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The Professor Emeritus Sa-nga Nilvarangkun,
MD, Endowed Lectureship: Current Situation
of Chronic Kidney Disease in Thailand.

Honorable Lecturer: Clinical Prof. Prasert Thanakitcharu, MD. (retired)

Senior Consultant in Nephrology, Department of Medicine, Rajavithi Hospital, Ministry of Public Health,
Bangkok, Thailand.

Short Biography

Current Selected Positions:

Senior Consultant in Nephrology, Department of Medicine, Rajavithi Hospital.

Member of the Academic Subcommittee, National Kidney Foundation of Thailand

Member of the Subcommittee on Renal Replacement Therapy, National Social Security Office of Thailand
Editor-in-Chief: Textbook of Hemodialysis and Nursing, National Kidney Foundation of Thailand (2024)
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Member of the Executive Committee of the Nephrology Society of Thailand (1994-2008)

Chair: Scientific Subcommittee of the Nephrology Society of Thailand (1994-1998)

Editor of the Journal of Nephrology of Thailand (1998-2002)
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Chief: Division of Nephrology, Department of Medicine, Rajavithi Hospital, Bangkok, Thailand (2005-2014)
Chief: Department of Medicine, Rajavithi Hospital, Bangkok, Thailand. (2014-2016)

Abstract

The alarming increase in the number of chronic kidney disease (CKD) patients in Thailand, particularly in
the Northeast, is likely to lead to significant public health and future economic problems for both the patients
and Thailand. This is due to the burden of high treatment costs, especially once patients require renal
replacement therapy, either hemodialysis or peritoneal dialysis. Regarding the prevalence of chronic kidney disease
of unknown etiology (CKDu) in Thailand, further research is still needed to confirm its exact causes, including the
effects of various factors like heat stress, exposure to agricultural chemicals, and water source contamination.
Awareness of the risk and presence of CKD among the Thai population remains low, resulting in most patients
being diagnosed when they are already in an advanced stage of the disease. The Thai SEEK study found that
only 1.9% of the population were aware that they had kidney disease. Therefore, early detection of CKD
patients and appropriate treatment to slow down the deterioration of kidney function are crucial for those with
CKD. Meanwhile, patients with end-stage renal disease should receive optimal treatment to minimize morbidity and
mortality rates. It is expected that if the prevention and slowing of the progression of chronic kidney disease can
be effectively achieved, the prevalence of renal replacement therapy should gradually decrease in the future.
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wanefifguamudauss iliarugnuesdsela@eseniy
n3@nw1dug’ eflansuianuynvesdfidsedu GFR
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fe¥ewar 8.9" srparuusniviinsAnuilugATinasidale
fulsalnSasdlansuia 5 svee 6uA nsdnw Thai SEEK study
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Authors Age (yr.) |Gender (%) | Stage 1-2 (%) | Stage 3-5 (%) | Stage 1-5 (%)
Dumrongkitchaiporn et al.| 3,499 35-55 M 75.9 NA 1.7 (1985) NA
(JASN 2005) 6.8 (1997)
Chittinandana et al. 15,612 45.2+8 M 82 NA 4.6 NA
(J Med Assoc Thai 2006)’ (19-65)

Perkovic et al. (Kl 2008)" 5,146 >35 F 51.3-53.1 NA 13.8 NA
St.3 13.2
St.4 0.61
Ong-ajyooth et al. 3,117 33.6+0.4 M 49.1 NA 8.5 NA
(BMC Nephrol 2009)" St.3 8.1
St.d 0.2
St.50.2
Ingsathit et al. (NDT 2010)° 3,459 45.2+0.8 M 45.5 8.9 8.6 17.5
F 54.5
Aekplakorn et al. 17,329 47.1+14.6 F 52 3.4 5.3 8.7
(Sci Rep 2021)"
Cha’on et al. 2,205 57.8+11.7 F 66.7 16.3 10.5 26.8
(Sci Rep 2022)"

NMSANYIVBIANENTINSEUIBUWNGaNTln ArseRatens
wazang [T w.a 2548° lgAnwlunidnaunsividends
vosUszinalng seringd we. 2528-2540 41U 3,499 AU
91951319 35-55 U Wummvedosar 75.9 wudiilisesu
GFR <60 €a./u191/1.73 as.iuns (Inggns MDRD) 910
Yovaw 1.7l w.a. 2528 windududovay 6.8 Tud n.. 2540
uATNUETIsEAU serum creatinine gsninUnd andosas 6.1
Tud n.m.2528 intududosar 16.9 T w2500 Al
vraulede nugdidulsauimiu anfesas 5.7 ud
w..2528 istududosay 16.2 Tl w2500 uenani
FawudriidnsndsadonsifnlsalaiFofaindulugis
Aaiulaings (odds ratio 2.57, 95% Cl 1.0-6.81)

nsAnwvasuawnndaunns InAtuni uazane Tyl
WA 2549° GeianisAnwiluyaainsnesiimenniale
$1uau 15,612 518 flengads 45.2:8 T (Ffide 19-65 1)
Juwedesay 82 lnserdenisitedelsalaieseannis
Andnsnisnsosedlalagaunis MDRD #ifiAntosnin
60 118./1171/1.73 75,403 (Waamu K/DOQI CKD staging faus
seedl 3 Guly) wuhilanugnuedsaladetudulesas 4.6
wazilsasauitddey Wud sy Gevaz 8.2) AU
Iaﬁmgjﬂ (5owaz 45.8) hypercholesterolemia (39883 28.2)

waz proteinuria (Sovaz 1.8)

nsfnwvesasininuazane Tud wa 2551 Gavin
nsfnwluaulnedifietgannni 35 U dwwau 5,146 519
Tawondnisifadelsalaidesuilefidnsnisnsesvesla
Fafuamanaun1s MDRD fifetiosndn 60 wa./unii/1.73
nsiuns wudnlunguiUieeny 45-65 U fAuynves
Tsalndesadudosay 13.8 lneuszneudeszesil 3 uay 4
udesaz 13.2 uaz 0.61 mudFu uenNHanydn
UszrnslunsuuninnuynuedsalaFedgeniivssens
fogluiiles
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50.9 flengiade 33.6x0.4 I wuauynvadlsalaiieds
(sz0edt 3-5) Tudosaz 8.9 uazwuhegfigstuasdanuyn
vodlsalndesafintu Tsasaudrdgiinu Taun aaudu
laiings (Sosaz 22.5) v (fewaz 7.0)

N15ANWY8e Thai SEEK Study lpngauipulsala
wisUszinalng il we 2553° etfuindunsfnui
ATOUARNUTEYINTININNIAANY BasUseina tavinn1sfin
luanafasiifleny 18 BTulus1uau 3,459 518 910 20 Sune
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Ing1AuN15AILINENIINITNTOLURLlA (GFR) 9NauNI3
MDRD' wuindianuynvedlsalafedaudusesay 17.5
($ovay 16.3 Tuwawy wazsosay 18.7 TuwaAngs) Loy
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frdaudulsala TasiamzedddlulselaGesisvesi 13 i
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flengliosnin 70 U i¥evas 83.3 ergunnnimiewindu 70 T
Sovaw 16.7 wuhillsalaSessluszeosd 1-5 Sovar 8.7 lsela
Fo¥asvuril 3-5 (eGFR <60 wa/unfi/1.73 az) fovaw 5.3
wutladuidediddy fo inands geey delulwnyuun
fordwnunsns dwidnddien Tsefni wazmslisuian
Hutsedn gauiuveanisAnwifeddnaungusiegiann
fandlonsuioufumenudug uonandsdldfnuidsele
Befeiilinsvanvglulsznelnedndae Juiiundune
ogBeiaunvedlsalaideds (sreedl 1-5) Mnmeaud
fiflesforay 8.7 Fsnindeyannsieau Thai SEEK study
(selaFoseszoedi 1-5 $Senay 17.5) Wuedhann viai
onafidafudiundanertesiunslignidiuinm eGrR
WANFAAY Imﬂmwmuﬁiﬁ?@m CKD-EPI equation Tuvug

finsnudue dauwﬁwﬁﬁgmﬁwmm eGFR 4839 MDRD
equation wiednUsznisniieerainainiinissuses
TuiBsostulsalaunniuniendsansienuwes Thai SEEK
study

N13ANE¥1Y89509A1EAT19158QUA VU uaTAMY
Tud w.h.2565 LﬁusmmumiﬁﬂmﬁLﬁudawﬁwm CKDNET
(CKD prevention in the Northeast of Thailand) project"
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nstesiulsalanededdunanyiusendoaniovedlne
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MangTueenideaniie 914 2,205 518 mqmé’la 57.8+11.7
Wulnandeseuay 66.7 miﬁﬂmﬁﬁﬁ;mﬁumaﬁﬁmi
asasethadonuardaany 2 ade a aEufuLaE e
3 \ieu wardailinsnsiasanirenalndnde wuindulsals
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<60 wa./ui/1.73 m3a1) Sesar 10.5 Alsasuitddade
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mmaﬁv‘fﬂﬁmmsqﬂmaﬂﬁﬂlmL'%ua%’wWﬂmiﬁﬂwﬁqaﬂdﬂumﬁ
Anwdug enaillosnnnguussnnsidnedengadeannnin
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Kidney diseases can affect people across their
lifespan, from congenital disorders present at birth to
conditions that are more common in old age (Table 1).
Some conditions are acute and reversible, while others
are chronic and progressive, which may lead to end-stage

renal disease (ESRD). This article provides an overview of

Table 1 Kidney diseases across a life span

kidney diseases in different age groups, with a focus on
two common conditions: congenital anomalies of the
kidney and urinary tract (CAKUT) and nephrotic syndrome.
The transfer of children with chronic kidney disease from
pediatric to adult nephrology care, a crucial process, will

also be discussed.

Life stage Common kidney conditions
Neonate CAKUT, ARPKD, AKI
Childhood Nephrotic syndrome, HUS, VUR, inherited diseases
Adolescence Glomerulonephritis, systemic diseases, hereditary nephropathy, 1A nephropathy
Adulthood CKD, ADPKD, acquired glomerular disease, AKI

guserusussane: Uselwitun 559Us
akua: prapaipimt@yahoo.com

SUUNAII: 7 9aIAN 2568; SUATUA: 24 9aInu 2568
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1. Kidney Diseases Present at Birth (Congenital or
Neonatal)

« Congenital anomalies of the kidney and
urinary tract (CAKUT): The most common cause of
pediatric kidney disease in young children, encompassing
a range of structural malformations. About half of chronic
kidney disease (CKD) patients below 18 years of age are
thought to result from CAKUT.!

» Polycystic kidney diseases: A genetic disorder
that can cause cysts to form in the kidneys and liver.
Autosomal recessive polycystic kidney disease (ARPKD)
often appears in early childhood, leading to severe kidney
problems early in life.

« Acute kidney injury (AKI): AKl is an important
contributing factor to the morbidity and mortality of
critically ill neonates. Causes of neonatal AKI are
categorized as functional AKI, intrinsic AKI, and postrenal
AKI.

2. Kidney Diseases in Childhood

» Nephrotic syndrome: Characterized by heavy
proteinuria, edema, and hypoalbuminemia. Minimal
change disease is the most common cause in children,
which often responds to corticosteroids.

+ Hemolytic Uremic Syndrome (HUS): Often
caused by E. coli infection (especially O157:H7). Patients
usually have hemolytic anemia, thrombocytopenia, and
acute kidney injury (AKI).

