 msAnwni
Iasumsshun1sinnsanlasenddennanenssun1sIsesssy
vaslsangrurauninusivstdl aviluduses 32/2568
Tnosaunuduagldfanun 26 au nudnAnnnzamiuea
Jufiwduau 17 au

AINAAY
Jrnsasdantnzuniealuiie AefUlefivszifan

Y

nsdusta lunsise IRduenesnuidosasdelumnnass
a1u U3 uagviuesaan

funeffinnazduiivainumiuea fe fiuszifann
msduda sy iRfuenesniuidesads saduiidele
Fondwiolu 1Hun® 1) ornaumusaduiy aduld endeu
wglawmiles a1 wn e du 4n; 2) wadeadunse
vidennziuauednerdladaiivesinsueulessugs n1si
Yosinaueulossugiusdindnsnazanluidenuinnitund
Toun seauluansuesludendiniy 24 mEq/L (HCO, less
than 24 mEq/L) Wag SeAURafIaszguIntudenuinndy
12 (anion gap >12); 3) maLﬁamiaqiwaaaimﬁqﬁa%ﬁﬂ
amzideaidunsafifansfivandnasan (metabolic acidosis
with wide anion gap with high osmolar gap laatidading
poaluasludenuinnit 25 mOsm/kg (osmolar gap>25
mOsm/kg) miﬁsu'ad’i’1ﬁaaaiuaﬁgaﬂa%’iwﬁmiﬁﬁﬂﬁtﬁam
finundudugauazluanas leun woanesedursviagy
Wnuea; 4) seAuUealEenuINNIY 20 Un/Aa w38
Tsgauvlesiinlulaanzannndt 100 un/na (Fwaufianig
AlssneunasuBud uazgudiiv

Tunmsfnunilitiowmueaifuiviosiuss Tdudaman
\dousamiufiennis Inefinaideninundteladends wuanse
donlunsngs wie nnzwmuealudonuinit 20 un/aa’
navesMsdnwtuegifumuilumaitdeds msitadeddld
UsgiRdudasuiuiennsdnle visenadendunse wiane
wnuednexTladariivernueulessugs vieteriesdluan
g9 ilpanelumsBusnw 2

¥
v =]

JayanuguLazaIn1sEUleY

wunsszUInYeandniion viewmueaidufiviuuny
Tudsminngammamuns fivnrassann fuyiuagruesaen
wanun 13 Yu TeewudUasldidniunmssnuiuunaniau
Tssmemunaunimusivsifinausuil 22 omau ne. 2567
fla Yuil 3 fugieu wa. 2567 wuiifesasdoimueailufiy
fdnsumssnululsmeuiadivoun 26 eu HuitaeBudu
wusaibufiiidauiansn 17 Gosas 65) au Humene
16 ($ovaz 94.1) Auengiads 42.9 ¥ endwanivgidusuing
Au gell Favmadnuilng giduuingaunniiomn
5 ($owaz 29) Au (A1374d 1)
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m3197 1 Foyaiugiuvesiiiswmueaduiiv

D8/LWA TsaUs23107 b vy
- Tsangnuna (32lug)

1 69/% AN Anudulaiings Lo, sougnvuinie 24

2 a7/ QY AuAUlafings, Uy, FULla 11

3 29/ Anauns Taidi 24

4 35/% U3 Taigd 24

5 56/% Lae Anuduladings iilawiuindany 2

6 39/ SIUNDIY Taigi laiflonnns

7 36/ SIUND3Y Taidl 24

8 43/% SIUNATEY Taifd laiflonnng

9 43/% T893 Taidl 48

10 26/% elass laig 3

11 43/% Foqil Laidl 2

12 30/ UATEITIA idl 24

13 32/% guasiwstll | ldl 2

14 39/% nWAUS laigl 24

15 50/8y Ny ANUAULATIng 1

16 45/% NN I 24

17 62/% M AuRulaings 24

o v A o § vy, a ~ 3 I a P A I o
ansddgivinligUemlsmeuta Aeeinanies (Sevar9d.1) Ineidueinisiinulauniian sesamnlueinisnids
(3eway 70.6) way 81NsIgUATYr (Sosag 58.8) Muddu Aegull 1

ansddguesisunuealduiiy (N=17)

