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Abstract

Historically, it takes an average of 17 years to move new treatments from clinical evidence to daily practice. Given
the highly effective treatments now available to prevent or delay kidney disease onset and progression, this is far
too long. The time is now to narrow the gap between what we know and what we do. Clear guidelines exist for the
prevention and management of common risk factors for kidney disease, such as hypertension and diabetes, but only
a fraction of people with these conditions worldwide are diagnosed, and even fewer are treated to target. Similarly,
the vast majority of people living with kidney disease are unaware of their condition, because in the early stages it is
often silent. Even among patients who have been diagnosed, many do not receive appropriate treatment for kidney
disease. Considering the serious consequences of kidney disease progression, kidney failure, or death, it is imperative
that treatments are initiated early and appropriately. Opportunities to diagnose and treat kidney disease early must
be maximized beginning at the primary care level. Many systematic barriers exist, ranging from patient to clinician to
health systems to societal factors. To preserve and improve kidney health for everyone everywhere, each of these

barriers must be acknowledged so that sustainable solutions are developed and implemented without further delay.

Keywords: chronic kidney disease; equity; kidney care; public health; World Kidney Day
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Introduction

At least 1 in 10 people worldwide is living with kidney
disease." According to the Global Burden of Disease
study, in 2019, >3.1 million deaths were attributed to
kidney dysfunction, making it the seventh leading risk
factor for death worldwide (Figure 1 and Supplementary
Figure S1).” However, global mortality from all kidney
diseases may actually range between 5 and 11

million per year if the estimated lives lost, especially in
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lower-resource settings, from acute kidney injury and from
lack of access to kidney replacement therapy for kidney
failure (KF) are also counted.” These high global death
rates reflect disparities in prevention, early detection,
diagnosis, and treatment of chronic kidney disease (CKD).*
Death rates from CKD are especially prominent in some
regions, and particularly high in Central Latin America and
Oceania (islands of the South Pacific Ocean), indicating

the need for urgent action.”

Jliliiliﬁl

High blood Smoking High fasting  Air High BMI High LDL  Kidney  Alcohol High  Low whole
pressure plasma pollution dysfunction  use sodium grains
glucose intake

Figure 1 All ages, top 10 global risk factors for death, 2019.

Kidney dysfunction (defined as estimated glomerular filtration rate <60 ml/min per 1.73 m’ or albumin-to-creatinine

ratio 230 mg/¢) was the seventh leading global level 3 risk factor for death in 2019. The 3 leading global risk factors

for kidney disease, including hypertension, diabetes, and overweight/obesity, are also leading global risk factors for

death; therefore, holistic strategies are required to address all risk factors simultaneously. Ranking is depicted by

millions if deaths are attributed to the risk factors. Error bars depict the confidence range. Global ranking of kidney

dysfunction stratified by World Bank income category and gender is shown in Supplementary Figure S1. Data

obtained from the Global Burden of Disease Study.” BMI, body mass index; LDL, low-density lipoprotein.

CKD also poses a significant global economic
burden, with costs increasing exponentially as CKD
progresses, not only because of the costs of dialysis
and transplantation, but also because of the multiple
comorbidities and complications that accumulate over
time.*” In the United States, Medicare fee-for-service
spending for all beneficiaries with CKD was $86.1 billion
in 2021 (22.6% of the total expenditure).’ Data from many
lower-resource settings are absent, where most costs
are paid for out of pocket. A recent study from Vietnam

reported that the cost of CKD per patient was higher than

the gross domestic product per capita.” In Australia, it has
been estimated that early diagnosis and prevention of CKD
could save the health system $10.2 billion over 20 years.’

Although there is regional variation in the causes of CKD,
the risk factors with the highest population-attributable
factors for age-standardized CKD-related disease-adjusted
life years were as follows: high blood pressure (51.4%),
high fasting plasma glucose level (30.9%), and high
body mass index (26.5%)."° These risk factors are also
global leading risk factors for death (Figure 1). Only
40% and 60% of those with hypertension and diabetes,

https://he01.tci-thaijo.org/index.php/JNST/index
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respectively, are aware of their diagnosis, and far smaller
proportions are receiving treatment and at target goals.""**
Moreover, at least 1 in 5 people with hypertension and
1in 3 people with diabetes also have CKD."

A large proportion of CKD can be prevented through
healthy lifestyles, prevention and control of risk factors,
avoidance of acute kidney injury, optimization of maternal
and child health, mitigation of climate change, and
addressing social and structural determinants of health.’