+ Vesicoureteral Reflux (VUR): Urine flows
backward from the bladder into the ureter/kidneys.
This may lead to recurrent urinary tract infections and
renal scarring.

+ Inherited diseases: Certain genetic conditions,
such as cystinosis and other inherited metabolic
disorders, can manifest in childhood and damage the
kidneys over time.

3. Kidney Diseases in Adolescence

« Glomerulonephritis: This group of diseases
continues to be a significant cause of chronic kidney
diseases (CKD) in young people. Some types, such as
C3 glomerulopathy (C3G), can have different outcomes
depending on whether the disease develops in childhood

or adulthood.

« Systemic diseases: Certain systemic conditions
that affect the entire body can also damage the kidneys
over the years.

- Systemic lupus erythematosus (SLE) is an
autoimmune disease that frequently affects young people
and can cause severe inflammation of the kidneys, a
condition called lupus nephritis.

« Hereditary Nephropathies

- Alport syndrome is a genetic disease that
causes progressive kidney disease, hearing loss, and eye
abnormalities. X-linked inheritance is common.

« IgA nephropathy: This disease, which involves
the deposition of an antibody (immunoglobulin A) in
the glomeruli, is one of the most common causes
of glomerulonephritis and can be diagnosed in young
adults.

4. Kidney Diseases in Adulthood

« Chronic kidney disease (CKD): As people age,
their risk of developing CKD increases significantly, often
driven by common medical conditions.

- Diabetic kidney disease (DKD): The most
common cause of CKD in Thailand is diabetes. High blood
sugar levels damage the kidneys leading to impaired
function.

- Hypertensive nephrosclerosis: Uncontrolled
high blood pressure can damage the small blood vessels
in the kidneys, leading to impaired function.

« Polycystic Kidney Disease (ADPKD): Presents
in late adolescence or adulthood. Symptoms include
hypertension, flank pain, hematuria, and kidney stones.

« Acquired Glomerular Diseases: Membranous
nephropathy, Focal segmental glomerulosclerosis can
occur later in life.

« Acute Kidney Injury: Sudden loss of kidney
function may be caused by sepsis, dehydration, nephro-

toxic drugs, or obstruction.

Congenital anomalies of the kidney and urinary
tract (CAKUT)

Congenital anomalies of the kidney and urinary tract
(CAKUT) encompass a broad range of malformations that

result from abnormal embryonic kidney and urinary
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tract development, including kidney parenchymal
malformations, abnormalities in kidney migration,
or abnormalities in the developing collecting system.
The clinical spectrum ranges from severe malformations,
such as kidney agenesis, to potentially milder manifestations,
such as vesicoureteral reflux. Almost 50% of cases of
chronic kidney disease that manifest within the first
three decades of life are caused by CAKUT. A study from
8 university hospitals in Thailand (107 cases) revealed
that congenital KUB anomalies (obstructive uropathy
and hypo/dysplasia) were the main causes of chronic
kidney failure in children (49%) *. Evidence suggests that
many CAKUT are genetic in origin. To date, mutations in
54 genes have been identified as monogenic causes of
CAKUT. CAKUT may also occur in conjunction with other
organ defects. Environmental and epigenetic factors can
also increase the risk of CAKUT. The discovery of novel
CAKUT-causing genes is challenging owing to variable
expressivity, incomplete penetrance, and variable
genotype-phenotype correlation. This leads to
improvements in accurate molecular genetic diagnosis,
prognosis assessment, and patient management with
CAKUT. Children with CAKUT require individualized,
long-term follow-up to monitor renal function, growth,
blood pressure, and urinary health. Early identification
and management are critical to preventing progression

to CKD and optimizing long-term outcomes.

Nephrotic Syndrome

Nephrotic syndrome (NS) is characterized by nephrotic
range proteinuria, hypoalbuminemia, and edema. It is
caused by increased permeability across the glomerular
filtration barrier. In children, minimal change disease
(MCD) is the most common histopathology found in
primary NS, which often responds well to corticosteroids.
However, some children may have frequent relapses,
be corticosteroid-dependent, or may not respond to
corticosteroids, especially children with other
histopathologies such as focal segmental glomerulo-
sclerosis (FSGS). Evaluation of children with primary
NS should focus on clinical presentation, corticosteroid

responsiveness, and in some cases, kidney histopathology.

Genetic testing is recommended in early onset, familial,
extrarenal features, or steroid-resistant cases to refine
diagnosis and treatment planning * Laboratory panels that
test mutations in genes linked to NS or kidney disease
are increasingly available. The identification of the most
frequent variants (ie, NPHS2, WT1, NPHS1) has important
clinical implications. The key monogenic causes of
pediatric nephrotic syndrome are shown in Table 2.
Management of children with NS (new cases) required
corticosteroids for a minimum of eight weeks (4 weeks
of daily ¢lucocorticoids followed by 4 weeks of
alternate-day slucocorticoids) or 12 weeks (6 weeks of
daily slucocorticoids followed by 6 weeks of alternate-day
slucocorticoids)®. Steroid-sparing agents such as
mycophenolate mofetil, cyclophosphamide, calcineurin
inhibitors, and rituximab should be considered in
nephrotic children with frequent relapses, steroid-
dependent, or steroid-resistant. In children with
hereditary nephrotic syndrome, corticosteroid therapy
is generally ineffective; however, disease recurrence is

not observed following kidney transplantation.

Transition from pediatric to adult kidney care

As some kidney diseases progress across the life
span, many children with CKD now survive into adulthood.
Adolescents and young adults are at a higher risk of poor
outcomes after transfer. Data from Phramongkutklao
Hospital of 35 kidney transplant patients who transferred
from pediatric to adult nephrology care revealed
that rejection and calcineurin inhibitor intoxication
are common despite the same immunosuppressive
regimen. The differences between pediatric and adult
kidney care are notable, with family-centered care in
pediatric care, more intensive support, and a holistic
approach. In contrast, adult care is patient-centered,
more independent, and has a faster pace, with less
psychosocial support. The goals of transition are to
ensure continuity of care without gaps, promote
self-management skills, address education and
vocational planning, and prepare families to shift
responsibility from parent to patient. The transition

process should be done step by step.
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1. Start early (age 12-14): Introduce the concept of
transition, assess the patient’s knowledge

2. Structured education and skill building (age
14-17): Teach self-management (e.g., medication,

appointments)

3. Creating a transition plan (age 17-18): Develop a
written medical summary and readiness assessment

4. Transfer to adult nephrology services (age 18-21)

5. Schedule a joint meeting with the adult provider,

and arrange overlap of care

Table 2 Key monogenic causes of pediatric nephrotic syndrome

Protein Function Inheritance | Associated syndrome

NPHS1 Nephrin Podocyte slit diaphragm AR Congenital NS (Finnish type)

NPHS2 Podocin Podocyte integrity AR Steroid-resistant NS

WT1 Wilms tumor 1 Podocyte & gonadal development AD Denys-Drash,
Frasier syndrome

LAMB2 Laminin B2 GBM structure AR Pierson syndrome

COQ2, Coenzyme Q10 Mitochondrial energy AR NS plus neuro or

COQ6 pathway metabolism muscular features

PLCE1 Phospholipase Cgl Podocyte signaling AR Early SRNS, occasionally
responsive to steroids

INF2 Inverted formin 2 Cytoskeleton regulation AD FSGS, also with
Charcot-Marie-Tooth disease

TRPC6 Cation channel Calcium signaling in podocytes AD Late-onset FSGS

SMARCAL1 |DNA helicase DNA repair AR Schimke immuno-osseous
dysplasia

CD2AP CD2-associated protein | Podocyte slit diaphragm AR/AD FSGS, variable expression

ACTN4 o actinin 4 Active binding protein AD Adult-onset FSGS

Summary 2016;12:133-46. doi: 10.1038/nrneph.2015.205.

Kidney diseases can occur from birth to adulthood
across the lifespan. Some diseases are acute and
reversible, while others are chronic and aggressive,
which lead to ESRD. Many diseases in children are
inherited and require genetic testing. When children
with CKD get older, a carefully planned transition
process to adult kidney care should be done to achieve

the proper outcome for the patients.
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Abstract

Chimeric antigen receptor (CAR) T-cells are T-lymphocytes genetically modified to recognize and Kkill
specific antigens on cells, especially cancer cells. This emerging form of immunotherapy is gaining increasing
significance in modern medicine. Initially developed to treat hematologic malignancies, CAR T-cell technology has
evolved to target a broader range of cancers, including non-hematologic malignancies, as well as kidney-related
diseases such as lupus nephritis, HIV-related kidney disease, and renal cell carcinoma. Research on CAR T-cell therapy
for these conditions is growing, with more studies involving human subjects. However, as a relatively new therapeutic
approach, most available data currently comes from case reports or series. Despite promising outcomes, CAR T-cell
therapy can lead to severe complications, underscoring the need for large-scale studies and randomized controlled

trials to establish sufficient evidence for its use in patient care.
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a9l 1 agunsfnuiveensly CAR T-cell Tulsanisle

Folsn g NaNISAN®I WO | o nes8ese
CAR T-cell Annu (LHaw)

TsngUauazlsale CD19 « Drug-free remission 100% 8 [19]
oniaugla (SLE uay
lupus nephritis) CD19 + Drug-free remission 100% 15 [18]
IsAuziSaniale CAIX . Tamssneiinludnineassiitiu renal cell NA [20]
(Renal cell carcinoma) carcinoma

. Wamssneiinludnineassiitiu renal cell NA [21]

carcinoma #iinsunsnszarludaszuusingg

CD70  Objective response rate 30% 8 [23]
« Disease control rate 100%
Iﬁﬂmﬁﬂﬁmsz@ﬂ BCMA « Progression free survival 13.3 months 18.6 [25]
Hedlaun (MM) « Objective response rate 71%

« Complete response rate 39%

miam%maﬂafj HIV envelope |+ Objective response rate 71% 7 [28]
(HIV infection) glycoprotein |« Complete response rate 42%

A1999 2 DINTUAZDINTHENIIBIN1IE Cytokine release syndrome?