94.1%

(o]
(@)
1

[
(@}
1

&

Wosigus (%)

N
(@]
1

20

wiles e Gewh 9wy n anuduen  vuead Mlavgaeiu

JUT 1 omsddgyuesithemueaduiiy
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1NNTHUINGUEUIIAUTEAUAIURNAUDBINENNTT
910 The Interagency Integrated Triage Tool (ITT) lng WHO™
Way Emergency Severity Index (ES) muanadesse
L@ %Qﬂdmﬁﬂaaiﬂqm (critical group) i Glasgow
Coma Scale (GCS) o8N 8 ALY Lazdin12y hemody-
namic instability (hypotension) azgnssuindugiieng
Ange dealasunistiedinriudl laenugUiedngndiuiu
6 au (Fovaw 35.5) uantudlngdunduissiou (urgency
group) Budunguiifienisiemzuddaygradndinideds
AspINIMIsnwegasisy Tnewugthenduiinniants
10 578 (Sowae 58.8)

M13197 2 andseguveadonlunguitisunuealuiiy

S18NTSHALEDA

NaR3INRUUAN"S
wandenmasfinefidondunindusuuss Asisegiuves
AMeznIARseYil pH 7.08 [6.84-7.19] uazsesiulunsusiun
fifnannfies 4.00 [2.00 - 7.00] MEQ/L 1lBUNAIINTUTS
aussiuaInsalndennudn fsedu pH Ainda 7.15 fe
10 579 (62.5%) F1AIUNI95¥1I19U58] (Anion gap)
9gfl 35.00 mE/L [28.90 - 37.70] sysfusealuan3iludeon
323.00 mOsm/Kg [302.00 - 350.00], A1uANs0980allaT3#
Tuiden 43.84 mOsm/Kg [32.08 - 70.77], szAuLNIUBA
61.00 mg/dl [28.00 - 148.00], szaumesiuntulaaiy
2,000.00 mg/L [1,980.00 - 2,000.00] #4m15197 2

wuealudennaunanien 17
Serum Methanol (mg/dL)

Aglsg 11 (Median [IQR])

61.00 [28.00 - 148.00]

SOsm (MOsm/Kg)

AIAINUNSTENINNUTE] 17 35.00 [28.90 - 37.70]
Anion Gap (mEg/L)

lumsuaiun (mEg/L) 17 4.00 [2.00 - 7.00]

OGN GREGIVIGRG 16 323.00 [302.00 - 350.00]

ANUNIRRELLANSA UG eN 16
Serum Osmolar Gap (mOsm/Kg)

43.84 [32.08 - 70.77]

ANIALUAPH (Arterial) 16 7.08 [6.84-7.19]
wammnLactate (mmol/L) 17 3.60 [2.10 - 4.90]
ANUlLIRUAST (U/L) 15 63.00 [41.00 - 173.00]
A39zAilu Creatinine (mg/dl) 17 1.15 [1.04 - 1.20]
szaunosumlulaany 9 2,000.00 [1,980.00 - 2,000.00]
155N

ﬁmmmi%’ﬂm;ji'h&JmmuaaLﬂuﬁwaﬁ’m’mﬂﬂmﬁy’wm
17 579 lmgnssnwmeeiduiwiasenasy (antidotes &
adjunctive Therapy) figamaluilsodium bicarbonate
(NaHCO,) Wnwifihe 14 w18 (Govay 82.9) witeudluniay
domdunsa (metabolic acidosis), 19 folinic Acid ﬁU@:ﬂw
13 59 (Govay 76.5) Wetiwlunisaaensanesin uldls
1/1ﬂLﬂﬂLﬁaqmﬂmmuuﬁﬁqmsWamﬁamaémmﬁ’a,1% ethanol
teidiu Antidote uAgtheduu 12 18 (Gewas 70.6) esan
malsmerviaduguuuusulseniu Jadidednlylald

