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Hyponatremia Due to Cerebral Salt Wasting in
Central Nervous System Disorders

Siriwan Sornseney, Bancha Satirapoj

Division of Nephrology, Department of Medicine, Phramongkutklao Hospital, Bangkok, Thailand

Abstract

Hyponatremia is a common electrolyte imbalance observed in patients with central nervous system disorders.
The majority of cases result from the syndrome of inappropriate secretion of antidiuretic hormone (SIADH) and
cerebral salt wasting (CSW). Distinguishing between CSW and SIADH is crucial due to their distinct treatment
strategies. CSW is characterized by hyponatremia and extracellular fluid depletion due to inappropriate sodium
wasting in the urine due to brain injury, which leads to the release of brain natriuretic peptide along with
decreased sympathetic nervous system activity. This results in hypovolemia, which in turn stimulates ADH. Clinical
and laboratory findings indicating dehydration, such as hypotension, decreased skin turgor, and hemoconcentration,
help differentiate CSW from SIADH, where extracellular fluid volume is slightly increased or normal. The treatment
of CSW involves administering adequate fluids and sodium to restore normal intravascular volume, along
with fludrocortisone to prevent further fluid loss. Appropriate and effective management of CSW is essential for
restoring fluid and electrolyte balance and reducing the risk of complications. This article reviews the current
mechanisms, diagnosis, and treatment of CSW.

Keywords: serum sodium; hypotonicity; osmolarity; hyponatremia; CNS; CKD; volume depletion
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Donor-Derived Infection in Kidney Transplant
Recipients
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Abstract

Donor-derived infections in kidney transplant recipients are a rare complication following kidney transplantation.
However, when it occurs, it can slow down recovery, increase the duration of treatment, raise medical costs, decrease
the patient’s quality of life, and may even be severe enough to lead to death. Diagnosing infections in donor kidney
transplant recipients requires cooperation among multiple agencies, including the agency that treated the donor
before death, the organ transplant center, and the receiving transplant unit. The diagnosis involves taking a medical
history, conducting physical exams, and performing laboratory tests to detect transmissible infections post-transplant,
such as human immunodeficiency virus, Hepatitis B virus, and Hepatitis C virus. This ensures that the donated organs

will cause the least harm to the transplant recipient and contribute to better post-transplant outcomes.
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Serologies for HIV, Hepatitis B, and Hepatitis C
CMV IgG

Epstein-Barr virus 1gG

HIV-1/2 antibody or HIV antigen/antibody assay

Hepatitis C NAT

Syphilis screening

Toxoplasma 1gG

Blood, urine, and sputum cultures

Hepatitis B surface antigen and core antibody; consider NAT

Nat, Nucleic acid test; HIV, human immunodeficiency virus; CMV, cytomegalovirus
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Serologic conversion

Serologic testing

Nucleic Acid Testing

Serologic Window
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Intradialytic Parenteral Nutrition
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Division of Nephrology, Department of Medicine, Faculty of Medicine Vajira Hospital, Navamindradhiraj University,
Bangkok, Thailand

Abstract

Patients with end-stage kidney disease undergoing hemodialysis are at an increased risk of morbidity and
mortality, which is closely associated with altered nutritional status and the development of protein-energy wasting.
Although nutritional counseling and oral nutritional supplements are primary interventions, they may not always be
sufficient to improve nutritional status. As a result, intradialytic parenteral nutrition (IDPN) has emerged as a promising
alternative to support nutritional needs. Although studies indicate that IDPN can improve nutritional parameters—such
as serum protein levels, body weight, and overall quality of life—robust evidence on clinical outcomes,
such as hospitalization or mortality, remains limited. This article aims to review the literature on IDPN, including
indications for use, outcomes, IDPN composition, and assessment of clinical response, to enhance utilization and

develop effective clinical recommendations to optimize nutritional support for hemodialysis patients.
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Obesity and the Kidneys: From Molecular
Mechanisms to Modern Treatments

Thitirat Supasil, Bancha Satirapoj

Division of Nephrology, Department of Medicine, Phramongkutklao Hospital, Bangkok, Thailand

Abstract

The rising global prevalence of obesity poses a significant public health challenge, strongly linked to cardiovascular

disease, kidney disease, and diabetes, collectively termed Cardiovascular-Kidney-Metabolic Syndrome (CKM). Obesity

contributes to progressive kidney damage, potentially leading to end-stage kidney disease, through mechanisms such

as obesity-related glomerulopathy, altered renal hemodynamics, adipokine dysregulation, lipotoxicity, and chronic

inflammation. Bariatric surgery, while highly effective for weight reduction and renoprotection, involves substantial

risks due to its invasive nature. This has spurred the development of anti-obesity medications and novel drugs

targeting glucagon-like peptide-1 receptors, offering safer, more effective options. Despite limited guidelines and

data on the renal benefits of these therapies for patients with chronic kidney disease, further research is crucial.
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Bariatric surgery

Roux-en-Y gastric bypass

Sleeve gastrectomy

J | L

. — Visceral fat

>

« Enhanced satiation

« Diet-induced thermogenesis

- | Adipocyte stress

« Restoration of adiponectin tone

« Debulking of perirenal and
renal sinus fat

Glucose

' g v ¥
‘u.-.

« Incretin effect

« } Hepatic glucose production
« 1 Peripheral insulin sensitivity
» Intestinal gluconeogenesis

« Intestinal glucose disposal

« Improved lipid status

« 4 Leptin and insulin

« } Sympathetic drive

« Direct natriuretic effects of GLP1
« 4 Neprilysin

- T ANP

« | RAAS activity

|
¥ Renal lipid accumulation and
lipotoxicity
} NLRP3 inflammasome
activation

1 Adiponectin
} Leptin

v

|

Maintenance of podocyte

integrity

¥ HT, RSNS activity and RAAS
activity

} Body weight

} Inflammation
} Fibrosis

Vv

3U17i 4 navpInsHdRnsEINzaMsLiteantmtin (bariatric surgery) slomsiastiunnigladey

AnLUadu191n Neil GD and Carel WR* wag Kevin Yau, Rachel Kuah, et al®and created with BioRender.com

GLP-1: Glucose-like peptide 1; ANP: Atrial natriuretic peptide; RAAS: Renin-angiotensin-aldosterone system; RSNS:
Renal sympathetic nerve system; GDF15: Growth differentiation factor 15
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Glucagon-Like Peptide-1 Receptor (GLP-1R)
wae Glucose-Dependent Insulinotropic Polypeptide
Receptor (GIPR)

GLP-1R - GIPR Lunilslunguen incretin-based lag
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M99 3 emsialun1sanUminngulutieengasie GLP-1 receptors fagluseninenisdnyd

Mechanisms

Indications

Studies

Phase

Daily oral GLP-1R agonist

receptor triple agonist

Orforglipron Nonpeptide Obesity | NCT5051579 Il Daily oral orforglipron was associated
glucagon-like with weight reduction. Adverse
peptide-1 (GLP-1) events reported with orforglipron
receptor agonist were similar to those with injectable

GLP-1 receptor agonists.”

GLP-1R-glucagon receptor dual agonist

Cotadutide GLP-1R-glucagon T2DM, |NCT04019561, I Reduced postprandial glucose

(MEDI0382) receptor dual NASH NCT03235050 control, body weight, and urine
agonist albumin to creatinine ratio observed

Bl 456906 GLP-1R-glucagon T2DM, | NCT04153929 Il In phase | studies, Bl 456906 induced
receptor dual agonist | obesity placebo-corrected body weight loss

of 13.8% at 16 weeks, highlighting
its potential to promote clinically
meaningful body weight loss in
people with overweight/obesity.*

Efinopegdutide | GLP-1R-glucagon NASH NCT04944992 Il Improved liver lipid content compared

(MK-6024) receptor dual agonist with the effect of semaglutide

Mazdutide GLP-1R-glucagon T2DM NCT05607680 11l Long-acting, synthetic peptide like

(IBI362) receptor dual agonist mammalian oxyntomodulin

GLP-1R-GIPR-glucagon receptor triple agonist

Efocipegtrutide |GLP-1R-GIPR-glucagon NASH NCT04505436 Il Single ascending dose study was

(HM15211) receptor triple agonist completed with safe and tolerable

profiles confirmed in individuals with
obesity

Retatrudide GLP-1R-GIPR-glucagon| T2DM, | NCT04143802 Il Clinically meaningful improvements

