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The Subcommittee on the Thailand Renal Replacement Therapy Registry, The Nephrology Society of Thailand.

Abstract

End-stage kidney disease (ESKD) has emerged as a significant public health issue in Thailand, with the number of
patients requiring renal replacement therapy steadily increasing over the past decade. This trend reflects a broader
regional and global rise in the prevalence of chronic kidney disease and ESKD, driven by factors such as improved
survival rates, demographic changes, and increased access to RRT. In response, Thailand has implemented an
updated hemodialysis policy under the Universal Coverage Scheme to offer more patient-centered care. This
study analyzes data from the Thailand Renal Replacement Therapy (TRT) Registry, exploring the growth of
hemodialysis and peritoneal dialysis centers, the expansion of dialysis machine availability, and the rise in
specialized healthcare professionals. The insights derived from this analysis are essential in understanding current

challenges and shaping future healthcare strategies to meet the growing demand for dialysis services in Thailand.
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corresponding rise in the number of patients requiring
dialysis, with over 20,000 individuals needing treatment
annually.* This growing burden on healthcare systems
demands a proactive response.

Dialysis care in Asia is defined by government
support, patient-centered policies, and a focus on
enhancing access to high-quality kidney care services.
Despite this progress, disparities persist between
affluent nations and lower-income countries in the
region, where economic limitations and challenges
in healthcare infrastructure often constrain access to
adequate renal care.” In Thailand, the major challenge
under the peritoneal dialysis (PD) first policy is the transfer
of patients from peritoneal dialysis to hemodialysis, with
the risks of transfer changing over time.'* In Thailand, the
landscape of RRT has experienced a significant shift
with the introduction of an updated hemodialysis policy
under the Universal Coverage Scheme (UCS), effective
February 1, 2022. This policy empowers patients with ESKD
to choose their preferred treatment modality—either
hemodialysis or peritoneal dialysis—thereby fostering
a more patient-centered approach to care."" This shift
mirrors global trends toward personalized healthcare,
allowing individuals to make informed choices based on
their unique health needs and preferences."

Despite these advancements, there are growing
concerns regarding the healthcare system’s capacity
to accommodate the anticipated surge in demand for
RRT services. Experts predict that approximately 15,000
additional patients may opt for hemodialysis within
the first year of this policy’s implementation, raising
questions about the adequacy of existing infrastructure
and resources to meet this increased need. The National
Health Security Office (NHSO) acknowledges these
challenges and emphasizes the necessity for stratesic
planning and resource allocation to ensure that all
patients receive timely and effective care.

A pivotal tool in addressing these challenges is the
Thailand Renal Replacement Therapy (TRT) Registry.
This comprehensive database is crucial in tracking
patient demographics, treatment modalities, and

clinical outcomes across various hemodialysis centers

nationwide. By systematically collecting and analyzing
this data, the TRT Registry provides valuable insights
into current practices, identifies trends over time,
and highlights areas requiring improvement. Such
information is essential for guiding policy decisions and
optimizing RRT delivery nationwide.

This report presents an analysis of data from the TRT
Registry, offering a comprehensive review of dialysis
center providers in Thailand. The study was approved
by the Institutional Review Board of the Royal Thai
Army Medical Department (Approval number IRBRTA
1445/2567), Bangkok, Thailand. The findings from this
analysis aim to enhance RRT services nationwide,
ensuring that all patients with ESKD receive high-quality

care tailored to their individual needs.

Methods

We conducted a comprehensive review of national
registry data collected by the TRT program. This dataset
provided detailed information on dialysis services
and resources in Thailand between 2018 and 2023.
Specifically, we analyzed data on demographic factors,
including age, gender, and other relevant characteristics
of dialysis patients; the distribution of dialysis centers,
focusing on the geographic locations of hemodialysis
and peritoneal dialysis centers across Thailand,
categorized by region; and dialysis equipment and
resources, including the number of hemodialysis
machines and the availability of human resources (e.g.,
trained personnel) across all 77 provinces in Thailand.
Ethical approval for this study was obtained from the
Institutional Review Board of the Royal Thai Army
Medical Department (Approval number: IRBRTA
1445/2567), Bangkok, Thailand.

Descriptive statistics were used to summarize the
data, with continuous variables (e.g., number of dialysis
machines) reported as mean =+ standard deviation (SD)
for normally distributed data and as interquartile range
(IQR) for non-normally distributed data, while
categorical variables (e.g., the number of dialysis
centers in each region) were presented as frequencies

(absolute numbers) and percentages. This approach

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

J Nephrol Soc Thail 2025; 31(1): 1-10

3



Satirapoj et al.

allowed for a detailed analysis of dialysis care
infrastructure and resources, offering insights into
regional distributions and identifying areas for potential

improvement.

Results and Discussion

Number of Hemodialysis Centers in Thailand

The number of hemodialysis centers in Thailand
has steadily increased from 2007 to 2023, reflecting the
rising burden of ESKD in the country, as shown in Figure 1.
By 2023, a total of 1,106 hemodialysis centers had
been established across Thailand, highligshting both
the growing demand for dialysis services and efforts to
expand access to renal care. This expansion underscores
the increasing prevalence of CKD and ESKD, as well as
the healthcare system’s response to meet the growing

need for dialysis treatment.
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Number of Peritoneal Dialysis Centers in Thailand

The prevalence of peritoneal dialysis centers in
Thailand has shown a consistent, though slight, increase
from 2007 to 2023, as shown in Figure 2. Notably,
between 2017 and 2018, the number of peritoneal
dialysis centers increased from 145 to 193, reflecting
a period of significant growth in the availability of this
treatment modality. However, from 2018 to 2023, the
establishment of new peritoneal dialysis centers
stabilized, with the total number rising modestly from
193 to 203 centers across Thailand. This suggests that
while there has been a steady expansion of peritoneal
dialysis services, the rate of growth has slowed in recent
years, likely due to factors such as capacity limitations,
regional healthcare needs, and the shifting landscape of

renal care.
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Distribution of Hemodialysis Centers Across Regions
in Thailand

The distribution of hemodialysis centers across
regions in Thailand has remained relatively consistent
over the years, as shown in Table 1. However, data from
2023 indicates that the majority of hemodialysis centers
are concentrated in two key regions: Bangkok and its

vicinity, which account for 31.1% of the total hemodialysis

Table 1 Distribution of hemodialysis centers across regions

centers, and the Northeastern region, which houses
27.3% of the centers. This distribution reflects the
centralization of healthcare services in urban areas,
particularly in Bangkok, while the Northeastern region
also plays a significant role in providing dialysis care.
The remaining centers are spread across the Southern,
Northern, and Central regions, contributing to the

nationwide availability of hemodialysis services.

Bangkok and Vicinity 256 270 288 314 324 344
(32.7%) (33.5%) (33.7%) (34.0%) (32.1%) (31.1%)
Central Part 88 83 86 93 110 110
(11.3%) (10.3%) (10.1%) (10.1%) (10.9%) (9.9%)
Western Part 35 37 36 37 a4 45
(4.5%) (4.6%) (4.2%) (4.0%) (4.4%) (4.1%)
Eastern Part 62 64 70 76 85 96
(7.9%) (7.9%) (8.2%) (8.2%) (8.4%) (8.7%)
Northeastern Part 199 199 214 235 258 302
(25.4%) (24.7%) (25.0%) (25.2%) (25.6%) (27.3%)
Northern Part 67 80 81 81 94 105
(8.6%) (9.9%) (9.4%) (8.8%) (9.3%) (9.5%)
Southern Part 75 73 80 89 94 104
(9.6%) (9.1%) (9.5%) (9.6%) (9.3%) (9.4%)
Total 782 806 855 925 1,009 1,106
(100%) (100%) (100%) (100%) (100%) (100%)

Distribution of Peritoneal Dialysis Centers Across
Regions in Thailand

The distribution of peritoneal dialysis centers across
regions in Thailand has remained relatively proportional
over the years, as shown in Table 2. However, data
from 2023 indicates that the majority of peritoneal
dialysis centers are concentrated in two key regions. The
Northeastern region hosts the largest proportion, with
30.6% of the total peritoneal dialysis centers, reflecting
the region’s significant need for renal care. Bangkok
and its vicinity follow, accounting for 18% of the total
peritoneal dialysis centers, highlighting the centralization
of healthcare services in the capital and surrounding

areas. The remaining centers are distributed across

the Southern, Northern, and Central regions, contributing
to broader access to peritoneal dialysis treatment
nationwide.

Number of Hemodialysis Machines

The number of hemodialysis machines in Thailand
has consistently increased from 2012 to 2023, reflecting
the growing burden of ESKD and the corresponding
demand for dialysis services, as shown in Table 3.
By 2023, a total of 12,353 hemodialysis machines had
been installed across the country, demonstrating the
healthcare system’s efforts to expand capacity in
response to the rising prevalence of ESKD. This increase
in hemodialysis machines highlights the country’s focus

on enhancing renal care infrastructure, ensuring more

https://he01.tci-thaijo.org/index.php/JNST/index
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machines are available to meet the increasing demand
for dialysis treatments. The expansion underscores the

significant healthcare challenges posed by ESKD and the

continued need for resources to manage this chronic

condition.

Table 2 Distribution of Peritoneal Dialysis Centers Across Regions

Region | 2018 2019 2020 2021 2022 2023
Bangkok and Vicinity 39 39 38 37 37 37
(20.2%) (19.6%) (18.9%) (18.5%) (18.3%) (18.0%)
Central Part 29 29 29 29 28 28
(15.0%) (14.6%) (14.4%) (14.5%) (13.9%) (13.6%)
Western Part 9 10 10 10 10 11
(4.7%) (5.0%) (5.0%) (5.0%) (5.0%) (5.3%)
Eastern Part 13 16 17 18 18 20
(6.7%) (8.0%) (8.5%) (9.0%) (8.9%) (9.7%)
Northeastern Part 58 59 60 60 62 63
(30.1%) (29.6%) (29.9%) (30.0%) (30.7%) (30.6%)
Northern Part 20 22 22 21 22 22
(10.4%) (11.1%) (10.9%) (10.5%) (10.9%) (10.7%)
Southern Part 25 24 25 25 25 25
(13.0%) (12.1%) (12.4%) (12.5%) (12.4%) (12.1%)
Total 193 (100%) 199 (100%) 201 (100%) | 200 (100%) | 202 (100%) 206 (100%)

Table 3 Growth in the Number of Hemodialysis Machines

in Thailand (2012-2023)

Year ‘ Number of Hemodialysis Machines
2012 5,271
2013 5,598
2014 5,359
2015 6,638
2016 7,423
2017 7,830
2018 8,196
2019 8,804
2020 10,512
2021 11,045
2022 11,613
2023 12,353

Human Resources of Dialysis Centers
The number of full-time qualified physicians, dialysis
nurse specialists, and trained nurses who completed 4- or
6-month short courses in hemodialysis and peritoneal
dialysis in Thailand has consistently increased from
2018 to 2023, reflecting the rising burden of ESKD
and the growing need for specialized renal care
professionals, as shown in Table 4. By 2023, the
data indicated the following totals for healthcare
professionals:
e 931 full-time qualified physicians
® 2,048 dialysis nurse specialists
® 1,932 nurses trained in hemodialysis through 4- or
6-month short courses
® 282 nurses trained in peritoneal dialysis through
4- or 6-month short courses
This steady increase in the number of qualified
professionals highlights the healthcare system’s efforts
to expand the workforce to meet the growing demand

for dialysis treatments. The data also underscores the

6 J Nephrol Soc Thail 2025; 31(1): 1-10
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importance of specialized training programs to equip

healthcare workers with the necessary skills to manage

the complexities of dialysis care, ultimately supporting

improved outcomes for ESKD patients.

Table 4 Human Resources in Dialysis Centers Across Thailand

Category

Full-time qualified physicians

‘ 2018 ‘ 2019 ‘ 2020 ‘ 2021 ‘ 2022 ‘ 2023

482 782 716 722 799 931

Full-time dialysis nurse specialists

918 1,464 | 1,479 | 1,393 | 1,541 | 2,048

4/6 months short course hemodialysis trained nurses

1,089 | 1,767 | 1,724 | 1,930 | 1,913 | 1,932

4/6 months short course peritoneal dialysis trained nurses

132 229 181 157 165 282

Sharing Dialysis Center by Provider

The establishment of hemodialysis centers in Thailand
has been predominantly within private and government
centers, with a consistent increase in the number of
centers from 2019 to 2023, as shown in Table 5. By 2023,
data indicated that a total of 623 hemodialysis centers
had been established in the private sector, while 467

centers were set up in the government sector across

the country. This steady growth reflects ongoing
efforts to expand dialysis services in both the private
and government sectors to address the increasing
demand for ESKD care. The higher number of private
centers suggests a growing role for the private sector
in providing dialysis services, while government centers
continue to play a critical role in serving the broader

population, particularly in rural and underserved areas.

Table 5 Growth in the Number of Dialysis Centers by Provider

Government Government Private Private Non-Governmental | Non-Governmental

(HD) (PD) (HD) (PD) Organizations (HD) | Organizations (PD)
2019 378 197 416 - 12 2
2020 389 198 449 = 17 3
2021 413 197 494 - 18 3
2022 440 199 553 - 16 3
2023 ae7 203 623 - 16 3

HD, hemodialysis; PD, peritoneal dialysis

However, peritoneal dialysis centers in Thailand
have been exclusively established within government
hospitals, with a consistent but slow increase in the
number of centers from 2019 to 2023. This gradual rise
in the number of peritoneal dialysis centers reflects
the government’s efforts to expand renal care services,
particularly in response to the growing burden of

ESKD. The slower pace of expansion, compared to

hemodialysis centers, may be due to various factors
such as infrastructure requirements, patient population,
and the need for specialized training and equipment
for peritoneal dialysis.

Status of Dialysis Center

The establishment of hemodialysis centers in
Thailand has primarily occurred within in-hospital

dialysis centers, though there has been a dramatic

https://he01.tci-thaijo.org/index.php/JNST/index
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increase in the number of out-hospital dialysis centers
from 2019 to 2023, as shown in Table 6. By 2023,
data indicated that a total of 780 hemodialysis centers
were set up within in-hospital dialysis facilities, while

326 centers were established in out-hospital dialysis

Table 6 Growth in the Number of Dialysis Centers by Type

Year

In-Hospitalized Dialysis

Centers (HD) Centers (PD)

In-Hospitalized Dialysis

centers across the country. This shift highlights the
growing trend of providing dialysis services outside
traditional hospital settings, likely driven by the demand
for more accessible treatment options and the expansion

of outpatient services.

Out-Hospitalized
Dialysis Centers (HD)

Out-Hospitalized
Dialysis Centers (PD)

2019 640 199 166 -
2020 674 201 181 =
2021 718 200 207 -
2022 738 202 271 =
2023 780 206 326 -

HD, hemodialysis; PD, peritoneal dialysis

In contrast, Thailand’s peritoneal dialysis centers have
been established exclusively within in-hospital settings,
with a consistent, though slow, increase in the number
of centers from 2019 to 2023. This gradual growth
underscores the importance of hospital-based
infrastructure for peritoneal dialysis, which requires
specialized monitoring and support services. The
limited expansion in the outpatient sector for
peritoneal dialysis reflects the unique requirements
for the modality, including patient selection, training,

and care coordination.

Operation Type of Dialysis Center

The establishment of hemodialysis centers in Thailand
has predominantly relied on in-house dialysis facilities.
However, between 2019 and 2023, there was a significant
increase in the number of centers offering outsourced
dialysis services and private standalone clinics, as shown
in Table 7. By 2023, data revealed that 587 hemodialysis
centers were operated directly by in-house dialysis
facilities, while 208 centers and 311 centers provided
outsourced dialysis services and private standalone

clinics, respectively, across the country.

Table 7 Growth in the Number of Hemodialysis Centers by Service Type

In-house Outsourced In-house Outsourced Private In-house
Government Government | Private Hospital | Private Hospital | Standalone | Non-Governmental
Hospital Centers |Hospital Centers Centers Centers Clinics Organizations
2019 318 60 208 52 156 12
2020 321 68 215 62 172 17
2021 326 87 221 70 203 18
2022 328 112 228 74 251 16
2023 338 129 233 79 311 16

- J Nephrol Soc Thail 2025; 31(1): 1-10
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This notable growth in outsourced services highlights
efforts to expand access to dialysis treatment, particularly
in regions where establishing and managing in-house
facilities is logistically or economically challenging.
Furthermore, the number of private standalone clinics
also increased substantially during this period.

Outsourced dialysis services and private standalone
clinics have become essential strategies to address
the rising care demand among ESKD patients. These
approaches are crucial for improving access to
life-saving dialysis treatments for patients in both
urban and rural areas, ensuring that the growing need
for ESKD care is met more effectively. This report has
several notable strengths and limitations. One major
strength lies in its comprehensive scope, as it leverages
the TRT Registry, a national database, to provide a
thorough analysis of dialysis services, resources, and
infrastructure across the country. Additionally, the
longitudinal nature of the data, spanning from 2018
to 2023, offers valuable insights into trends over time,
enabling the identification of areas of growth and
persistent challenges. The dataset is also highly
detailed, encompassing demographic factors, regional
distributions, equipment availability, and workforce
metrics, collectively providing a holistic view of dialysis

care in Thailand.