Organ system ‘ Signs and symptoms
Constitutional fevers, rigors, malaise, fatigue, anorexia, arthralgia
Cardiovascular tachycardia, widened pulse pressure, hypotension, arrhythmias, decreased left ventricular

gjection fraction, troponinemia, QT prolongation

Pulmonary tachypnea, hypoxia

Renal acute kidney injury, hyponatremia, hypokalemia, hypophosphatemia, tumor lysis syndrome
Gastrointestinal nausea, emesis, diarrhea

Musculoskeletal myalgias, elevated creatine kinase, weakness

Neurologic headaches, changes in level of consciousness, delirium, aphasia, apraxia, ataxia,

hallucinations, tremors, dysmetria, myoclonus, facial nerve palsy, seizures

Hepatic transaminitis, hyperbilirubinemia

Hematologic anemia, thrombocytopenia, neutropenia, febrile neutropenia, lymphopenia,
B-cell aplasia, prolonged PT/PTT, elevated D-Dimer, hypofibrinogenemia,
Disseminated intravascular coagulation (DIC), hemophagocytic lymphohistiocytosis (HLH)
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A1379% 3 ANUTULIIVDY Cytokine release syndrome™

Grade ‘ Signs and symptoms

SEAU 1 2115 sounde LU m1s

SEHU 2 AMMzANUAUlainEneUaLBIRaN1SNEIAIgaNsul Aveendnuludenminauauad
ABNNTSNYINILNTHIBBNTRUANUTNTUNBENINSDEAY 40
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Immune effector cell-associated neurotoxicity
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Junmzunsndeudinuldvsy nalnnisiinadiedu CRS
wiinluszuuUszamuaranendundn esanlelnled
annsarhushiussrinadentuanes (blood brain barrier)
dldiAnnssnauiissuulszamls wioeradunauiain
amzanuilaiindviseldain CRS e nmzienaianiox
Funny CRS wisluAld e1msinuilldnainuaissaus
suwssorlufiann wu tindswe Fu uasdn Dusdu ns
Snwradruninazidunisiaviaiuerniswulfeddu CRS
Win191N153UIN N5l corticosteroid ¥18anaINT3
meszuulszamla

Graft versus host disease (GVHD)*

CAR T-cell %umdwﬁaLﬁamaqng'%’ULf]uﬁnLLﬂaﬂﬂaau
wazEuinaneidaiBorne 4 vestenefiu Sudadu acute
waz chronic GVHD m1useezliamain1sugnane lag
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ffidoyanisfnyundudos q luilagtu Tasangly
Tsaugsamnalaininen LLazéTaQﬂﬂ’wmsfaaamﬁa‘h’ﬂu
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Erythropoietin Hyporesponsiveness

Chalermchon Suttaluang, Paweena Susantitaphong
Division of Nephrology, Department of Medicine, Faculty of Medicine, Chulalongkorn University,
Bangkok, Thailand

Abstract

Erythropoietin hyporesponsiveness is a condition observed in patients with chronic kidney disease (CKD),
who do not achieve target hemoglobin levels despite a significant increase in erythropoietin-stimulating agent
doses or continue to require high doses to maintain the target. This condition is associated with an increased risk of
CKD progression, end-stage renal disease, cardiovascular complications, and mortality. The causes of erythropoietin
hyporesponsiveness include iron deficiency, infections/inflammation, hyperparathyroidism, blood loss, inadequate
dialysis, and others. Treatment is tailored to the specific causes, including iron supplementation, management
of mineral and bone disorders, treatment of infections or inflammation, and the use of hypoxia-inducible factor
stabilizers. This article provides an overview of pathophysiology and appropriate treatment strategies to improve

the quality of care for affected patients.
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2 UseLnn 91989911 KDIGO 2025 Anemia® fis Absolute iron
deficiency wso%alumifie “systemic iron deficiency” wag
Function iron deficiency #3® “iron-restricted erythropoiesis”
Taga1u15aLene 2 UTEian 2NNan1InsIans1uLmesu

fiduen (Transferrin saturation, TSAT) fivsuenieUsuna
smanluidon uagszdudfumlesiu (Ferrtin) fivsuen
faUsinasaumandisesnieifivazay Tng Absolute iron
deficiency #39 “systemic iron deficiency” agiszau
nsMeILTBNsTosndT 20 Weiug uavseiudsunesau
fosnd 100 lailasnusedng lufinelsalnFesedssllazy
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nmsthdanaunile viedsumeiautesndn 200 Llasnu
sodns lufuaslsaladeedldsunistirtanaunuladae
ABnnswenidensasiaiealaliion Laz Function iron
deficiency 38 “iron-restricted erythropoiesis” zilszfiu
niumesuiisuftioonit 20 Wesidud uarsefudsuimednu
1N 100-200 lulasnsusedng™ wuaNgNUeINIIL
nsunsgmaniuguaslsalaGosavesi 5 Adlaildsy
msUianaunulagedis 15-78 Wesiud ua 16-60 wWaesidus
TuffthedldsumstiamaunmilaseiBmsrenidonselsdos
Todien”” Taganunueansiinnnznisuiasiauandniie
udunaeang Wy duniuenasusiauin didenssn
Tumaduens wielinsidedensinnsveoniden Wusu”
warfihelanladedsiifinnzresnminlnaanslused
sefunTueIuiidufiosndt 20 wWeddud nwuin finsg
\invednsnadedin msusulsmeuia msifaniig
wnsndoulsaiilawarvasniden wu Wlaviaden Wil

P

A uazlspvasaldonluduenIu®?

n15iin Absolute iron deficiency %se “systemic iron
deficiency” 1Aina1nUInusmmansengliiiisane g
Tufthelsaladeduinifnnnmadeden Tnsamslugtoe
Plgsunsthdamaunulageiinsendensiewiadlaion
fistnfidenandndludinsesanstinden (Blood line) wie
LaunsafudennduddUaelinunanannalag Aaw™
suluthelsalaesuininnnadensenlumaiue s
PIMnuRaUnAvesnaadenTinAUiiuNarionTONEY
Tunseimige s uiennziduidonuinandeydild
1W3YRAUNA (Angiodysplasia) LLﬁ%IUQJﬂ’JEJIiﬂlm‘%@%ﬁ
fnilsausezdndfidesiinnssulseniuendiunisudasn
Yeuden, dundaden lvanudsddunisidensen
Wity ifsmﬁy’mwﬁwismumamﬂmﬂq’m proton pump
inhibitors (PPI) ¥ilsin1sgadusigmanaineimisiaanas
sfeanngninidodenainvgduiinuluauund oy
Uszdudouanunninund 3adanmans Avilidannizuiesg
wisnlugslaalnFesslfiguiu’ 2"

n17g Function iron deficiency %38 “iron-restricted
erythropoiesis” AnlufielsalaFesafifiusainasigman
lusanieunfAniege widlaldenunsdigeu (erythroid
precursors) lanunsathsmuwanivasiadudinboaundld
AnnskinTuvessesluy Hepcidin dudunaunannis
fnmzdniaulussne Sl NaNNsaveIn1stu Hepcidin
panmalnanas kagnsas1egesluudsinsindiu uag erythro-
ferrone (ERFE) @ludiudanisadng Hepcidin anas™”

nshnitavisan198nLaU (infections/Inflammation)

nsfaenionisdniaulugvaslsalaFeuingin
vaneavn Wy nsiadeludenfiaeaumaenienvie
aneaulaany nngladniau uaglsaglisnumuiaesiity
(Autoimmune disease) s lnensinanizmsneuauesieo
prnseduiliodondiannisindenienissnay 1Aaen
nsnsgduszuugfiduiulitnsmdslelalad Fesznoudie
1.) Interleukin - 6 (IL-6) aznszRulviduiinIsasgesiuy
Hepcidin tfistu Seilifinsdudinsudessimmineen
nndadonvnuilasvhakarann1snedusinmaniueins
91na1lddn 2.) Tumor Necrosis Factor alpha (TNF-a)
sznszdudiadanviuilasnialivirateifinifenuns
TngAdnsnauiumaailiniion (hemophagocytosis) ann1s
a¥1ssesluudsinsindaudlavinlinsaiadadonuadly
lunszpnanasavrianedadesunsiseululunszaniaense
3.) IL-1B anunsoannisadissesluudsinsindauilavili
msasadadenuadlulunszgnanauazyhanedfindonuns
seaululunszaninenss uay 4.) Interferon gamma (IFNy)
anunsanszgubitinnisiatefiaideaunsdigoulule
nszgnlnenss Fenszuruniamariiiuanngyiliae
amelafinge® Tnsnsidadunnglafinasannsiaide
#30N138ntaU @mnsaldni1sgulnldentniainn1inga
mmﬂmyjiiﬁ‘uauﬁmﬁaﬂ (complete blood count, CBC) ii
fvuauardunisaufuiivngiunissniauainnisiiiutu
2931139539 30dRsIN1sAnaneuveuladenundlunaen
Fenmeluniadalus (Erythrocyte Sedimentation Rate,
ESR) 38 C-reactive protein (CRP) uagilnangiuuednis
smuanluldlddosas e szdunsiumedudue
tiounin 20 Wesidud seAudsumesAuannndt 100 lulasniu
#08nT Ay Hepcidin e

ANZADUNITISYTDUANINUNNAAUNR
(Hyperparathyroidism)
AgnisnevauesiegInsyduiiialdendiainniiy
founssusessinanuananUnd aduldain 2 naln
1) gofluuwisfusesdigeiuazannisadiesesiuy
55InslndduiilavazsinlddrsusesTuudsinslndaud
dindenunsssouananibinsaiaudadesundulunszgn
anag 2.) aaﬂmuwww%’maaﬁﬁgasﬁuﬁﬂﬁisﬁmmm%u
Tuidengatudeinarlianumumuvoniaidenunsanas
Wnlidadenunsunndld ety vilifnanynsnevaues
sosnszdusindonilugielsnlndese”
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naziaenaan (Blood loss)
ma:mamauauam’ammzé’mﬁmLﬁaﬂﬁwmﬂmaz
Feonvanlufihelsalaitesaininnandensenlumg
WuamsnNsynuRaunfvesnanidensiuiuiliunanse
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alda3gRnund (Angiodysplasia) LLaﬂué’ﬂ’mIﬁﬂiméﬁJ%’a
fniilsauszsfaiidesinisSuussmiueidunisud s
Yeuden, sd1undaden vinlveuidsddunisidensen
Wiy a'*suiué’ﬂw‘[mimL‘%uai”aﬁvlﬁ%’umiﬂwﬁ’wmLmu"Lm
feisnisrenidendisadeddaiivuazinisideidenann
nsilldennnAsluiinges @1eiden Larn1siASULENISUY
Tusgwinamsvleniden swdsamanisideidenannvndud
nuluauUn@ Wy Usednheunnuiniaun® Sadnaenang
Feanmauandiliuimmudaideaunslusianisanady
Yaausn uazdailiviinusmmaniiazaulusisniganas
A1z Absolute iron deficiency se “systemic
iron deficiency” waznnzn1smaUAUDIRBEINsERUInEen

g‘hmqmmqﬂ,ﬂﬁoﬁl

n1swanidenlitieswe (Inadequate hemodialysis)
aswelidly (Uremic toxin) fe ansfifinnudufivde
$emefiinainnszuIunisduaiy (metabolites) Wuin
fvsnuasfivegdifloargaiuluginelsalndosmiensdlailds
nstdanaunulauaglasunisirdanaunulaluiivine
U Indoxyl sulfate, p-Cresyl sulfate, Asymmetric dimethy-
larginine (ADMA) Jusiy Ssansfiwglorduniduaieg
FvaliiAnnazlafinansainuatanaln Tnenudn Indoxyl
sulfate wagansfivgTifiedug aunsadudanisasnsia
#fugn3su (Gene transcription) wes8u EPO Hunstiud
N3¥UIUNIINTEAU hypoxia inducible factor (HIF) ¥inlw
ann15a3 1993 luudsInslndAuas wag Indoxyl sulfate
feanunsansed ulilaaBour e ad U s wad
dnideaundldiety slfRnnsievewsadifindonuns
wazylwadifiaidonunime waznalndudnuanenaln
fansivgTifloanunsaviiliananiglafinauaznnzmsmeu
aussiensyuinidonsdn®

TsAuzi5e (Malignancy)
AmzmInouauesiesnszduindondlugilielsauzide
Aeldarnuanetads wu nswddlalaladvsaiiosenuzids
fnaliiinnnsanaswesnsaiteeesluudsinsindiy uzise
finsunsnszatedidlunszgn wadrufvsaineaividn

nansvieuvedlunszgn anzylaznns lsadszdmau
109Uy n1zdensenainmsifnsnvuss wasanz
demeananidesonuzife 1Hudu Feanmmaridaals
Annnglafinaslufiaslsalndedsiidulsausidesudae
wazviliAnaznsneuauswiosnszdulindensin”