(LY3437943) receptor triple agonist| obesity in glycemic control and robust

reductions in body weight

SAR441255 GLP-1R-GIPR-glucagon | Obesity | NCT04521738 Demonstrated efficacy in mice and

cynomolgus monkeys in improving
metabolic parameters and reducing
body weight, and was superior to
GLP-1R-glucagon receptor dual
agonism
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M13°99 3 edinalunsantmlinnaulvifieengvssie GLP-1 receptors Nagluseninanisfine (se)

Mechanisms Indications Studies Phase
Other
Cagrilintide- GLP-1 RA-long-acting| T2DM, [NCT05394519 Il Cagrilintide has agonist effects on
semaglutide amylin analogue obesity amylin and calcitonin receptors;
combination the combination of cagrilintide and
semaglutide 2.4 mgwas well tolerated,
with greater weight loss than with
semaglutide alone
NNC0165-1875 + | GLP-1 RA-PYY T2DM, NCT04969939 | PYY exerts central effects on the Y2R
semaglutide analogue obesity to regulate food intake
AMG133 GLP-1 RA-GIPR T2DM,  |NCT04478708, Il Multiple ascending dose cohort
antagonist obesity | NCT05669599 achieved 14.5% weight loss at 12
weeks at the highest dose
QL1005 GLP-1-GDF15 Obesity Preclinical NA |In obese mice and cynomolgus
dual analogue studies monkeys, a dual GLP-1-GDF15
analogue improved metabolic
parameters, including reduction in
body weight, food intake, slucose
and triglycerides™

ARUUR9I970 Kevin Yau, Rachel Kuah, et al.”

GDF15: growth differentiation factor 15; GIP: glucose-dependent insulinotropic peptide; GLP-1: glucagon-like peptide-1;
GLP-1R: GLP-1 receptor; GLP-1 RA: GLP-1 receptor agonist; NA: not applicable; NASH: non-alcoholic steatohepatitis;
PYY: peptide YY; T2DM: type 2 diabetes mellitus; Y2R: neuropeptide Y receptor type 2.
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Obese

BMI =30 kg/m” or > 27.5 ke/m” for Asian

Nonobese

s BMI < 30 kg/m” or

< 7.5 kg/m’ for Asians

Class Ill Obese Class Il Obese Class | Obese
BMI > 40 kg/m? or BMI > 35-39.9 kg/m” or BMI > 30-34.9 kg/m? or
>37.5 kg/m? >32.5-37.4 kg/m” >27.5-32.4 kg/m’

for Asians for Asians for Asians

v

v

Lifestyle-based therapies and/or
anti-obesity medications

v

'

OR

Inadequate weight loss to control risk factors for
CKD or other outcomes

If weight is preventing kidney transplant

Vo N N

-~

Combination of lifestyle-
based therapies and anti-
obesity medications

Combination of lifestyle-based therapies
and anti-obesity medications

Lifestyle-based therapies
and/or anti-obesity
medications

Recommend Consider

bariatric surgery bariatric surgery treatment

Nonsurgical

JUN 5 wumansguasnvgUaelsalagesamidymlsadiu
AALUAI91A Allon NF, et al.”” and created with BioRender.com
BMI, body mass index
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Educational Levels and 6-Month Peritonitis
Risk in Peritoneal Dialysis Patients Along the
Thai-Cambodian Border

Thana Lertsuttimetta

Department of Medicine, Aranyaprathet Hospital, Sa Kaeo, Thailand

Abstract

Background: Peritonitis is a common complication of peritoneal dialysis (PD). This study explored whether
educational levels among patients and caregivers in rural areas of the Thai-Cambodian border influence the risk of
early peritonitis in incident PD patients.

Methods: This 10-year retrospective cohort study evaluated patients with end-stage kidney disease (ESKD) undergoing
PD at a clinic in Sa Kaeo Province, Thailand, along the Thai-Cambodian Border, between January 2016 and January 2026.
Results: Among 81 participants (mean age: 55.9 + 10.9 years), diabetic kidney disease was the leading cause of ESKD
(66.7%). Patients and their caregivers received education and training on PD from a multidisciplinary team before
being permitted to begin PD at home. Caregivers assisted with PD for 45.7% of patients. Regarding educational
attainment, 42.0% of patients and 35.5% of caregivers completed grades 1-4, while 21.0% of patients and 4% of
caregivers had no formal education. There were 10 peritonitis events and 3 deaths. Univariable and multivariable
analyses revealed no significant association between patient or caregiver educational levels and the incidence of
PD-associated peritonitis in the first 6 months.

Conclusion: Within this rural border network, the education levels of patients and caregivers showed no correlation

with the risk of peritonitis during the first 6 months after initiating PD.

Keywords: health literacy; renal replacement therapy; survival; death; RRT; multi-disciplinary team

Corresponding author: Thana Lertsuttimetta @ @@@
BY NC ND

Email: thl_ball@hotmail.com

All material is licensed under terms of
the Creative Commons Attribution 4.0

Received: 5 June 2026; Revised: 19 July 2026; Accepted: 26 July 2026 Inemationl (CC-BY-NC-ND 4.0
https.//doi.org/10.63555/jnst.2026.289244 fiense e otherwise stated

218 U Nephrol Soc Thail 2026; 32(3): 218-229 https://he01.tci-thaijo.org/index.php/JNST/index



Original Article J NST

svﬂummﬂmu,avmwLammam'swtﬂaumwm
fodaluszes 6 Hauusn Tumﬂmmqlmmwawm
uInanauaulng-nuwg

SUN LAAGNTIUAAT

NGuIIMeIYINTIU I5INeIVIaeTYUseina Faninassuni

UNAnge

unth: msfindeideydesiion (peritonitis) Wuameunsndouiinuliuosvesnisétslamisdesiion (peritoneal dialysis)
nsfnwiiiingUsrasdiiofinuinsefumsfinuuesitasuazauadwmanarudssdunininnnzbeytesiosinie
Tu 6 ouusn luftheilésumaddlameasiodluruundnuiuiivisuaulne-fms

sufuisise: msfnvidsdounduuuinaunduiiegns (Retrospective cohort study) szeeiaan 10 Bil vhnsUszidiu
fthelsnlndediazeraninedldsumadndlameasios m AdlineTernelsmerunauinasuaulne-fmyn Smiaaszud
FEMINUFBUNNTIAN W.A. 2559 DUFBUNNTIAN N.A. 2569

NAN3IVY: mnmjuﬁaa‘c’mﬁwm 81 97 (81g2A8 55.9 +10.9 T) wudﬂiﬂlmmmmmwmﬁummeﬁﬂmaﬂiﬂlméas”ﬁws
anvne (Feway 66.7) HUieuazdauarglasuniuiavnisiingewisnisandlaniavewiadlaeiuaivdnneusslasueuga
Trisumsdnlamavesiosiivuld filhesesas 457 Sdudesifpuatiodnslamsdestios fovar 42 voufthe uasiosas 355
yosfpuadnisansinusulszannu il 1-a luvsiifosas 21 vestheuasionay 4 vesfgualdldzunsinuluszuy
Tugasfammantsing 6 Wouwsnudadunisddlansosiosmuindiiiissiu 10 Mefindeydesiowinde way
ffeduiu 3 Tededin mﬁLﬂiwuﬁLL‘U‘UﬁaLLUiLﬁmLLaswmﬁaLLUihjwummﬁuﬁuﬁ‘aéwnﬁﬁaﬁﬂﬁwmaaﬁaizmwizﬁu
nsAnvesitienietguatunisindeludeytoiog

a9U: Tuiedothefuiivisuauruunusisd sedunsfnwesfiheussualifinnudniusivaudsdunnfnnnandey
Hosvivadniauly 6 Lieuusn

Adaey: 1nane; Wenlamedesvios; Wenle; dnsn1segsen; snsinsane

unii Auswondon lnslanefiisiiondvoglufiufivislnauas
HagtulsalaFesaduiymavaiifinnudidgms  fuflvsuey’ dagoulifiedslansdesiosialansiuou
nsassuguIzsulssme luuterdfsuulinelsaladess  Sovar 9 vesfUaedildunissnudiianaunulatimua’
dintudusiuumnluvssmalng msdrdlamsdostes 1wl wa 2567 Ussmdlnednsnufihedrdlamstossios
Wuismstiameunulafianunsevinlflesivhy wanzaudu  gefis 23,059 519 Sedndudosar 14.7 vosftheildtuns
funeiliagmnifunaniunmenideadlsmenanie  Snwthiamaumilavisua’