Nevertheless, the benefits of some of these measures may

Proportion (%) of these aware of CKD
diagnosis reaching treatment targets
=y
1)

Unaware of CKD
80%-93%

Proportion of people with CKD aware of their diagnosis

only be seen in generations to come. In the meantime,
early diagnosis and risk stratification create opportunities
to institute therapies to slow, halt, or even reverse CKD.M
Concerningly, CKD awareness was strikingly low among
individuals with kidney dysfunction, with #80% to 95%
of patients being unaware of their diagnosis across
world regions (Figure 2).” People are dying because
of missed opportunities to detect CKD early and deliver

optimal care!

50
30
20
10
0 .

Proteinuria
monitoring

Blood HbAlc RAS
pressure 6%-8% inhibitor
<130/80 use

SGLT2 Expert
inhibitor use Lifestyle/
(after 90 d)  dietary

advice

Figure 2 Proportion of people with chronic kidney disease (CKD) who are aware of their diagnosis and are receiving
appropriate guideline-recommended care.

The proportion of people with CKD who are aware of their diagnosis varies globally, with rates ranging from 7%
to 20%. As CKD stage worsens, knowledge of CKD increases. Among those with a diagnosis of CKD, the average
proportion of patients receiving appropriate medication to delay CKD progression (renin-angiotensin-aldosterone
system [RAS] inhibitors and sodium-glucose cotransporter 2 [SGLTZ2] inhibitors) is suboptimal as are those reaching
target blood pressure, diabetes control, and nutrition advice. The treatment targets depicted in the figure follow
the Kidney Disease: Improving Global Outcomes (KDIGO) 2012 guidelines.”” Most data come from higher-resource
settings; these proportions are likely lower in lower-resource settings. Data are shown for proportions of patients

reaching blood pressure of <130/80 mm Hg. Data compiled from previous studies.””*’ HbA1c, hemoglobin Alc.

More important, CKD is a major risk factor for
cardiovascular disease, and as kidney disease progresses,
cardiovascular death and KF become competing risks.”
Indeed, the Global Burden of Disease study data from 2019

showed that more people died of cardiovascular disease

attributed to kidney dysfunction (1.7 million people)
than from CKD itself (1.4 million people).” Therefore,
cardiovascular disease care must also be a priority for

people with CKD.

J Nephrol Soc Thail 2024; 30(2): 81-96
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Gaps between Knowledge and Implementation
in Kidney Care
Strategies to prevent and treat CKD have been built

on a strong evidence base over the past 3 decades

(Figure 3)."”* Clinical practice guidelines for CKD

are clear; however, adherence to these guidelines is
) 15,19,20

suboptimal (Figure 2

4%

Lifestyle
Healthy diet
SGLT2i
First-line continue until dialysis
drug therapy for or transplant

most patients

of X

Manage hyperglycemia
as per the KDIGO
Diabetes Guideline,
including use of

Targeted therapies
for complications

GLP-1 RA where indicated

@

%)

Stop use of
tobacco products

$

Physical activity

Aim for SBP <120 mm Hg
RAS inhibitor* at maximum
+ tolerated dose (if HTN)

(o A

|
l Iy

Use ns-MRA in Dihydropyridine CCB
people with diabetes and/or diuretic if
and an indication needed to achieve
for use individualized

8 e

!

Steroidal MRA if needed
for resistant hypertension
if eGFR >45

Regular
risk factor
reassessment
(every 3-6
months)

Weight mar_mgement

Statin-based therapy
moderate-or
high-intensity statin

&

ASCVD risk, lipids

Antiplatelet Manage anemia,
agent for CKD-MBD, acidosis,
clinical ASCVD and potassium

abnormalities,
where indicated

@

Ezetimibe, PCSK9i
indicated based on
ASCVD risk and lipids

e &

l

Use the same principles
to diagnose and manage
ASCVD and atrial fibrillation
as in people without CKD