AENNINBUINITVININTULAZINADUS

fuaelsalmFesaiindnngymlasuinis ennagiinsuin
Induuazinfous W newwas daned anuagdnndiud 12
Wudu Teedaduuavindeusiinaridussrusenavdfgy
Tunszurunisadradaidenuns Taenudngddaediinig
Malvlanuayiniiud 12 snuindimsdunseiasiugnssy
(DNA) anasannnisalndiaulnsneaina (thymidine
triphosphate) fiviwihiiuasulaludandy (Homocyste-
ine) \Uwwlnlefiu (Methionine) lunsyurunisdunsizi
arsnugnssy ibiieanuiiaunflunszuaunisiiule
vosiuaduadindenuns Jufnnzlafinarsuuuigadide
doaunsivunlnguazn1iznisneauausnaeInszAule
Foas®

mﬂﬁ%’ua'ﬂunzju Angiotensin converting enzyme
inhibitors/Angiotensin Il receptor blockers
granmdulafinngy ACEl wag ARB (Jugniifinnsld
Bugwidndwiuananudulaiislufuislsaladesanae
usnntaelunisanaudulaiinuds Sarisannisiives
Tusfusayiulutlaans waswrasnsidouvestalugtaela
Fo¥s uenanilazdresnuuinudaaslufiherenden
(preserve residual renal function) Iasnalnnisiinniz
nsnevaussriosnseuiiadenilugUaefiingly ACE
Wie ARB 1in9Innn3iishen ACE! lUduds Angiotensin
converting enzyme Fhwthfiaeu sesluu Angiotensin |
hu Angiotensin Il 30881 ARB Ailgudinisdureseeiiu
Angiotensin Il U Angiotensin Il receptor @egoslau
Angiotensin Il ansnsanseAuliAnnsvasee slndsinsinddu
nslingu ACE! wag ARB Swvhlvinisudseeluudiinsindiu
anas iiansnsyiuNsasadaidonundtulunsegnanaviili
\Rnnmzmsneuaussiosnszduiliadend’

ANURAUNANISLa%nInen
nauAnuRaUnAMdlafin e TiviilrAnagmInoUaUes

soensrdusindendifnldanaisanve wu TsaRaain

glulnaluRaun® (hemoglobinopathies) TsauziSalunsegn
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(multiple myeloma) A1z Pure Red Cell Aplasia 7iifin
ngidumusiesnsedudadon anzlainieainida
Eonunsuanda Wudu luiidezvenanidanne pure red cell
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eemevauawomslnszdudinden Tasarududu
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sedun1i e dosnsnsiiiden 12 adwedunvi uay
wu11 Wadeaunsdigeulunszualdeniiuiniuanas
AduysalveansiusAfalaled (absolute reticulocyte
count) Heand 10,000 delulasdns lnefisurudadonn
wazindadensglunusiung Tuvasiidiadeauassiurida
(erythroid precursor cells) lulunszaniivsunnanadegnann
dunanmsiissmediheiinsaiegiunusesesluy
S3nsndiuau InenneiliniandanEue sz 1 ey
ufiwanel annsadudunsidadelinnnisnsinlunsegn
Feagnuinfinisanasvendndenaunsduiiiaduiuia
Mndn 5 Wedidud saufumsesenuglidnumusiososla

38,39

85InslndAu (anti-erythropoietin antibody)

ns¥nEINIEMIABUsUBIRBINsuLiniAand
nslgsauannaunl
ynMsAnyiBmaassuuudulungy PVOTAL (Proactive
IV Iron Therapy in Hemodialysis Patients)%dmﬂﬁmﬁm
wannaunulugUaslsaladesedld sunistidamaunule
sheFBnsenidendieiedeslafion 2,000 518 WiBULiBY
UszEnaseninanshiens1nmannawnuiuy Proactive
Ao Tensmumdnvaunud3una 400 mg Maviaenidens
vn 1 Weuluffihefifidsumeautosnin 700 lulasn3usio
dnsuaznsumeundudtesndt 40 wWesdudrulsivnsg
WANVIAWNULUY Reactive Aaliiensamannawnilugiae

D.

F5uwesiutiosnin 200 lulasnsusednsvsensiumasu

{a U vV

Mdusdesndt 20 Wesdud wultlungu Proactive fin1s
Wuturessyauglalnaduinnnt aauimmsldinszdu
dindealdunndy T8nsinsdedin lsaila lsaviaoniden
wagnsusulsameUIamINIINGY Reactive®
AuuzinrawInInsinmaglainaddugielsals
Fo¥eT n.e. 2564 vosUssmalnouusilismmEmauny
Tug’{ﬂaaﬁﬁmas absolute iron deficiency Taguugiinli
Gulisnwmdnmaasmdensluvuin 100 Sadnduynduani

Junan 10 dUavi (vuesau 1,000 fadnsu) Tuduendsy

weshuteandn 500 lulasniusedns Aarsanlvissmén
yunties 100200 fadnduseiiiousswaiios (mainte-
nance dose) \iesnwsyiuanudududonwazanuIunm
ginsrduilioidon uazfiarsunlvimganislismmdniie
e uidusiuinngt 40 WesdusiuiedSumesau
111N 800 lulasnsusedns™

ALULNUBY KDIGO 2025 Anemia lakugtliensis
wiEnnauwnulsaladeefilasunstiiianaunulageisns
Wonidendieiadeslafioudonsiunesuiidufitesnin
wiowihiu 30 wWesiud wasdSuneshutosninSewiiiu
500 lalasniusiodng fonsanlwlungulsalaGosedisslals
fumstrdanaunulanaznguiildFunisirdanaunula
fredsnsanslavnaniivies WensuwleSuiidusdesnia
40 WedWuduar@sumesiutiesndt 100 lulasniusiedns
wiensumesuiiduditesnii 25 Wesduduasdsumledfiu
100-300 lulasnsusedns wazfiarsanlinganisivivan
dlonsumesuiidufunnndt 40 Wes@uiviedsumesiu
111N 700 lulpsnsusedns®

Ms$nenTMssnEUYEaNsAne

msdnmamemssniauriensindoldumssnuidumeg
du nslefiauslufuaeidnisiade svuuihid
AuU3ansae (Ultrapure) nisaanisldaneweniden
Asnnasntenslisraiiesesdlufuasiiinngsnauiess
nanvglaian swdmslisngulilulaaueaweufived
W tocilizumab Judu agdrelinniznisnevauesse
enszdudiaenmate’

n1swantdanlilineane

nsWenidenliiisaneazaiglinignisnevaussne
nsviudindondiitu Tnenuiinsenideauuunism
(Convective) 1agid online hemodiafiltration (HDF) 3¢
FrglvinsidnansiivySeifiluanavuianarsled ain
msfinwdmaasswuvdundunguuuuled REDERT lugiae
Tsaladesefildsunisdrdanaunulagaeisnisreniden
faaadedladion 40 518 WIsuifleuUseansnasening
nsnendenne3d online HDF sauAUMNges high-flux fiu
n1svandenmIeIBNINIFINIINAUAINTDY low-flux WUl
Tunguiivenidenseis online HDF $aufudangos high-flux
ansnannMENIRevALeIfosInsEAuiadensldfndd
wazfanudn aunsaanseau Hepcidin Tuidenladneng®

N155NBIN1IZABUNISISYTREANIIUNINRAUNR
(Hyperparathyroidism)

AUATL U909 KDIGO 2017 wugilisnenszaugasluy
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wssusesdlioglutasunilufinelsnlnGesisvesii 3a i
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soeflagluda 2 v 9 whvesaunilutaelsalnFess
AlFunsttanaunule Tnguupilinuseduean
Teglunawinfuazanidesnsiinnnuradenludongs
Inednwiemsiienduiurlean Inniud Calcmimetics
w3oN1sHIARAaNNIITuTRERa NS nwaeeliling
Tnen1ssnwnnesieunsSe-sesivinnuaninunfazee
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sosnszdudiadeamatu®

nssnwneywlaguing

nssnwnngnlasuinsdglinngnisneuausie
pnsedudindoamatuannsmaunuliianuasiniiud
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n3lignga Hypoxia-inducible factor (HIF) stabilizers

Hypoxia-inducible factor-prolyl hydroxylase inhibitors
(HIF-PHIs) %30 HIF stabilizers \Ju e13hwinnzlaining
TulsalaiSesfiiinnznismevaussdosnssduidaidensh
naulvsl Tnenseongquasuds HIF-PH TailFaaelusiu HIF-a
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Tusgevenidaliddaau® ngaindwugives KDIGO 2025
wuzthlildndsanliensedudadonaudisedumnududy
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141 HIF stabilizers™
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Efficacy of Magnesium Supplementation in the
Prevention of Acute Kidney Injury
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Abstract

Acute kidney injury (AKI) is associated with high mortality and progression to chronic kidney disease, and
increasing evidence indicates that hypomagnesemia may contribute to the risk of AKI while magnesium supplementation
may provide nephroprotective effects. This review summarizes experimental and clinical data demonstrating that
magnesium confers renal protection through multiple mechanisms, including improved renal blood flow, attenuation
of oxidative stress and apoptosis, suppression of inflammation, and preservation of mitochondrial function. Clinical
evidence suggests that magnesium supplementation reduces the incidence of AKl in patients undergoing cardiac
surgery, contrast exposure, cisplatin or colistin therapy, and critically ill populations, and is also associated with lower
mortality and decreased need for renal replacement therapy. Magnesium supplementation thus represents a safe,
cost-effective, and promising strategy for preventing AKI, although large-scale randomized controlled trials are still

warranted to confirm its long-term efficacy and safety.
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Type of

No | Author/Year Population

Study

Magnesium/

Outcomes
Control

Findings

1 |Khalili et al., |Open-label |ICU patients receiving | IV MgSO, aiming for AKI { AK
2021 RCT Vancomycin— serum Mg ~3.0 mg/dL |incidence, |(adjusted odds
Piperacillin/ vs. placebo LOS, 28-day |ratio =0.26, p~0.04)
Tazobactam. (n~=72) mortality
2 |Oh et al, Retrospective |intra-abdominal Intraoperative Mg Postop AKl on } AK (adjusted
2019% cohort surgery >2 hours infusion(loading 50mg/kg, | POD 0-3 odds ratio = 0.37;
(n=3,828) maintenance 15 mg/ 95% ClI 0.14-0.94)
kg/h)
3 [Koh et al, Prospective |Cardiac surgery Preoperative ionized | Postoperative | Low iMg t Ak
2022 cohort patients Mg measurement AKI
4 |Liu et al, Observational | Traumatic brain injury | Admission Mg level AKI during HypomagnesemiaT
2023 study patients in the ICU hospital stay |AKI
5 | Xiong et al,, Retrospective |Cardiac surgery Early postoperative Mg | Postoperative | Higher post-
2023% cohort patients level AKI operative Mg T AK|
6 [Shen et al, Retrospective | Admitted cancer Admission Mg level AKI during Low serum Mg t
2020 cohort patients admission | AKI
7 |Gupta et al,, |Retrospective |Patients receiving  [IV Mg on day 1 AKl or death | ¥ Risk of outcome
2025 % registry cisplatin (n~13,700) |(median 1-2 ¢) ~20% (adjusted
odds ratio ~0.80)
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A19199 1 MsAnwmINanIavesLunti@eulunisan nephrotoxicity (Aa)