Jussriusussaine: su7 aAgnsiume @ HOE
a . BY NC ND

alua: thl ball@hotmail.com

All material is licensed under terms of
the Creative Commons Attribution 4.0

SuumaI: 5 dguien 2569; Usuugaunly: 19 nsngieu 2569; Sudium- 26 nsngims 2569 Inermatonal (CC-BY-NC-ND 4.0

license unless otherwise stated.

https://he01.tci-thaijo.org/index.php/JNST/index J Nephrol Soc Thail 2026, 32(3): 218-229 219



LAAGVIBLUANT UAEALY

ausnsgunsauagUaslulsmenuiaesayussma gihe
fidonnnsinundiieisnsdidlaniagesissasldiuniug
wagn1sEingewisnisanalanisvesiedaefinawin@n lawn
o1gsunmdlanla weruagiieamasunsidlamadeatios
Wndns wagiinlavuns Aeuasldiueygnlizunmsdsle
mateariosivuld egrelsAnuguisuiasedaiaiig
unsndeunendsanGunsindlaniseios léun anidey
Fosiesinide Anuduimanesnisdslamsoniosausios
WasuFsmsrdanaunladuitnsdu uasmsideTin fims
FnwgiRnmsaimaiannzdeydesiiosiadelulszmelng
wuingedederay 29.5° uavannstuiingdinisainisiin
amuboytesiesindelulsmeuiaeiyussmaiiling
QLLaﬁﬂ’quLﬁumﬁuﬁé"]Lﬂaa%’agﬂswﬂ gnelANEIag1LNe
mnszen 4 Vengawudigedia 27 89 40 adasied vihlviAnenw
Analufithe apfvasiua Tnoamenguifszdumsdnw
Laigatin %aﬁmwﬁaaﬁuﬁuﬁﬁnmﬁmLmu Tenudeya
ansaunAuNsAnYIminasewt Unsfinw 2568° wui
nquUsErINTUiavYenglasunsAnyuiiesseay 3 fa 39
Wity wagannsdnwluefsmussdunsinuvesias
LazAsouUAT aniasughauazden (Jutadeiidwmadie
mafinnsdeytosisiaidesuluferudumaivesnis
adlanigeins

nsfnwifsdianausvasdifiofnumaruduiusvosseiu
msAnwvesithouaziguatunzioytesesindonelu
6 FouusnudaaniEunsindlamadeatios
521UguIFIY

nsfnmildumsfinuandeyadeunds (retrospective
cohort study) laglasun1seudfiannaAnenIsunIsHaTN
93555un153 38 TunyvdvelsaneuIaauLA NS TE N 1Y
a3z 1aufl COE 005/2569

UsEINIUATVUIANGUADDEN
inasinsdadinisfinufe fraeey 18 July ATy
nsthtamaunuladieiBnisdrslameoniosiauuudidle
Maresieanuusariieaeaues (Continuous Ambulatory
Peritoneal Dialysis, CAPD) wionsanalavnaasiiesdendes
onlulf (Automated Peritoneal Dialysis, APD) waglasunis
guadnuiltupdtnaislavisgesios lsmeuiaesyussme
Jinaszui Jsazfuiinvouguadvasdnslamstesiios
ﬁﬁqﬁﬁuuﬂuﬁuﬁﬁﬂmaa%’zyﬂizmﬂ gunslangs uay

gunennszen Jaduiuiveunuiindetulssmeiuny

nagin13AReen (exclusion criteria) oA FUaedlasunis
Shwrtrdanaunulauuutingn wazgtellanansadudu
UsgiRnnuvssifounsenysaloudiannsetindld Tnenis
AnwifiufeyadtrennaundunaminmsAndinisfinuaaus
o A 2 o & 1 A Y aa ¥

Fui 1 unsaw w.e. 2559 Faduidugiasuduadindnslanig
197194 l5INe U85 UTEWA D9IUN 31 unTIAL W.A. 2569

Fumaunisinun
A3veiiununudeyaningudeyanyssideunaziy
sufoudidnnsatind liun e 01g tvtin daugs dudhnanie
TsnUszdin wasglidiun doyalsnlnFesa Hun awvmues
Tsalnidoss Bn1sdslanisesios uazyanaduinvou
n1saslaniedesien deyasvdunsfnwiuazdsay laun
seAunsAnwvestie HauadisuazgSulinyeunisdnsla
Msveuies amnuAItevesquagUlsuderuinvey
n1sanelanedesiosiugUie ware1¥nveaiUneuazinua
fuan Foyanansiamaiesu filimstiugiuillndiuiuiicy
nséalametesviesiian leun AgSe afiefitu mnududy
\Hon infous uazeAdayiuluien
fvnmeannzdeytoiosiaideninnisédlameiosiies
e ngnsindenslutesiosidudissanmadle
MeYeiad Inededunmein1sitadeannuuInnUjun
dmunstlesfunaginwinisindefiduius funisdnsle
N9909IBednIilag International Society for Peritoneal
Dialysis (ISPD) w.fl. 2565 Inevnesausansaiinguuay
linsunamz@omeesufifimsmmiendslamdesiies
woiliivneranfanisinidio exit site infection wag/vio

tunnel infection

nsAATIEdaya

Fouaiifusiuswlaazgnirununazuandlusluuy
Al (@ndau) Andfsegiu (Wde) uazAads (dudsauy
wmsg ) Inefideyaiengu (categorical data) 9xgnitAT1zs
W3guiieue Chi-square test Tayaldau3anal (continuous
data) 9ggniATIEMUTEUTIgUME Independent t-test 38
Wilcoxon rank-sum test (Mann-Whitney U test) Aaugunus
v93aATLQNAATIZYiRIY Cox regression model MauUY
univariable tag multivariable analyses lngidonaauyssm
fifiarudrfyniendinuag/mIen1eadiundinsgsau
Toddymeadfvesmsieseiimuad p values fosnin
0.05 uazldlusunsy STATA/SE 1eddu 18.5 dmsunis
Smiianun

220 J Nephrol Soc Thail 2026; 32(3): 218-229

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



Original Article J NST

NN
Foyaniugnu
fifhelsnlnGeselasumssnuiiomaunuladeisnig
antlannagesriosnazlasunisguainuluaidtdndalanig
Yoavins lameunaednyussimasiuauianin 92 910 e

fdunasinisdadeniioddmdnuieau 81 se aug
vouthe 11 eflidunast 16ud deyaliasuiu $1uau
9 518 wazliifideyanisnsafnmunadndilesanlsinmsie
Anpnunudavienefiugiu $1uau 2 519 duanduguil 1

PD patients followed-up at PD clinic,

January 2016 - January 2026

Aranyaprathet hospital, Sa Kaeo, Thailand

(N=92)

11 patients were excluded
» -« 9incomplete data

» 2 loss to follow-up

Eligible patients
(N=81)

The first 6 month of PD initiation

l

PD-associated peritonitis
(N=10, 12.3%)

JUN 1 urugiinszuiunsaidunsive
PD, peritoneal dialysis

Foyatuguvesithefidhiunsinuiomn dosuun
mukadnsvdnAenzeytesesiailelurag 6 Weuun
ndaBunséndlameosiodlduandflumaned 1 Fadliwy
mmu,mﬂGmﬁ’uaéwqﬁﬁﬂéﬁzquaﬁamaﬁay‘aﬁugmiwdw
fhaevis 2 ngu eflvnnduundtasddlamsosiosaens
Salamnadeniesioiiemiefealifguatie (assil 2)

Technics failure
(N=0)

l

Death
(N=3, 3.7%)

wuogveanguilededifauatisanslaganinngudvae

fidsladresesegnadived ey (p<0.001) usildnuain
WANFNNVDUNA UTELNNUaINsaelanietedriad anmvnves
TsalnSoss sgiumsfnwuarerinvesie saulutiasedu
NsANYILALEINYREALA LaznliauveUle

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

J Nephrol Soc Thail 2026; 32(3): 218-229 221



LAAGVIBLUANT UAEALY

v
P

M13197 1 Joyadiugiulagduundisniziioyteaissiindioainnisanslamiadesiodlutig 6 Wauusnudasunisaiale
VNG BNRE

nq}uﬁlu’ﬁm’as

\Wayyasiios
Ania (n=71)