&

Figure 3 Recommended optimal lifestyle and therapeutic management for chronic kidney disease (CKD) in diabetes.
Illustration of a comprehensive and holistic approach to optimizing kidney health in people with CKD. In addition
to the cornerstone lifestyle adjustments, attention to diabetes, blood pressure (BP), and cardiovascular risk factor
control is intergral to kidney care. *Angiotensin-converting enzyme inhibitor or angiotensin Il receptor blocker should
be first-line therapy for BP control when albuminuria is present; otherwise dihydropyridine calcium channel blocker
(CCB) or diuretic can also be considered. Figure reproduced from Kidney Disease: Improving Global Outcomes (KDIGO)
CKD Work Group. KDIGO 2024 Clinical Practice Guideline for the Evaluation and Management of Chronic Kidney
Disease. Kidney Int. https.//doi.org/10.1016/].kint.2023.10.018.22 Copyright © 2023, Kidney Disease: Improving Global
Outcomes (KDIGO). Published by Elsevier Inc. on behalf of the International Society of Nephrology under the CC BY-
NC-ND license (http.//creativecommons.org/licenses/by-nc-nd/4.0/). ASCVD, atherosclerotic cardiovascular disease;
CKD-MBD, chronic kidney disease-mineral and bone disorder; eGFR, estimated ¢lomerular filtration rate; GLP-1 RA,
glucagon-like peptide-1 receptor agonist; HTN, hypertension; MRA, mineralocorticoid receptor antagonist; ns-MRA,
nonsteroidal mineralocorticoid receptor antagonist; PCSK9i, proprotein convertase subtilisin/kexin type 9 inhibitor; RAS,

renin-angiotensin-aldosterone system; SBP, systolic blood pressure; SGLTZi, sodium-glucose cotransporter 2 inhibitor.
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Regardless of the cause, control of major risk factors,
particularly diabetes and hypertension, forms the
foundation of optimal care for CKD.** Beyond lifestyle
changes and risk factor control, the initial pharmacologic
classes of agents proven to provide kidney protection
were the renin-angiotensin-aldosterone system inhibitors
in the form of angiotensin-converting enzyme inhibitors

41 However,

(ACEIs) and the angiotensin receptor blockers.
despite decades of knowledge that these medications
have important protective effects on kidney and heart
function in people with CKD, their use has remained low
based on real-world data from electronic health records
(Figure 2). For example, in the United States, ACEl or
angiotensin receptor blocker use was reported in the
range of 20% to 40% at =15 years after the last approvals
of these agents for patients with CKD and type 2
diabetes.”* Although more recent data show improvement
in prescribing rates to 70% in this population, just 40%
persist on an ACEl or angiotensin receptor blocker for
at least 90 days.”” These data illustrate gaps in both
prescribing kidney protective medication and continuity
of care over time, potentially related to cost, lack of
patient education, polypharmacy, and adverse effects.”

Although initial enthusiasm for sodium-glucose
cotransporter 2 (SGLT2) inhibitors focused on their benefits
for diabetes and cardiovascular disease, unprecedented
therapeutic benefits have clearly been observed for CKD
as well. The relative risk reductions with SGLT2 inhibitors
approach 40% for substantial decline in estimated
glomerular filtration rate, KF, and death in populations
with CKD of several causes, heart failure, or high

k.*?" These benefits accrued

cardiovascular disease ris
on top of standard-of-care risk factor management and
renin-angiotensin-aldosterone system inhibitor. Risks of
heart failure, cardiovascular death, and all-cause mortality
were also reduced in patients with CKD.”® Addition of
SGLT2 inhibitor to renin-angiotensin-aldosterone system
inhibitors could delay the need for kidney replacement
therapy by several years, depending on when they are
started.”® Moreover, for every 1000 patients with CKD
treated with an SGLT2 inhibitor on top of standard therapy,

83 deaths, 19 heart failure hospitalizations, 51 dialysis

initiations, and 39 episodes of acute kidney function
worsening can be prevented.”

Concerningly, marked underuse of these and other
guideline-recommended therapies, including SGLT2
inhibitors, persists (Figure 2).”*** In the CURE-CKD registry,
only 5% and 6.3% of eligible patients with CKD and
diabetes, respectively, continued on SGLT2 inhibitor and
glucagon-like peptide-1 receptor agonist at 90 days."
Notably, lack of commercial health insurance and
treatment in community-based versus academic
institutions were associated with lower likelihoods of
SGLT2 inhibitor , ACEIl, or angiotensin receptor blocker
prescriptions among patients with diabetes and CKD.”
In low-or middle-income countries (LMICs), the gap
between evidence and implementation is even wider
given the high cost and inconsistent availability of
these medications, despite availability of generics.”
Such gaps in delivering optimal treatment for CKD are
unacceptable.

In addition to the SGLT2 inhibitors, nonsteroidal
mineralocorticoid receptor antagonists have been dem-
onstrated to reduce the risks of CKD progression, KF,
cardiovascular events, and deaths, on top of the stan-
dard of care with renin-angiotensin-aldosterone system
inhibitors, in type 2 diabetes.” A growing portfolio of
promising therapeutic options is on the horizon with
glucagon-like peptide-1 receptor agonists (NCT03819153,
NCT04865770), aldosterone synthase inhibitors
(NCT05182840), an dual-to-triple incretins (Supplementary
Table $1).”** Furthermore, the evidence is already clear
that in patients with CKD and diabetes, glucagon-like
peptide-1 receptor agonists reduce cardiovascular events,
are safe and effective glucose-lowering therapies, and aid
with weight loss.”