Type of

Magnesium/

No | Author/Year Study Population Control Outcomes Findings
8 |Linetal, Retrospective | Patients with cirrhosis | Serum Mg trajectories | AKI and High serum Mg 1
2024 database in the ICU mortality AKI
9 |Gu WJ et al,, |Observational |Patients in the ICU MgSO, vs. notreatments 28-day | Mortality, } AK
2023 * Study mortality, AK
10 |Hosseini et al., | Open-label  |Patients receiving | IV MgSO, vs. placebo |AKI ! AKI, |
2025 RCT colistin Hypomagnesemia
11 | Suppadungsuk [RCT Cancer patients IV:MgSO, hydration vs. | AKI } AK
et al.,, 2020 receiving colistin standard treatment
12 |Yavuz et al., |Open-label |Animals receiving IV |IV MgSO, daily infusion | AKI 1 AK
2021% RCT colistin (n=45-50)  |vs. no treatment

RCT, randomized controlled trial; ICU, intensive care unit; Mg, magnesium; AKI, acute kidney injury; LOS, length of

hospital stay; IV intravenous

= o o = !
MNI1919N 2 LLNuﬂ'ﬁIV‘LL@Jﬂqu]ﬂquﬂqiﬂﬂwqmr]\16]

Type of

Intervention ‘

Target

‘ Outcomes

No | Author/Year Sty Population e B
1 [Khalili H. Open-label [ICU patients receiving | IV MgSOL1 (1 gincreased |3.0 mg/dL vs. | Mggrouphaslower
et al, 2021* |RCT vancomycin + piper- | serum Mg =0.18 me/|1.9 mg/dL AKl rate (adjusted
acillin-tazobactam) | dL) OR ~0.26, p=0.04)
(N=72)
2 |Suppadungsuk | Pilot RCT Cancer patients Pre-hydration with 16 | Prophylactic Lower incidence
S.etal.,, 2020% receiving weekly mEq of MgSO, in NSS | preload without | of cisplatin-
low-dose cisplatin | (as part of the serum Mg target | associated AKD in
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Clinical Prediction Model for Hypokalemia
in Hospitalized Patients with Acute
Decompensated Heart Failure Treated with
Intravenous Furosemide

Yutthana Rakphaka, Panthita Sornhiran
Division of Nephrology, Department of Internal Medicine, Police General Hospital, Bangkok, Thailand

Abstract

Background: Hospitalized patients with acute heart failure often receive furosemide, which may lead to
hypokalemia. Factors such as diuretic dose and concomitant use of multiple diuretics are associated with this risk.
This study aimed to develop a clinical prediction model for hypokalemia to help prevent its occurrence and related
complications.

Methods: This is a retrospective clinical study of hospitalized patients with acute decompensated heart failure
(ADHF). Using multivariable logistic regression, we derived a prediction score by assigning weights to the predictor
coefficients. The score was then internally validated to assess its reliability.

Results: Among 510 hospitalized patients with ADHF receiving furosemide, 143 (28%) developed hypokalemia.
Furosemide doses >1.5 mg/kg/day were strongly associated with hypokalemia (adjusted OR 4.81, 95% Cl 2.56-9.04,
p <0.001). Five predictors were identified: baseline serum potassium <4 mmol/L, serum albumin >3.5 g¢/dL, low
serum magnesium, furosemide dose >1.5 mg/kg, and no prior spironolactone use. Higher scores were associated
with an increased risk of hypokalemia.

Conclusions: The clinical prediction model provides a practical tool for estimating the risk of hypokalemia. ADHF

patients identified as high risk may benefit from preventive strategies and closer monitoring of potassium levels.
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Introduction

Acute heart failure is a medical emergency that
often requires hospitalization. Loop diuretics, such as
furosemide, are considered the first-line treatment for
this condition. By promoting diuresis, loop diuretics
rapidly relieve fluid overload and improve clinical
furosemide can cause various

status.! However,

electrolyte disturbances, including hypokalemia and
hypomagnesemia.? In patients with acute heart failure,
hypokalemia may lead to serious consequences such as
arrhythmias, muscle weakness, and increased mortality.3

Hypokalemia is generally defined as a serum potassium
concentration <3.5 mmol/L.* The relationship between

serum potassium levels and morbidity or mortality
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follows a U-shaped curve.” According to Ziying Lin et al.,
hypokalemia occurs in up to 21% of hospitalized patients,
and in up to 56% when diuretics are used, depending on
type and dose. Risk factors include higher diuretic doses,
female sex, and use of multiple diuretics. The use of
angiotensin-converting enzyme inhibitors, angiotensin ||
receptor blockers, or angiotensin receptor-neprilysin
inhibitors is associated with a decreased risk of hypokalemia
among individuals who use diuretics.’®

A study by Aimbudlop et al. identified additional
factors associated with hypokalemia following furosemide
administration, including reduced glomerular filtration
rate, urine output >2 mL/kg/hour, furosemide dose >1.5
mg/kg, and low serum albumin.” To date, there has been
no study of a clinical prediction model for hypokalemia
following furosemide treatment in acute decompensated
heart failure (ADHF). This study aims to address the
knowledge gap by identifying key predictors of
hypokalemia, developing a risk stratification model, and

providing a framework to guide preventive strategies.

Material and methods

Study Population

This retrospective case-control study included
hospitalized patients with ADHF who received intravenous
furosemide. Data were collected from the medical records
of patients admitted to Police General Hospital between
2017 and 2024. Patients with ADHF were identified using
International Classification of Diseases (ICD-10) codes. The
study was approved by the Ethics Committee of Police
General Hospital, which granted a waiver of informed
consent.

Eligible patients were >18 years old and had received
at least 40 mg of intravenous furosemide within 24
hours of admission. Additional inclusion criteria were an
estimated glomerular filtration rate (eGFR) of > 30 mL/
min/1.73 m? and a baseline serum potassium level
between 3.5 — 4.5 mEg/L. Exclusion criteria included
hemodynamic instability, concomitant or immediate
(within 6 hours) use of oral potassium supplements, use
of another diuretic with furosemide, and conditions

affecting serum potassium levels (e.g., renal tubular

acidosis, hyperaldosteronism, thyrotoxicosis, Bartter
syndrome, Gitelman syndrome). Patients with
conditions that increase serum potassium levels (e.g.,
hypoaldosteronism, obstructive uropathy, rhabdomyolysis,
hemolysis, tumor lysis syndrome) or those undergoing
kidney transplantation were also excluded.

Outcomes

The outcome was to develop a clinical prediction
model for hypokalemia in hospitalized patients with
ADHF after receiving intravenous furosemide and to
validate the model internally using the data from the
same hospital.

Data collection

Baseline demographic data were collected.
Baseline laboratory results were obtained prior to
the administration of furosemide. During hospitalization,
urine output, furosemide dosage, follow-up laboratory
results, and length of stay were recorded.

Development of Clinical Prediction Model

The dataset was divided into two parts. Predictors of
hypokalemia (defined as serum potassium <3.5 mmol/L)
were initially identified to construct the model. The
model’s predictive performance was tested after
furosemide administration.

Sample size calculation

The sample size was calculated based on the study
by Aimbudlop K et al.”, which reported a 28.86%
incidence of hypokalemia in patients with acute heart
failure treated with furosemide. Using a one-proportion
formula, the required sample size was estimated at 495
patients.’

Statistical Analysis

Continuous variables were summarized as the median
with interquartile range (IQR) or as the mean + standard
deviation (SD), while categorical variables were presented
as frequencies. Group comparisons were performed
using the Chi-square test or Fisher’s exact test for
categorical variables, and the Wilcoxon rank-sum test
or independent t-test for continuous variables.

Univariable and multivariable logistic regression
analyses were conducted to identify predictors of

hypokalemia. Multicollinearity was checked using
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variance inflation factors. Variables with p <0.20 in
univariable analysis were entered into the multivariable
model using forward stepwise selection. Only variables
with p <0.05 were retained. A p-value <0.05 was
considered statistically significant.

The clinical prediction model was developed by
calculating correlation coefficients and likelihood ratios
using a multivariable logistic regression model. Model
performance was assessed with the Hosmer-Lemeshow
goodness-of-fit test, Bayesian Information Criterion (BIC),
Akaike Information Criterion (AIC), observed-to-expected

(O/E) ratio, and the area under the receiver operat-

ing characteristic curve (AUC). Internal validation was
performed. All statistical analyses were conducted using
SPSS version 26.

Results

Seven hundred patients with ADHF who were hospital-
ized were identified. A total of 190 patients were excluded,
resulting in 510 patients included in the final analysis.
Among these patients, 143 patients had hypokalemia,
and 367 patients were normokalemic. The study flow

diagram is depicted in Figure 1.

Medical record of adults =18 years with ADHF diagnosis ICD-10 150.0 to 150.9
During January 2017 - December 2024 were screened (n = 700)

Excluded, (n = 190)

139 received potassium before furosemide administration
46 received other diuretics

5 hemodynamic instabilities

Y

Adults 218 years with ADHF and treated with furosemide administration were
included for analysis (n = 510)

\

Baseline characteristics (age, gender, body weight, body mass index, systolic blood pressure,
diastolic blood pressure, heart rate, left ventricular ejection fraction)
Coexisting condition
Laboratory before furosemide administration

/\

Hypokalemia (n=143)

Normokalemia (n=367)

Figure 1 Study flow diagram of patients

Baseline demographic and laboratory data of all
patients, categorized by normokalemia/hypokalemia
status, are shown in Table 1. Patients in the hypokalemia
group showed a lower percentage of males, as well as
lower body weight, body mass index, baseline serum

potassium, and magnesium levels. Additionally, the

hypokalemic group showed higher baseline serum
albumin levels and received higher doses of spironolactone.
The remaining demographic and laboratory data were
equivalent between the hypokalemic and normokalemic

groups.
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Table 1 Baseline demographic and laboratory data of all patients