Tupuldfifanuduin viedonsanlunszinizenms uie
amzthaam

finsl¥ansimaendensuiioussfuusyaassysu
musiladinuazansiilusiesnie NSS (normal saline) fu
%Iﬂ’JEJ 13 579 (50way 76.5), acetate ringer’s solution fiu
AUle 3 918 (Sewar 17.6) wudUiennseldsunissnm
feanndiul 1 %39 thiamine au1A 500 mg MLEULADAAY
N 8 s iledesiunmaiinlsnausaosiinug Wernicke’s
encephalopathy
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N13P8TInLazn1TUTEAUUTEARI01N1T (critical care
support) finslavietaenela (endotracheal intubation) fiu
UL 9 918 (Fegay 52.9) Wenseduaudu (inotropic
support) Tuthe 5 518 (29.4%) lagynaulasunisnide
asfiusnen1sweniden (renal replacement therapy — RRT)
fam319di 3

a13199 3 nsSnwiludemmueaduiiy

o a <) v
MU | AALUSRYAY

fzanea (579) (%)

1. Usziamansin

» Normal saline 14 82.35

» Acetar Ringer’s Solution 3 17.65
2. mMslrdnuine

« Ethanol (oral route) 12 70.59
3. uiidendunsa

» Sodium Bicarbonate 14 82.35
4. gE3UNNTINYN

« Folinic acid 13 76.5

» Thiamine 17 100
5. M3ldensEdualmGu

(Vasopressors)

- lisuenseauANi 5 29.41
6. Tiivandiau

. lavietemela 9 52.9

. Tivondiau 7 41.17
7. 3/N1IN1INEITNE

29n31n319n18 (ECTR)

. WondealuuUnf 11 64.71

(Hemodialysis - HD)
- vlonidonuuusaiilos (CRRT) 6 35.29

nswendaadiendadlafion

nswenidenduisniswdndldsugvasynaulungui
mudeusiann nnvdendunsa pH < 7.15 , Sdamins
YaiuRaUNG, MU (Coma), ©sedn seduluNIUea
Tuiden> 50 mg/dL (mnldflnduniwludnlea), A1z
metabolic acidosis filimavausswiazlinissnudae
bicarbonate waze R IuRwLE2" Saufufiasansy
WonidenEtumniiennsldnsisiuiu pH < 7.3, Snweg
Bicarbonate ugdliifity wdeilnnnzaminth™ Tngden
Jurendentrasrifietdnasfivrewiioinanunsasdn
ansiuldetimngs dniirendendeiionise continuous
renal replacement therapy (CRRT) vinbungustedayaio
Fnliiasdl Fnvideflavosuin MladuRndmne

nsfnwtwuiniaeds 17 e Idunisenidenstansm
(hernodialysis) (100%), wunsvlenidenseiiies (CRRT) fu
HUae 6 918 (Fevay 35.3) dszeviiain1ssenss (door to RRT)
AaaY 523 Uit (Ussanal 8.7 41a), AlsEgIU 360 U
(6 Faluq) Imww’jmmiamaﬁaﬁqm 50 W1l LLasmuﬁqm
2,880 Wit (48 3lu9) nMswenidendans1n Wenses high
flux, blood flow rate (BFR) 300-400 ml/min, dialysate flow
rate 500-800mU/min ,szeznanads 4 dalus §ie 9 Ay
I§sunswenidon 1 ass HUae 8 A Agsumsrenidon 2 ads
Towsl 6 aunlonidenasausndeds CRRT CVWHD/HDF mode,
High-flux membrane BFR 150-200 ml/min ,DFR 2500-4000
mU/hr, replacement fluid 600-1000 ml/hr szazalunis
Won 6-8 Plusudmadesliftudaiiaumwes anion gap
e adedl 2 Jetendendaamde ofdawmueald
i dmsudeusddmiunmngartenidenlune
wimuealufivAeAuniuealuiden <20 me/dL wsean
Anion gap Un# Jsmgarlen