Limitations of the study

However, the study has certain limitations. It
primarily relies on descriptive statistics, which restricts
its ability to infer causal relationships or evaluate the
effectiveness of specific interventions. While regional
disparities in dialysis care are highlighted, the study
does not deeply explore their underlying causes or
propose targeted solutions for underserved areas.
The analysis is also limited in its inclusion of patient-level
data, lacking insights into critical outcomes such as
quality of life or long-term clinical results. Moreover,
while the study

emphasizes dialysis infrastructure and workforce

metrics, it does not address broader factors affecting

dialysis access, such as socioeconomic barriers or
patient adherence. Another notable limitation is the
exclusion of private-sector dynamics in peritoneal
dialysis. However, the role of private providers in
expanding hemodialysis services is acknowledged,
and the reasons behind the exclusivity of government-
operated peritoneal dialysis centers remain unexplored.
Lastly, the data only extends to 2023, potentially missing
the full impact of the 2022 policy changes, as these

effects may take more time to materialize.

Conclusion

The rising prevalence of ESKD in Thailand highlights
the increasing demand for renal replacement therapies,
which has led to the expansion of hemodialysis and
peritoneal dialysis centers across the country. With a
steady increase in the number of dialysis machines,
trained healthcare professionals, and healthcare
facilities offering both in-house and outsourced dialysis
services, Thailand’s healthcare system is making
significant strides to address the growing burden
of ESKD. However, challenges remain, particularly
concerning the capacity of the healthcare infrastructure
to accommodate the projected rise in patient numbers.
The implementation of the updated hemodialysis
policy and the continued expansion of healthcare
resources will be crucial in ensuring equitable and
timely access to dialysis care for all patients. Continued
monitoring through the TRT Registry and strategic
planning are essential to optimize renal care delivery

and meet the evolving needs of ESKD patients.
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Cognitive Impairment in Patients with Chronic
Kidney Disease: A Literature Review
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Abstract

Cognitive impairment is increasingly recognized in patients with chronic kidney disease (CKD), including those
on kidney replacement therapy. Cognitive impairment is associated with a higher risk of hospitalization, dialysis
withdrawal, and death. Understanding and early detection of this condition should attenuate these complications.
CKD patients have more risk factors for developing cognitive impairment including traditional risk factors, CKD-related
risk factors, and dialysis-related risk factors. These will affect through vascular dysfunction, impaired cerebral
adaptation, chronic inflammation, and uremic toxins accumulation. Currently, effective therapy for cognitive
impairment in CKD patients is somewhat limited. Therefore, understanding the mechanisms and avoiding the risk

factors are the principal management to decrease the upcoming cognitive impairment.
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Non-Vitamin K Antagonist Oral Anticoagulants
Related Nephropathy

Tor Kaewduangjan, Adisorn Pathumarak
Division of Nephrology, Department of Medicine, Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand

Abstract

Non-vitamin K oral anticoagulants (NOACs) are widely used for various indications, such as stroke prevention
in atrial fibrillation. Previous data include numerous case reports of unexplained acute kidney injury associated
with NOAC use. Kidney biopsies in these cases have revealed red blood cell obstruction in Bowman’s space and
renal tubules. Risk factors for NOACs-related nephropathy include underlying chronic kidney disease, diabetes
mellitus, hypertension, and pre-existing IgA nephropathy. A kidney biopsy is recommended to confirm the diagnosis in
patients suspected of having NOACs-related nephropathy. The primary treatment is supportive care, which may include
temporarily discontinuing the medication. In cases where supportive care alone is insufficient, additional treatments

such as corticosteroids or NOAC-specific antidotes have been reported to provide some benefits.
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Aian bilgandmudmiue
Ao wAIN9AUNS waz afas Unansny

a1v713nlsale n1ATYI0IYSMIANT AMLUNNEMIERIINNGIUIATINIFUR UNIINEIAEUTAA

UNANED

gdunsudefnveadonyiin Non-vitamin K antagonist oral anticoagulant (NOACs) finmsldfegnsunsuarelulagiu
Tunanedous? wu nstestunisifalsavaoniienaussiuidsundululsaiilavssuududs (atrial fibrillation) WHudu
Mndeyalurrmdaifinsldoriunisudsvendensgraunsnaneisnenunisiinnglanefiduiusiunisldedu
nsudsvendenlneunmniauadu aniaerinerdudelanuiinisgasuveniaifeaundly Bowman’s space
wagvieln d1m3uen NOACs fisaunainlanelasunmnnmasaduiifinnumdanisidiuen wazldfunisduduain
namenesinertuieln Jadedesinu Wu lsalanedesauiu Tsaumy Tsannudiuladings uaznisilsaladniauids
1 1gA nephropathy Wugu fiersanmsestuiolaietudunsitesemmensine Tnenmsshemdnazdunssoum
wuUsgAulseanslarinsamgagdumsdinm vaginisiomfosesduasnslioiuivisenuitoeaslisslon

Tusrenlineuausaran1ssnwLuLUsEAUUSEABY

Mmdaey: lsalasess; ladey; Tnnedeundy; srdunsudsinvendon; Iandiue

unin

amzilaviesundu (atrial fibrillation) WWunedilssy
mﬁﬁaﬁmﬂmma%ﬂuﬁwﬂ’u \losanfianuduiusiv
nainlsavasaidenauesfuidoundu Tnoifiuninudes
vosmainduiengadiuluvasaidenauoufiniuie 5 wh
Tudagtuainauuzinvesauiaulsanilavesglsvuas
aunnslsarilavesanigeiinilioonduuziitluguiois
awilavesuududuimnse Wldsunsusediuaiig
\deduesnisiindudongadu TagainAuugtiivesauiay
Tsavlawvisglsy fUaefiinzilaResuuduirildzu
nsednaulaien (prosthetic mechanical heart valve)
3efin1sfuvesduiilaluniaszdutiunarsauieg
(moderate-severe mitral stenosis) A13bAsu81d09iY
nsudasveadenulin warfarin dwsuglaedifinnizsiilans
vosuuduiedunlifansnnsteiu wugtilvseiusle

amudsweinsinlsanaendonauesiiulneeide CHADS -
VASC scorel lagninflazuuuainnIsdIuiani1udes
aatios 2 avuuulugviy veedeley 3 Azwuuluguds
foifuruuzthsedu A imslésuendunsudenesdont
YJagtuanAuzinvesamaulsaiilauisanigaisn
IaliAuugtifiansaunisly Non-vitamin K antagonist Oral
Anticoagulant (NOACs/DOACs) Uugndusnlunisdesiu
nsiialsavasnldenaNesfuldsunaumteniten warfarin
Wuuugiseau |
dwiuendosiunisudsdimendenngu Non-vitamin K
Antagonist oral anticoagulants (NOACs) Qﬂﬁmﬁum
wueINgy Vitamin K antagonist %30 warfarin lngtagdu
griignidedraunsvanouvadu 2 wia 1¥un nau direct
thrombin inhibitor liiun dabigatran uagngu Factor Xa

inhibitor l¢ilA rivaroxaban, apixaban Wag edoxaban lay

JUseriusUsIOINa: Mo Uianaduns
dua: tortoomtam. 1 990@¢gmail.com

SUunAII: 19 §UIAN 2567; UTUUTUALY: 31 unTIAN 2568; SUATIUN- 2 nun1iUG 2568

0929

All material is licensed under terms of
the Creative Commons Attribution 4.0
International (CC-BY-NC-ND 4.0)

license unless otherwise stated.

J Nephrol Soc Thail 2025; 31(1): 23-30

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



Review Article JNST

a

Uszdnsanlunisdesiunisiinduidengaduiiiauni

N A

39N warfarin wagdl major bleeding Uoanin uaﬂmﬂ‘ﬁ
felldedlagludosnsiaseduenniloungu Vitamin K
antagonist™*

Tudaduiisneaunisiin anticoagulant-related
nephropathy ﬁgﬁmﬂmmjm vitamin Kantagonist tkaiz NOACs
ImaJmﬁﬁaﬁamﬁaﬁﬁa;ﬂamqwm%ﬁmmmmﬁmw%wﬁalm
Hundn %ﬂﬁgﬁﬁmizﬁmilﬁm NOACs-related nephropathy
Tuilaqtiu o1 dabigatran [uniifistenunisiinanniian Tng
wnzegeddluaufiflsausyandauin 1wy IgA nephropathy
JzfiuudssnIsin NOACs-related nephropathy mﬂ‘ﬁu
nNnsAnw1ves Trujillo wazamelul a.d. 2022 Tasneau
msnulugihefifinnglanedeunduniunds hematuria
Tugteillésu oral anticoagulant $1uau 26 Ay Balé3y
mimz%mﬁalmwudw NaNIINY1DH underlying WJu IgA
Nephropathy Aatduseuay 73 yosmavn®®

A5 1% Non-vitamin K antagonist oral anticoagulant
nepatinludaglu

grrun1sulsiveadensinsuuseniu (oral antico-
agulants) finnsldegraunsnaneludiagiu etesiunie
$n¥1n1E venous/arterial thromboembolism &1%5uU
EJ’ma::uLLiﬂ 1aun vitamin K antagonist (VKA) laun warfarin
Tunandounldfinsiamnevialel Ao ngu NOACs il
Forninengu VKA TuBesuszavsamlunstesiu throm-
boembolism 8g1stiogliiuana19an warfarin Waza1N1sa
T¥erlneldsndudownsrafnmusziuen yenaniidad
N15AnA1E Major bleeding Wouni1 warfarin 81989370
N13@NYY ARISTOTLE study Wuil major bleeding Sawaz 2.1
Tunguillé¥u apixaban vaugfinguilld3yu warfarin finns
\im major bleeding innninfi¥esas 3.01 I ngu NOACs
ﬁﬁlﬁﬂuﬂﬁl@ﬁuﬂizﬂauﬁ’m dabigatran, rivaroxaban,
apixaban uaz edoxaban Fsiifeyamundvaauans
Fananslunsnedt 17 dmsudeusivesnsld NOACs mendtin
Tutagtud 3 4o loun 1) Jesdunisifinlsadudenayssdiv
910 non-valvular atrial fibrillation 2) Jesiuuazsnuwl
venous thromboembolism 3) Ua4iu venous thromboem-
bolism MenaINsHIRANTEANAELNN"

A15197 1 %aaﬂammé’maumam%uasﬂaiﬂmiaaﬂqw%maa Vitamin K antagonist wag Non-Vitamin K Antagonist Oral

Anticoagulants
WEYAUAERS
nalnn1seengus | Prodrug . .
Dose adjustment in
Metabolism Dialyzable ,J .
renal impairment
Warfarin Vitamin K No WU Cytochrome P450 No No
antagonist type 2C9
Dabigatran Direct thrombin Yes Renal excretion 80% Yes Yes
Inhibitor
Rivaroxaban | Factor Xa inhibitor No Renal excretion 66%, No Yes
feces 28%
Apixaban Factor Xa inhibitor No arlugiiudunig Partial No
CYP3A4 (73%) whazil
Renal excretion 27%
Edoxaban Factor Xa inhibitor No Renal excretion 50%, liver No Yes
and biliary/intestinal 50%

ARLUAYDIA Aursulesei V, Costache, Il. Anticoagulation in chronic kidney disease: from guidelines to clinical practice.

Clin Cardiol. 2019;42(8):774-82.°
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s1e9ugURnIsainsiinnElaedeunau
aunasnsidendunisulenivaaion

Menaan1seIRIun1sulsivesdonag1unsvane
1w .7 2009 Brodsky wagane leeaugineilisuendnu
msudsseadensiin warfarin Wuwweswan 9 518 il
omslaansidudenuazinnglanedoundu laeilen
Tnedeseiu INR Wiy 4.4 anaderdoftuludenwiiu
4.3 findnsusioiadans fuaeyneldfunanstuiele
Imﬁ’@@ﬂwﬁﬁmwlmé’ﬂLauaaﬂ NAYNINYITINGINU acute
tubular injury, glomerular hemorrhage, red blood cells
in bowman’s space wa¥ red blood cell cast andulurialn
lnegUlednuiu 6 srwnnienrsoaniuiesas 67 Ll
nsiuinveslnananzlameBeundu

dmsuengu NOACs isenunisiinnnglanedeundu
mendanslasvendunsudsivenden 1wl am 2017
Brodsky wazamg lasisiunisiiannglaneideundu
MUndInside apixaban taeidudUiendgseny 82 T
flspusyirdndulamdenteseszesd 3 nuanvile
wosuudus warldfunssnwidieen apixaban 2.5 fiadniu
Suay 2 a%s aendslduen apixaban wuazlaane
Beundu asadaanznuidaidenunsdutaany lnona
nsaTndu 1 eglunasiund fUheldfunisnziudols
wudadeaunssruaunngaduluviels feidusisauusn
TugftreiiAnnnzlanedeunduniendslsiuangy Anti-
Factor Xa inhibitor’

wonanitud a.A. 2017 Oliveira warAmyldsneay
N13LAA rivaroxaban-related nephropathy Iuﬁliﬂaawiﬁﬁaﬁq
82 U fensviauveslaeglunaeiung lasunsifiade
Dhilsalavesundudh uaglisunsshwseen rivaroxaban
sounlasunissnwlulssnervnamennztaansiduden
ffuiinnglamedsundu flheldsunmaaziudeladn
Iafuanuwuzues anticoagulant-related nephropathy*

Tl A.A. 2023 Chen warAnzlisenuNanIsUTIETE
filFunsifiade NOACs-related nephropathy JEEREAIRY
Algsuitadearensarzduiolasiuay 20 518 wudn
Sy 14 918 Eedudesas 70) 19§uen Dabigatran Tinde
1AsUB rivaroxaban 91w 4 918 1ASUB1 Apixaban way
Edoxaban et19ay 1 518 furedrulngiilsauszdda
ldun anudulaiingsdadusosay 65 dmsuszuznafiin
NOACs-related nephropathy w&sanlésuesiadeyszanm
283U Imwﬁﬂmﬁiﬁ%’umsmz%wﬁalmwuiiﬂ IgA nephropathy
PNWNANWNYIBINYITINAIY 8 518 A MTUNANNINEIDINGT

17‘1IW‘U 1okA N15WU red blood cell kag red blood cell cast

Tu renal tubule wag Bowman’s space’

N1531928N1I2 Anticoagulant - related
nephropathy
Aemsiiannzlanedeundulaglifivmdueiuisedig
dntau luftheildsusdunisulshvesdoniangs vitamin
K antagonist 1138 NOACs kazli1Aanndnuazuain1siidon
geneusTUUA 9 Samainanirlamedeundulisududos
duiusiusssueniigaiusedutniauell Tneguaglasuns
dudumnneduriomaudliosueaimguemniainnngle
Medundu uaznamaneg3ingnannisanstuideladle

iU Anticoagulant-related nephropathy™ "

Jadudeslunisiianiazlnanedeundu
aunaINsIdedunisudefivaaion
nndoyafinulutiagiu Jeduidesdonininnzlaneg
inmslesugsunisudveaden i nsiinngladey
éa%’aagjlﬁm, mqﬁmm’h 75 U, fiszauend1un1suiasn
YaUADAAUIUIN, Qﬂwﬁlﬁ%’um warfarin wazian INR > 3,
nslsAsafy Wy W anuaulaings uagnisillse

Indniauin Wi IgA nephropathy 1Wusu”

nalnlunisiiannzlnneideunaununas
A151Y NOACs
dmsunendassinenlunisiinnglanedeunaunie
wdanslasuedunisuieivenden Welninmnedu
msudashvesdonlaianizesied dabigatran wag warfarin
ﬁwaé’ugqmsmﬁ'au Proteinase-activated receptors ﬁW‘U
Tuwadvianeyingiuds endothelium 9103V inactive Uiy
active yiliiianT1sgadeninuulusives endothelium
IAnNsEnunvewaeadenrldadenunad gz ey
Tu Bowman’s space uag renal tubule auililAnaz1n
\danvamislaLaziinnismevewiola lussezeinininng
gafuazn1smevewisladuszesnaiuiy azviliduay
mhelpanasugainganinnglaneEosmimmmnlald
Sunmsunle®

NYB N1V LAMBLIRIUNAUATUNAS

A151Y NOACs
ﬁ]']ﬂi']ﬂﬂ?uﬂ'ﬁlﬂﬂﬂ']'ﬂ%l@??EJLaEJU'Wéjum']llﬁéjﬂﬂWi

165Un15 NOACs anwazmnane 3inendinu laun nsnu
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anwaz dysmorphic red blood cells Tu glomerulus 1ng
lainuanwazves active glomerulonephritis, Wu red blood
cells casts qmé’fﬂuviaim, WU red blood cell wag red blood

cell cast Tu renal tubule wag bowman space

AMAFNNUSIERIIMsdadunsulsiivauden
lUN158ARIYR9ENTINTINIUVRLlA

Tul A.A. 2010 Brodsky warmmy LAS189IUAISANEN
lugUaglasuendiunisulsiveadensia warfarin lag
AAVNANITUSTENINeTEAY serum creatinine fiudn INR Tu
Fuanfifian INR snnnd 3.0 egetos 1 ads wutiigiae
fiflsziu serum creatinine Watuegraios 0.3 Jadndu
soindans Tnglifingduesuislufinedulsalndosuiy
Andufesay 33 isuiufiaeildlddulsaladeseiiifes
Yoway 16.5 Jaidednenafianvgainnisiinis glomerular
hemorrhage fivilidinisidenvedladininung'®

dwiudeyavesengy NOACs Tul a.a. 2016 T5184u
984 Chan uazany Wisuifisunuidssmesnninanie

Ianedsunausynineen warfarin ffugn dabigatran lusiede
WUI191 dabigatran duWusiunIsiinaMglaedsunauy
Asndndleiguiuen warfarin LasllafaIsaanIe
Tunguitlasuen dabigatran wudaulindulsalasesiy
fanudgavasmainnneglaneideunduganiinguilila
& L o a5

JulsalnGosudy

n153dRn12zlnRsUNAURIUKAT
N304 NOACs
gasuansfinutes M nsnuAIsRIINITTIuTes
TadeuategeTIndanundainisliu NOACs wavnswuidin
Woauaseenulutlaane Ineasasdaniay NOACs-related
nephropathy Tuéﬂqsﬁlé’%’um NOACs 7iunéedeym acute
kidney injury %3® rapidly-progressive CKD"
dmdunisnsratesdunislafunisnsaa urinalysis,
kidney/doppler ultrasound i'quﬁummm@%wumﬂmﬁm
acute kidney injury mnkinuanuiaunfsuiieduigle
msldsumamgsudelafiemanvmsoly Ui 1)

Acute Kidney Injury
t serum creatinine > 0.3 mg/dL of baseline
t serum creatinine > 50% of baseline

Urinalysis

Kidney Ultrasound

[
No obvious etiology of
acute kidney injury
I
Unexplained acute kidney injury
that does not resolve
|
Consider kidney biopsy

Etiology of acute
kidney injury identified

3‘1J17i 1 Diagnostic flow chart of anticoagulant-related nephropathy

ARLUAaYIn Wheeler DS, Giugliano RP, Rangaswami J. Anticoasulation-related nephropathy. J Thromb Haemost.