Historically, it has taken an average of 17 years to move
new treatments from clinical evidence to daily practice.”
With millions of people with CKD dying each year, this is

far too long to wait.

Closing the “Gap” between What We Know and
What We Do
Lack of policies, global inequities

J Nephrol Soc Thail 2024; 30(2): 81-96
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Health policy

Since the launch of the World Health Organization
Action Plan for Non-Communicable Diseases (NCDs) in
2013, there has been global progress in the proportion
of countries with a national NCD action plan and
dedicated NCD units.* However, CKD is only incorporated
into NCD strategies in approximately one-half of countries.*

Policies are required to integrate kidney care within

essential health packages under universal health coverage
(Figure 4).” Multisectoral policies must also address the
social determinants of health, which are major amplifiers
of CKD risk and severity, limiting people’s opportunities to
improve their health.” Lack of investment in kidney health
promotion, along with primary and secondary prevention

of kidney disease, hinders progress."

BARRIERS TO APPROPRIATE MEDICATIO PRESCRIBING AND USE IN CKD

PATIENT OR a oSo @ @ 5
DISEASE- & % .
RELATED Self-care and . Trust in health care High health Language and . .

empowerment Health literacy system Polypharmacy expenditure communication Misinformation
! AT _
¥ | & BEEEE
CLINICIAN W n
Knowledge Risk perception Time pressure Burnout Bias Guideline overload | Patient complexity
e R
sOClo- ($)) -f[ Gﬂ < o)
ECONOMIC | A . A :
High medication | High medication ) . .
costs copays Racism Poverty Education Transportation Geography
% Y
)
HEALTH Z @ 0 aa £ @
SYSTEM 1
Time pressure on Misaligned Care Poor Preauthorization | Missing guidelines, Quality-of-care
clinicians incentives fragmentation communication requirement lack of support standards
. d) NCDs CKD C § @
-“ As = = )i E
POLICY ¥ (= =g E&
Lack of public Lack of NCD Lack of CKD Lack of early Essential Quality of
Lack of UHC awareness policies policies detection medicines lists medication
| @ | @ x| e | O ©
GLOBAL o
" Drug prices, Research . . Community-driven | CKD not globally | Focus on dialysis
Inequities nontransparency representation CKD in children research prioritised and transplant

Figure 4 Depiction of the spectrum of factors impacting implementation of timely and quality kidney care.

CKD, chronic kidney disease; NCD, noncommunicable disease; UHC, universal health coverage.

Health systems

Two major goals of universal health coverage are to
achieve coverage of essential health services and reduce
financial hardship imposed by health care. However,
universal health coverage alone is insufficient to ensure
adequate access to kidney care.” Health systems must be
strengthened and quality of care must also be prioritized,
as poor quality care contributes to more deaths than
lack of access in low-resource settings.” Quality care

requires a well-trained health care workforce, sustainable

availability of accurate diagnostics, reliable infrastructure,
and medication supplies and should be monitored in an
ongoing process of quality improvement (Figure 4). The
quality of medications, especially in LMICs, may be an
additional barrier to successful management of CKD.”
Regulation and monitoring of drug manufacturing and
quality standards are important to ensure safe and
effective therapies. Strategies to support regulation and
quality assurance will need to be developed in local

contexts and guidance, as outlined elsewhere.”’

https://he01.tci-thaijo.org/index.php/JNST/index
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Establishing a credible case for CKD detection and
management based on risks, interventions and outcomes,
and costs, based on real-world data, will help to translate
theoretical cost-effectiveness (currently established
primarily in high-income countries with minimal data from
elsewhere) into economic reality.”**® Screening should
include evaluation of risk factors for CKD, eliciting a
family history, recognizing potential symptoms (usually

advanced—fatigue, poor appetite, edema, itching

urinalysis, and urine albumin/protein to creatinine ratios,
as outlined in established guidelines.” Addressing
CKD upstream beginning in primary care should lower
costs over time by reducing CKD complications and KF.
Medications required for kidney care are already included
in the World Health Organization Essential Medication
List (Table 1). These must be provided at national levels
under universal health coverage.”” Pharmaceutical

companies should provide these at affordable prices.