HaNTINWIALTeRTIN 13 318 (Segar 76.5), \deTin
4 578 (Feway 23.5), ywan1n 4 518 (Sesag 29.4), 11
3 579 (Spway 17.6), NUDINNSNIGENDY 2 518 (SpEay
11.7) Iaseninanssne nudndilanedeundy 12 518
(Soway 70.6) Uomsniau 4 518 (3eeay 23)
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o

A15199 4 NsMdnvasdumenisnenidentasinianawnulaeg1ereatiles

ANSAANESAY | STETLIANNGLA AT | 5TETIAT | AIAINKNG | AIAINKNE | AIADINKNG

aannsMe | WWsun1sitadeau | ivenden | weniden | sendnelsey | semdnedsey | ssmdnalsey

waniaan (ui) (F7Ta9) AG1 AG2 AG3
1 HD 1380 1 4 31 13 -
2 CRRT—HD 469 2 6 45.7 42 25.2
3 HD—HD 570 2 q 37.7 37 19
4 CRRT—HD 120 2 6 38 32 148
5 CRRT—HD 50 2 6 36.1 30 12
6 HD 50 1 4 19.9 13 -
7 HD 640 1 q 29.7 10 -
8 HD 607 1 4 16.4 6 -
9 HD 475 1 4 a1 34 14.8
10 HD 80 1 4 28.9 11 -
11 HD—HD 90 2 4 35.5 19 -
12 CRRT—HD 90 2 6 29.1 24 12
13 CRRT—HD 360 2 5 35 26 15
14 HD 310 1 4 26.9 10 -
15 CRRT—HD 2880 2 6 49 25 17.2
16 HD 310 1 4 36.7 10.6 -
17 HD 2880 1 i 27.6 8 -

HD, hemodialysis; CRRT, continuous renal replacement therapy; HD, hemodialysis; AG, anion gap

= 1Y)
M990 5 NAN1TINYN

JU7e | wan1sshwn naunsndou WNANIN waulssneuna(u)
1 sonTin | Jesiinide A 19
2 BoTin | Jesdnde lnnuiduundu | nsieausimeanniiwesumiuea 5
3 FeTIn Uoniaite laneideundgu |l 5
il sondin | 1dd AMzlilpaNpsmENRweLLyIUea 5
5 sondin | Uemdaide laneideundu | luidl il
6 sondin  |1dd 1aid] 3
7 sonTin  |leneideundu 1aid] 2
8 sontin  |lenedeunau g 3
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A1519% 5 Han1sShwn (mv)

gUqe | wan1sihwn Haunsndau YWWANIN waulsaneua(iu)
9 sontin  |lenedeunau ansh, neiileaue s LLvIuea 20
10 sontin  |lenedeunau lafl 3
11 sentin  |lenedeunau aifl 5
12 sontin | lud sl 3
13 o330 ¥, lonedeunau AMiieaNeInENRvIRILMLDa 2
14 sentin  |lenedeunau sl 2
15 Rhek F1, lnedeundu AMLAUDIVILINNYVBLUNIUDA 5
16 son?in | lud sl 2
17 500730 | laneldeunay sl 10
uniasal Fudusansudndivhlndnnndendunsauaziaisidu