2016;14(3):461-7."

LUINI9NN55 NN 8RB UNAUAURAS
A1514 NOACs”

1. fosanlansih Tnsenafansannisli urine alkalini-
zation 1A

2. Mnsanvgaesunisudsiaudunisdins sy
91N TUINTIREFURY dmSusn dabigatran Hs189U
15T Idarucizumab 1ugduRuiigagliainisiiau
vaslanauanlndifesaunfla’
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3. fsnzdwilels
4. T5989uUMsli corticosteroid Tunsadlon1sguse vse
finmzlanengalaiiiug

5. farsaninvanawnulatinsidlediveusd

6. TugUqendndudesldiu NOACs sa 019fia1500
WasudugAisneaunisiialanesundudssniinse
JSuseaueanad

A19197 2 @sUuuImMaMItadeuarinyn1e anticoagulant-related nephropathy

Clinical criteria o

fonslaanuiluden sy new onset AKI #58 Acute worsening CKD
o le5unssnwicig anticoagulant (NOACS) AauEuiiannis
o Exclude anvganuinunAlunaiulaaie

Pathological criteria | ®

Extensive erythrocyte cast formation in distal nephron segments
e Acute tubular injury with intracytoplasmic tubule ferric deposit unrelated to ischemia/toxins
e Absence of active glomerulonephritis or other inflammatory changes

Therapy °
TensSnwiwuulseAuUseaps

#915041U5Ue anticoagulant liieglu therapeutic range (@19fi9150 Mg TUNTETIAT1)

ARLUAYaIN Belcic Mikic T, Kojc N, Frelih M, Ales-Rigler A, Veceric-Haler Z. Management of Anticoagulant-Related
Nephropathy: A Single Center Experience. J Clin Med. 2021;10(4)."

AKI, acute kidney injury; CKD, chronic kidney disease; NOACs, non-vitamin K oral anticoagulant.

LUININSAAMINAINISTIN UV lAN18 AT
1518 NOACs

Mndeyaludiagdu mnguaeynseidududeslsiu
N135n¥IA881R UNITUDIFIvedeangy NOACs W
fiansandanunsyiauesanendalasuemn 3-4 ey

Tusgming 3 WeuusandsnBuleduen lussezendmiy
fUheifidnsinisnsesveslatosnin 60 ml/min/1.73m2
msamunsianuveslann 3-6 e uaziledihedldzuen
NOACs #A18n5In159191uvadlaanas Aslasun1snge
WsAsiovnanivniui®

AN51991 3 BUINNITAARILAINITYINNUYBINEUS LA UBIPIUNISWDFvaRaen

Maintenance

Initiation
(3 \ilouusn) dMNIININTDY dMNIINIINTDY dNIINIINTBY
> 60 mUmin 30-60 mUV/min < 30 mVmin
Warfarin 3-4 §Uavi 6 LU 2-3 1fiau 2-3 iU
NOACs 3-4 §UaA 12 \hou 6 LpU 3 fau

AnLkUAYaIN Wheeler DS, Giugliano RP, Rangaswami J. Anticoagulation-related nephropathy. J Thromb Haemost.

2016;14(3):461-7."

AN NOACS 1ué’ﬂ’s&1ﬁﬁﬁ1n’1‘sﬁ1\‘i’m risk score @uSusTinvoIBI@IUNITUTIFIveuden wuzi

vaslaiaunflutagiu
drusuanurinlunisidadenarnissne1n1igiila

A5l NOACs witlonn vitamin K antagonists wagusuan
YUIREuAazyan1LAT estimated creatinine clearance
viesuuduTlugthelsaladeuess uugihlunsinnsanms  dwmnsaed 4'

Tregndunisudasnvanianiaeuseiiuain CHA2DS2-VASc
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A1579% 4 wINeNTsUSUE1 NOACs muAn estimated creatinine clearance

eCrCl (mlV/min) Apixaban Dabigatran Edoxaban Rivaroxaban
>95 5 or 2.5 mg bid 150 mg bid 60 mg OD 20 mg OD
51-95 5 or 2.5 mg bid 150 mg bid 60 mg OD 20 mg OD
31-50 5 or 2.5 mg bid* 150 mg bid or 30 mg OD 15 mg OD
110 mg bid
15-30 5 or 2.5 mg bid* Unknown 30 mg OD 15 mg OD
(75 mg bid) could be considered | could be considered
<15 or on dialysis 5 or 2.5 mg bid* Not recommend Not recommend Unknown
(15 mg OD)

ALUaIDIN Joglar JA, Chung MK, Armbruster AL, Benjamin EJ, Chyou JY, Cronin EM, et al. 2023 ACC/AHA/ACCP/HRS
Guideline for the Diagnosis and Management of Atrial Fibrillation: A Report of the American College of Cardiology/

American Heart Association Joint Committee on Clinical Practice Guidelines. Circulation. 2024;149(1):e1-e156."

eCrCl, estimated creatinine clearance.

*mngUlediinaeiidnlaegates 2 4o louA 1. A1 creatinine =1.5 me/dL 2. 81y =80 U wle 3. Uwilin <60 Alaniu

wugthanvuadu 2.5 mg bid

G

Uagduiinisldengu NOACs nepdtinagnaunsviany
Tunanedeust fysnunmaianiglamedeundumends
IF$uenlagusainaivndusmiuldfunisduduainua
we 3 inenvestuiols Tnenssnuludagiudunissne
wuuUsedudszrendundn vaziiveyanislierduiy
evtanaldandnanisiauvedanduundedisidn Faly
Tun1aUJuRdeadsinasfnniua18ns1n1991914v09le
\Duszerluguaefléfueingu NOACs saufauiusediuen
AINAIBRTINTYIUVRALN

LONENT91984
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Metabolomics in Diagnosis and Prognosis of
Diabetic Kidney Disease
Methawoot Khemmongkon, Sukit Raksasuk

Division of Nephrology, Department of Internal Medicine, Faculty of Medicine Siriraj Hospital,
Mahidol University, Bangkok, Thailand

Abstract

Diabetic kidney disease (DKD) emerges as a significant contributor to end-stage kidney disease. Currently, the
diagnostic approach relies on a comprehensive clinical history and identifying notable albuminuria, accompanied
by a sequential decline in glomerular filtration rate. However, this method may unveil substantial impairment in
kidney function at the time of diagnosis, prompting a search for innovative biomarkers to overcome this limitation.
“Metabolomics,” a systematic and quantitative analysis of all metabolites in biological samples, has emerged as
a viable solution. Metabolomics investigates metabolites resulting from internal metabolic processes and external
factors such as diet and the gut microbiome. Metabolomics has undergone significant advancements, leveraging
technologies such as Mass Spectrometry and Nuclear Resonance Spectroscopy, coupled with sophisticated data
analysis methods. This progress has led to the identification of novel metabolites, including amino acids,
carbohydrates, lipids, and nucleic acids, thereby offering promising prospects for the diagnosis and prognosis
of DKD. Furthermore, recognized metabolites provide insights into critical disease mechanisms, such as mitochondrial
dysfunction in DKD. The evolving field of Metabolomics has deepened our understanding of DKD, contributing to
enhanced diagnostic precision, prognostic capabilities, and more personalized treatment strategies for individuals
with DKD.
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Abstract

Background: Sepsis is the leading cause of acute kidney injury (AKI) in critically ill patients. The current Kidney
Disease: Improving Global Outcomes (KDIGO) criteria rely on maximal serum creatinine levels, which do not
account for longitudinal changes. This study aimed to examine AKI staging trajectories and hypothesized that
subphenotypes based on these trajectories are associated with different outcomes.

Methods: Two independent databases of patients in the intensive care unit (ICU) with AKI in Southeast Asia were
analyzed. The SEA-AKI cohort served as the development cohort, while the KCMH cohort was used for validation.
Group-based trajectory modelling identified subphenotypes of AKI staging in septic patients during the first seven
days after ICU admission. Baseline characteristics, AKI staging, duration, recovery, and the occurrence and staging of
acute kidney disease were compared between clusters. Associations between clusters and 28-day mortality, ICU and
hospital mortality, and major adverse kidney events at day 28 (MAKE28) were evaluated.

Results: A total of 457 patients were included in the development cohort and 333 in the validation cohort. AKI
occurred in 70.7% of the development cohort and 63.4% of the validation cohort. Three distinct clusters of AKI
staging trajectories were identified in the development cohort: Cluster 1 (No AKI, 29.3%), Cluster 2 (early mild transient
AKI, 50.9%), and Cluster 3 (early severe persistent AKI, 19.7%). Compared with the other clusters, an independent
association was found between Cluster 3 and increased 28-day mortality. These findings were confirmed in the
validation cohort.

Conclusions: AKI staging trajectories identified distinct subphenotypes associated with different outcomes. Further

studies are needed to explore subphenotype-based interventions.

Keywords: acute renal failure; AKD; septicemia; infection; renal failure; survival

*Co-first authors @ @@@
BY NC ND

Corresponding author: Nuttha Lumlertgul

All material is licensed under terms of

Email. I’qufha l@ChulO. ac. th the Creative Commons Attribution 4.0
International (CC-BY-NC-ND 4.0)
Received: 23 December 2024; Revised: 30 January 2025; Accepted: 2 February 2025 ficense unless otherwise stated.

J Nephrol Soc Thail 2025; 31(1): 52-64 https://he01.tci-thaijo.org/index.php/JNST/index



Original Article J NST

msanwnguil lulndluanzlanadaunai
‘IflﬁNW‘I«!ﬁﬂUﬂTA‘”GIﬂl;‘ﬁﬂi‘l«!&lﬂ’)il’)ﬂt]ﬁl

o ’0’ a * a a 24 * a aa o/ LY s = o/ Q‘
alng1 andana’, usive) Aalwarasaun®, I NalTe’, anh WIwssaun’, algle A3adan’
‘augnntudadulsalalunrizings wiglsele Tsswerviagmainsal anmnivmnine,

AUSUNTIEIANT ﬁzwvmnm;/mawmay

“magiavmansgnidu lsameviagwiaansal annivinlne

unAnee

unit: amghadelunszuadonduaivaiinuldvesiignuesnnislanedsundulunediaeingn inusin1sidade
amglamedsundulutagiulinfsfuresssduaiuefiufigefianiivsauioalaglildfamulusreren nsiduadsd
fingusrasdiiedun duilulndlneduunannisiasunlamessssznnglamedeundu wazthunaiadinanisedin
WleUsziliunudiiudiunadng

suf8uaside: Msfnmiodumsiinneideyanngudoyavesihennginglugiinaedens fusenidedls 2 grudeya
Ao 1) SEAAKI lugiudeyalunisadisluwa (development cohort) uae 2) ghudeya KCMH lunisiigaiiluea (validation
cohort) uaglfinadia sroup-based trajectory modelling lunsasrsduilulndannisidsunlamweszesnnglamedoundy
dune 7 Yuvestaeiifanzindelunssumbon §3duldsoufisuanuunniisvesdnunzdiin srozauTULss
srornauarnIiufivosnmglameldeundu mafaarsrezausuuseslsaladeundy (acute kidney disease)
sevinaudazngy uagthnadslumaniseddnifieAnwinuduius fusnsnindedind 28 fu snsnadedin
Tunegtheingauarlulsmenia uazmainnnzunsndeusnulail 28 Ju (MAKE28)

NANT3IL: Qjﬂwglu development cohort fg1uu 457 518 waglu validation cohort fg1uau 333 $1¢ AUYNVDINIY
laedoundusgiisesas 70.7 lu development cohort uazieay 63.4 lu validation cohort mmsmmaﬂduﬁﬁmww
vosnglanedeunduld 3 nau (& muiwﬂ) Usznaulushe nguil L Liglnnglaneidoundu Govay 29.3) nauil 2: 1y
lamodsunduiiing) suusafes uaziiuiigy Gosas 50.9) nduil 3: maglaedounduiiing Juusege uaglsiiiuim
(Foway 19.7) anmTiasiginsadinuinngud 3 Sanuduiusiusnsnisidedind 28 Suganingudug deyasn
development cohort Hlésun1sBusiuann validation cohort

agU: anusalinisiasuulamessreramnugunssesnnglanedsunduiuunduilulndveslauasadrslunaiiduius

funadwsiunnensiu sanisinmiderahunlinausunissnulduddoddfunmsinuiiub

Adaey: lnny; lndey; ledy; Aawe; Miedsen

*guseniusiangas @ 0 _I0)
m/szwwusszuna alngn mmﬂna BY _NC_ND

All material is licensed under terms of

al,llﬂ. n utth a. {@Ch UlO. ac. th the Creative Commons Attribution 4.0
International (CC-BY-NC-ND 4.0)

SuumAI: 23 51U 2567; Usuuzaunly: 30 unsiAu 2568; SUATIN: 2 nunWius 2568 fcense uness othevise sted

https://he01.tci-thaijo.org/index.php/JNST/index J Nephrol Soc Thail 2025; 31(1): 52-64

53



54

Lumlertgul et al.

Background

Acute kidney injury (AKI) is a common complication
in various clinical settings, especially in intensive care
units (ICUs)." AKI is associated with increased morbidity
and mortality, including progression to chronic kidney
disease (CKD) and end-stage kidney disease (ESKD).” Sepsis
is one of the most common causes of AKl in critical
illness.” Sepsis-associated acute kidney injury (SA-AKI) is
a heterogeneous syndrome with complex mechanisms,
different temporal courses, and prognoses. The mechanisms
include macrocirculatory and microcirculatory alterations,
inflammation, neurohormonal activation, mitochondrial
dysfunction, metabolic reprogramming, etc. In addition,
processes of care or interventions such as fluid therapy
or nephrotoxic medications could contribute to AKI
occurrence and progression.*

While the current Kidney Diseases: Improving Global
Outcomes (KDIGO) criteria for AKI diagnosis is well-validated,
the utilisation of a single serum creatinine (SCr) might be
an oversimplification and only focuses on “peak SCr”
or maximal staging.” More recent evidence suggests that
longer duration of AKI and non-recovery are associated
with higher mortality and ESKD.® ' Therefore, characterisation
of AKI subtypes by clinical trajectory could help predict
outcomes, guide tailored treatment and inform
post-discharge surveillance.

Previous studies have identified SCr trajectories in
sepsis patients but focused on the first few days after
ICU admission and excluded patients who received
renal replacement therapy (RRT).*"® From our previously
published literature from Southeast Asia (SEA),
approximately 25% of critically ill patients required
RRT. Therefore, we aimed to explore the trajectories of
AKI staging within the first 7 days after ICU admission by
using two independent cohorts and determine if these
trajectory patterns were associated with worse clinical

outcomes.

Methods
Study design
This study was an observational study of critically

ill patients with sepsis. The study was approved by the

Institutional Review Board (IRB) of Faculty of Medicine,
Chulalongkorn University, Bangkok, Thailand (No. 0731/65).
Informed consent was waived due to the retrospective
nature. The study was performed in accordance with
Good Clinical Practice and the Helsinki Declaration of
1975 and reported according to The Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) guidelines."'