etc.), and measuring blood pressure, serum creatinine,

Table 1 Essential medicines for patients with kidney disease

On WHO model

Medication/ . .
Example Reason list of essential
technology . .
medicines
ACE inhibitor Enalapril, lisinopril Delays CKD progression, benefits cardiovascular Yes
disease and stroke
Angiotensin Losartan, telmisartan Delays CKD progression, cardiovascular disease, Yes
receptor blocker and stroke
Calcium channel | Amlodipine, verapamil Blood pressure control Yes
blocker
Loop diuretics | Furosemide, torsemide Good when GFR is low, good for heart failure Yes
Thiazide diuretics | Hydrochlorothiazide, Good for BP, especially in the Black population Yes
metolazone, indapamide
SGLT2 inhibitor | Empagliflozin, canagliflozin, |Diabetes control, delays CKD progression, Yes
dapagliflozin cardiovascular disease, and death
GLP1 agonist Semaglutide Diabetes control, weight loss No
Mineralocorticoid | Spironolactone, finerenone | Delays CKD progression, reduces heart failure risk Yes/no
inhibitor Caution: risk of hyperkalemia in patients
with kidney disease
B-Blocker Bisoprolol Prevention and treatment of ischemic heart Yes
disease
Statins Simvastatin Prevention of CAD in patients with CKD, Yes
transplant
Aspirin Secondary prevention of MI in patients with Yes
CKD, transplant
Fixed-dose Aspirin + atorvastatin + Simultaneous management of CKD and Yes
combinations ramipril cardiovascular disease and risk factors where
(palypill Aspirin + simvastatin + it Yes
ramipril + atenolol +
hydrochlorthiazide
Aspirin + perindopril + Yes
amlodipine

88 Nephrol Soc Thail 2024; 30(2): 81-96 https://he01.tci-thaijo.org/index.php/JNST/index
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Medication/

On WHO model

Example Reason list of essential
technology .
medicines
Oral Gliclazide, metformin, SGLT2 | DM management Yes
hypoglycemic inhibitors Caution with dosing and glomerular filtration
medication rate
Insulin Long and short acting DM management Yes

ACE, angiotensin-converting enzyme; BP, blood pressure; CAD, coronary artery disease; CKD, chronic kidney disease;

DM, diabetes mellitus; GFR, glomerular filtration rate; GLP1, glucagon-like peptide-1; MI, myocardial infarction;
SGLT2, sodium-glucose cotransporter 2; WHO, World Health Organization.

*Polypills containing aspirin may not be appropriate for patients with early CKD without other cardiovascular indications.

Challenges in primary care, clinical inertia

Health care professionals

A shortage of primary care professionals is com-
pounded by inconsistent access to specialists and allied
health professionals in both high-income countries and
LMICs. Defining roles and responsibilities for kidney care
is essential. Solutions may include multidisciplinary team
care (primary care physicians, pharmacists, advanced
practitioners, nurses, therapists, educators, nutritionists,
and mental health professionals) with well-established
mechanisms of collaboration of all elements and prompt-
ly available communication technologies within health
systems and between professionals to support care and
decision-making.”***Brain drain in low-resource settings is
complex and must be tackled.

Mobilization of community health workers yields cost
savings in infectious disease programs in LMICs, and may
facilitate early detection, diagnosis, and management
of NCDs.” Protocolized CKD management, possibly
supported by electronic decision-support systems, lends
itself well to interventions at the community level,
with integration of primary care physicians and backup

% 1 some

from nephrology and other professionals.
environments, pharmacists, for example, could identify
people with diabetes or hypertension, at risk of CKD,
based on their prescriptions, and could offer testing
on site and reference if needed.” Pharmacists can also
provide medication reconciliation and medication advice
for safety, effectiveness, and adherence. Social workers

and pharmacists can help patients with medications

access programs.*

Challenges for clinical inertia

Clinical “inertia,” commmonly blamed for low prescribing
rates, has many facets (Figure 4)." Many knowledge
gaps regarding CKD exist among primary care clinicians.”
Such gaps are remediable with focused public and
professional education. Additional factors include fear
of medication adverse effects, misaligned incentives
within the health system, excessive workload, formulary
restrictions, and clinician burnout.”” Furthermore,
discrepancies in guideline recommendations from
different professional organizations may add to confusion.
A major impediment to optimal care is the time constraints
imposed on individual clinicians. The average primary
care practitioner in the United States would require =26.7
hours per day to implement guideline-recommended
care for a 2500 patient panel.” Innovation is required to
support guideline implementation, especially for primary
care practitioners who must implement many different
guidelines to meet the needs of various patients. Electronic
health records, reminders, team-based nudges, and
decision support tools offer a promising support for
quality kidney care in busy clinical practices.”® The extra
time and effort spent negotiating preauthorizations or
completing medication assistance program requests,
along with need for frequent monitoring of multiple
medications, however, also hinder appropriate
prescribing.” Many primary care practitioners have
only a few minutes allocated per patient because of

institutional pressure or patient volume. “Inertia” can
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hardly be applied to clinicians working at this pace. The
number of health professionals must increase globally.