AnwENUIEBINTANERAS
218, U 55.9+10.9 55.6+11.1 55.9+11.0 0.94
IAnAN, 91U (Sovaz) 40 (49.4) 5 (50.0) 35 (49.3) 0.97
Sslamadesioauuseliioadisnuies (CAPD)",
o v 78 (96.3) 69 (97.2) 9 (90.0) 0.26
U (5o8az)
sEAUMIANYveIUle, 91U (Feway) 0.41
lailasunsAnelulsaSeu 17 (21.0) 3 (30.0) 14 (19.7)
Uszaufnundi 1-4 34 (42.0) 3.(30.0) 31 (43.7)
Usvoudnendil 5-6 11 (13.6) 1(10.0) 10 (14.1)
fseufnwUil 1-3 7(8.6) 0(0.0) 7(9.9)
SsuuAnu 7 4-6 vie Ussmedlotasiondn| 10 (12.3) 3 (30.0) 7(9.9)
auUTa vive Usenmallednsinanduga 0(0.0) 0(0.0) 0(0.0)
USueyrUms 2(2.5) 0 (0.0) 2(2.8)
91N Ue, 1 (Sevaz) 0.78
lalausenauenan 35 (43.2) 3 (30.0) 32 (45.1)
INUATNTTU 17 (21.0) 3(30.0) 14 (19.7)
ANUNY 15 (18.5) 2 (20.0) 13 (18.3)
S99 Yise USIU 9 (11.1) 1 (10.0) 8 (11.3)
Buq 5(6.2) 1(10.0) 4(5.6)
FFn15a19lanaretiag, uiu Gava) 0.08
AalanareinInIunULDY 44 (54.3) 8 (80.0) 36 (50.7)
AauagthetiednlnnisewidiiEiae 37 (45.7) 2 (20.0) 35 (49.3)
sEAuMIAnYveauwaiUle’, 31uu (fevaz) 0.79
lailasunsAnelulsaSeu 3(3.9) 0(0.0) 3 (4.5)
Usvoudnw Uil 1-4 27 (35.5) 3(33.3) 24 (35.8)
Uszaudnu 7 5-6 6(7.9) 1(11.1) 5 (7.5)
fseufnwlil 1-3 8 (10.5) 0(0.0) 8(11.9)
Ssuufnu 7 4-6 vide UszmalleUnsdundw| 20 (26.3) 3(33.3) 17 (25.4)
aul3ayn vise UsematleUnsivndntduas 3(3.9) 0(0.0) 3(4.5)
Usyey1Uns 9(11.8) 2(22.2) 7(25.0)
anvesiauaae’, 1w (fevay) 0.62
lallsusgnouedn 15 (19.5) 2(22.2) 13 (19.1)
INUATNTITU 14 (18.2) 3 (33.3) 11 (16.2)
AYE 17 (22.1) 5 (E5.3) 14 (20.6)
SUd19 Y3e US99U 17 (22.1) 0(0.0) 17 (25.0)
Buq 14 (18.1) 1(11.1) 13 (19.1)
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ANWUZNI9AALN
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Tasuludiuadhuden, S (Sosas) 55 (67.9) 7 (70.0) 48 (67.6) 0.88
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Iiﬂlm@a%’amﬂmiﬁﬁﬁwialm 4(4.9) 0 (0.0) 4 (5.6)
Tsalasesslinsuamguudn 4(4.9) 0(0.0) 4(5.6)
Lsalasesanannndug 7(87) 1(10.0) 6 (8.5)
NANTINTIINIHBIURUANST o szezBudy’
glulnady, nSurenddns 8.6+1.8 9.4+1.9 8.5+1.8 0.17
gieluiion, fadinTuroindang 78.6+36.5 86.2+59.9 77.6+32.4 0.49
astefduluden, Nadnsurowdans 9.9+35 9.7+3.7 10.0+3.5 0.79
gn51n15nsesadlnlneUseanas (eGFR)Y, 5.9+55 5.6+2.8 5.9+5.8 0.89
faaansnouise 1.73 #15194AS
Tdealuidon, Jadluanodns 135.9+6.3 136.9+6.7 135.8+6.3 0.60
Inunawedluden, Jadluasnodns 4.1+0.8 4.1+0.8 4.1+0.8 0.90
AaalsmbuLden, Jadluanadns 97.0+7.8 97.4+9.6 96.9+7.6 0.86
lumsuaiumluiion, Tadluanadns 23.4+5.0 23.7+3.4 23.0+5.2 0.84
wrawenluldon, Jaansunowndans 8.2+0.9 8.0+0.7 8.2+1.0 0.53
Noawnluwden, JaansunonTans 4.9+1.8 4.7+2.0 4.9+1.7 0.64
dayiuluidion, nusieindans 3.6+0.7 3.7+0.6 3.5+0.8 0.56

o

iUl UaeBmnesiudiauadUieiviednle
mevesviodligUelunsaingireliaunsadslannsdewindldmedies wazlideyauvdinlidasuiay, "Auiaaindmin

"Continuous Ambulatory Peritoneal Dialysis, "HauagUe vsngis giedeatiug

(mieAlaniy) msmedngs (Mhewns) MAwes, Wan1InTIINRIURTRNTT o szevlusii vaneds Joyanansaanig
ﬁmﬂﬁﬁﬁﬂﬂiﬁugﬂumﬂﬁﬁuﬁﬁL%Mﬂ?'ﬁaywvl,mmsdmﬁadﬁqw, *estimated glomerular filtration rate
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M19199 2 Jayaitugiulagduundlensanslansteaiosrieiewseliauatisalaniesies

U

Y1 v 1 t4 ¥ 1 14 1 t4
JUrednslanedastios | dauadiedrslanisdasiios

A8AULRY (n=44)

Wigae (n=37)

218, U 51.9+10.9 60.6+8.9 <0.001
IAnal, 91U (Govaz) 22 (50.0) 18 (48.6) 0.90
v : ¥ ! A g n
ElNlGlle”U@Wl@x‘iLLUUG]@L‘LJE]\W]OEJGIHLEN (CAPD)", 44 (100.0) 34 (91.9) 0.05
U (Se8az)
awmuatlsalaFess, S (Govas) 0.40
Lsalagesannlsauimiy 26 (59.1) 28 (75.7)
TﬁﬂlmLiaiwmbﬂmwmuiawmm 8(18.2) 4(10.8)
Iﬁﬂlmlﬁaiqmﬂaﬁwuwwdm 2 (4.5) 2 (5.0)
TsalnEesilsmauanivnuidn 3 (6.8) 127
lsalasesanannndug 5(11.4) 2 (5.4)
sEAuNIAnyvegUle, 1 (Seuaz) 0.30
LlasunisfnunlulseSeu 7(15.9) 10 (27.0)
Uszaufnw U9 1-4 17 (38.6) 17 (45.9)
UszoudnwUi 5-6 6 (13.6) 5(13.5)
lseudnuUn 1-3 6 (13.6) 127
seufnuUn 4-6 vise UssmalleUnginan 6 (13.6) 4(10.8)
aulSya vive Usenalednsivdndug 0(0.0) 0(0.0)
Usgging 2 (4.5) 0(0.0)
91imveUae, 313U (Sewaz) 0.48
laileusenauadn 21 (47.7) 14 (37.8)
LNUATNTTU 10 (22.7) 7(18.9)
g 7 (15.9) 8 (21.6)
Fudne vive sy 4(9.1) 5 (13.5)
U 2 (4.5) 3(8.2)
sgsiumsfinwivesdauagiog’, 91 (Sesay) 0.81
Lilasunis@nunlulseSeu 2(5.1) 1(2.7)
Uszaudnun U 1-4 14 (35.9) 13 (35.1)
UszauAnwln 5-6 3(7.7) 3(8.1)
dsguAnYIUN 1-3 6 (15.4) 2(5.4)
seuAnyIUN 4-6 vive UsematleUngivian 9(23.1) 11 (29.7)
ayUSya vise UsematleUnsivdnduas 1(2.6) 2(5.4)
UsgueyrUns 4(10.3) 5(13.5)
a1nvedauarthe’, 31U (Fevaz) 0.75
luileusenauadn 8 (20.0) 7(18.9)
INUATNTTU 9 (22.5) 5(13.5)
A8 8 (20.0) 9 (24.9)
Fudne vie useu 9 (22.5) 8 (21.6)
U 6 (15.0) 8 (21.6)
i, 31w (Govay) 0.85
9LNoaTYUsEInA 28 (63.6) 23 (62.2)
gnalAngs 11 (25.0) 9 (24.3)
FUNDAINTZEN 5(11.4) 5(13.5)
andeluwsmauia, 3y Seuay) 9 (20.9) 10 (27.0) 0.52
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anuduiusvessziunsAnevasiiieuas
Hauafiun1izidaytasiioshiaiie
nFan1shanugUaslsalaiFesimdasunisdrslanis
towiodlurng 6 Weuwsnnuithedinzloytosiosinie
INNaelan1edestias 10 18 (Sewar 12.3) Tuduu
faefinaniifeas 30 awnsossydouuaiiFedumgld
laun Klebsiella pneumoniae, Enterobacter cloacae uay
Staphylococcus aureus InsszeznaniinnmziBeyteias
fnteannisanslamatestisiidnalsegiu 54 Tu (e 44 s

o =

117 ) nfufiSudunisdrdlamatesties sasgiunisine
vosUwuazigualifinnuduiuseeaiteddynisadifiiu
amwdeytesiosiaie (Hazard ratio, HR = 1.1 way 95%
Confidence interval, C1 0.7 - 1.6, p = 0.78 UWaz HR = 1.2 llaw
95% Cl 0.8 - 1.7, p = 0.39 AUdRU) dlodiaszviuuu
WU (multivariable analysis) Tagidenduyssandidl
AudIAgNIeAatn wadnsdsaslunuanuduiusegsdl