All patients

Normokalemia

Hypokalemia

Parameters N < 510 N = 367 N < 143 P-value
Age, years 59.8+16.0 59.4+15.8 61.0+16.6 0.320
Male sex, n (%) 274 (53.7) 216 (58.9) 58 (40.6) <0.001
Body weight, kg 68.0+16.6 69.9+16.3 63.2+16.5 <0.001
Body mass index, ke/m’ 25.4+4.7 25.7+4.6 24.5+4.8 0.010
Systolic BP, mmHg 142.2+24.2 142.8+24.5 140.6+23.4 0.362
Diastolic BP, mmHg 74.8+16.5 75.3+£17.0 73.7£15.2 0.341
Heart rate, beats/minute 81.6+18.5 82.1+£19.1 80.5+17.1 0.396
Left ventricular EF, % 51.6+£15.8 51.8£15.7 51.3t16.2 0.758
Comorbidities (n/%)
Hypertension 274 (53.7) 199 (54.2) 75 (52.4) 0.718
Diabetes mellitus 112 (22.0) 79 (21.5) 33(23.1) 0.704
Cerebrovascular disease 72 (14.1) 49 (13.4) 23 (16.1) 0.426
Heart failure with reduced EF 175 (34.3) 117 (31.9) 58 (40.6) 0.064
Coronary artery disease 184 (36.1) 132 (36.0) 52 (36.4) 0.933
Atrial fibrillation 87 (17.1) 60 (16.3) 27 (18.9) 0.495
Chronic kidney disease stage 3 218 (42.7) 156 (42.5) 62 (43.4) 0.862
Peripheral arterial disease 42 (8.2) 33(9.0) 9 (6.3) 0.319
Medications (n/%)
Oral Furosemide 205 (40.2) 141 (38.4) 64 (44.8) 0.190
Oral furosemide dose equivalent 40.0 40.0 40.0 1.000
(mg/24 hours) (20.0, 40.0) (20.0, 40.0) 20.0, 70.0)
Spironolactone 85 (16.7) 67 (18.3) 18 (12.6) 0.123
Spironolactone dose equivalent 12.5 25.0 12.5 <0.001
(mg/24 hours) (12.5, 25.0) (12.5, 25.0) (12.5, 12.5)
ACEI/ARB/ARNI 219 (42.9) 158 (43.1) 61 (42.7) 0.936
Digoxin 22 (4.3) 15(4.1) 7(4.9) 0.687
Beta blocker 217 (42.5) 155 (42.2) 62 (43.4) 0.818
Insulin 30 (5.9) 24 (6.5) 6 (4.2) 0.312
Beta-agonist 20 (3.9) 15 (4.1) 5(3.5) 0.758
SGLT2 inhibitor 39 (7.6) 27 (7.4) 12 (8.4) 0.693
Thiazides 2(0.4) 1(0.3) 1(0.7) 0.483
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Table 1 Baseline demographic and laboratory data of all patients (continued)

Parameters All patients Normokalemia Hypokalemia ‘
N = 510 N = 367 N = 143
Laboratory data
Creatinine, mg/dL 1.2+0.3 1.2+0.3 1.2+0.3 0.487
eGFR, mL/min/1.73m’ 62.9+20.8 62.8+20.6 63.2+21.4 0.844
Sodium, mmol/L 135.0+6.0 135.0+6.3 135.1+5.0 0.963
Potassium, mmol/L 3.9+0.3 3.9+0.3 3.8+0.2 <0.001
Potassium <4 mmol/L, n (%) 350 (68.6) 237 (67.6) 113 (79.0) 0.002
Bicarbonate, mmol/L 22.9+38 23.1+3.7 22.3+3.8 0.044
Magnesium, mg/dL 1.940.3 2.0+0.3 1.7+0.3 <0.001
Hypomagnesemia*, n (%) 58 (11.4) 18 (4.9) 40 (27.2) <0.001
Calcium, mg/dL 8.9+0.6 8.9+0.6 8.8+0.6 0.551
Phosphate, mg/dL 3.3£0.9 3.3£0.9 3.3£0.9 0.317
Albumin, g/dL 3.4+0.5 3.4+0.5 3.5+0.4 0.002
Hemoglobin, g¢/dL 11.8+1.8 11.8+1.7 11.7+2.0 0.641

BP, blood pressure; EF, ejection fraction; ACEIl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor
blocker; ARNI, angiotensin receptor neprilysin inhibitor; SGLT2, type 2 sodium-glucose transporter; eGFR, estimated

glomerular filtration rate. *serum magnesium <1.6 meg/dL

Table 2 illustrates biochemical parameters after the  greater reduction in systolic blood pressure, a higher
treatment with intravenous furosemide. The hypokalemia  furosemide dose, and urine output, as well as a longer

group showed lower serum bicarbonate levels, a hospital stay.

Table 2 Biochemical parameters after the treatment with intravenous furosemide

Parameters P-value

N = 367 N =143

Normokalemia Hypokalemia ‘

Laboratory data

Creatinine, mg/dL 1.2+0.3 1.2+0.3 1.2+0.3 0.766
eGFR, mL/min/1.73m? 61.9+19.7 61.7£19.5 62.5+20.2 0.688
Sodium, mmol/L 136.6£5.0 136.7£5.3 136.3+4.2 0.349
Potassium, mmol/L 3.6+0.3 3.8+0.2 3.2+0.2 <0.001
Bicarbonate, mmol/L 24.3+3.8 24.6+3.8 23.8+3.7 0.044

Decrease in serum potassium >15%

from baseline, n (%) 103 (20.2) 20 (5.5) 83 (58.0) <0.001

Decrease in systolic BP from baseline,

12.4+8.3 11.8+7.6 13.9+9.7 0.010
mmHg
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Table 2 Biochemical parameters after the treatment with intravenous furosemide (continued)

N . H .
Parameters ormokalemia ypokalemia pvalue
N = 367 N = 143
Furosemide dose
Total dose, mg/day 80.0 80.0 120.0
<0.001
(40.0, 120.0) (40.0, 80.0) (80.0, 160.0)
Dose/ke of body weight/day, 1.20 1.00 1.80 <0.001
me/ke/day (0.70, 1.70) (0.67, 1.40) (1.30, 2.10) ’
D kg of bod ight/d 1.5
ose/kg of body weight/day > 185 (36.3) 84 (22.9) 101 (70.6) <0.001
mg/kg/day, n (%)
Urine output
24-hour urine output, ml 2630 2480 3450
<0.001
(2170, 3200) (2110, 2850) (2810, 3800)
Uri tout >2 ke of bod
fine output >2 ml/kg of body 168 (32.9) 74 (20.2) 94 (65.7) <0.001
weight/hour, n (%)
Length of stay, days 9.0 (6.0, 14.0) 8.0 (6.0, 13.0) 10.0 (7.0, 15.0) 0.013

BP, blood pressure; eGFR, estimated glomerular filtration rate

The predictive risk factors for hypokalemia as  the multivariate model. Serum potassium <4 mmol/L,
determined by univariable and multivariable logistic =~ serum albumin >3.5 ¢/dL, no prior spironolactone use,
regression are presented in Table 3. Variables with  hypomagnesemia,andintravenousfurosemidedose >1.5mg/

p-value <0.2 from Tables 1 and 2 were included in  kg/day were independent predictors of hypokalemia.

Table 3 Logistic regression analysis of predictive factors for hypokalemia

Factors Univariable analysis Multivariable analysis
95% ClI 95% ClI

Baseline serum potassium <4 mmol/l 2.24 1.27 -3.93 0.005 2.26 1.15 - 4.45 0.018
Baseline serum albumin >3.5 ¢/dL 1.95 1.22 -3.11 0.005 2.29 1.27 -4.11 0.006
No prior use of spironolactone 1.59 0.80 - 3.16 0.183 2.79 1.20 - 6.48 0.017
Baseline hypomagnesemia 7.11 4.25-11.89 | <0.001 5.44 3.01-9.81 <0.001
Furosemide dose >1.5 mg/kg/day 8.21 4.86 - 13.86 | <0.001 7.79 4.27 - 14.21 | <0.001
BMI 0.96 0.90 - 1.01 0.108

HFrEF 1.42 0.88 — 2.28 0.152

Male 0.51 0.25 - 1.05 0.068

OR, odds ratio; 95%Cl, 95% confidence interval.
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During the development phase of the clinical

prediction model, we employed a multivariable logistic

equation was represented as log-odds as shown in

Figure 2.

regression model as outlined in Table 4. The linear

Table 4 Multivariate logistic regression analysis in the development phase

Predictive risk factors ‘ Coefficients ‘ OR (95% ClI) ‘ P-value
Intercept -4.37 0.01 (0.004, 0.04) <0.001
Serum potassium <4 mmol/l 0.82 2.26 (1.15, 4.45) 0.018
Serum albumin >3.5 g/dl 1.69 2.29(1.27,4.11) 0.006
No prior use of spironolactone 2.05 2.79 (1.20, 6.48) 0.017
Hypomagnesemia 1.03 5.44 (3.01, 9.81) <0.001
Furosemide dose >1.5 mg/kg/day 0.83 7.79 (4.27, 14.21) <0.001

OR, odds ratio; 95%Cl, 95% confidence interval

In

P
1-P

Figure 2 The Coefficients Model

= -4.37 + 0.82 x Potassium + 1.69 x Hypomagnesemia + 2.05 x Furosemide dose
+ 1.03xAlbumin + 0.83 x Spironolactone

Potassium, serum potassium <4 mmol/; Furosemide dose, furosemide dose >1.5 mg/kg/day; Albumin, Albumin

>3.5 g/dL; spironolactone, No prior use of spironolactone

The odds ratio score for individual predictive factors
is as follows: serum potassium <4 mmol/l = 2 points,
serum albumin >3.5 ¢/dL = 2 points, no prior use of
spironolactone = 3 points, hypomagnesemia = 5 points,
intravenous furosemide dosage >1.5 mg/kg/day = 8 points,
and patients with no risk factors as defined individually
= 1 point for each factor. The cut-off scores were
established using the likelihood ratio, sensitivity, specificity,
positive predictive value, and negative predictive value
as shown in Table 5. The score ranged from 5 to 20,
with higher scores indicating a greater likelihood of

hypokalemia. The score is divided into three categories:

low probability of hypokalemia (5 - 9), intermediate
probability (10 — 14), and high probability (15 - 20).

The Hosmer-Lemeshow test was conducted to
evaluate the goodness of fit, yielding a p-value of 0.287
for the model in the development phase. The areas
under the curve of the clinical prediction model during
the development and internal validation phases were
0.84 and 0.79, respectively (Table 6). To assess the
performance of the prediction model, a receiver
operating characteristic (ROC) curve was generated
(Figure 3).
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Table 5 The cut-off scores in the development phase

Cut-off score Sensitivity Specificity
> 6 1.0 100.0 2.4 29.4 100.0
> 10 2.3 83.2 63.1 ar.7 90.2
> 15 a7 67.3 85.5 65.4 86.6
> 17 11.0 48.5 95.6 81.7 82.1

LR, likelihood ratio; PPV, positive predictive value; NPV, negative predictive value

Table 6 Performance of risk prediction model in development and internal validation

HL-GOF (df
Models AUC (95% Cl) iy O/E Median (IQR) BIC/AIC
P-value
0.842 5.00 (3) 1.01
Devel t 328.73/305.58
evetopmen (0.795, 0.889) 0.287 (0.94, 1.13) /
0.793 293 (3) 101
e avaldati 151.60/145.49
frEernal vatigation (0.705, 0.880) 0.403 (0.98, 1.08) 4

AUC, area under the curve; 95%Cl, 95% confidence interval; HL-GOF, Hosmer and Lemeshow goodness of fit; BIC,

Schwarz’s Bayesian Information Criterion; AIC, Akaike Information Criteria

1.00 + 1.00
0.75 — 0.75
2 2
= 2
= 0.50 = 0.504
C C
9] 0]
wv) [Vp]
0.25 0.25
0.00 0.00
T T T T T T T T T T
0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00
1-specificity 1-specificity
Area under ROC curve=0.8417 Area under ROC curve=0.7927

Figure 3 Performance Assessment Using ROC Curve in Development and Validation Phases

ROC, Receiver Operating Characteristic curve
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Discussion

The present study developed a clinical prediction
score to evaluate the risk of hypokalemia in hospitalized
patients with ADHF receiving intravenous furosemide
treatment. The key predictors included serum potassium
<4 mmol/L, serum albumin >3.5 g/dL, serum magnesium
<1.6 mg/dL, no prior use of spironolactone, and
furosemide doses exceeding 1.5 mg/kg/day. A scoring
system was developed based on these predictors in
order to help identify patients at an increased risk of
developing hypokalemia.