Visits for patients with CKD are complex as mul-
timorbidity is high. Patients are often managed by
multiple specialists, leading to fragmentation of care, lack
of holistic oversight, and diffusion of responsibility for
treatment. Multidisciplinary care improved transition to
kidney replacement therapy and lowered mortality in
single and combined outcomes analyses.” Novel models
of “combined clinics” with on-site collaboration and
coparticipation (nephrologist-cardiologist-endocrinologist)
may prove to be of substantial benefit for patients, in
terms of reduced fragmentation of care, logistics, and

cost saving.

Patient centeredness

Health literacy

Self-care is the most important aspect of kidney care.
A patient’s ability to understand his/her health needs,
make healthy choices, and feel safe and respected in
the health system, and psychosocial support are
important to promote health decision-making (Figure 4).
Communication should start from good communication
that requires quality information and importantly
confirmation of “understanding” on the side of the patient
and often family. Electronic apps and reminders may
become useful tools to support patients by improving
disease knowledge, promoting patient empowerment,
and improving self-efficacy, although it is unlikely
that one size will fit all.”” Insufficient patient health
information, poor communication, and mistrust, among
other elements, are important barriers, especially in
marginalized and minoritized communities, where
CKD is common.” Patients may also be confused by
contradictory recommendations for care between health
care professionals, as well as conflicting messaging in lay
media. Innovative platforms to improve communication
between patients and clinicians about CKD are promising
and may promote optimal prescribing and adherence.”**

To overcome barriers and promote equity, patient
perspectives are essential to designing and testing better

health strategies. Collaborative care models must

include patients, families, community groups, diverse
health care professionals, health systems, government
agencies, and payers.”® Advocacy organizations and local
community groups and peer navigators, having trusted
voices and relationships, can be conduits for education
and may provide input for development of patient tools
and outreach programs.” Most important, patients must
be at the center of their care.

Cost and availability of medication

In high-income countries, people without health
insurance and those with high copays paradoxically
pay the most for even essential medications.” Across
LMICs, kidney disease is the leading cause of catastrophic
health expenditure because of reliance on out-of-pocket
payments.56 Across 18 countries, 4 cardiovascular disease
medications (statins, ACEls, aspirin, and f-blockers), all
often indicated in CKD, were more available in private
than in public settings, mostly unavailable in rural
communities, and unaffordable for 25% of people in
upper middle-income countries and 60% of people in
low-income countries.”” Newer therapies may be
prohibitively expensive worldwide, especially where
generics may not yet be available. In the United States,
the retail price for a 1-month supply of an SGLT2
inhibitor or finerenone is =$500 to $700; and for
glucagon-like peptide-1 receptor agonists, ~$800 to
$1200 per month.” Reliance on out-of-pocket payment
for vital, life-saving basic medications is unacceptable
(Figure 4).

Special considerations

Not all kidney diseases are the same. Much of what
has been discussed here relates to the most common
forms of CKD (e.g. diabetes and hypertension). Some
forms of CKD not yet completely understood have
different risk profiles, including environmental exposures,
genetic predisposition, and autoimmune or other
systemic disorders. Highly specialized therapies may
be required. Pharmaceutical companies should be
accountable to ensure that research studies include
disease-representative participants with appropriate

race, ethnicity, and sex and gender representation, that

J Nephrol Soc Thail 2024; 30(2): 81-96

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



Review Article JNST

effective drugs are made available after studies, and
that the balance between profit and prices is fair and
transparent. Many novel therapies are offering new hope
for diverse kidney diseases; and once approved, there
must be no delay in extending the benefits to all affected
patients (Supplementary Table S1).

An important group often overlooked is children
with kidney diseases. This group is especially vulnerable
in LMICs, where nephrology services and resources
are limited, and families must often make the choice
to pay for treatment for 1 child or support the rest of
their family.”® Children with CKD are also at high risk of
cardiovascular disease, even in high-income settings, and
more attention is required to control risk factors and

achieve treatment targets.”