Data sources

We used data from two independent databases - 1)
Southeast Asia — Acute Kidney Injury (SEA-AKI) and 2) King
Chulalongkorn Memorial Hospital (KCMH).

SEA-AKI was an international multicentre database
prospectively recruiting patients who were admitted
to intensive care units (ICUs) from 17 Thai, 5 Lao and
1 Indonesia centres in 2015, for which details were
published previously.”” The SEA-AKI database was used
to develop AKI staging trajectory models and to assess
whether these trajectories impact clinical outcomes in
sepsis patients. The KCMH database was a single-centre
database of patients who were admitted to ICUs at King
Chulalongkorn Memorial Hospital, a tertiary-care centre
in Bangkok, Thailand between 2020-2021. The KCMH
database was used as an independent external
validation cohort.

Study population

We included adult (=18 years old) patients with sepsis
who were admitted to ICUs for at least 7 days. We
identified sepsis according to SEPSIS-3 criteria i.e. suspicion
of infection and an increase in Sequential Organ Failure
Assessment (SOFA) score by two or more within a 24-h
period.”” We assumed a SOFA score of zero before ICU
admission. The diagnosis of sepsis was adjudicated
by attending clinicians and recorded in the discharge
summaries. For patients with multiple ICU admissions,
we included data from only the first ICU admission. We
included patients who were admitted to ICUs for at
least 7 days with available SCr on day 7. We excluded
patients under the age of 18 years, those with ESKD or
prior kidney transplant, those who received RRT prior to
ICU admission or with missing SCr >40% (i.e. 3 time points)

in the first week.
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Variables

We extracted data on patient demographics,
comorbidities, baseline SCr, severity scores including
Acute Physiology and Chronic Health Evaluation (APACHE)
Il 'and Sequential Organ Failure Assessment (SOFA)
scores, mechanical ventilation, vasopressor use during
the first 7 days of ICU admission. The receipt of RRT
and the date of RRT initiation were recorded. Following
published literature, the missing SCr values were imputed
using predictive mean matching techniques with five
imputations based on Multivariate Imputation via
Chained Equations (MICE) function in R." We then used
SCr values to diagnose AKI and acute kidney disease
(AKD) and to identify their staging. The onset of AKI, the
first and the maximal AKI staging were identified. As per
KDIGO guidelines, we defined AKl as an increase in serum
creatinine (SCr) by 0.3 mg/dL or more within 48 h or an
increase by at least 1.5 times the baseline SCr within
7 days. The receipt of RRT was considered AKI stage 3.
In accordance with previous literature, we determined
baseline SCr as an outpatient SCr within 12 months
before ICU admission. In patients without available
baseline SCr, the first admission SCr or estimation of
SCr by the Modification of Diet in Renal Disease (MDRD)
formula equivalent to estimated glomerular filtration rate
(eGFR) 75 mU/min/1.73m?, whichever one was lower, was
used.” ** Persistent AKl was defined as the continuance
of AKI by SCr criteria beyond 48 hours after AKI onset.
AKD was defined as the elevation of SCr as per the
KDIGO AKI criteria in survivors at day 7. Recovery was
defined by no longer meeting AKI criteria at hospital
discharge.”

Outcomes

The primary outcome was 28-day all-cause mortality.
Secondary outcomes were all-cause ICU mortality, hospital
mortality, ICU and hospital length of stay and major
adverse kidney events on day 28 (MAKE28). MAKE28 was
defined as a composite outcome of death, receipt of
RRT or persistent loss of kidney function (=50% decline
in eGFR).

Statistical analysis

To achieve a 20% difference in 28-day mortality
between patients without AKI and the most severe
cluster based on a previously reported 50% prevalence of
AKl'in ICU, an approximate 200 patients were needed to
offer 80% power with type 1 error < 0.05. We employed
group-based trajectory modeling (GBTM), a statistical
approach for identifying distinct subgroups of individuals
following similar developmental trajectories over time,
to determine the optimal number of clusters for AKI
staging trajectory. The model was iteratively applied,
testing configurations ranging from two to six clusters. To
select the best-fit model, we utilized two criteria: first,
we identified the model yielding the lowest Bayesian
Information Criterion (BIC), a criterion for model selection
that balances goodness of fit with model complexity.
Second, to avoid overfitting, we mandated that each
cluster in the development cohort must comprise at
least 5% of the total sample. This dual approach ensured
both statistical rigor and practical applicability in our
cluster determination process. The model performances
were assessed using the average of the posterior
probability (AvgPP) assignment, odds of correct
classification (OCC) and the relative entropy."” For external
validation, we applied the classification from the
development cohort to cluster AKI staging and SCr
trajectories with the validation cohort.

We expressed descriptive results as numbers with
percentages, means with standard deviation or median
with interquartile range, depending on the distribution. To
compare between development and validation cohorts,
we compared categorical features using Chi-Square and
continuous features using Student t test and Mann-
Whitney U tests. To compare clusters, we used Chi-square
for categorical variables, one-way analysis of variance
(ANOVA) or Kruskal-Wallis test for continuous data. We
used logistic regression to determine the association of
the trajectory patterns and outcomes. We used
Kaplan-Meier survival curve and Cox regression analyses
to evaluate the relationship between the trajectories
and 28-day mortality. We performed the analyses using

R version 4.4.0 and Stata version 18.0.
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Results

Baseline characteristics

A total of 6,993 patients from SEA-AKI database and
6,267 patients from the KCMH database were evaluated.
After excluding patients with missing SCr, ESKD, had
RRT before ICU admission, and did not have sepsis, 457
critically ill patients with sepsis from SEA-AKI database
were included as the development set and a total
of 333 patients in the KCMH database served as
external validation set. (Figure 1) More participants in

the development cohort were male and had higher

SEA-AKI (n=6993)

baseline SCr. They were more likely to require
mechanical ventilation, had higher non-renal SOFA
score and higher lactate but were less likely to require
vasopressors, have liver dysfunction or coagulopathy
compared with the validation cohort. 70.7% and 63.4%
of patients in the development and validation cohort
developed AKI, respectively. The development cohort
had more proportions and more severe AKI with higher
ICU and 28-day mortality compared with the validation
cohort. (Table 1)

KCMH (n=6267)

Missing SCr at day Missing SCr at day
7 (n=6159) 7 (n=5784)
RRT before RRT before

admission (n=0) admission (n=4)

Not sepsis (n=377) <——— ——  Not sepsis (n=133)

\J v

Development cohort
for AKI staging
trajectories (N=457)

Figure 1 Study flow diagram

Validation cohort for
AKI staging
trajectories (n=333)

Table 1 Characteristics and outcomes between the development (SEA-AKI) and validation (KCMH) cohorts

56

SEA-AKI ‘ KCMH P-value
N=457 N=333
Age (years) 65 (19) 64 (18) 0.81
Male sex (%) 251 (55%) 141 (42%) <0.001
Underlying diseases (%)
Diabetes 129 (28%) 102 (31%) 0.46
Hypertension 172 (37.6%) 160 (48.0%) 0.003
Cerebrovascular disease 40 (8.8%) 19 (5.7%) 0.11
Chronic kidney disease 41 (9.0%) 25 (7.5%) 0.46
Coronary artery diseases 34 (7.4%) 62 (18.6%) <0.001
Organ support (%)
Mechanical ventilation 409 (89.5%) 245 (73.6%) <0.001
Vasopressors 276 (60.4%) 256 (76.9%) <0.001
SOFA score on ICU admission
Liver >2 (%) 2 (0.4%) 103 (30.3%) <0.001
Coagulation >2 (%) 7 (1.5%) 88 (26.4%) <0.001
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Table 1 Characteristics and outcomes between the development (SEA-AKI) and validation (KCMH) cohorts (continued)

‘ SEA-AKI KCMH ‘ P_value
N=457 N=333

Cardiovascular 22 (%) 211 (46.2%) 256 (76.9%) <0.001

Respiratory =2 (%) 306 (67.0%) 31 (9.3%) <0.001

Non-renal SOFA score 6 (4-8) 2 (1-3) <0.001
APACHE Il 20 (16-25) 19.5 (13-25.5) (n=84) 032
Lactate (mmol/L) 2'7&(:11‘2’7?'8) 2(;1;13’2?1')5) 0.0001
Baseline creatinine (mg/dL) 0.99 (0.77,1.16) 0.86 (0.69, 1.06) <0.001
AKl'in 7 days (%) 323 (70.7%) 211 (63.4%) 0.030
First AKI staging (%) <0.001

0 134 (29.3%) 122 (36.6%)

1 113 (24.7%) 117 (35.1%)

2 46 (10.1%) 20 (6.0%)

3 164 (35.9%) 74 (22.2%)
Maximal AKI staging (%) <0.001

0 134 (29.3%) 122 (36.6%)

1 74 (16.2%) 84 (25.2%)

2 56 (12.3%) 35 (10.5%)

3 193 (42.2%) 92 (27.6%)
AKI onset (days) 1(0-1) 1(0-1) 0.50
Persistent AKI (%) (n=323) 254 (78.6%) (n=211) 158 (74.9%) 0.31
Recovery (%) (n=323) 128 (39.6%) (n=211) 118 (55.9%) <0.001
RRT (%) 122 (26.7%) 84 (25.2%) 0.64
RRT date from ICU admission (days) (iz(i_zqz)) 2(:11:_875) 0.85
ICU mortality (%) 152 (33.3%) 48 (14.4%) <0.001
Hospital mortality (%) 216 (47.3%) 161 (48.3%) 0.76
ICU length of stay (days) 13 (9-19) 11 (8-16) <0.001
Hospital length of stay (days) 22 (14-35) 32 (19-53) <0.001
28-day mortality (%) 166 (36.3%) 94 (28.2%) 0.017
AKD (%) 230 (50.3%) 141 (42.3%) 0.026
AKD staging (%) 0.012

0 227 (49.7%) 192 (57.7%)

1 49 (10.7%) 45 (13.5%)

2 44 (9.6%) 18 (5.4%)

3 137 (30.0%) 78 (23.4%)

AKD, acute kidney disease; AKl, acute kidney injury; APACHE I, Acute Physiologic and Chronic Health Evaluation II; ICU,

intensive care units; RRT, renal replacement therapy; SOFA, Sequential Organ Failure Assessment
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AKI staging trajectories

Classification of AKI staging trajectories

With the lowest BIC (Table S1), we identified 3 distinct
clusters of AKI staging trajectories in the development
cohort. These clusters showed differences in AKI
prevalence, staging, duration and AKD prevalence and
staging. (Table 2 and Figure 2A)

Cluster 1: stable SCr throughout 7 days (No AKI)

Cluster 2: early mild and transient AKI with recovery
at day 7 (early mild transient AKI)

Cluster 3: early severe AKI with persistence and
non-recovery at day 7 (early severe persistent AKI)

The most prevalent was “early mild transient AKI”
(Cluster 2) (50.9%), followed by “no AKI” (Cluster 1)
(29.3%) and “early severe persistent AKI” (Cluster

3) (19.7%). There were significant differences among

clusters in age (p=0.03), diabetes (p=0.003), hypertension
(p<0.001), mechanical ventilation (p<0.001), vasopressor
use (p<0.001), APACHE Il score (p<0.001) and baseline
SCr (p=0.007).

In cluster 2, 48.5% had an initial AKI stage 1, but the
maximal AKl stage was predominantly stage 3 (44.2%),
followed by stage 1 (31.8%) and stage 2 (24%). In contrast,
all patients in cluster 3 had AKI stage 3, which persisted
throughout day 7. Both clusters 2 and 3 had the median
onset of AKl on day 1, but those in cluster 3 were more
likely to receive RRT earlier than cluster 2 (2, interquartile
range (IQR) 1,4 days) vs 3 (IQR 2,6) days (p<0.001).
Compared with cluster 2, patients in cluster 3 were
more likely to have persistent AKI (96.7% vs 71.7%).
On day 7, 60.1% of Cluster 2 were diagnosed with AKD,

in contrast to all of Cluster 3.

Table 2 Baseline characteristics and outcomes by AKI staging clusters in the development (SEA-AKI) cohort

Cluster (N=457)

Parameters 1 2 3
N=134 (29.3%) N=233 (51.0%) N=90 (19.7%)
Age (years) 61.51 (20.34) 66.75 (17.69) 63.38 (18.92) 0.030
Male sex (%) 80 (59.7%) 120 (57.5%) 51 (56.7%) 0.294
Diabetes (%) 24 (17.9%) 71 (30.5%) 34 (37.8%) 0.003
Hypertension (%) 32 (23.9%) 96 (41.2%) 44 (48.9%) <0.001
Cerebrovascular disease (%) 15 (11.2%) 20 (8.6%) 5 (5.7%) 0.341
Chronic kidney disease (%) 9 (6.7%) 21 (9.0%) 11 (12.2%) 0.368
Coronary artery disease (%) 6 (4.5%) 23 (9.9%) 5 (5.6%) 0.125
Mechanical ventilation (%) 127 (94.8%) 194 (83.3%) 88 (97.8%) <0.001
Vasopressors (%) 64 (47.8%) 139 (59.7%) 73 (81.1%) <0.001
Liver SOFA > 2 (%) 0 2 (0.9%) 0 0.700
Coagulation SOFA > 2 (%) 0 7 (3%) 0 0.034
Cardiovascular SOFA > 2 (%) 45 (22.6%) 108 (46.4%) 58 (64.4%) <0.001
Respiratory SOFA > 2 (%) 86 (64.2%) 161 (69.1%) 59 (65.6%) 0.597
Non-renal SOFA score 5(4,8) 6(4,8) 7(59) <0.001
APACHE I 18 (14,21) 21 (17,25) 23 (19,28) <0.001
Baseline creatinine (mg/dL) 1.05 (0.70) 1.38 (1.92) 1.75 (1.82) 0.007

J Nephrol Soc Thail 2025; 31(1): 52-64

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




Original Article JNST

Table 2 Baseline characteristics and outcomes by AKI staging clusters in the development (SEA-AKI) cohort (continued)

Parameters

1
N=134 (29.3%)

N=233 (51.0%)

Cluster (N=45T7)

2

3

N=90 (19.7%)

AKI within 7 days (%) 0 233 (100%) 90 (100%) <0.001
First AKI stage (%)

1 113 (48.5%) 0

2 46 (19.7%) 0

3 0 74 (31.8%) 90 (100%) <0.001
Maximal AKI stage (%)

1 74 (31.8%) 0

2 56 (24.0%) 0

3 0 103 (44.2%) 90 (100%) <0.001
AKI onset (days) 0(0,0) 1(1,1) 1(1,1) <0.001
Persistent AKI (%) 0 167 (71.7%) 87 (96.7%) <0.001
RRT (%) 2 (1.5%) 46 (19.7%) 74 (82.2%) <0.001
RRT date from ICU admission (days) 11 (1,21) 3 (2,6) 2(1,4) <0.001
ICU mortality (%) 37 (27.8%) 74 (31.8%) 41 (45.6%) 0.017
Hospital mortality (%) 57 (42.5%) 107 (45.9%) 52 (57.8%) 0.069
ICU length of stay (days) 13 (9,21) 13 (9,19) 13 (10,20) 0.927
Hospital length of stay (days) 23 (14,34) 21 (14,36) 23 (14,33) 0.070
28-day mortality (%) 43 (32.1%) 79 (33.9%) 44 (48.9%) 0.020
AKD (%) 0 140 (60.1%) 90 (100%) <0.001
AKD staging (%)

0 93 (39.9%)

1 49 (21.0%) 0

2 44 (18.9%) 0

3 0 47 (20.2%) 90 (100%) <0.001

AKD, acute kidney disease; AKI, acute kidney injury; APACHE II, Acute Physiologic and Chronic Health Evaluation II; ICU,

intensive care units; RRT, renal replacement therapy; SOFA, Sequential Organ Failure Assessment
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Figure 2 Three AKI staging trajectories from the development (2A) and validation (2B) cohort, including cluster 1: no

AKI (yellow line), cluster 2: early mild transient AKI (green line) and cluster 3: early persistent severe AKI (blue line)

AKI, acute kidney injury

Association between AKI staging trajectories and
outcomes in the development cohort
Significant differences existed among clusters for
28-day mortality (p=0.020) and ICU (p=0.017). In comparison
with cluster 1, cluster 3 was significantly associated with
an increased risk of 28-day mortality (Odds ratio (OR)
2.02; 95% confidence interval (Cl) 1.17-3.51; p = 0.012),
ICU mortality (OR 2.17; 95% Cl 1.24-3.81; p = 0.007) and

hospital mortality (OR 1.85; 95% 1.08-3.17; p = 0.026).
The association persisted after adjustment with non-renal
SOFA score. (Table S2 and S3) In both unadjusted and
adjusted survival analyses, cluster 3 was associated with
28-day mortality with cluster 1 as the reference group
(adjusted hazard ratio (aHR) 2.45; 95% Cl 1.57-3.84,
p < 0.001). (Table 3 and Figure 3A)

Table 3 Cox regression analysis by AKI staging trajectory clusters for 28-day mortality

Unadjusted Adjusted*
SEA-AKI
Cluster 1 1
Cluster 2 1.02 0.62-1.67 0.94 1.41 0.73-2.70 0.302
Cluster 3 3.26 1.99-5.34 <0.001 2.45 1.57-3.84 <0.001
KCMH
Cluster 1 1
Cluster 2 1.47 0.69-3.13 0.321 1.34 0.70-2.58 0.376
Cluster 3 242 1.42-4.10 0.001 2.26 1.44-3.55 <0.001

*By non-renal SOFA score

Cl, confidence interval; HR, hazard ratio

J Nephrol Soc Thail 2025; 31(1): 52-64

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



Original Article JNST

Kaplan-Meier survival estimates Kaplan-Meier survival estimates

1.00- 1.00-
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— cluster=2
— cluster=3
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Time from ICU admission Time from ICU admission

Figure 3 Kaplan-Meier survival estimates among 3 clusters in the development cohort (3A) and the validation cohort
(3B). Cluster 1: No AKI, cluster 2: early mild transient AKI (green line) and cluster 3: early persistent severe AKI.