The present study revealed that an intravenous
furosemide dose >1.5 mg/kg/day was significantly
associated with hypokalemic incidents. According to
findings in the retrospective study in outpatient stable
heart failure patients by Kapelios CJ et al., patients who
received a higher dose of furosemide (>80 mg/day) were
more likely to develop hypokalemia during the follow-up
compared to those who received a lower dose (<80 mg/
day) (43.1% vs 6.5%, p<0.001).” Furthermore, the
hypokalemia group showed a total urine output over
24 hours following furosemide administration that was
significantly higher than that of the normokalemia group
(3,450 ml vs 2,480 ml, p<0.001).

Hypomagnesemia increases renal potassium excretion,
thereby worsening hypokalemia.”” Magnesium typically
inhibits Renal Outer Medullary Potassium (ROMK)
channels in the distal nephron; when magnesium levels
are deficient, this inhibition is removed, resulting in
increased potassium excretion in the urine. Consequently,
hypokalemia associated with hypomagnesemia often
proves resistant to potassium supplementation alone,
necessitating magnesium correction to restore normal
potassium levels."

In the present study, a serum albumin >3.5 ¢/dL
was associated with an increased risk of hypokalemia.
Furosemide is highly protein-bound, particularly to
albumin; therefore, with increased availability of albumin,
the transport of furosemide to the thick ascending limb
of the loop of Henle is increased, thereby enhancing its
natriuretic and kaliuretic effects.”

Using data from the EMPHASIS-HF trial, Vardeny et al.

investigated whether spironolactone could reduce the
incidence of hypokalemia in heart failure patients who
were taking loop diuretics. The analysis included 2,737
patients who had heart failure with reduced ejection
fraction. Patients who received spironolactone showed
a significantly lower incidence of hypokalemia (serum
potassium level <3.5 mmol/L) compared to the placebo
group (7.2% vs. 18.9%, P <0.001).This results in a relative
risk reduction of approximately 62%." The protective
effect of spironolactone on hypokalemia was most
pronounced among patients who received loop
diuretics." The strategic inclusion of spironolactone in
the pharmacologic management of heart failure,
particularly for patients receiving high-dose loop
diuretics, is supported by these findings.

A previous study by Kieneker LM et al. investigating
the risk of hypokalemia in ADHF patients receiving loop
diuretics revealed that patients with a baseline serum
potassium between 3.5 - 3.9 mmol/L were more likely to
develop hypokalemia than those with serum potassium
between 4.0 - 4.4 mmol/L, emphasizing the importance
of monitoring serum electrolytes during the treatment of
ADHF with diuretics. This may be essential for the
prevention of complications, including arrhythmias,
muscle paralysis, and progressive heart failure.”” The
clinical relevance of maintaining optimal potassium
levels to prevent adverse outcomes associated with
hypokalemia is further shown by the study’s focus on a
specific and high-risk population.'®

The strength of this study lies in the development of
the first clinical prediction model for hypokalemic risk
in hospitalized patients with ADHF following furosemide
administration. The limitations include its retrospective
design and single-center focus, as well as the lack of
external validation. Potential confounders, such as
dietary potassium intake, medication adherence, and
genetic factors, have not been taken into account,
which could impact the risk of hypokalemia. The study
examined immediate post-treatment hypokalemia;
however, it did not assess long-term clinical outcomes,

including rehospitalization and mortality.
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Conclusions

The clinical prediction model provides a practical tool

for estimating the risk of hypokalemia in hospitalized ADHF

patients. Utilizing this scoring system has the potential

to reduce adverse events related to hypokalemia. Future

studies are needed to validate the prediction model

across various populations and to examine the effects

of risk-stratification-based interventions on patient

outcomes.
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Soluble Vascular Cell Adhesion Molecule as
a Predictor of Arteriovenous Fistula Maturation:
A Pilot Study
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Abstract

Background: Predicting arteriovenous fistula (AVF) maturation in patients with end-stage kidney disease remains
challenging. Soluble vascular cell adhesion molecule (sVCAM) is involved in vascular remodeling, but its predictive
value is not well established. This study evaluated whether sVCAM levels can predict AVF maturation 8 weeks after
creation.

Methods: In this prospective pilot diagnostic study, 19 patients undergoing AVF creation were enrolled. sVCAM
levels were measured preoperatively and 4 weeks postoperatively. AVF maturation was assessed at 8 weeks using
ultrasonographic criteria.

Results: Twelve patients (63%) achieved AVF maturation. Those with mature AVFs had significantly higher baseline
sVCAM levels than those without maturation (1505.9+383.1 vs. 1029.9+378.3 ng/mL, p = 0.018). The percentage
change in sVCAM levels also differed significantly between groups (mature: —6.6+35.8% vs. non-mature: +19.4+10.8%,
p = 0.035). A baseline sVCAM threshold of 2985.9 ng/mL yielded 100% sensitivity and 71.4% specificity for predicting
AVF maturation (AUC = 0.845, 95% Cl: 0.632-1.000). Combining sVCAM levels with clinical parameters, including
age <73 years and BMI <30 kg/m?, further improved predictive accuracy, achieving the highest AUC of 0.935
(95% Cl: 0.804-1.000).

Conclusions: Preoperative sVCAM level is a promising biomarker for predicting successful AVF maturation. Incorporating

clinical parameters alongside sVCAM further enhances predictive performance.
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Introduction as the modality of choice due to its superior longevity

Patients with end-stage kidney disease (ESKD) have  and significantly fewer complications. Vascular outward
several options for vascular access. The 2019 Kidney remodeling is necessary for AVF maturation following
Disease Outcomes Quality Initiative (KDOQI) clinical ~ AVF creation". Additionally, endothelial function in

practice guidelines designate arteriovenous fistula (AVF)  proliferating endothelial cells and pericytes is vital in
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vascular remodeling. In the early phase of AVF maturation,
soluble vascular cell adhesion molecule (sVCAM) interacts
with proteins called integrin a4f1 and consequently
promotes close intercellular adhesion between endo-
thelial cells and pericytes during vascular remodeling
and the neovascularization process™—however, sVCAM
level increases when AVF complication occurs in the late
phase™®. Hence, we hypothesized that sVCAM may predict
AVF maturation early after surgery.

AVF maturation rate generally varies between 20-60%
within approximately 4 to 8 weeks after creation’. According
to the literature review in Thailand, the AVF maturation
rate is 74.2-76.3% within 3 months after surgery®. Clinical
risk factors are integrated into the predictor model in
routine preoperative vascular assessment. For example,
the CAVeA2T2 score is applied in a clinical predictor
model for AVF maturation (Table 1)°. A score of at least
2 increases the risk of AVF non-maturation. However, the
models for fistula maturation have fair discrimination, as
indicated by the area under the receiver operating
characteristic curve of 0.68". There is still a lack of clinical
studies using biomarkers such as sVCAM to predict AVF
maturation. The present study offers an opportunity to
investigate sVCAM levels as a predictor of AVF maturation,
potentially establishing a preoperative predictive model

for successful AVF development.

Table 1 CAVeA2T2 Score

Factors ‘ Score

History of the central venous catheter placement | 1
Age >73 years 1
Venous diameter <2.2 millimeters 1
History of vascular repair 2
Abnormal physical examination 2
Total score 7

Modified from Martinez LI, Esteve V, Yeste M, Artigas V,
Llagostera S. Clinical Utility of a New Predicting Score for
Radiocephalic Arteriovenous Fistula Survival. Ann Vasc
Surg. 2017 May; 41:56-61.°

Methods

Study participants

We conducted a prospective pilot diagnostic study at
Phramongkutklao Hospital from July to December 2024.
The eligible patients were 20 years or older and had been
diagnosed with ESKD and were scheduled for AVF creation.
The exclusion criteria were patients with active infection,
autoimmune diseases, malignancies, liver dysfunction, or
unwilling to participate. The trial was approved by the
Ethics Committee of the Institute Review Board at the
Royal Thai Army (code: R087h/67)

Outcomes

The primary outcome was the area under the curve
(AUQ) of sVCAM level at baseline and the postoperative
change of sVCAM at 4 weeks to predict AVF maturation
8 weeks after surgery. The secondary outcome was the
identification of prognostic factors associated with AVF
maturation. Hemodynamic maturation of AVF was defined
as a blood flow rate =500 mL/min and a vessel diameter
>5 mm at 8 weeks after the operation”"".

Data collection

All participants had a comprehensive medical
history review to document baseline characteristics,
including demographic parameters such as sex, age, BMI,
hypertension, dyslipidemia, tobacco use, cardiovascular
disease, cerebrovascular disease, and peripheral arterial
disease. Also, preoperative ultrasound evaluation was
performed, and the AVF site was marked.

Blood samples were collected from the contralateral
forearm to the AVF site for sVCAM, complete blood count,
fasting blood glucose, hemoglobin A1C, lipid profile, blood
urea nitrogen, creatinine, and electrolytes.

Analysis of soluble vascular cell adhesion molecule
levels

Soluble VCAM levels were analyzed at baseline and
4 weeks postoperatively. Unclotted blood samples were
processed and maintained at 4°C, centrifuged at 3000 rpm,
andthe plasma supernatant was stored at-80°C until analysis.
Plasma sVCAM levels were analyzed via quantitative
sandwich enzyme-linked immunosorbent assay (ELISA)
(Quantikine® ELISA Human VCAM-1/CD106 Immunoassay
from Bio-Techne China Company Limited, Shanghai, China)
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Sample size calculation

Using a maturation prevalence of 50% (20-60%)"°
and a sensitivity of 80% (76-85%)"'® with a two-tailed
type 1 error (&) 0.05 and 80% power, the calculated
sample size was 31.

Statistical analysis

Continuous variables were represented as means with
standard deviations. Comparison of sVCAM levels between
the two groups was analyzed using unpaired t-tests.
Categorical variables were demonstrated as percentages
and compared using Fisher’s exact tests. The receiver
operating characteristic curve (ROC) was used to determine
the predictors of AVF maturation. Univariate and

multivariate logistic regression analyses were employed

to investigate the relationships between baseline
factors and AVF maturation. Statistical analyses were
performed using STATA version 17, and p<0.05 was

considered statistically significant.

Results

Between July 2024 and December 2024, 26 patients
underwent AVF creation surgery. Three patients were
excluded from the study: one due to active infection,
and the other two were unwilling to participate. At the
end of the study, 19 of the 23 eligible patients remained
in the study because three patients postponed surgery
and one patient withdrew from the study. After 8 weeks
of follow-up, AVF matured in 12 of 19 patients (63%).