TedAyn1eafianmun daanslugui 2

PD peritonitis within first 6 months HR  95% Cl
Patient’s education :
Unadjusted model i 1.1 0.7 1.6
Model 1 i 1.1 0.7 18
Model 2 - 1.0 0.6 1.7
Model 3 —n 12 08 20
Relative’s education
Unadjusted model i 1.2 08 1.7
Model 1 — 12 08 17
Model 2 i 1.2 0.8 138
Model 3 = 13 09 20
0.5 1 1.5 2
< >
Lower risk Higher risk

JUN 2 Anuduiusvesseaun1sAnuivesiy (Patient) uazdguagiUle (Relative) funngiloydesviesiiniie Model 1

oA 818 Ardediananig lsaumnnu lsannudulafingawavanvguedlsalaizess; Model 2 lawn o1@nvesithe o1dn

vosypuaEie anuduiusvesauadUleiugUin uaznlidnwy; Model 3 laud 8lulnadu Inuvadey uazdayiu

Lﬁ’aﬁ’]LL‘LmQI‘l'J’JEJLLaSQI@JLLaMWNﬁ%ﬁUﬂ’ﬁﬁﬂH’lLﬂuﬂ lown
1) legunnsinunlussiudulsvanfnuniuluseuiisuiu
lailgsunsAnwnlulseSeu (= grade 1 vs. no formal education);
2) [§%unsAnundaustuussoudnedi 5 July Wisudioy
fudniuszaudnundd 5 (= grade 5 vs. <grade 5);
3) l@sunisAnmmuntulsoudneiuly Wisuieudy
mniduliseudne (> grade 7 vs. <grade 7); 4) losu
nsAnuIRaLATuTseuAned9 4 wierounduly
Wisuifisusuinirtudsendine®i 4 (= grade 10 vs.
< grade10) wulifianuduiusiunadnsedeiideddey
msaddlunng 4 waziiledinszsinuunyiauls Taeiden
FuUsTuiifenudfyneeain Sesinuanuduiusedns

Tifuddymeaifwuiy fuansusud 3

uan Nty IeldinseiiRufndayasedunising
vosyaraiidugFuiinveurinnsdalamagosiosiiuriaie
Taoldsedunisinwvesgrsdmiunsdivasfidnslanis
YoViDInILRLed LarszRuNsAnuIvasEiauaiiensaliaua
Hredalanageriaddyt fIdelainuinsedunisfnuivesy
SuRnreunsdslamsvesvieaiiwiaTalinndiiusiunie
Boydostosindelunsiinseiiauuiulnfouas
WFLUS (p > 0.05 Havinm) fauandlu m3nedt 3 ilorisedy
msAnwesFURaveUMIAlamMsTosiDsiwiaTsdauun
Wu 2 svau Semsldnuanuduiusedrsfiveddamisada
Fauandluzuil 4
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PD peritonitis within first 6 months HR 95% Cl
Patient’s education '
2grade 1  Unadjusted model --— 0.6 02 23
Model 1 —I-!— 0.6 0.1 25
Model 2 -— 05 01 23
Model 3 - —_— 0.5 0.1 22
2grade 5 Unadjusted model —_—— 1.2 03 4.1
Model 1 — 1.4 03 63
Model 2 o e ——— 1.0 02 43
Model 3 — 17 04 68
2grade 7 Unadjusted model i 1.5 04 57
Model 1 —i 1.6 03 8.0
Model 2 — 1.3 03 6.6
Model 3 : » 27 06 122
>grade 10 Unadjusted model - 2.8 0.7 108
Model 1 : . 29 06 139
Model 2 : . 27 05 138
Model 3 . 45 10 200
Relative's education
>grade 5 Unadjusted model —i 1.4 03 55
Model 1 L 1.5 03 53
Model 2 — 13 03 53
Model 3 : - 2.7 05 154
2grade 7 Unadjusted model —_— 1.2 03 44
Model 1 —_— 12 03 47
Model 2 —_— 11 03 43
Model 3 — 21 05 96
= grade 10 Unadjusted model ' ] 1.9 05 6.9
Model 1 : i, 2.0 0.5 80
Model 2 L 2.1 05 90
Model 3 : - 3.1 0.7 14.1
o 1 2 3 4 5 6 7T 8 9 10
- -

Lower Risk Higher Risk

¥
= ' £3 a A

Ul 3 anwduiusuassefunisinuuesiilae (Patient) uazdguadiiae (Relative) funmzdeydesviasiinge Tnaduun
JLAUNIANY

Model 1 léuri 018 Advdiananie Tsauwmu lsaanaduladinguuazanvmvedsalaess; Model 2 1¥ud eniwvasiae
a1AnveguarUie Anuduiusvesdauaiteiuite uazgianun; Model 3 laun Slulnatu Inunadey waydayiiu
>grade 1, MIfnwsERUTWUsTaNAneTuUlY: > grade 5, MIfnwsERUTWUsTaNAN T 5 Tul; > grade 7, M3finwTzAU
FusseudnuTuly; > erade 10 MsAnwsEiuTUTSELAN TR ¢ Wiaieuwihduly
naufauadineildlisunsdnululsadouiifies 3 ewhdusesfiheildumsquaris 3 nelifinnsdeyrosiosdinde
NMTanlangesiadludie 6 Wweuusniae Jsldaunsnihuniinsgianuduiusseninesedunisfinwivesguarioe
lungu > grade 1 fusmuboydesiiosindold
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M58 3 ANNENTUSURITEAUNSANYIVEISURRYE UTINIAlnNITesiRewiase” funedeyteiosiinie

| Unadjusted | Model 1 | Model 2 | Model 3
HR (95% CI) | p value |HR (95% CI) | p value |[HR (95% CI) | p value |HR (95% CI) | p value

TEAUNTANEN
ve 1.1 1.1 1.1 1.2
VOINIUNAYDU 0.63 0.54 0.65 0.29
v o (0.8-1.5) (0.8-1.6) (0.7-1.6) (0.8-1.8)
nsalansgosyio

"syfuNsAnYIvesiFURave U sEslamsdesiesiiniaie vaneds szdumsAnuvesttasdniunsdlivasdnslamg
FosviosmenulearsERuN1sAnyIveauaithudmiunsalauatiedslametosiodlifuitae

Model 1 lfun a1y Adwiinanis Tsauwmu TsranudulafingauazavmuedsalaEess; Model 2 léun ordwvesing
a1nveguarUhe AndutusveaauaiUeiuitie wazgiaun; Model 3 laun lulnadu Inuvadey uwavdayiiu

PD peritonitis within first 6 months HR LB UB

Education of PD performer \

>grade 1  Unadjusted model -I—-— 0.4 0.1 19

Model 1 - — 04 01 19
——

Model 2 0.3 01 17
Model 3 0.3 01 16
zgrade 5 Unadjusted model i 1.4 04 49
Model 1 — 16 04 61
Model 2 — 13 03 50
Model 3 » 25 06 116
>grade 7 Unadjusted model — 1.5 04 5.0
Model 1 — 1.6 05 56
Model 2 — 15 04 59
Model 3 : - 2.6 0.6 113
>grade 10 Unadjusted model i 2.3 0.7 8.0
Model 1 : = 2.4 0.7 82
Model 2 . - 2.6 0.6 113
Model 3 : = 4.5 1.0 149
0 1 2 3 q 5 6 7 8 9 10
<7 >

Lower Risk Higher Risk

g‘d‘f/‘i a4 mmé’uﬁuﬁ‘mmssﬁumiﬁﬂw’maqQ’%’Uﬁmauv‘i’lmséjwblmwwdmﬁaqﬁLW’fﬁqﬁum’;m?jawmﬁmamL%@Imaﬁmuﬂ
SEAUNISANEN

Model 1 T#url 81y erdafiananis Tsawmmu Tsannudilafingawaranvnuesdisalaidoss, Model 2 1#ud ednuosie
a1nveaauarthe Anvduiusveaauaitheiudie gidnun; Model 3 laun Slulnatu nunadoy waydayliu
>grade 1, MsRnsERUTUUsTaNAnTUlY: > grade 5, MsRnsERUTUUsToUAN T 5 Ful: > grade 7, M3fAnwTEAU
FusseudnunTuly; > erade 10 MsAnwsEiuTUTSENFNY TR 4 Wieweuwinduly
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a o o
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q
o a
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uaz 95% Cl 0.4 — 1.6, p = 0.46 Way HR = 0.8 1az 95% C|
0.2 - 3.8, p = 0.78 AUAGU)
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Abstract

Background: Malnutrition is highly prevalent in peritoneal dialysis (PD) patients and is linked to increased morbidity
and mortality. This study evaluated the association between the malnutrition-inflammation score (MIS) and
mortality in PD patients.