Fostering innovation

Implementation science and knowledge translation

Given that we know how to treat CKD based on
a rigorous evidence base, we must now optimize
implementation.”” Implementation research aims to
identify effective solutions by understanding how
evidence-based practices, often developed in high-
income countries, can be integrated into care pathways in
lower-resource settings. The management of CKD lends
itself to implementation research: optimal therapeutic
strategies are known, outcomes are easily measurable,
and essential diagnostics and medications should
already be in place. Eliciting local patient preferences
and understanding challenges are crucial components
of such research. Ministries of health should commit to
overcoming identified barriers and scaling up successful
and sustainable programs.

Polypills as an example of simple innovation

Polypills are attractive on multiple levels: fixed

doses of several guideline-recommended medications

are present within 1 tablet (Table 1); lower price; reduced
pill burden; and simplicity of the regimen.®* Polypills have
been shown to prevent cardiovascular disease, and to
be cost-effective for patients with CKD.* More studies
are needed, but given the alternatives of costly kidney
replacement therapy or early death, it is likely that
polypills will prove cost-effective to reduce CKD
progression.

Harnessing digital technologies

Integration of telehealth and other types of remotely
delivered care can improve efficiency and reduce costs.”
Electronic health records and registries can support
monitoring of quality of care and identify gaps to guide
implementation and improve outcomes within learning
health care systems. Artificial intelligence may also
be harnessed to risk stratify and personalize medication
prescribing and adherence.” The use of telenephrology for
communication between primary care and subspecialists

may also prove of use and benefit for patient treatment.”

Patient perspectives

Multiple methods support elicitation of patient
preferences for CKD care, including interviews, focus
groups, surveys, discrete choice experiments, structured

. . 7
tools, and simple conversations.**

At present, many of
these are in research stages. Translation into the clinic
will require contextualization and determination of local
and individual acceptability.

The journey of each person living with CKD is unique;
however, challenges and barriers exist in common. As
examples of lived experiences, comments solicited from
patients about their medications and care are outlined in
Box 1 and Supplementary Table S2. These voices must
be heard and headed to close gaps and improve quality

of kidney care everywhere.
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Box 1 Barriers impacting medication use as expressed by people living with kidney disease

“I' have to pay for my medications so | either settle for less expensive options or ration the regular dose.”
“I'am seeing doctors of different specialties each of whom prescribe separate regimens which makes me

concerned about drug interactions.”

“As an experienced patient, | sometimes stop, or modify the dose of the prescribed medications without
referring to my doctors. If they do ask, | would tell them that | am in full compliance.”

“Over time, the dose and varieties of my medication keep increasing. | am not sure whether it’s because of
condition worsening or medications becoming less effectiveness.”

“My knowledge of medication mostly comes from a peer patient who appears to be very knowledgeable

about this stuff.”

Call to action

A stalemate in kidney care has been tolerated far too
long. The new therapeutic advances offer real hope that
many people with CKD can survive without developing
KF. The evidence of clinical benefit is overwhelming and
unequivocal. We cannot wait another 17 years for this
evidence to trickle into clinical practice.”” The time is
now to ensure that all who are eligible to receive CKD

treatment equitably receive this care.

Known barriers and global disparities in access to
diagnosis and treatment must be urgently addressed
(Figure 4). To achieve health equity for people with and
at risk of kidney diseases, we must raise awareness from
policy makers to patients and the general population,
harness innovative strategies to support all cadres of health
care workers, and balance profits with reasonable prices
(Table 2). If we narrow the gap between what we know and

what we do, kidney health will become a reality worldwide.

Table 2 Examples of strategies to improve implementation of appropriate CKD care

Domain Potential solutions

Health policy

health measures; achieve SDGs

Include NCD and CKD as health care priorities; ensure sustainable financing; monitor disease
burdens and outcomes; registries; multisectoral action; promote kidney health through public

Health systems

Integrate CKD care into primary care under UHGC; establish quality standards; include necessary
diagnostics and medications in national essential medication/diagnostic lists; monitoring and
evaluation; reduce brain drain; monitor equity; simplify and streamline guidelines

Quality
assurance

Regulation and monitoring of medication quality, especially of generics. Monitoring of health
outcomes and care processes to permit iterative improvement

Health care

professionals | engage community health workers

Reduce time pressure; improve knowledge; broaden scope of practice (e.g. pharmacists);

Patient
empowerment

Health literacy; education; community engagement; involvement in research design and conduct

Medication cost | Quality generics; reduce prices; UHC for essential medications

technologies

Implementation | Identify barriers within local contexts; test solutions to overcome barriers

research

Polypills Reduce cost; lower pill burden

Digital Electronic pill boxes, bags, bottles; blister pack technology; ingestible sensors; electronic

medication management systems; patient self-report technology; video-based technology;
motion sensor technology; telemedicine; smartphone apps; electronic health records