ICU; intensive care unit

External validation of AKI staging trajectories
We externally validated the AKI staging trajectories
model with the KCMH database. (Figure 2B) There were
significant differences among clusters in AKI diagnosis
(p<0.001), proportions of initial (p<0.001) and maximal
AKI staging (p<0.001), persistence (p<0.001) and the
development of AKD (p<0.001). (Table S4) Cluster 3

was associated with an increased risk of 28-day

mortality (OR 2.49; 95% Cl 1.46-4.23; p = 0.001), ICU
mortality (OR 2.90; 95% CI 1.50-5.62; p = 0.002), and
hospital mortality (OR 2.40; 95% Cl 1.45-3.96; p = 0.001).
(Table S3) Cox regression analysis revealed an increase
in 28-day mortality in cluster 3, both in unadjusted
(HR 2.42; 95% Cl 1.42-4.10; p = 0.001) and adjusted
analyses (@HR 2.26; 95% Cl 1.44-3.55; p<0.001). (Table 3
and Figure 3B)

Table 3 Cox regression analysis by AKI staging trajectory clusters for 28-day mortality

Unadjusted Adjusted*
95% ClI 95% ClI

SEA-AKI
Cluster 1 1
Cluster 2 1.02 0.62-1.67 0.94 1.41 0.73-2.70 0.302
Cluster 3 3.26 1.99-5.34 <0.001 2.45 1.57-3.84 <0.001
KCMH
Cluster 1 1
Cluster 2 1.47 0.69-3.13 0.321 1.34 0.70-2.58 0.376
Cluster 3 2.42 1.42-4.10 0.001 2.26 1.44-3.55 <0.001

*By non-renal SOFA score

Cl, confidence interval; HR, hazard ratio
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Discussion

In this study, using data from two independent ICU
databases from Southeast Asia, we derived and validated
3 AKI staging trajectories from ICU admission to 7 days in
critically ill patients with sepsis. There was heterogeneity
among clusters in both baseline characteristics, AKI
patterns and outcomes. Patients with severe persistent
AKI had the highest mortality rate and MAKE28.

The current KDIGO consensus criteria defined
and staged AKI by maximum SCr and/or minimum urine
output.” However, AKl is a syndrome with dynamic changes
in stages, duration and aetiologies. The severity can
be influenced by inherent factors, such as the severity
of illness or receipt of therapy. Refining classification
could aid studies evaluating the pathophysiology and
molecular mechanisms of aetiology-specific AKL. " Identifying
subphenotypes is important to designing personalised
management strategies and informing appropriate
monitoring and follow-up."*'

Previous studies have demonstrated different AKI
trajectories and associations with outcomes. Kellum et al.
used a priori approach to determine 5 categories based
on AKI reversal, relapse and recovery status at hospital
discharge.® Bhatraju et al. divided critically ill patients
with AKl into non-resolving and resolving AKI based on
SCr in the first 72 hours of ICU stay.” Abdel-Nabey et
al. defined 3 patterns of AKI staging trajectory in 350
critically ill patients, 50% of whom had sepsis.”” Andrew
et al. identified 12 SCr trajectory-based subphenotypes
in patients who underwent nonemergent coronary artery
bypass grafts.” Takkavatrakarn et al. identified 8 distinct
clusters in critically ill patients with SA-AKI who developed
AKI within the first 48 h based on SCr in the first 4 days.”
Horie et al. recently classified trajectory patterns based
on changes in urine liver-type acid-binding protein
(UL-FABP)." Chaudhary et al. routinely collected vital
signs, health information, and laboratory parameters from
electronic health records (EHRs) and used deep learning
to identify SA-AKI subphenotypes.” These studies were
able to demonstrate differing subphenotypes associated
with different prognoses. However, these data were from

resource-sufficient settings, used early trajectories and

excluded patients who received RRT. Therefore, only a
minority of patients were classified into the most severe
and persistent form of AKI.

In our study, 15-20% were in the most severe cluster.
We could differentiate subphenotypes based on AKI
severity, duration and recovery. Our data stem from
resource-limited settings where a significant proportion
of patients had community-acquired AKI and often
required RRT early. This stresses the importance of
early recognition, early referral and the role of commu-
nity-based preventive strategies. In patients who did not
require RRT in the first week, the peak SCr was after day 4,
suggesting AKI progression after ICU admission. This might
be explained by other factors such as haemodynamic
optimisation, nephrotoxic agents, fluid balance, glucose
control, etc. Our study also demonstrated a high
prevalence of AKD, which is associated with the
development of CKD, ESKD, and higher mortality.”
Therefore, identification of high-risk patients might
inform targeted therapies to alleviate the onset and
severity of AKD, thereby reducing long-term adverse
consequences.”

These findings support that SA-AKI is a complex
syndrome with heterogeneous trajectories and outcomes.
For clinical applications, risk prediction models could
be developed and embedded in EHRs to identify sub-
phenotypes early and allocate resources appropriately.
In addition, biomarkers may aid in differentiation between
subphenotypes and potentially show heterogeneity in
treatment effects.”’

There are several limitations to this study. First, we did
not include urine output in the models. However, there
may be heterogeneity in the recordings of urine output.
Second, baseline SCr concentrations were available in
only 22.1% of the development cohort, which limits
our ability to perform sensitivity analyses with subjects
containing baseline SCr. However, longitudinal follow-up
of SCr could inform the diagnosis of AKI, AKI on CKD, or
CKD, and might bypass the need for baseline SCr. Due
to the small sample size, trajectory modeling might miss
small trajectory classes, such as recurrent AKI, and a

prospective study is required to confirm these findings.
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There may also be inherent confounders not included
in the multivariable models. In addition, several factors
can affect SCr concentrations, making subphenotyping by
SCralone insufficient. Therefore, additional biomarkers may
be needed for improved risk stratification. Nevertheless,
SCr is widely available and can be easily measured,
making the model practical and applicable in clinical
practice. Despite these limitations, this is one of the first
studies using a prospectively collected database from
resource-limited settings. We used 7-day data to visualize
the trajectories in one week. The models were externally
validated; therefore, these findings could serve as the
basis for larger studies using subphenotyping for risk

stratification and interventions.

Conclusions

We identified 3 distinct AKI staging trajectories based
on SCr changes within the 1% week after ICU admission.
These clusters were different regarding AKI and AKD
characteristics. The risk stratification was independently
associated with outcomes and validated in an external
cohort. Further studies are needed to identify the thera-
peutic implications of these subphenotypes towards

personalised medicine.
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Effects of Empagliflozin/Linagliptin on
Oxidative Stress Markers in Patients with
Chronic Kidney Disease and Type 2 Diabetes:
A Randomized, Open-Label, Controlled Trial

Supaporn Suebsiripong, Saranyapong Runprapan, Bancha Satirapoj
Division of Nephrology, Department of Medicine, Phramongkutklao Hospital and College of Medicine,
Bangkok, Thailand

Abstract

Background: Combined therapies using sodium-glucose cotransporter 2 inhibitors (SGLT2i) and dipeptidyl
peptidase-4 inhibitors (DPP-4i) are expected to yield additive effects on glycemic control and reactive oxygen
species (ROS) among patients with type 2 diabetes (T2DM). This study evaluated whether SGLT2i and DPP-4i could
attenuate renal oxidative stress caused by chronic hyperglycemia.

Methods: A clinical trial was conducted among patients with T2DM and stage 3 chronic kidney disease (CKD). Patients
were randomized 1:1 to receive either empagliflozin (10 mg/day)/linagliptin (5 mg/day) or standard treatment for
12 weeks. Renal oxidative stress and renal biomarkers were measured using urinary 8-hydroxy-2’-deoxyguanosine
(8-OHAG) and the urine albumin-to-creatinine ratio.

Results: Forty-eight patients were analyzed. At week 12, the empagliflozin/linagliptin group showed a significant
reduction in urinary 8-OHdG compared with the control group. Additionally, the empasgliflozin/linagliptin group
had a significant reduction in urinary albumin compared with the control group. The reduction in HbAlc with
empasgliflozin/linagliptin treatment was also superior to that observed with the control treatment. No between-group
differences were observed regarding body weight, blood pressure, or estimated glomerular filtration rate at the end
of follow-up. The proportion of subjects experiencing adverse events over 12 weeks was similar across treatment
arms, with no hypoglycemic events requiring assistance.

Conclusions: Combined SGLT2i and DPP-4j treatment for 12 weeks improved renal oxidative stress and glycemic

control in patients with T2DM and CKD. The treatment was well-tolerated.

Keywords: diabetic nephropathy; oxidative stress; sodium-glucose cotransporter 2 inhibitor; dipeptidyl peptidase-4

inhibitor; albuminuria
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Introduction

Approximately 40% of patients with type 2 diabetes
mellitus (T2DM) develop chronic kidney disease (CKD),
which presents a higher risk of mortality and often
progresses to end-stage renal disease”’. Glycemic control
is used to reduce diabetes-associated complications.
However, evidence on the impact of intensive glycemic

control in preventing macroalbuminuria and cardio-

vascular diseases, particularly myocardial infarction,
remains limited’. Furthermore, the efficacy and safety
of glucose-lowering agents for patients with both
diabetes and CKD are still not well-established’. Among
patients with T2DM receiving sulfonylureas or combined
sulfonylureas and metformin, only about half achieve
glycemic goals, with similar rates of treatment

compliance’. Sodium-glucose cotransporter-2 (SGLT2)
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inhibitors and dipeptidyl peptidase-4 (DPP-4) inhibitors
have shown promise in improving glycemic control
with a low risk of hypoglycemia, along with additional
benefits beyond glycemic control in patients with T2DM
and CKD’.

Oxidative stress, chronic inflammation, and endothelial
dysfunction form a vicious cycle between CKD and
systemic complications. Elevated oxidative stress in
T2DM and CKD is attributed to increased mitochondrial
reactive oxygen species (ROS) driven by hyperglycemia’.
Evidence suggests that SGLT2 and DPP-4 inhibitors may
offer renoprotective effects beyond glycemic control®’.
These renoprotective effects result from the antioxidant
and anti-apoptotic properties of these agents, which
benefit kidney and endothelial function'® ™. This has
generated interest in inhibiting renal oxidative stress
through combined therapy to prevent renal injury in T2DM
with CKD, though this effect has not been extensively
studied. Thus, our study aimed to assess the effect
of combined SGLT2 inhibitor empasgliflozin and DPP-4
inhibitor linagliptin on biomarkers of renal oxidative stress
in patients with T2DM and CKD.

Methods

Study design

This study used a 12-week, single-center, randomized,
open-label, controlled design among patients with T2DM
and CKD stage 3 at Phramongkutklao Hospital in
Bangkok, Thailand, between July 1, 2020, and December
31, 2020. Approval was obtained from the Institutional
Review Board at the Royal Thai Army Medical Department
(R0O63h/63), and the study was conducted following
the Declaration of Helsinki. This study was registered
in the Thai Clinical Trials Registry (TCTR2021316009:
22/03/2021). All patients provided written informed
consent. Treatment protocols were randomly assigned
using a computer-generated randomization procedure
in blocks of four.

Study population

Eligible participants were aged 18 years or older,
had an estimated GFR of 30 to 59 mL/min/1.73 m2,

were on stable glycemic treatment for T2DM, and had

glycosylated hemoglobin A1C between 7 and 10% for
at least 12 weeks before the study. Exclusion criteria
included recent changes in renin—angiotensin system
inhibitors, acute kidney injury, malignancy, severe
cardiovascular, pulmonary, or liver disease, chronic
infection, pregnancy, limited life expectancy, or history
of urinary or genital tract infection within 12 weeks.
In the absence of preliminary data on the effects
of empagliflozin/linagliptin on urinary 8-hydroxy-2’-
deoxyguanosine (8-OHdG) levels, the sample size was
estimated using anticipated oxidative stress improvement
observed with dapagliflozin as an add-on therapy. A total
of 22 participants per group was calculated to provide
80% power at a significance level of a= 0.05 to detect
a significant between-group difference in the change of
urinary 8-OHdG levels'.

Interventions

Eligible patients were randomly assigned to two
groups: 24 patients received empagliflozin 10 mg/day and
linagliptin 5 mg/day orally, while the other 24 received
a placebo. Interventions lasted for 12 weeks, with data
collected every 4 weeks.

Initial screening included medical history, physical
examination, and routine blood tests. Every eight weeks,
all patients were monitored regarding body weight, body
mass index (BMI), blood pressure, symptoms, and signs
of adverse effects and compliance with the medication.
The subjects were provided with pills, and compliance
was assessed by pill counts at follow-up visits. Adverse
events, whether or not considered related to pioglitazone
treatment, were monitored every four weeks.

Outcomes

The primary endpoint was the change from baseline in
urinary 8-OHdG over 12 weeks. Other outcomes included
changes in the urine albumin-to-creatinine ratio (UACR),
estimated GFR, serum creatinine, high-sensitivity C-reactive
protein (hs-CRP), fasting plasma glucose, and hemoglobin
A1C. Urine 8-OHdG was determined using a two-site
(NH2-terminal/C-terminal) enzyme-linked immunosorbent
assay (Novus Biologicals, LLC, Centennial, CO, USA).

Statistical Analysis

Data were expressed as percentages for categorical
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variables and as mean + standard deviation (SD) or 95%
Cl for continuous variables. The chi-square or Fisher’s
exact test and the Student’s t-test or Mann-Whitney U
test were used to compare differences between groups
for categorical and continuous variables, respectively.
Changes in continuous measures between baseline and
study periods were tested using the paired t-test. Data
were analyzed using SPSS Software, Version 15.0. All
statistical tests were two-sided, with P < 0.05 considered

statistically significant.

Results

A total of 64 patients in the outpatient clinic were

Screened

64 T2DM patients with CKD stage 3

screened for eligibility, of whom 48 (75%) underwent
randomization (Figure 1). Fourteen CKD patients were
excluded for not meeting eligibility criteria, and two
patients declined to participate. Patients with T2DM,
mean age 69.0£9.9 years, and mean GFR 43.4+8.9 mL/
min/1.73 m2 met the entry criteria. Baseline characteristics
were similar between groups, except for a significantly
higher proportion using pioglitazone, hs-CRP, body weight,
BMI, and triglycerides in the empagliflozin/linagliptin
group (Table 1). Patients were adherent to study drugs,
defined as >80% pill consumption throughout the study

based on pill counts.

14 CKD patients
were excluded
for not meeting

v

Included

48 T2DM patients with CKD stage 3

¥

eligibility criteria,
and 2 patients
declined to participate.

v
Empasliflozin/Linagliptin
(N=24)

l

Completed study
(n=24)

Figure 1 Flow chart of enrolled patients

v

Control
(N=24)
| .~ Loss follow-up
v - (N=3)
Completed study
(n=21)

T2DM, type 2 diabetes mellitus; CKD, chronic kidney disease

Table 1 Baseline characteristics between two groups

Parameters

Empagliflozin/linagliptin

B ol
(N=24) value

Male (N, %) 16 (66.8%) 15 (71.4%) 0.731
Age (years) 67.4+7.9 70.7+£11.7 0.27
Comorbidities (N, %)
e Hypertension 21(87.5) 21 (100) 0.236
® Dyslipidemia 22 (91.7%) 20 (95.2%) 1.000
e Coronary heart disease 4 (16.8%) 2(9.5%) 0.670
® Congestive heart failure 1(4.2) - 1.000
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Table 1 Baseline characteristics between two groups (continued)

Parameters Empagliflozin/linagliptin Placebo ‘ P value
(N=24) ((\EV4D)

Current medications (N, %)

e ACEI/ARB 15 (66.7) 14 (66.7) 0.965

e Calcium channel blockers 19 (79.2) 18 (85.7) 0.705

e | oop diuretics 1(4.5) 1(4.2) 0.950

e Metformin 15 (62.5) 9 (42.9) 0.188

e Sulfonylureas 15 (62.5) 14 (66.7) 0.771

® Thiazolidinediones 4(16.7) 12 (57.1) 0.005
Body weight (kg) 75.7+11.8 67.0£10.5 0.006
Body mass index (kg/m?) 28.4+4.7 25.5+4.2 0.015
Systolic blood pressure (mmHg) 139.6+19.6 141.7+19.2 0.721
Diastolic blood pressure (mmHg) 72.9+12.6 73.9+11.5 0.787
Glomerular filtration rate (mL/min/1.73 m’) 45.3+8.8 41.1+8.7 0.116
Serum creatinine (mg/dL) 1.48+0.3 1.6+£0.4 0.802
Fasting plasma glucose (mg/dL) 183.6+64.4 169.0+61.2 0.444
Hemoglobin A1C (%) 8.4+1.2 7.8+1.4 0.140
Urine albumin creatinine ratio (mg/gCr) 337.9+737.1 566.6+972.3 0.415
Urine 8-OHAG (ng/mg Cr) 49.7(30.2,121.19) 69.04(33.91,76.57) 0.699
LDL-cholesterol (mg/dL) 104.5+9.2 96.1+.7.7 0.493
Triglycerides (mg/dL) 185.9+18.6 126.7+15.1 0.020

Comparison of Glycemic, Metabolic Profiles,
and Blood Pressure Between Groups

Mean changes in hemoglobin A1C [-1.04%,;
95%Cl -1.48 to -0.61 vs. -0.43%; 95%C| -0.76 to -0.10,
P=0.028] were significantly greater in the empagliflozin/
linagliptin group compared to the placebo group after
12 weeks, despite no significant differences in blood
pressure, body weight, fasting plasma glucose, uric acid,

or LDL-cholesterol between groups (Table 2).