Methods: This single-center, retrospective cohort study included 269 PD patients between January 2010 and December
2022. Patients were categorized by MIS levels: mild (Group A), moderate (Group B), and severe (Group C). Groups B
and C received targeted nutritional interventions as part of routine care. Patients were followed until death, therapy
transition, transplantation, or February 2025.

Results: Group B demonstrated the lowest mortality rate (17.8 per 100 person-years) and a significant survival
advantage in Kaplan-Meier survival estimates and multivariable Cox regression after adjustment for confounders.
Following interventions, 64% of Group B showed improvement in the MIS category, whereas 65% of Group C
remained unchanged. Conversely, 60% of Group A (which received no intervention) experienced a worsening of the
MIS category. Older age and diabetes were independent predictors of higher mortality.

Conclusion: Patients with moderate MIS achieved better survival than those with mild or severe MIS, likely driven
by targeted interventions. The dynamic shifts across MIS categories underscore the critical need for regular, routine

nutritional and inflammatory assessments followed by appropriate interventions.
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Introduction

Malnutrition is a common and clinically significant
problem among patients undergoing peritoneal dialysis
(PD), contributing to infection, hospitalization, cardiovascular
events, and mortality"”. In Thailand, the “PD First Policy”
under the Universal Health Coverage scheme,
implemented from 2008 to 2022, positioned PD as the
first-line kidney replacement modality nationwide and
expanded access to dialysis for patients with end-stage
kidney disease’. Although this policy has since shifted to
a shared decision-making model, it significantly improved
dialysis accessibility. Ensuring the quality of care remains
a priority, particularly in the nutritional management of
PD patients".

The Malnutrition-Inflammation Score (MIS) is a
validated and practical tool that combines clinical, dietary,
and biochemical parameters to assess both malnutrition
and systemic inflammation in dialysis populations’.
Despite its usefulness, MIS is not yet routinely implemented
across all PD centers in Thailand. In the context of auditing
PD care quality in Thailand, particularly as applied by the
National Health Security Office (NHSO), serum albumin is a
key performance indicator. However, structured tools like
the MIS are not consistently included in routine audits or
clinical protocols. Incorporating periodic MIS evaluation
into this framework could support early identification
of at-risk patients, guide individualized care plans, and
improve long-term outcomes.

Furthermore, integrating inflammatory biomarkers
such as the neutrophil-to-lymphocyte ratio (NLR) and the
platelet-to-lymphocyte ratio (PLR) - which are simple and
cost-effective - may enhance the predictive value of the
MIS in identifying high-risk patients®. This study aimed to
investigate the association between the MIS and all-cause
mortality in PD patients and to explore the impact of
individual baseline biochemical factors on the outcome.
Materials and methods

Subjects

We retrospectively reviewed data from patients
undergoing PD at HRH Princess Maha Chakri Sirindhorn
Medical Center, Nakhon Nayok, Thailand. Eligible

participants were identified from the Database of

Peritoneal Dialysis in Excel (DPEX) between January 2010
and December 2022. Inclusion criteria were patients
aged 18 years or older who had been maintained on
PD for at least six months and had documented MIS
evaluations.

The MIS comprises 10 components, categorized
into four sections: medical history (weight change,
dietary intake, gastrointestinal symptoms, and functional
capacity); physical examination (loss of subcutaneous
fat and muscle wasting); body mass index; and laboratory
parameters (serum albumin and total iron-binding
capacity). Each component is scored from 0 (normal) to 3
(severe), yielding a total score of 0 to 30, with higher
scores indicating greater severity of malnutrition and
inflammation. Patients were classified according to
their total MIS score as Group A (1-2), Group B (3-5),
and Group C (26). The detailed scoring criteria for each
MIS component are also provided in Supplementary
Figure 1.

We excluded patients who had a history of malignancy,
incomplete clinical or laboratory data, were lost to follow-
up, were transferred to other PD centers, or experienced
recovery of kidney function. The detailed flowchart of
the study population selection is illustrated in Figure 1.
This study protocol was approved by the Institutional
Review Committee for Research in Human Subjects at
Srinakharinwirot University (SWUEC-481/2563X).

Data collection

Baseline demographic and laboratory data at the
initiation of PD were collected, including age, sex,
education levels, types of health insurance, history of
diabetes mellitus, dialysis vintage, serum creatinine,
estimated glomerular filtration rate (eGFR), serum
albumin, serum phosphate, hemoglobin level, NLR, and
PLR.

Intervention

As part of routine care, patients in MIS groups B and C
underwent evaluation for potential causes of malnutrition
and received individualized nutritional education tailored

to the identifiable causes.
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Total number of patients with PD 719 cases

Exclude 450 cases due to

Incomplete data, history of malignancy
Loss of follow up, refer, and recovery
kidney function

269 cases with MIS data

4

MIS A
Number 45 cases

Srinakharinwirot University (SWUEC-481/2563X)

Figure 1 Study flow diagram

1

MIS B
Number 152 cases

MIS C

Number 72 cases

PD, peritoneal dialysis; MIS, malnutrition-inflasmmation score

Follow-up and Outcome

Patients were followed until death or the end of
February 2025. Transition to permanent hemodialysis
or receiving kidney transplantation was treated as

a censored observation.

Statistical analysis

All statistical analyses were performed using STATA
version 18 (StataCorp, College Station, TX, USA).
Categorical variables were summarized as frequencies
and percentages, while continuous variables were
presented as means with standard deviations (SD). The
95% confidence intervals (Cl) were estimated using the
normal approximation to the binomial distribution.

Mortality rates were expressed per 100 person-years
from the initiation of PD and calculated based on the
Poisson distribution. Patient survival was analyzed
using the Kaplan-Meier method. Risk factors for all-cause
mortality were examined using a multivariable Cox
proportional hazards model. Variables significant in
univariable analysis, along with clinically relevant

covariates from the literature, were included in a

backward stepwise model. A two-sided p-value < 0.05

was considered statistically significant.

Results

Baseline biochemical parameters

Table 1 presents baseline characteristics, laboratory
data, and outcomes for all patients, as well as stratified
by the MIS groups. The number of patients across MIS
groups A, B, and C was 45 (16.7%), 152 (56.5%), and
72 (26.8%), respectively. Most patients were covered
by the universal health coverage scheme. Patients in
the MIS group C had lower serum albumin and higher
PLR levels compared to those in the MIS groups A and B.
Death was most frequently observed in Group C, whereas
kidney transplantation and transfer to hemodialysis
were most common in Group A. There were no
differences in educational level, health coverage,
history of diabetes, serum phosphate, or NLR among
the three groups. There was a tendency toward lower
hemoglobin in groups B and C compared to group A
(P=0.07), and longer PD vintage in group C compared to
groups A and B (P=0.05).
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Table 1 Baseline characteristics of all patients and by Malnutrition-Inflammation Score