HMTRINSUNSTEUIAYB TSNS NI Lo
TugheUaneiieudemnen w.a. 2567 feidunnuimenddng)
Aoszuvassugulve laslanizedsduienguiuae
drulngfidsun1sdne o Tsaneruiaunsausivsiil
Hunguiifionnisguuss finnwdendunsnegisguuss ns
Snwluanefilifiodufiv fomepizole Judusnduiy
fifiusyAvsningauaznatnafetioslumstiudueulul ADH
ogdlsfimuidosniluluussmelng 344 ethanol Uuuy
Fudsgniu Sawdunisisaideasiivindunisshwindn
wiinsld ethanol agvilaennninlunismurusaueluben
winsdiAnwiuansdidiuinsusulivinensidogannsa
UszdutszreaUneingaldsiudunisendentadusiila
dAgyvesnissendin lungudUielisedunsaluifenys
wagEudomsmsssuulszamvienisueiiu Tngauld
nauiifunguumueadufivszdusuuss Tnsflauldis
syiuidenidunsnegnsgs pH<7.15 ogfifevas 625 Gasios
lgsunmsvlenidenyiuf

nswendenlulidufissmivdenaiy wife “n1s

» 7

fhwmdn” T nswenidenaunsafidanaunIueauas
nsanesfineanainnssuadenlaog195anise Fusann
nsselrsentedueanes®’ wnldfiniswenidenua en
Frufiwsresnmeazindaamuealddnunn osaneluuden
n1svieumeseulsd ADH vinlia1n3a3invesuniuea
Tuidongafia 30 - 85 dalus @uegifuusaryaaa) dovinis
WonidenA1n3edinavananndeiiios 2.5 Falus windu
YoNANFLUMUBALAY NsWandendsdlgmdnnsanesin

Uszammldsindmes fumiuea (Ara3adinvaznen
Feauszana 1.5 - 2 $alue) GamsidenldiBvioniden
$1m517 (intermittent hemodialysis) fiUszanaamlunis
fdnanseenldmaiininiswenidenuuudeiiios (CRRT)
fsgansnnlunisaniniedinvosiumiuealdiniais
Yovaz 54 (3.7/8.1 )
dowSeuiisuFesdnmnadedin funamsdnuilueds
(i Tuuesng, ealauils uarassnsgdn) Anenusaside
Finogfisosar 18-21" uazdeyanuszimaduiinusns
nsdedingaiederay 40-44” lvisninsidediniovas
23.5 999 sW.uUNTRUI19519 dedregluinaeiuinsgiu
193M5¥nnIInTTzuIafivsEAnSain wifdaengui
eilAnugunsIgs winsMsnsndeTinlndlAsiuusyime
Buifiszuuasnsuguininsgu Jeazvieufieszunsdnnges
Asyavsnmuaysumenideniivandy’
duiiunaulanernisdrdgiinulunisdinei yoeu
FHedInunageinisvianes lun Ju ( GCS <8), ¥,
anzdomdunsagunss pH <7.15 wazmgladuman

<, oAy a a v o ' Yo a
%QLUUﬂQNM@@QSUWBﬂLﬁ@@WU% wanglasunisveniden

o ED =Sp.

atemndudiilioatieTiald iesinnalnmemeSanin
ARnTudeufiazalsmenuia Anademevesauesdidoundu
Ll iesanumuealdldmdufivlaonss widfiiduiiv
Aonsanesindadunandnainnistesaalswniuea nsm
WodiindarlugudansmeTlaluseuwadvinliwadlaianunsa
TAwoondiouls Weftheandeeinsdundedninmmne
aruindoanosduddyldneuievinesasuussluuda
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nsendentietiiivesnainnseiadonls waluaiunse
Snvufloauosiinigly anmsAnulunaudidedianu
fiseU urine formic 71gandn 2,000 me/L Vsuendauinasiiy
fazauoguin anlainldFummiueauIuIunsufiazan
Tsawenuna 12-24 9l Fsdnilmgignivdeuainiuniuea
Hunsevlesiin nssnwiumueadufiviy “nandhdenis
SnwrdiAguin” windaselinsanesinavauauieseiu
fvinlmiAnmeledumaimuisainudneteazanelunans
szuvduman dndlunguiisentinainnmisweniden dnilvigy
fdunguiiunlsimenuianeussionnsduguuss viongy
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