ESKD patients planned for first AVF (N=26)

A

Exclude active infection (1)
and not willing to participate (2)

4

Eligible patients (N =23)

A

Withhold/postpone operation (3)
Withdrawn from study (1)

4

Remain pati

ents (N =19)

Mature AVF (N =12)

Figure 1 Study Flow Diagram

ESKD, end-stage kidney disease; AVF, arteriovenous filstua

The baseline characteristics of all patients are
presented in Table 2. Patients with mature AVFs tended to
be older and had a lower BMI than those with non-mature
AVFs; however, these differences did not reach statistical
significance. Both groups had similar demographic

data and comorbidities. The dialysis vintage, history of

Non-mature AVF (N =7)

central venous catheter use, and CAVeA2T2 scores were
comparable between groups. The mean arterial and
venous diameters were largely similar between mature
and non-mature groups. No significant differences were

observed in the laboratory data.
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Table 2 Baseline demographic and laboratory data of all patients

Characteristics

Mature group

Non-mature group

All patients

(n=12) (n=7) (GENL))
Age 62.25+14.57 49.29+16.02 57.47+16.02 0.089
Sex
Male 11 (91.7%) 4 (57.1%) 15 (78.9%) 0.117
Female 1 (8.3%) 3 (42.9%) 4 (21.1%) 0.117
BMI (kg/m?) 25.03+4.9 29.47+5.68 26.67+5.5 0.090
Types of arteriovenous fistula
Radiocephalic 5(41.7%) 5(71.4%)
Brachiocephalic 7 (59.3%) 2 (28.6%)
Underlying diseases
Diabetes mellitus 5(41.7%) 4 (57.1%) 9 (47.4%) 0.650
Hypertension 12 (100%) 7 (100%) 19 (100%) NA
Dyslipidemia 9 (75%) 6 (85.7%) 15 (78.9%) 1
Smoking 1 (8.3%) 2 (28.6%) 3 (15.8%) 0.523
Cardiovascular disease 3 (25%) 0 (0%) 3 (15.8%) 0.263
Stroke 1 (8.3%) 2 (28.6%) 3 (15.8%) 0.523
Dialysis Vintage (months) 8.67+£9.86 12.14+21.48 9.95+14.7 0.633
History of CVC placement 7 (58.3%) 4 (57.1%) 11 (57.9%) 1
History of vascular repair 0 (0%) 0 (0%) 0 (0%) NA
CAVeA2T2 score
0 2 (16.7%) 2 (28.6%) 4 (21.1%) 0.603
1 6 (50%) 3 (42.9%) 9 (47.4%) 1
2 4 (33.3%) 2 (28.6%) 6 (31.6%) 1
Arterial diameter (mm) 3.6+1.22 4.07+1.1 3.77+1.17 0.412
Venous diameter (mm) 2.6+0.66 2.89+0.7 2.71+0.67 0.386
Labs
Hemoglobin (g/dl) 10.87+1.5 10.19+1.88 10.62+1.63 0.396
Platelets (x 10°cells/mm?) 245.8+50.1 268+55.8 254+51.9 0.383
Calcium (mg/dL) 9.18+0.74 8.95+1.04 9.1+0.84 0.566
Phosphate (mg/dL) 5.18+1.61 4.86+1.73 5.06+1.61 0.692
Magnesium (mg/dL) 2.1+0.29 1.96+0.28 2.05+0.29 0.309
Intact-PTH (pg/mL) 312.1+243.9 535.7+467.6 394.5+348.6 0.185
25-0OH-D (ng/mL) 39.37+£20.39 37.71+£20.56 38.76+£19.89 0.866
FPG (meg/dL) 133.9+74.4 90.24+13 117.8+62.5 0.147
Hemoglobin Alc (%) 6.67+2.21 5.93+1.21 6.39+1.9 0.429
LDL (mg/dL) 105.8+53.1 92.8+36.1 101+46.9 0.575
Triglycerides (mg/dL) 138.1+41.9 110.1£39.5 127.8+42.2 0.170
HDL (mg/dL) 45.22+9.66 47.63+11.48 46.11+10.11 0.631
Ferritin (ng/mL) 519.5+564.7 451.2+468.2 494.3+518.7 0.791
Transferrin saturation (%) 29.75+11.6 32.43+23.56 30.74+16.4 0.786

BMI, body mass index; CVC, central venous catheter, PTH, parathyroid hormone; 25-OH-D, 25-hydroxyvitamin D; FPG,
fasting plasma glucose; LDL, low-density lipoprotein; HDL, high-density lipoprotein
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As shown in Table 3, the group of patients with AVF
demonstrated significantly higher baseline sVCAM levels
compared to the group with non-mature AVFs (1505.9+
383.1 ng/mL vs. 1029.9+378.3 ng/mL, p = 0.018).
Interestingly, no significant difference was observed in
SVCAM levels at 4 weeks after the operation between
the two groups (1300.5+353.7 ng/mL vs. 1200.7+326.1
ng/mL, p = 0.550). There was a divergent pattem in the

percentage change of sVCAM between the two groups.

The group with mature AVF exhibited a mean decrease
of 6.6+35.8% in sVCAM levels, whereas the non-mature
group showed a significant increase of 19.4+10.8%
(p = 0.035). The absolute change in sVCAM showed a
mean decrease of -205.5£629.5 ng/mL in the mature
group compared to an increase of +170.7+93.0 ng/mL in
the non-mature group, although the difference did not

reach statistical significance (p = 0.065).

Table 3 Soluble vascular cell adhesion molecule levels in the mature and non-mature groups

Mature group

Non-mature group

Soluble VCAM (N=12) (N=T7) p-value
Baseline sVCAM levels (ng/mL) 1505.9+383.1 1029.9+378.3 0.018
SVCAM levels at 4 weeks (ng/mL) 1300.5+353.7 1200.7+326.1 0.550
Change of sVCAM levels at 4 weeks from baseline (ng/mL) -205.5+629.5 170.7+93.0 0.065
% Change of sVCAM levels 4 weeks from baseline -6.6+35.8 19.4+10.8 0.035

sVCAM, soluble vascular cell adhesion molecule

The performance of sVCAM level at baseline for
predicting AVF maturation at 8 weeks is illustrated in
Table 4 and Figure 2. The threshold value of >985.9
ng/mL demonstrated excellent 100% sensitivity and
71.4% specificity, yielding a favorable likelihood ratio (LR+)
of 3.5 for predicting AVF maturation. The area under the
receiver operating characteristic curve (AUC) was 0.845
(95% Cl: 0.632-1.000), indicating good discriminative

ability. The predictive performance further improved
when combining sVCAM at baseline with demographic and
clinical parameters. The combination of sVCAM with age
<73 years yielded an AUC of 0.893, and the combination
with BMI <30 kg/m? resulted in an AUC of 0.905. The highest
predictive accuracy was achieved when incorporating
BMI <30 kg/m? and age <73 years, yielding the highest
AUC of 0.935.

Table 4 Baseline soluble vascular cell adhesion molecule levels in predicting arteriovenous fistula maturation

Parameters Sensitivity Specificity LR+ 95% ClI
(%) (%)
SVCAM 2985.9 ng/mL 100 71.4 35 0.845 0.632-1.000
SVCAM with Age <73 years 100 71.4 3.5 0.893 0.726-1.000
sVCAM with BMI <30 kg/m’ 100 71.4 3.5 0.905 0.732-1.000
SVCAM with BMI <30 kg/m”and age <73 years 100 71.4 3.5 0.935 0.804-1.000

sVCAM, soluble vascular cell adhesion molecules; BMI, body mass index; AUC, area under the curve; LR+, positive

likelihood ratio; Cl, confidence interval
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Figure 2 Receiver operating characteristic curve of baseline soluble vascular cell adhesion molecule levels in predict-
ing arteriovenous fistula maturation

VCAM, vascular cell adhesion molecule; BMI, body mass index

Univariate and Multivariate Logistic Regression  percentage change in sVCAM from baseline, age, BMI,
Analysis venous diameter, and history of central venous catheter

Table 5 shows the results of univariate and multivariate ~ (CVC) insertion, were not significantly associated with
logistic regression analysis examining predictors of AVF  AVF maturation. In multivariate analysis, the significance
maturation. In the univariate analysis, baseline sVCAM  of baseline sVCAM levels was lost after adjusting for
levels demonstrated a statistically significant association  potential confounders.

with AVF maturation. While other factors, including

Table 5 Logistic regression analyses of factors predicting arteriovenous fistula maturation

Univariate Analysis Multivariate Analysis
Variables g
Adjusted
95% ClI P-value JCU)SR . 95% ClI P-value

Baseline sVCAM levels 1.004 1.000 - 1.008 0.049 1.01 1.00 - 1.01 0.297
% Change in sVCAM levels at 0.958 0.91-1.01 0.126 1.01 0.92-1.09 0.973
4 weeks from baseline

Age 1.06 0.99-1.14 0.097 1.09 097 -1.22 0.131
Body mass index 0.85 0.69 - 1.03 0.101 0.85 0.64-1.14 0.288
Venous diameter < 2.2 mm 1.25 0.16 — 9.54 0.830 1.11 0.05 - 25.15 0.946
History of CVC insertion 1.05 0.16 - 6.92 0.960 2.42 0.09 - 68.25 0.605

sVCAM, soluble vascular cell adhesion molecules; CVC, central venous catheter; OR, odds ratio; Cl, confidence interval
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Discussion

The present study demonstrated that preoperative
sVCAM levels provided good predictive value for
maturation of AVF 8 weeks after the creation. The group
of patients with mature AVF showed significantly higher
preoperative sVCAM levels. Soluble VCAM levels >985.9
ng/mL demonstrated 100% sensitivity and 71.4% specificity
in predicting maturation of the AVF. Combining baseline
SVCAM levels with clinical parameters, including BMI <30
kg/m? and age <73 years, yielded the highest AUC in
predicting AVF maturation.

In the early phase after surgery, substantial blood flow
through the new AVF generates shear stress. The endothelial
cells exposed to shear stress secrete cytokines, creating
a pro-inflammatory environment. This process is called
the inflammation infiltration process, which is beneficial
to AVF in the early maturation phase because it promotes
vascular outward remodeling to accommodate high blood
flow'. In depth, sVCAM-1 regulates JunB-mediated IL-8/
CXCL1 expression, resulting in neovascularization'. This
explains the association between higher baseline
sVCAM levels and AVF maturation after surgery. The
preoperative sVCAM level was a good predictor of AVF
maturation at 8 weeks, with an AUC of 0.85. Moreover,
combining baseline sVCAM with other clinical parameters,
such as BMI and age, increased the AUC to 0.94. This level
of accuracy is similar to the previous study that used direct
postoperative flow measurement of AVF to predict AVF
maturation'®. Therefore, preoperative sVCAM level can
be a promising predictive marker for AVF maturation. In
addition, preoperative sVCAM level can also be helpful
in early risk stratification, which may aid physicians in
optimizing the management of AV access in ESKD patients,
in conjunction with the standard of care.

The present study demonstrated reduced sVCAM
levels in patients with mature AVF, whereas the levels
increased in the non-mature AVF group. It is possible
that, later after surgery, the initial inflammatory process
subsides. Still, if endothelial cells are exposed to a
prolonged toxic environment or persistent inflammation,
the endothelial-mesenchymal transition can occur.

Released cytokines, such as platelet-derived growth

factor (PDGF) and tumor growth factor B (TGF-p), activate
the phenotypic switching of vascular smooth muscle cells,
leading to neointimal hyperplasia'®. Additionally, they
induce inward vascular remodeling, which can lead to AVF
stenosis. Therefore, a substantial increase in sSVCAM level
at 4 weeks post-operation is an early dynamic indicator
to guide early vascular intervention.

The major limitation of this study is the small popu-
lation. Additionally, confounders to sVCAM level, such
as subclinical inflammation and thrombosis, were not

investigated or accounted for in this study.

Conclusion

Preoperative sVCAM level can be a promising
predictive marker for AVF maturation at 8 weeks post-
creation. Incorporating clinical parameters alongside
sVCAM further enhances predictive performance.
Postoperative change in sVCAM level may serve as a dynamic
indicator to predict AVF maturation and help guide early

vascular intervention strategies.
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