Comparison of Urine 8-OHdG Levels, Albumin,
and Other Parameters Between Groups

After 12 weeks, the empagliflozin/linagliptin group
showed significant reductions in mean urine albumin
levels [-159.64 mg/eCr; 95% Cl-318.23 to -1.06, P = 0.049]
(Figure 2). Similarly, a significant difference in mean
changes in urine 8-OHdG levels was observed between
the groups [-53.90 ng/mg Cr; 95%Cl-102.93 to-4.84, P = 0.034]
(Figure 2). No significant differences in hs-CRP, serum
creatinine, or estimated GFR were observed between

groups (Table 3).
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Table 2 Comparison of the changes of glycemic, metabolic profiles and blood pressure before and after treatment

between two groups

Mean changes Empagliﬂ(c:\lzir;f‘l)inagliptin P value
Mean fasting plasma glucose (mg/dL)
Baseline 183.55+64.36 169.03+61.19 0.444
Week 12 147.46+45.27 162.9+55.92 0.312
Change from baseline (95% Cl) -36.1 (-65.53, -6.67)* -6.12 (-32.65, 20.40) 0.128
Mean hemoglobinA1C (%)
Baseline 8.45+1.2 7.85+1.44 0.140
Week 12 7.38+1.07 7.42+1.31 0.920
Change from baseline (95% Cl) -1.04 (-1.48, -0.61)* -0.43 (-0.76, -0.10)* 0.028
Mean serum uric acid (mg/dL)
Baseline 6.83+1.22 6.6+1.15 0.523
Week 12 7.11+1.62 6.63+1.22 0.270
Change from baseline (95% Cl) 0.28 (-0.19, 0.75) 0.02 (-0.28, 0.33) 0.365
Median LDL-cholesterol (mg/gCr)
Baseline 104.49+45.07 96.06+35.15 0.493
Week 12 107.01+41.67 102.25+23.65 0.635
Change from baseline (95% Cl) 2.52 (-13.85, 18.88) 6.19 (-6.90, 19.28) 0.723
Mean systolic blood pressure (mmHg)
Baseline 139.63+£19.57 141.71+£19.23 0.721
Week 12 134.57+20.92 142.48+16.28 0.172
Change from baseline (95% Cl) -5.39 (-15.57, 4.78) 0.76 (-8.95, 10.48) 0.370
Mean diastolic blood pressure (mmHg)
Baseline 72.87+12.56 73.86+11.48 0.787
Week 12 70.17+12.12 73.29+11.37 0.386
Change from baseline (95% Cl) -2.44 (-9.23, 4.36) -0.57 (-6.80, 5.65) 0.678
Mean body weight (kg)
Baseline 75.66+11.75 67.02+10.52 0.013
Week 12 74.8+11.65 67.5+10.31 0.034
Change from baseline (95% CI) -0.85 (-1.95, 0.24) 0.48 (-0.70, 1.65) 0.092

Cl, confidence interval; *P <0.05
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Figure 2 Baseline and final urine albumin and urine oxidative stress levels by treatment group

Table 3 Comparison of the changes of renal function, renal oxidative stress and inflammation before and after

treatment between two groups

Mean changes

Empasgliflozin/linagliptin

(N=24)

P value

Mean serum creatinine (mg/dL)

Baseline 1.48+0.28 1.59+0.44 0.331
Week 12 1.51+£0.29 1.55+0.49 0.721
Change from baseline (95% Cl) 0.03 (-0.06, 0.13) -0.03 (-0.11, 0.04) 0.263
Mean estimated GFR (mL/min/1.73 m?)

Baseline 45.34+8.82 41.11+8.66 0.116
Week 12 44.05+9.4 43.62+10.89 0.887
Change from baseline (95% Cl) -1.29 (-4.83, 2.25) 1.11 (-0.97, 3.19) 0.257
Median high sensitivity C-reactive protein (pg/mL)

Baseline 3.59+3.76 1.67+1.78 0.033
Week 12 7.63+15.55 1.72+2.09 0.078
Change from baseline (95% Cl) 4.04 (-2.71, 10.79) 0.05 (-0.84, 0.94) 0.274
Mean urine albumin creatinine ratio (mg/gCr)

Baseline 337.93+737.13 566.59+972.34 0.415
Week 12 243.8+583.06 632.1+1019.51 0.185
Change from baseline (95% ClI) -94.13 (-226.31, -38.05)* 65.51 (8.36, 122.67)* 0.049
Mean urine 8-OHdG/creatinine ratio (ng/mg Cr)

Baseline 89.98+87.98 63.1+£39.31 0.186
Week 12 77.91+39.36 97.01+101.85 0.428
Change from baseline (95% Cl) -19.99 (-57.22, 17.23) 33.91 (-37.00, 68.19) 0.034

Cl, confidence interval; *P <0.05
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Throughout the 12-week study, no serious adverse
events, related or unrelated to empagliflozin/linagliptin,
were reported, including drug-induced urinary tract
infection, pancreatitis, or severe hypoglycemia. One
patient in the empagliflozin/linagliptin group and two
in the placebo group experienced nausea and vomiting.
Two patients in each group reported fatigue. All patients

continued treatment through the end of the study.

Discussion

This is the first randomized, controlled trial to evaluate
the effects of empagliflozin/linagliptin on renal oxidative
stress in patients with T2DM and CKD. After 12 weeks of
treatment, patients showed reductions in hemoglobin
A1C, urine 8-OHdG, and albumin levels, without significant
differences in renal function or inflammation between
groups. These results provide proof of concept that
empagliflozin/linagliptin improves glycemic control
related to renal oxidative stress in patients with T2DM
and CKD.

Oxidative stress plays a significant role in developing
diabetic complications, particularly in settings of
uncontrolled hyperglycemia®, and renal oxidative stress
is directly linked to podocyte damage, tubulointerstitial
injury, and diabetic kidney progression'. Advanced
diabetic microvascular complications have shown
significantly higher serum 8-OHG levels, contributing to
microvascular complications in diabetes'. Urinary 8-OHG
levels have been reported as a predictive marker for
incident albuminuria during long-term follow-up™.
Combined SGLT2 and DPP-4 inhibitors target several
pathophysiological pathways and are associated with
improved glycemic control and reduced renal risks in
T2DM'. This study demonstrated that urinary 8-OHG
excretion decreased following empasliflozin/linagliptin
treatment compared to the control group in patients
with CKD and T2DM. To our knowledge, this is the first
randomized clinical trial demonstrating the preventive
effect of empagliflozin/linagliptin treatment on renal
oxidative injury in T2DM. The experimental model also
supports that empasliflozin or linagliptin attenuates

diabetic kidney disease by inhibiting renal oxidative

stress and enhancing renal autophagy'®*’. Empagliflozin
reduced high glucose-induced oxidative stress, inhibited
human renal proximal tubular epithelial cell migration,
and epithelial-to-mesenchymal transition”". Furthermore,
combined empagliflozin and linagliptin enhanced
glomerular autophagy and decreased renal apoptosis
in an animal model of T2DM*, and linagliptin partially
attenuated oxidative stress markers in pilot clinical
studies®.

Large randomized controlled trials have demonstrated
that canagliflozin, dapagliflozin, and empasliflozin lower
the risk of kidney outcomes and albuminuria in patients
with established cardiovascular disease or multiple
cardiovascular risk factors and CKD***°. Conversely,
DPP-4 inhibitors have shown potentially renoprotective
effects, though not consistently. Saxagliptin and linagliptin
decreased the risk of albuminuria progression among
patients with cardiovascular disease and CKD*"*. Both
classes have been reported to reduce urinary albumin
excretion, with additional benefits expected from
combining the agents beyond the advantages of each
compound alone. Experimental studies indicate that
DPP-4 inhibitor treatment prevents tubulointerstitial
injury by inhibiting kidney fibrosis through the
endothelial-mesenchymal transition, and adding
DPP-4 inhibitors to SGLT2 inhibitors significantly
enhanced attenuation of the inflammasome, kidney
dysfunction, and renal pathological changes in diabetic

mice29, 30

. This suggests that combined treatment might
be more effective in protecting against tubulointerstitial
injury in T2DM with CKD. Consistent with these findings,
empagliflozin/linagliptin reduced urine albumin levels
in patients with T2DM and CKD.

Combined SGLT2 and DPP-4 inhibitors enhanced
glycemic control and were proven safe in managing
T2DM’'. In line with reports on hemoglobin A1C reduction
and low risk of hypoglycemic events with SGLT2/DPP-4
inhibitors® **, our study showed that this combination
resulted in a greater mean hemoglobin A1C reduction of
-1.04%, with baseline hemoglobin A1C at 8.4%, and no
severe hypoglycemia was reported. The complementary
mechanisms of SGLT2 and DPP-4 inhibitors address
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multiple pathophysiological aspects of T2DM. Combined
therapy showed potential benefits for weight loss and
blood pressure reduction, as SGLT2 inhibitors promote
weight and blood pressure reduction while DPP-4
inhibitors are weight-neutral®. Our results indicated that
combined SGLT2 and DPP-4 inhibitors tended to reduce
body weight (-0.85 kg; 95% ClI -1.95 to 0.24) and systolic
blood pressure (-5.39 mmHg; 95% Cl -15.57 to 4.78).
Based on current evidence, SGLT2/DPP-4 inhibitors
as combination therapy may offer benefits beyond
glycemic control and good tolerability profiles, including
a low risk of hypoglycemia without significant changes
in laboratory parameters™.

This study has several limitations. First, it was a
single-center study, and the control group did not include
DPP-4 inhibitors for comparison of urine 8-OHG and
albumin levels. Second, the small sample size and lack
of blinding could introduce detection and performance
bias. Third, while the effects of empagliflozin/linagliptin
on urine 8-OHdG were observed, we could not
determine the impact on clinical endpoints related
to renal oxidative pathology in patients with CKD.
Further research is needed to confirm these results and

evaluate long-term clinical outcomes.

Conclusions

Our study demonstrated that empagliflozin/linagliptin,
as an add-on to standard therapy, significantly improved
glycemic control and reduced renal oxidative stress in
patients with T2DM and CKD. This combination therapy
may have a therapeutic role in managing renal oxidative

stress in this population.
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Incidence and Associated Factors of
Post-Transplant Erythrocytosis
Following Kidney Transplantation

Thanachai Siriphotjanakun, Korntip Phonphok
Division of Nephrology, Department of Internal Medicine, Rajavithi Hospital, Bangkok, Thailand

Abstract

Background: Post-transplant erythrocytosis (PTE) is a persistent increase in red blood cell count following
kidney transplantation. Patients with PTE face an increased thrombotic risk, which leads to higher morbidity and
mortality. This retrospective cohort study aimed to identify the incidence and risk factors of PTE in kidney transplant
recipients.

Methods: A total of 286 kidney transplant recipients from 1998 to 2022 were included in the study. The diagnosis of
PTE was based on hemosglobin levels >17 g/dL and/or hematocrit >51%. Baseline factors associated with PTE were
analyzed using the Cox proportional hazards regression model.

Results: PTE occurred in 26 (9.1%) patients, with a median onset of 7.1 months (4-41.6 months) post-transplantation.
Male sex, a history of smoking, higher body mass index, higher pretransplant hematocrit, and absence of pretransplant
renin-angiotensin-aldosterone system (RAAS) blockade were associated with the development of PTE. In multivariate
analysis, only male sex and higher body mass index were independent predictors of PTE. Most patients responded
well to RAAS blockade, with 7 (27%) patients experiencing spontaneous recovery, and 7 (27%) undergoing phlebotomy.
Transplant renal artery stenosis was diagnosed in 3 (11%) patients.

Conclusions: Nine percent of kidney transplant recipients developed PTE approximately seven months
post-transplantation. Male sex and higher body mass index were identified as independent predictors of PTE. Most

patients responded well to RAAS blockade, with a quarter experiencing spontaneous recovery.
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Introduction Some studies have even reported rates as high as 31.2%’.

Post-transplant erythrocytosis (PTE) is a common  Established risk factors for PTE include male gender,
complication following kidney transplantation, characterized ~ a history of smoking, underlying polycystic kidney
by persistently elevated hemoglobin levels (> 17 ¢/dL)  disease, and receiving a kidney from a deceased donor’.
or hematocrit levels (> 51%)". Its incidence varies  While patients with PTE often experience mild symptoms

between 5% to 26%”°, as reported in different studies.  such as malaise, headache, or fatigue, it’s crucial to note
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that thromboembolic events have been reported in
some cases, with an incidence ranging from 10% to 30%’.
These events can lead to cardiovascular complications
in the future, underscoring the importance of monitoring
and managing PTE in kidney transplant recipients. The
primary objective of this study was to investigate the
incidence and risk factors associated with PTE among

kidney transplant recipients.

Material and Methods

Study design and population

The present study was a retrospective single-center
cohort study of end-stage kidney disease (ESKD) patients
who underwent solitary kidney transplantation between
January 1, 1998, and December 31, 2022, at Rajavithi
Hospital, Bangkok, Thailand. The inclusion criteria were
age > 18 years and receiving solitary kidney transplantation
from either a living or deceased donor. Patients with
multiple organ transplants, malignancy, graft loss within
one year, pre-existing erythrocytosis, and incomplete
medical records were excluded. The study flow diagram is
shown in Figure 1. The study was approved by the ethics
committee at Rajavithi Hospital (No. 055/2567). Informed

consent was not required.

Definition

PTE was defined as persistently elevated hemoglobin
levels (>17 g¢/dL) or hematocrit levels (>51%) regardless
of the duration after kidney transplantation’.

Data collection

Baseline characteristics and laboratory data were
collected from the electronic medical records database.
This included sex, age, weight, height, the underlying cause
of ESKD, dialysis modalities, duration of dialysis, smoking
history, and the use of angiotensin-converting enzyme
inhibitors (ACEls) or angiotensin receptor blockers (ARBs)
before kidney transplantation. Data on allograft function
and immunosuppressive drugs were also collected.

Sample size calculation

The sample size was calculated based on the
cumulative incidence of post-transplant erythrocytosis,
as reported by Kurella et al., which was observed to
be 0.26°. A p-value of 0.05 was considered statistically
significant. We estimated the margin of error to be 20%.
The sample size for this study was calculated to be 330

subjects.

All patients who received kidney transplantation at Rajavithi hospital
between January 1998 to December 2022

n =339

Total n = 286

v

53 were excluded
9 : Graft loss within 1 year
44 : Missing data

v

PTE group
n=26
Figure 1. Study flow diagram
PTE; post-transplant erythrocytosis

Statistical analysis
Statistical Analysis
Data were presented as mean + standard deviation,

median (interquartile range), or number (percent).

v

No PTE group
n = 260

Differences between categorical variables were
analyzed using the Chi-square test, Fisher’s exact test,
or McNemar test. Differences between continuous

variables were analyzed using the Student’s t-test or
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the Mann-Whitney U-test. The incidence of PTE was
analyzed using Kaplan-Meier analysis. Baseline factors
associated with PTE were analyzed using univariate
and multivariate Cox proportional hazards regression
analyses. A p-value <0.05 was considered statistically
significant. Statistical analyses were performed using
STATA version 17.0.

Results

A total of 339 patients received solitary kidney
transplantation between January 1, 1998, and December
31, 2022. Fifty-three patients were excluded due to
graft loss within one year (n=9) and missing data (n=44).
Two hundred eighty-six patients were included in
the final analysis. Baseline characteristics according to

the presence or absence of PTE are shown in Table 1.