Variables All patients ‘ Group A Group B P-value
(N=269) (N=45) (N=152)
Age at the start of PD 56.13 (16.7) 57.76 (14.1) 54.08 (17) 59.45 (17.2) 0.06
Male sex (N/%) 128 (47.6) 27 (60) 70 (46) 31 (43.1) 0.17
Education (N/%) 0.46
Iliterate and primary level 167 (62.1) 23(51.1) 99 (65.1) 45 (62.5)
Secondary level 71 (26.4) 14 (31.1) 37 (24.3) 20 (27.8)
Bachelor’s degree and higher 31(11.5) 8(17.8) 16 (10.5) 7(9.72)
Health scheme (N/%) 0.17
ucC 163 (60.6) 24 (53.3) 94 (61.8) 45 (62.5)
CSMBS 67 (24.9) 13 (28.9) 32 (21.1) 22 (30.6)
SSS and others 39 (14.5) 8(17.8) 26 (17.1) 5(6.94)
Diabetes (N/%) 137 (52.9) 28 (62.2) 72 (50.3) 37 (52.1) 0.38
Labs
eGFR (mL/min/1.73 m?) 4.78 (2.08) 4.87(1.78) 4.41(1.82) 5.51(2.53) 0.001*
Albumin (g/dL) 3.17 (0.53) 3.69 (0.58) 3.13(0.42) 2.9 (0.48) <0.001*
Phosphate (mg/dL) 4.96 (1.94) 4.73 (1.46) 5.16 (2.13) 4.67 (1.75) 0.14
Hemoglobin (g/dL) 9.9 (1.79) 10.5 (1.53) 9.83 (1.66) 9.71 (2.14) 0.07
NLR 4(2.3) 3.87 (2.09) 3.97(2.21) 4.15(2.61) 0.78
PLR 193 (113) 155 (92.1) 195 (111) 215 (122) 0.02*
Dialysis vintage (months) 45.41 (32.4) 35.62 (22.2) 48.82 (34) 44.34 (33.3) 0.05
Events (N/%) 0.03*
Death 208 (77.3) 32 (71.1) 110 (72.4) 66 (91.7)
Transfer to HD 18 (6.69) 4 (8.89) 11 (7.24) 3(4.17)
Kidney transplantation 18 (6.69) 5(11.1) 13 (8.55) 0 (0)

Data are presented as mean (standard deviation) unless specified otherwise.

PD, peritoneal dialysis; UC, universal health coverage; CSMBS, civil servant medical benefit scheme; SSS, social

security scheme; eGFR, estimated glomerular filtration rate; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-

to-lymphocyte ratio; HD, hemodialysis

Changes in the Malnutrition-Inflammation
category after intervention

As part of routine care, patients in MIS groups B and C
were evaluated for potential causes of malnutrition and
received nutritional education accordingly. One hundred

ninety-two (85.7%) patients had inadequate protein

intake, and 90 (40.2%) had inadequate energy intake.
Ninety-seven (63.8%) patients in the MIS group B
improved to group A. In contrast, 27 (60%) patients
in the MIS group A experienced worsening of the MIS
score. Forty-seven (65.3%) patients in the MIS group C

showed no improvement (Figure 2).
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Changes in Malnutrition-Inflammation Score (MIS) Categories During Follow-up

BASELINE

(Interventions between assessments)
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[ Baseline MIS Category J { Change in MIS Category
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40.0% (n=18)
Unchanged in MIS A
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PD, peritoneal dialysis.

Figure 2 Changes in the Malnutrition-Inflammation category after intervention

MIS, malnutrition-inflasmation score; PD, peritoneal dialysis

The median follow-up duration was 3.14 years (IOR:
1.83-4.87). There was an average of 20.4 deaths per 100
person-years. The highest mortality rate was observed
in the MIS group C (24.8 deaths per 100 person-years),

and the lowest in the MIS group B (17.8 deaths per 100
person-years) (Figure 3a). Time-to-event analysis showed
the highest survival rate in the MIS group B (p-value=0.013)
(Figure 3b).

Kaplan-Meier survival estimates
o
S 4
30 2 - P=0.013
= un
25 23.9 24.8 § ST
o o
20.4 = N
o )
% 20 17.8 s
o o Q
2 15 2 o]
£ o 8
o 10 d T T T T T T T T T T T
= 0 1 2 3 4 5 6 7 8 9 10
5 Time since start PD (years)
Number ar risk
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0 MIS=B 152 140 115 86 64 41 32 21 14 8 7
N S A <=8 cc Ms=C 72 67 47 37 25 18 11 8 6 3 2
overa MIS= MIS= MIS=
A B C

Figure 3 Mortality rate according to Malnutrition-Inflammation Score group

a) crude mortality rate (per 100 person-years); b) Kaplan-Meier survival estimates by MIS group PD, peritoneal dialysis;

MIS, malnutrition-inflammation score; MR, mortality rate
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Multivariable Cox proportional hazard regression
analysis of baseline factors and mortality
Baseline demographic and laboratory data associated

with mortality are shown in Figure 4. After adjustment for

the lowest mortality risk. In addition, advanced age at
the initiation of PD and diabetes were independently
associated with increased mortality risk. There were no

independent associations between NLR and PLR with

relevant confounders, patients in the MIS group B showed ~ mortality.

Factors g Adjusted HR 95%ClI p-value
Age » 1.02 1.00-1.04 0.000
Gender ——— 0.88 0.64-1.21 0.440
Education (Primary as reference) :

Secondary L —& 1.11 0.77-1.58 0.580
Bachelor L o 0.94 0.54-1.64 0.830
Payment (UC as reference)

CSMBS b :0 1.06 0.74-1.53 0.730
SSS L — i 0.83 0.44-1.57 0.580
DM : 4 i 1.57 1.17-2.12 0.003
eGFR "Q" 0.98 0.91-1.05 0.560
Albumin —— 0.65 046-092 0010
Phosphate R 1.07 097-1.18 0.190
Hb l—‘—i 1.03 0.93-1.15 0.550
NLR l—.b—l 1.02 0.94-1.11 0.630
PLR L 4 1.00 0.99-1.01 0.070
MIS (A as reference)

B —_—— : 0.48 0.29-0.77 0.002
C L 4 — 0.61 0.34-1.05 0.070

0.25 050 0.75 1.00 1.25 150 1.75 2.00 225 250

Figure 4 Adjusted hazard ratios of baseline demographic and laboratory data associated with mortality

The model was adjusted for age, gender, education levels, health coverage scheme, diabetes, eGFR, serum albumin,

phosphate, Hb, NLR, PLR, and MIS groups. A multivariable Cox proportional hazards model was fitted using backward

stepwise selection.

PD, peritoneal dialysis; HR, hazard ratio; Cl, confidence interval; UC, universal coverage; CSMBS, civil servant medical benefit

scheme; SSS, social security scheme; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; Hb, hemosglobin;

NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; MIS, malnutrition-inflammation score

Discussion

This study explored the association between MIS and
mortality in PD patients. Kaplan-Meier estimates and
multivariable Cox proportional hazards regression analysis
demonstrated that patients in MIS group B had the
lowest mortality risk. Following interventions, 64% of
Group B showed improvement in the MIS category,
whereas 65% of Group C remained unchanged.
Conversely, 60% of Group A experienced a worsening
of the MIS category. Older age and diabetes were
independent predictors of higher mortality.

This finding aligns with prior research indicating that

dialysis patients with severe MIS experience poorer
outcomes””. The superior survival observed in the MIS
group B likely reflects the therapeutic benefits of timely
clinical interventions triggered by initial MIS elevation.
This interpretation is strongly supported by our data,
which showed that a significant proportion of group B
patients transitioned to the lower-risk group A following
intervention. Conversely, a substantial number of patients
initially categorized in group A progressed to higher-risk
categories, underscoring the importance of routine
reassessment—even for individuals initially deemed

low risk. Meanwhile, the majority of group C patients
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remained in their baseline category, highlighting the
clinical difficulty of reversing advanced malnutrition
and inflammation once established. Collectively,
these findings emphasize the critical window for early
detection and prompt nutritional intervention in PD
patients. Furthermore, the observed association between
MIS improvement and enhanced survival suggests that
MIS should serve not only as a prognostic indicator but
also as a dynamic treatment target’.

In line with previous studies, older age and diabetes
mellitus were significantly associated with increased
mortality®"". We also found that patients in the MIS group
C had significantly higher PLR, supporting its utility as an
additional inflammatory marker in this population'**.
Previous studies have demonstrated that PLR can enhance
risk stratification and facilitate individualized nutritional
management strategies; however, no independent
association between PLR and mortality was observed in
the present study™. Given their heightened risk profiles,
more frequent monitoring may be warranted for elderly
or diabetic patients’.

PD plays a key role in enhancing equitable access to
kidney replacement therapy" To maximize its impact,
systematic nutritional assessment should be uniformly
implemented across PD centers. Effective nutritional
management is a vital component of comprehensive care,
as it directly influences both clinical outcomes and
quality of life in PD patients'®. Currently, PD quality
indicators monitored by Thailand’s NHSO focus primarily
on infection control—including peritonitis-related
mortality—as well as one-year patient survival and serum
albumin levels'’. However, given that nutritional and
inflamlnmatory status significantly drive both mortality and
cardiovascular risk, incorporating the MIS into national
quality indicators could strengthen outcome-based
monitoring and align local practices with global stan-
dards'®. These system-level enhancements, if integrated
into existing infrastructure and policy frameworks such
as the PD Quality Assurance Programs, could significantly
improve the overall quality of PD care in Thailand.