Table 1 Baseline characteristics and laboratory data of all patients

Parameters

PTE Group

(n=26)

Non-PTE Group
(n=260)

P-value

Male sex (n/%) 24 (92.3) 139 (53.5) <0.001
Age at KT (years) 38 +8.3 41.7 £ 10.7 0.087
Previous smoking (n/%) 9 (34.6) 26 (10) <0.001
Body mass index (kg/m?) 255+ 4.9 22.6 +3.9 0.001
Cause of end-stage kidney disease (n/%) 0.93

Diabetic nephropathy 1(3.8) 19 (7.3)

Glomerulonephritis 8 (30.8) 68 (26.2)

Hypertensive nephrosclerosis 2(7.7) 13 (5)

Polycystic kidney disease 1(3.8) 10 (3.8)

Obstructive uropathy 0(0) 4(1.5)

Unknown 14 (53.8) 146 (56.2)
Pretransplant diabetes mellites (n/%) 4(15.4) 34 (13.1) 0.741
Pretransplant hypertension (n/%) 23 (88.5) 250 (96.2) 0.073
Pretransplant ACEl or ARB use (n/%) 3(11.5) 88 (33.8) 0.02
Hematocrit on the day of transplantation 354 + 5.3 322+ 4.6 0.001
Mode of dialysis (n/%) 0.693

Peritoneal dialysis 2 (7.7) 15 (5.8)

Hemodialysis 24.(92.3) 245 (94.2)
Dialysis vintage (months) 53 + 39.6 62.4 + 47.2 0.327
Donor type (n/%) 0.154

Deceased donor 14 (53.8) 176 (67.7)

Living donor 12 (46.2) 84 (32.3)
Graft function (n/%) 0.400

Immediate graft function 17 (65.4) 147 (56.5)

Slow graft function 6 (23.1) 53(20.4)

Delayed graft function 3(11.5) 60 (23.1)
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Table 1 Baseline characteristics and laboratory data of all patients (continued)

Parameters PTE Group Non-PTE Group
(n=26) (n=260)
Serum creatinine after KT (mg/dL)
At 3 months 1.74 £ 0.81 1.44 + 0.57 0.012
At 6 months 1.69 + 0.55 1.48 + 0.59 0.080
At 12 months 1.6 + 0.41 1.46 + 0.63 0.279
Immunosuppressive drugs (n/%)
Tacrolimus 15 (57.7) 164 (63.1) 0.589
Cyclosporin 11 (42.3) 96 (36.96) 0.589
Mycophenolate mofetil 25(96.2) 249 (95.8) 0.926
Azathioprine 1(3.8) 11(4.2) 0.926
Corticosteroid 26 (100) 260 (100)

PTE, post-transplant erythrocytosis; ACEl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker;

KT, kidney transplantation.

There was a significantly higher proportion of male
patients in the PTE group compared to the non-PTE
group (92.3% vs. 53.5%, p<0.001). The mean age was
comparable between the two groups. A higher
percentage of patients in the PTE group had a history
of smoking (34.6% vs. 10%, p<0.001). The body mass
index (BMI) was also higher in the PTE group (25.5+4.9
vs. 22.6+3.9, p=0.001). Pretransplant hematocrit was
higher in the PTE group compared to the non-PTE
group (35.4+5.3 vs. 32.2+4.6, p<0.001). The use of ACEI/
ARB before transplantation was less frequent in the
PTE group (11.5% vs. 33.8%, p=0.02). Serum creatinine
was significantly higher in the PTE group (1.74+0.81 vs.
1.44+0.57, p=0.012) at 3 months post-transplantation.
However, serum creatinine levels were comparable
between the two groups at 6 and 12 months
post-transplantation. There were no statistically
significant differences regarding the underlying causes
of ESKD, history of diabetes mellitus and hypertension
before transplantation, dialysis modalities, dialysis
vintage, post-transplant allograft function, or the types
of maintenance immunosuppressive medications
between the two groups.

PTE was diagnosed in 26 patients during the study

period, resulting in a cumulative incidence of 9.09%

(Figure 2a). Kaplan-Meier analysis focusing on the
time to PTE development revealed a median onset
time of 7.13 (4-41.6) months, as depicted in Figure 2b.
Subgroup analyses focusing on three factors, including
sex, pre-transplant ACEI/ARB use, and history of smoking,
are shown in Figure 3.

Cox multivariate regression analysis was conducted
to identify risk factors associated with PTE (Table 2).
In the univariate model, male sex (HR 9.57, 95% Cl 2.26-
40.48), history of smoking (HR 3.98, 95% Cl 1.77-8.93),
higher BMI (HR 1.15, 95% Cl 1.06-1.25), higher pretransplant
hematocrit (HR 1.15, 95% ClI 1.06-1.25), and history of
ACEI/ARB use before transplantation (HR 3.68, 95% Cl
1.1-12.24) were associated with PTE. After adjusting
for covariates, male sex (HR 5.33, 95% Cl 1.19-23.77) and
higher BMI (HR 1.1, 95% CI 1.01-1.2) were independent
predictors of PTE.

Baseline characteristics and laboratory data of
patients diagnosed with PTE are shown in Table 3.
The average hematocrit level at the time of diagnosis
was 54.38% + 2.38. Seven (27%) patients experienced
spontaneous recovery over an average follow-up period of
7.5 months. Half of the patients were treated with ACEl/
ARB and experienced favorable responses—only one

patient did not respond to ACEl and subsequently required
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phlebotomy. Those patients who received phlebotomy
typically showed mild symptoms such as dizziness
and headache. Four patients received JAK-2 mutation

testing, all yielding negative results. Transplant renal
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Cumulative incidence
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Duration after kidney transplantation (months)

artery stenosis (TRAS) was diagnosed in three patients
at least one year after the initial diagnosis of PTE. There
were no reports of thromboembolic events in any of

the patients.
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Figure 2 Kaplan-Meier analysis of the cumulative survival of post-transplant erythrocytosis
a) cumulative survival of all patients; b) time to development of post-transplant erythrocytosis

1.004 ﬁ1{‘:"'_"‘:_' -----------------
(0]
e 0.754
(0]
je]
()
<
g 0.504 p-value=0.001
&
g o2s4 7o Female
O Male
0.004

T T T T T T T T T
0 6 12 18 24 30 36 42 48

Duration after kidney transplantation (months)

1.004 —'—.Lq;;‘_:—_‘ ______

0]

% 0.75- —
°

O

1=

v 0.501 p-value<0.001
k)

A | e :
2 0254 Non-smoking
3 Previous smoking

0.00+

0 6 12 18 24 30 36 42 48

Duration after kidney transplantation (months)

1004

8 ------------

c 0.751

()

o

O

=

= 0.50 p-value=0.023

K|

=S PO -

£ 025 No ACEL or ARB use

3 Pretransplant ACEIl or ARB use
0.00+

T T T T T T T T T
0 6 12 18 24 30 36 42 48

Duration after kidney transplantation (months)

Figure 3 Kaplan-Meijer analysis demonstrated the cumulative survival of post-transplant erythrocytosis according to
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ACEl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker
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Table 2 Cox-proportional hazard regression analysis of baseline factors associated with post-transplant erythrocytosis

Univariate model

Multivariate model

Factors
HR (95% ClI) HR (95% ClI)

Male sex 9.57 (2.26,40.48) 0.002 5.33(1.19,23.77) 0.028
Age at kidney transplantation 0.97 (0.93,1) 0.085 - -
Previous smoking 3.98 (1.77,8.93) 0.001 2.28 (0.94,5.5) 0.067
Body mass index 1.15(1.06,1.25) 0.001 1.1 (1.01,1.2) 0.031
Pretransplant diabetes mellites 1.18 (0.41,3.41) 0.766 - -
Pretransplant hypertension 0.33(0.1,1.12) 0.075 - -
Dialysis vintage 0.99 (0.99,1) 0.318 - -
Pretransplant hematocrit 1.15 (1.06,1.25) 0.001 1.03 (0.81, 1.31) 0.816
No history of ACEl or ARB use before transplantation | 3.68 (1.1,12.24) 0.034 2.92 (0.86,9.93) 0.087
Graft function

Delayed graft function Reference 1 - -

Slow graft function 2.21(0.55,8.82) 0.263 - -

Immediate graft function 2.29 (0.67,7.81) 0.186 - -
Maintenance immunosuppressive drugs

Tacrolimus 0.851 (0.37,1.77) 0.599 - -

Cyclosporin 1.23 (0.57,2.68) 0.599 - -

Mycophenolate 1.09 (0.15,8.04) 0.933 - -

Azathioprine 0.92 (0.12,6.78) 0.933 - -

ACEl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; HR, hazard ratio; Cl, confidence

interval

Table 3 Characteristics and laboratory data of the patients with post-transplant erythrocytosis

Factors Mean £ SD / N (%)
Serum creatinine at diagnosis (mg/dL) 1.69 + 0.39
Hematocrit at diagnosis (%) 54.38 + 2.38
Transplant renal artery stenosis 3(11)

Management of post-transplant erythrocytosis (n/%)

ACEl or ARB

ACE!l or ARB + Phlebotomy

Phlebotomy

No intervention

12 (46.1)

1(3.8)

6 (23.0)

7(26.9)

ACEl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; SD, standard deviation
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Discussion

The main findings of the present study include a
cumulative incidence of post-transplant erythrocytosis
(PTE) of 9.1%. PTE developed at a median interval of 7.1
months post-transplantation. In univariate analysis, male
sex, previous smoking, higher BMI, higher hematocrit, and
no prior use of ACEls or ARBs at baseline were associated
with the development of PTE. However, in multivariate
analysis, only male sex and higher BMI emerged as
independent predictors of PTE. Most patients responded
well to RAAS blockade, with 27% experiencing spontane-
ous recovery.

The incidence of PTE in this study aligns with
previously reported rates, ranging from 5% to 31.2%.”".
The multivariate analysis confirmed that male sex was
independently associated with PTE development, likely
due to higher levels of endogenous androgens in males,
which stimulate erythroid progenitor activation. The link
between a history of smoking and PTE is possibly due
to smoking’s effects on gaseous exchange mechanisms,
leading to hypoxemia and subsequent stimulation of red
blood cell production®.

The subgroup of patients who had received ACEIs or
ARBs before transplantation showed a lower tendency
to develop PTE compared to those who had not. This
is likely due to ACEls increasing levels of N-acetyl-
seryl-aspartyl-lysyl-proline (Ac-SKDP), an inhibitor of
erythroid progenitors. ARBs, by blocking the AT1 receptor
and reducing angiotensin Il levels, also inhibit erythroid
progenitor activation®. However, conflicting data exist
regarding the relationship between ACEI/ARB use and
PTE risk, with some studies indicating lower risk and
others indicating higher risk”’°. A recent meta-analysis
found no significant association between pretransplant
ACEI or ARB use and PTE”.

In this study, the PTE group exhibited higher serum
creatinine levels at 3 months but not at 6 or 12 months
post-transplantation compared to the non-PTE group,
contrasting with findings from previous studies''. Various
factors such as muscle mass, age, and dietary intake may
influence serum creatinine levels.

The association between BMI and PTE, though

previously unreported, was significant in this study” *.

There is evidence suggesting that overweight and obese
populations have higher hemoglobin and hematocrit
levels, potentially due to higher intake of iron-rich diets".
Further studies are warranted to confirm this observation.
TRAS was identified as a risk factor for PTE>. Similar to
previous reports, TRAS was diagnosed in 11.5% of patients
with PTE in this study. The association between TRAS and
PTE is primarily driven by impaired renal perfusion and
subsequent compensatory mechanisms that increase

erythropoietin production, leading to erythrocytosis.

Study Strengths and Limitations

The study’s strengths include a well-defined cohort
and comprehensive analysis of potential risk factors
for PTE. However, limitations include a relatively small
sample size and potential confounding factors that may
not have been fully accounted for. The observational
nature of the study also limits the ability to establish

causal relationships.

Conclusion

Nine percent of kidney transplant recipients developed
PTE approximately seven months post-transplantation.
Male sex and higher BMI were identified as independent
predictors of PTE. Most patients responded well to
RAAS blockade, with 27% experiencing spontaneous

recovery.
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Terbutaline-Induced Lactic Acidosis
in a Pregnant Patient with Preterm Labor:
A Case Report and Literature Review

Krit Tipchaichatta, Naowanit Nata
Division of Nephrology, Department of Internal Medicine, Phramongkutklao Hospital and College of Medicine,
Bangkok, Thailand

Abstract

Preterm labor, defined as regular uterine contractions with cervical changes occurring between 20+0/7
and 36+6/7 weeks of gestation, is a significant cause of perinatal morbidity and mortality. Before 34 weeks of
gestation, corticosteroids are administered to enhance fetal lung maturity. Tocolytic agents, such as calcium-channel
blockers and beta-adrenergic receptor agonists, are used to delay labor, allowing time for corticosteroid efficacy.
This case report describes a pregnant patient with preterm labor treated with terbutaline, a beta-adrenergic receptor
agonist. During treatment, the patient developed metabolic acidosis, which laboratory tests confirmed was due to
terbutaline-induced lactic acidosis. The condition resolved after discontinuing terbutaline. Terbutaline-induced lactic
acidosis requires careful exclusion of other causes and typically resolves spontaneously once the drug is stopped.

Studies suggest terbutaline may increase glycolysis, leading to elevated pyruvate and lactate levels.
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Aanssduenuagn anuzvdsindavietilioon assdd 3
(2 Tnouulsaneruia) anzassdduiivsdaguusan
anugndssndnnaeniionynssd 35 dUavi assn 4 (Jagiiu)
NWﬂﬂiiﬁﬂ%ﬂLLﬁﬂﬁaﬂﬁmﬁﬁ 13 §Unsiiinddn asramu
Tsaumurmesasidiiengassd 28 dUad Tag
anuulafinuasiansss 110-130/70-80 fadwasusen
sarfisulilulsmevnandad 918A53A 327 daiilay
NNSMTIVDANTIY1IN

#15nw1Ua90u 4 1) Neutral protamine hagedorn (NPH)
AnlaRamils 2un 14 uaz 6 gilm 1a1 8.00 way 20.00 .
2) Insulin aspart 8 giin SaldRntds AeusuusemueImIs
Wi nane¥u 1By (I§3usneaasensss) 3) Calcium carbonate
(1,500 wn.) SuUsenu 1 Wiandsewisidu 4) Vitamin B6
Fudsemu 1 uWia wdie1msdn 5) Folic acid Suusenu
1 fin M99 wag 6) Ferrous fumarate SuUseEny
1 dln dae19sEn

N19M 32997190 maawuﬁmiym%wé’qﬁ RIVERTRT
37.2 ssmwal@iva anuaulaie 117/70 un.Usen Inas
88 Ady/und uazdnsinsmngla 18 ASaAndt asaamuthun
57 nn. ayilunaniy 26 an/es.a. gUdeianduazly
ANusilelun1snsIveg1es laufinis@n uavivdes 1l
AzYIaLn nsraTruUIlakagsevumaiumglaegly
NaIUNF NMINTIYeWiBInUNngnagluseiu 32 wuRiluns
susiallalln wazasravivsaesdinslsiun

YuinAuA1mLn
wsnsunsanuilidensenaindesnaonnazlaiinis
ATIANTATINTANTIYNIANUBIYATIA 32° FUAY T3040
fulilulsmenunadfiodnviuardunneins
Fuilaomdsiulilulsmena guaoEuilonnisvoads
Fadldtunnzduassdaaeanoudivun Sadulinnssnw
Tasnnslendudanisnadavosungn Fudaselumaly
(nifedipine) wiafuussmmudusiaiduusn ndniulad
nsAamunanisinwegwsiaiileos Saufuiinslielungs
AoshlAaLfesess Ineldeanguniley (dexamethasone)
Werienszduniseiydvlnvessruumaiunielaves
msnluasss Inglioun 6 Sedndu (un.) danendunile
wn 6 Hilus waedimslisugauneasioidesmaasnidend
nieufuAnnun1sinwnazinisusuendugduniuseeu
ihnna mansnsanistesjifinisreulen terbutaline
N19naenLdanal serum: BUN 9.4 un./ma., Creatinine
(Cr) 0.45 un./ma., Na' 137.9 Taddadiaus/ans, K 3.8
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faddaiaus/ans, CU 105.4 JaddAaus/ans, HCO,
20.8 fiaaomiaud/ans, plasma glucose 81 un./na.,
way albumin 3.51 n¥u/na. ndsndunuigUaedd
nsfudvesungnogisseiiles Jelsdsunssnuilag
nslifen terbutaline Msvaenadens Bufudievuine
0.25 un. Maviaeadensiuf ndniuliemendedios
mavaendendilusng 0.6 un/dlue waeinsliiunde
mMadendidae 5%D/NSS 8051 60 wa/dalua Taefinan
msﬂuémaqmgﬂLﬁaﬂ%’mzﬁum terbutaline 1Jusyey
deuszidiulinunsiumvesmngnly 10 it Jsfiansan
nealvien terbutaline wazlaAnmIuNaN1IATIINI O
UJURNNS wudn Serum: HCO, 13.6 fla@dAianiaud/ans,
blood sugar 192 un./Aa., anion gap (AG) 17.4 (corrected
AG 18.6), lactate 6.45 fadlua/ans, way ketone 0.2 Jadlua/
fns Useillununidz metabolic acidosis Seliinuanivg
wutn waLﬁmﬁumé’ammeammamazamL%@L‘Wﬁx
asataanznudindenvilulaany 3-5 fa/hish power
field (HPF) wazifindonunslutiaanny 50-100 @a/HPF
Sefnsandmnamedelunsuadeauasmaiullaans
wazSulensindle ceftriaxone wum 2 n$u MevaeAEon
v)n 24 $7laa 59U ampicillin 91U 2 N3u MavaeEons
Fuitndanduliervuin 1 n¥u namasadend vn
a4 $lus wiegalsfinu auvnues metabolic acidosis
Flanidnmsevnrdulssiiuud @i liflduazanudu
Tafinasfinaen