This study has several limitations. First, its retrospective,

observational design precludes the establishment of

definitive causal relationships between nutritional
status and survival. Second, the relatively small sample
size may have limited the statistical power to detect
differences among smaller subgroups, particularly patients
with severe malnutrition (MIS Group Q). Third, the lack
of a standardized MIS monitoring schedule restricted
our ability to evaluate the specific impact of intervention
timing. Fourth, as a single-center study, our findings may
not be fully generalizable to settings with different clinical
practices or distinct patient populations. Lastly, over half
of the potential PD population lacked recorded MIS data,
which introduces a risk of selection bias.

Future studies should aim to establish standardized
MIS monitoring intervals and evaluate the long-term
outcomes of structured nutritional interventions.
Randomized controlled trials would be essential to
confirm the causal relationship between MiS-targeted
care and survival. In addition, implementation research
is needed to evaluate the integration of MIS assessments
into quality monitoring systems and to identify barriers
and facilitators for adoption in diverse clinical settings.

In conclusion, this study demonstrates that PD
patients with moderate malnutrition (MIS Group B) exhibit
superior survival compared to those with lower or higher
MIS scores. This paradoxically better outcome was likely
driven by the timely implementation of targeted
nutritional interventions within the moderate and severe
cohorts (Groups B and C). The dynamic evolution of MIS
categories over time underscores the critical importance
of routine nutritional and inflammatory assessments in
clinical care. Furthermore, older age and diabetes mellitus

were confirmed as independent risk factors for mortality.
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Ketamine-Induced Uropathy: A Case Report
and Literature Review

Suwit Boonyacharaskul, Palita Chittinandana

Department of Medicine, Bhumibol Adulyadej Hospital, Royal Thai Air Force, Bangkok, Thailand

Abstract

Ketamine-induced uropathy caused by long-term use of ketamine leads to lower urinary tract symptoms,
hydronephrosis, and recurrent urinary tract infection. The principles of treatment involve cessation of ketamine
abuse, symptomatic treatments including pain control, and surgical intervention in severe cases. We report the
case of a 42-year-old previously healthy male who presented with altered consciousness for 2 hours. He had
frequently abused ketamine for recreational purposes over a period of two years. His laboratory results revealed
acute kidney injury, uremia, metabolic acidosis, and hyperkalemia. Computed tomosgraphy revealed bilateral
moderate hydronephrosis and hydroureter without any identifiable cause of obstruction, along with diffused
bladder wall thickening and reduced bladder capacity, findings compatible with ketamine-induced uropathy.
Continuous kidney replacement therapy was performed until his serum creatinine and electrolyte levels were
normalized. He was strongly advised to discontinue ketamine use. In addition, symptomatic treatment, mainly pain

controllers, was provided.
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f599379N7¢
Vital signs: Body Temperature 36.7 °C, Pulse Rate
101 beats per minute, Blood Pressure
119/99 mmHg, Respiratory Rate 28/min,
Oxygen Saturation 97% on room air
Body Weight 60 kilograms; Height
175 cm; Body Mass Index 19.59 kg/m’
General appearance: A Thai middle-aged male,
drowsy, rapid and deep breathing
(Kussmaul breathing), not pale
conjunctiva, anicteric sclera,
Cardiovascular system: No JVP engorged, full pulses,
regular rhythm, apical impulse at 5th
ICS/mid-clavicular line, no heaving,

no thrill, normal S1S2, no murmur

Lungs: Clear and equal breath sounds in
both lungs

Abdomen: No distension, normoactive bowel
sound, soft, not tender, no guarding,
no rebound tenderness, no palpable
mass, liver and spleen cannot be
palpated, no CVA tenderness

Lymph node: No superficial lymph node enlargement

Extremities:  No pitting edema

Skin: No rash, no petechiae

Neurological: Spontaneouseye opening, notfollowing
commands, incomprehensible sounds,
flexion withdrawal from pain stimuli,
pupils 4 mm reactive to light, both
eyes, no nystagmus, no facial weakness,
motor power at least grade IV all
extremities, normotonic, deep tendon
reflex 2+ all extremities, no stiffness
of the neck

NANIINTIAINHRIUUANTS

Hb 13.1 g/dL, WBC 16,350/uL (N 92%, L 4%), Platelet
373,000/l

Na 102 mmol/L, K 6.7 mmol/L, Cl <60 mmol/L, CO,
4 mmol/L, BUN 215 mg/dL, Cr 11.69 mg/dL

Arterial blood gas: pH 7.22, PaCO, 14 mmHg, PaO,
144 mmHg

Blood glucose: 194 mg/dL, Ca 8.9 mg/dL, PO,
15.3 mg/dL, Mg 3.54 mg/dL, Alb 3.8 g/dL

Lactate 1.5 mmol/L, ketone 0.9 mmol/L

CPK 998 U/L

Liver enzymes: TB 4.19 mg/dL, DB 3.68 mg/dL, AST
154 U/L, ALT 332 U/L, ALP 1354 U/L

Urinalysis: sp.gr. 1.015, protein 2+, WBC 3-5 cells/HPF,
RBC numerous (no dysmorphic)

Urine toxicology: ketamine positive; methamphet-
amine negative; opiate group negative; cannabinoid
negative; cocaine negative; kratom negative

HBsAg positive, Anti-HBc 1gG positive, Anti-HBc IgM
negative, HBeAg negative, Anti-HBs Ab negative, HBV
DNA VL 39,800 IU/mL (log 4.6)

Anti-HCV negative; Anti-HIV non-reactive

Hemoculture: Enterococcus faecalis x 2 specimens

Chest x ray: no infiltration

aguseaugdae

NNUseiRuazranTIIaiesU JuRnist1esu dullugiuh
AUwiinniglane@eunau (Acute kidney injury) Inedidady
wonlsn dud 1. amglamedeunduiidiiusiunnsinie
lunszuaiden (Sepsis-associated acute kidney injury)
desnduaeiiangiadelunszuaiden 2. aaglane
WBeunduannisaaduniaiulaaty (postrenal acute
kidney injury) Lﬁaqmﬂ@'ﬂaBﬁﬂiﬁamﬂ%mmﬁulﬂuﬁz&Jg
nanunu Fududadededinanenmsmaduilaanszdines
waznnrlavannly 3. inrlamedeundunndenindesle
tload (pre-renal acute kidney injury) Lﬁaﬂﬁ]’mﬂﬂwﬁﬂiﬁa
Sulsgmuosintegastinuneu 7 Ju

mmfu;:iﬂwiﬁ%“umidﬂmmLﬁ'maﬂﬁm Ultrasonography
WU bilateral moderate hydronephrosis, not seen stones,
Left kidney 12.8 x 7.4 cm, Right kidney 10.9 x 4.9 cm,
iso-echoic renal parenchyma. Wag Computed tomography
(CT) whole abdomen with contrast wanslifiunnizla
wazrelauiniedesdne mfwielamudatu wdalaanie
iy esgnssnedaanizanas (UA 1) Fadald
Aunisidadelsaszuuniadudaanzainnisidianiiu
venaniudnuialugaiduazveddivensd (allduans
Tunm) Wldulsmiethasniauideundu
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gﬂ‘ﬁ 1 Computed tomography of the whole abdomen with intravenous contrast

(A) axial view; (B) coronal view wanslisiunnizlauazviolnuintvisanstng adsviolamundiu adslaangmundiuie

Anugnseizdaanizanas

feldsumaiteddulsaerhisniauideundusmi
fnshndelunszuaien uaznnzAndoguuss laumssnu
demislavietismela 1dsusnsinde Ceftriaxone 1un
2 nfumavaeadendn wariinzlanadeunduainnis
aadunaAudasiy (Post-renal acute kidney injury)
Sufunzunsndauainlaie laud g3y (uremia) Lden
\Junsa (metabolic acidosis) Tnunaleuludenas (hyper-
kalemia) lsineuaussienisinudieen Jdldsunisinm
faensunUanaunule (Kidney replacement therapy)
#2875 Continuous veno-venous hemofiltration (CVVH)
waan1ssnwsnensuiianeunuladuszesiian 3 Ju duae
01M3ATu Aununeulddides daanzeenUiunm 2-3 Ans
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lomnuaenusdaeuiiames (computed tomography)
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