Sufianumdefulilulsameruna wudnsufinisdusives
upgnifindy Jefinrsalien terbutaline Mmaviaanidond
Snads §as1 0.6 un /e wariimsinaunisdusives
uagnieufuszdvelimnzauseld ldRanamanisnga
MU uRns (vaelasuen terbutaline 8m31 0.5 un./
Hlag) wut Serum: HCO, 16.3 faddAInaud/ans, plasma
glucose 198 un./ma., anion gap 15.1 (corrected AG 16.3),
lactate 3.1 fiadlua/Ans, ABG: pH 7.32, pCO, 33.5 uu.Usam,
pO, 59 uu.Uson wdsantuiia terbutaline 1Judns

0.55 un/Hlus wazdugdumavasnidons a5 4 gila/
Falas wuiwan1snsIImeviesu fRnng Serum: HCO, 13.3
fadvaiaud/ans, plasma glucose 254 un./ea., anion
gap 16.9 (corrected AG 18.1), lactate 5.9 fadlua/ans waz
mamwmuﬁaaﬂﬁﬁ’ﬁms?ﬂu 9 Serum: Hb 12.4 n33/Aa., Hct
37.8 %, WBC 15,700 waa/nsu. (PMN 87.8%, lymphocyte
6.9%), platelet 234,000/m54., albumin 3.51 n3u/ma.,
globulin 3.4 n3u/ma., total bilirubin 0.2 wn./Aa., direct
bilirubin 0.08 Un./A4., aspartate transaminase 27 gﬁm/ﬁm,
alanine transminase 29 gin/an3, alkaline phosphatase
206 yiln/dng wé’&mnﬁ?uﬂﬁﬁuﬁwaqmgﬂamaﬂ Fale
finnsamiganislifen terbutaline sesristhildviinisUssdiu
LarAuAuMaLMALRNANYBIN1IE metabolic acidosis
Tinsrzraniifiszduluasveisaluidonanassudud
serum AG g4 39Anfian13y wide (high) AG metabolic
acidosis uagiloduameA1 Aanion gap , A HCO, = 0.41
wan9313I59uAU normal AG metabolic acidosis @3u11
A1 metabolic acidosis AN mixed wide (high) with
normal AG metabolic acidosis IﬂEJmLW]“U@\‘i normal AG
metabolic acidosis LinAINN1IL hyperchloremic metabolic
acidosis annsliansmanasmdens (normal saline
solution, NSS) Usuneuann fhummoqsuaq wide AG metabolic
acidosis 1Ana7n lactic acidosis 1899103 serum lactate
5.9 Tadlus/dns (>5 Tadlua/ans) lnganvinvesnie lactic
acidosis 419231310 terbutaline-induced lactic acidosis
dlosnasanlamuniagdu o iviliAnn1ag lactic acidosis
Wu azifoldenseseandiau (tissue hypoxia) %38
anrden (shock) warldiild mansasramnzdeludaans
warlafinlinunisinde anudulafinuninasnegludas
120-130/60-80 un.Usen Lifiangvineendiau Jaaiy
gonUnfivsuna 3 ua./nn./4alus FAUAUNTINYANTS
T9en terbutaline WUINEAU serum lactate Aoy 9 anad
flugn1izdnd (serum lactate < 2 fadlua/ans) aely
3.5 Halug vdmene Kaguil 1 uaz A1eneil 1
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0.6
0.5
0.4
0.3
0.2
0.1

0 3

=@— Tebutaline (mg/hr)

6.5

Terbutaline rate and Lactate level

O =~ N W A 0Oy N

9.5

—@— Lactate (mmol/L)

3U# 1 nsmlanuduiusvesdnsinisiien terbutaline uarseAu serum lactate

A13197 1 ANUAUTUSVDITNIINTAUTBINIIA HANIINTIINRIUHURNS wazdnsInIslvien

Parameters At 3 hour At 6.5 hour At 9.5 hour
Heart rate (beats/min) 133 140 99 93
Blood sugar (mg/dL) 198 254 140 105
Lactate (mmol/L) 3.1 5.9 2.5 1.18
HCOZ' (mEg/L) 16.3 13.3 17.8 19
Terbutaline (mg/hour) 0.5 0.55 off -
Regular insulin (unit/hour) 2.5 6 5 off

d3Un15AtianyavnUes lactic acidosis
vasnsalAnwEUae
azdeadunsnannisdsvesnsanandnlugiaese
il 1Anannnsldsmesymay (terbutaline-induced lactic
acidosis) Tuffthedsasssiinnsduasssaneadourinua

2AUIIY LAZNUNIUITIUNTTY
omustiauessaunsinuigvlefiunsieeinisidy
assfnaoanoufivun Fadunneinuldveslunyujod
Iﬂanns‘f‘:ﬁmmﬁwﬁmﬁaqmﬂn‘]ummaﬁﬁwlﬂﬁmiﬂaam
naufmUA LarnMYARERNBURUAGNEa lTIARNA Iz UT e
uaznsdedinlalunsnusniia’ Unfivisnaasnnauninum
fogasidtesnin 30 dUani sruumadunislaves
msnlupssdduasayiuialiduiadanusniuidedden
nedalaaiiosesrvdindndmenduiieveuisn lag
ndeyatudagdunuin milieneiilaaiiusesdyinin
Wrvenduileanunsoanazdudisnasdansiniside

Falalumsnusniiiels® Fodusaduiiinvesmsivenduds
nsvashvesuagn esenailieresAlaaisesdoongys
Taevhlldhaszana 48 HlumdaanEue deindeya
NTATIEiefiU (meta-analysis) U A.A. 2009 wuirteya
90 58 n1sAnen wansliidiuinnisliendudinisunda
Yesumgn aansnideuszeznansnasnoenlulfedsien
48 lus TenadSefisesay 7593 Wewleutunislden
waenlenadiaiifosay 53°
PMNALUrEIYesaNIANnYAtaasUsAtlalan (World
Association of Perinatal Medicine, WAPM) U a.#. 2023
Tawugihimsiansanlien nifedipine siasuusemudy
grdruusnlunsdudslalfungnuatad wogmnlaildug
annsaRersalien terbutaline Fudueniimsiarsan
Tdludrdudalu™ Tudiudnugidivesaniaugiuiunng
VReUTEIMAANIFOLISNT (American College of Obstetricians
and Gynecologists, ACOG) U a.¢. 2016° wuzililgen
beta-adrenergic receptor agonists tJugiduusn lagly
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Tuszeznandu 9 iy 48 Falu itesensivernesilaaie
seufoongYs uay ACOG Ifuustiliiansaniaueingias
fiduasssaaontousmun Sderhulunsliendudilalvungn
nnsnivsell

nad1uAseIusazsdnfon1In Msnluases was
msnusnuin daunanansnulunsazstauazteniulden
Beendianusliiiauelufinened Ae 1 terbutaline 3
Lﬂuwﬁﬂuﬂdu beta-adrenergic receptor agonists NaU19LABS
fnulsvossendgadinsss Fesuundunadnafosionsn
w laduiss auduin amzdu ledu wiglaiiu ane
tviaden sedulnunadeus waznninaludongs

312 plagnanmes

wazHat1AIeMINLIAAR Ao Walawwuisn
fifinusthuiaus Ao Mz metabolic acidosis 91NN
lactic acidosis fina1nnsTden terbutaline
nsfifnydtaeeinu vdngieldsue terbu-
taline \fleussnsvadivesungn fUheEuiany meta-
bolic acidosis mﬂ‘ﬁu FalgRansannuin delta anion gap
# delta HCO_ wirriu 0.41 dnlfudndieiinig wide AG
32UAU normal AG metabolic acidosis ?jﬂmmmaﬂ normal
AG metabolic acidosis @® hyperchloremic metabolic

A19197 2 @AVe4 L-lactic acidosis™**

1 A lactic acidosis ‘

acidosis 91N@1511 NSS fildmanasnidensi uag wide AG
metabolic acidosis \inlgainvate q anue leun L-lactic
acidosis, D-lactic acidosis, azdamdunsnanAlay
(ketoacidosis), @154 (intoxication) LLazm'qu%‘LﬁEJ
(uremia)”* Taglufiheseivhmsdsasianisios jifns
WaRunudn serum lactate 5.9 fadlua/dns dadnlaiu
ANy lactic acidosis L‘ljaﬂmﬂﬁizﬁu serum lactate >5
Nadlua/dns

A3 lactic acidosis Lﬁmmﬂmilﬁmﬁumﬂﬂm lactic
fignasrafinanntu Tnsuvadunsn lactic wiin L (L-lactic
acidosis) way nsm lactic ¥%ia D (D-lactic acidosis) 1ag
L-lactic acidosis Sauvsoandu viiae (A) wavwidad (B)
Tne lactic acidosis ¥8ia A WRaanazfioandauludens
(hypoxemia), A% tissue hypoxia, WagN11e shock LHudu
d1u lactic acidosis ¥l B tAnananeiilifianig tissue
hypoxia ¥39AMg shock WilAnananuvndu Wy nslden
U9vile, uziSauneiln anudaunfveanismnatguariiiie
(inborn errors of metabolism) lagawnsig 9 ¥es L-lactic
acidosis agUsamsedl 2

¥ii¢ B lactic acidosis

YIARNLDDNTLAU g1: aubsaevlad, metformin, cathecholamines, isoniacid, Wn1uea,
widulnanea, nsewndledn

Azdon Diabetic ta¥ alcoholic ketoacidosis

amgaldunien Az InAuT 1

Amevieuiin viselsageaulUnarlnguuse

AM3LANYBY aerobic glycolysis

ameilangaiu/angmeladuimad

amgdu/lnne

AMELUBLEpUIALEDN

Amensotaulyy pyruvate dehydrogenase

AMERWINAANSUBULBUBN WA 115

AN

amziuloenlun

Mneunsdanuivesvissedldvinisdmsia
maviesu foRnsiiuRuiiomanvnuesne lactic acidosis
wuldfinme tissue hypoxia #s8A1z shock WazNANIS
asanmzidelinunsindolumaiulaaizuazlaiia
FAunamEAN1LYEN terbutaline Wudnsedu serum lactate

Ao 9 anasiugn1zuni (serum lactate < 2 Hadlua/ans)
meflu 3.5 Mlumdmgae Ssaenndosiumenunsdiny
rounthilfiafuflul . 1978 fhefndeanziduassd
Aaennoufvuniiiengnssd 32 dUasi dldiinasliien
nosAlaaifusend Lilovaunsedunsiiqiivlnvesssuy
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madumeglaliiumanluasss sauiuladinasTien ritodrine
%éuﬂume[,uﬂ&ju beta-adrenergic receptor agonists Lile73e
Tumsudilslvumgnvedadia laeuitsns 100 lulasn3u/undi
wazndniu 12 Hlumanluassinuhiinneiludub
Jalgandnsinistvien ritodrine wide 30 lulasniu/unil sauru
Tusnrthlddmsamatesufoiniswuiniinig metabolic
acidosis (serum HCO_ 8 fladdn3taus/ans) log 2 Hala
anlulddensiamesiesufjuifiniswudn serum lactate 7
fiadlua/ans® 9nmsAnufiaRusilul a.e.1993 el
meunmzRuasIiRaannauiualuasssusnlaeiiongassa
51319 27 9 34 dUansi wudgdheduau 8 selasuen
terbutaline 1Huszeziian 14 $lus S5efU serum lactate
Lﬁmqaﬁﬁumﬂ 3.8+1.6 Nadn3u/Andans Uu 16.5+4.0 Nadn3u/
WaAms 7 11 Frluwdaduen uaznsfnwdeuniindffu
0l A 1997 Menuiidthedngd 10 au fiflergassd
sewing 24 4 36 dUaviTundnoenniuasainaenrou
ivun leuvinnsguliien ritodrine 5o terbutaline lag
\ilogravesefinadesyfulnunaBen augansalua uay
nmsvihauvedls Taefinslien ritodrine agEufsng 100
Tulasn3u/unit uasuSuriiniias 50 lulasn3u/undi yn 10 wil
Tnefiszaugegaliitiugng 350 lulasnsu/undt ilelviungn
vgan1suaiada waznislven terbutaline 9ziFusnT
10 lulasniu/und uazUfuidiindiay 5 lulasndu/anil log
fisziugeanliiindnsn 35 lulasniu/ani elungn
vigAN1IMn¥as wuinAedYes plasma lactate fouiEaen
ol 1.2¢0.3 fadlua/dns Wiy 4.7+0.8 Hadlua/ans
vdanEuenly 240 i
31NN1TIIVTINIIBUNTANYIVDINTITeN beta-ad-
renergic receptor agonists Wothelumsdudinsmasives
ungnlundgetsasssindoaneziiuassdaasanouimun
WUIIN15IT81 beta-adrenergic receptor agonists ‘17?&
terbutaline waz ritodrine @u13avilAAnN19E metabolic
acidosis 1A% lactic acidosis 19 WUszAU serum lactate
geqaldda 7 fadlua/dns lnsiindeud 2 daluausn

6,16-18

naglasuen YaNI1NLUINNTIYIIUNITANYINUL N

A13UIN581 beta-adrenergic receptor agonists VwHANY

wazrindnivevasnidenauIaviTlnseAu serum lactate
29Ul Tnenuldlunisinwgiaslsaveuiiaiiflennisveuiin
MSuREUNaY nva1esenunsanwgdae”* lag
sefunan lactic Wiutugeanldds 10.47 fadlua/ans uay
anawnoglussiuunildnely 8-24 Frlumdmenen
Tmgnalnnisiinniay lactic acidosis 91nN15LATULN
beta-adrenergic receptor agonists §alidnau uranTn
E)%malﬁmﬂﬂﬁﬂizgju beta-adrenergic receptor agonists
Wlifunssuiunis glyconeogenolysis L&y gluconeogenesis
Fasks 2 ﬂﬁSUQUﬂ’liﬁﬁﬂﬁLﬁﬂﬂﬁiLﬁ@J‘ﬁu%aﬁ%ﬁUﬂqiﬂﬁ
Tunszuadon waviliiinsifiuduves pyruvate sauiu
ﬂ”liﬂ'ﬁ%(f?‘u beta-adrenagic receptor gﬂﬂizﬁuiﬁlﬁm
nszuauns lipolysis SuiliAnnsiiutuvesnselududasy
(free fatty acid) Tnefl free fatty acid FifisTuazluguds
woulasl pyruvate dehydrogenase vl pyruvate ﬁLﬁM@ﬂ;ﬁu
ljanunsawasudu acetyl-CoA ilaingigdnsinsud
(Krebs cycle) 16 danalit pyruvate Qﬂm?ﬁ'amﬂuﬂsmaﬂaﬂ
Wnfusunsyieueseuley lactate dehydrogenase®
UNTBNUNMIFNYINUTININTEHU beta-adrenergic receptor
agonists mmmﬂizéjmau%ﬁ adenylate cyclase vz
ﬁﬂﬁLﬁ@miLﬁu%umad cyclic adenosine monophosphate
(cAMP) Tuiadds cAMP ﬁLﬁu%u%ﬂizﬁuﬂszmu glycolysis
uag lipolysis*** agunalnnsiinne terbutaline-induced
lactic acidosis m‘"@gﬂ‘ﬁ 2
ameidoadunsnainnisdsvesnsnuanfinainnis
Tounesymavlufinedinssdiifanziuassdeasnnou
souniluradrafesinulddesinn fofunsdnudunie
lactic acidosis AsdedfadunenlsawazdInsaafisLiy
Wenanunduneulans Wy A1I3vIneandlau uie
amzden 1Wudy Aoufiezaguindunaainnisldelungu
beta-adrenergic receptor agonists
NnTenUNsAAnwansatlilssyndldls Ao wnd
Q’ﬂaaﬁmﬁ’sEmeL%Uﬂiiﬁﬂaamauﬁ'mumLLé”Jﬁmﬂsﬁ'm
é’ué@iﬂﬁmgnm%@ﬁ’ﬂumju beta-adrenergic receptor
agonists D1aRANIANAMTIINITEsUFTRN TR eUsELdY
azdendiunsaannisdeansauaning e
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/ Terbutaline \

Enhanced glycogenolysis
and gluconeogenesis

!

Increased
glucose
levels

l

Enhanced glycoslysis ~ —»

Enhanced pyruvate

production

I<—~ Lactate dehydrogenase

Enhanced lactate

gﬂ‘ﬁ 2 Terbutaline induced lactic acidosis®

Enhanced lipolysis

!

Increased
free fatty acid
levels

{

Pyruvate dehydrogenase

Krebs cycle

Acetyl-CoA
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