CKD, chronic kidney disease; NCD, noncommunicable disease; SDG, sustainable development goal; UHC, universal

health coverage.
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Pathophysiology and Health Effects of
Aging Kidneys

Chokchai Chaovarin

Division of Nephrology, Department of Internal Medicine, Neurological Institute of Thailand, Bangkok, Thailand

Abstract

The prevalence of an aging population poses a significant challenge globally. As individuals grow older, there is a
notable decrease in their glomerular filtration rate (GFR), declining at a rate of approximately 1 ml/minute/1.73 m?2
each year. By the age of 70, the average GFR typically falls to around 60 ml/minute/1.73 m2. This decline in kidney
function has profound implications for the health of older adults and can significantly impact family dynamics. Aging
kidneys are characterized by shrinkage in the size of the kidneys and the development of gslomerulosclerosis, tubular
atrophy, and interstitial fibrosis. The reduction in kidney function leads to electrolyte imbalances, fluid retention,
and an increased susceptibility to acute kidney injury. The aging process of the kidneys is intricately linked to cellular
senescence, which involves cell cycle arrest, resistance to apoptosis, and the secretion of pro-inflammatory factors
such as the senescence-associated secretory phenotype. Additionally, aging kidneys exhibit heightened fibrosis and
altered vascular responses. There is currently no specific treatment proven to halt the decline in kidney function
associated with aging. Therefore, the cornerstone of caring for elderly individuals with aging kidneys lies in close
monitoring and management of co-existing conditions and complications. By prioritizing proactive healthcare
measures, healthcare professionals can optimize the well-being of aging populations facing kidney-related

challenges.
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Complement-Mediated Atypical Hemolytic
Uremic Syndrome
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Abstract

Atypical hemolytic uremic syndrome (aHUS) is a kidney disease caused by dysregulation of the alternative
complement pathway. Uncontrolled complement activation resulted in endothelial injury, platelet activation and
consumption, and thrombus formation, leading to kidney injury. Clinical features of aHUS include microangiopathic
hemolytic anemia, thrombocytopenia, and acute kidney injury. Atypical HUS occurs in genetically susceptible
individuals who have an acquired precipitating event that unmasks a complement regulatory deficiency. The
incidence of aHUS is 0.5 per million per year. Histopathological features include endothelial swelling, fibrin thrombi,
and fragmented red blood cells. Current treatment options are complement-inhibiting therapy, plasma exchange,
immunosuppressive medication, and kidney and/or liver transplantation. The choice of treatment is based on the

underlying complement regulation defect.
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3 Ggﬂ 9 38711 amplification LLazLﬁﬂmiﬂﬁzﬁu common
terminal pathway’

wn pathway finanalutneiu azflgnsaudenisnsedu
common terminal pathway AetinteulaltosAounamuyiv
(C5 convertase: C4bC2bC3b 138 C3bBbC3b) Feazsinao
WALV C5 wazkinn3asns C5b-9 videfiundt membrane
attack complex (MAC) Gaazasreguuiindeumaduayyinly
\AnaduanauLn®

HAIINAIINITTAUABLNEIUVRZYIbALARNISUIAIUDY
wadshunalnwand laud nszAuNsenaulag C3a,Cda,C5a
anunsawdleniwadsniau Wy macrophage neutrophil
B %39 T cell lymphocyte (chemoattraction)’ wazidu
anaphylatoxin ¥illAinn15nsEAU mast cell AL M3
opsonization Tny C3b AfUsguuivesainazviuiif
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Ju opsonin Bafissyansamlunsduiugainlag phago-
cytes (phagocytosis) Wazn15a319 MAC complex il
\inlad unnA1u1131NN1INTEAY common terminal
pathway’

N13AUANNITTINNIUYDITTUUABNWELILN
Tngun@sranieiinalnlunisundeawaaannnisvinans
Yosrounduuyt Fudulusaungielunisdudinaundiuus

3

\

o )

ndlunszuaden (fluid phase regulators) i factor H,
factor I, C1 inhibitor LLazﬁSﬂdauﬁaq'muﬁwaqLszjaa‘
(membrane zone regulators) i membrane cofactor
protein (MCP/CD46), CD59, decay accelerating factor (DAF)
Tnsqadnviedaudantaeuildilusiumardaziinnay
Foynoannisnszduaoundimd luvaziwadlusisnig
wanunsodudansnseduaoumdian (Uil 2)

Amplification

C3 convertase

> C3b

Cell membrane

C-terminal

"

Factor H

Cell membrane

a

sUN
Y

2 (gUuuw) uannsnszduneundiuuvily alternative pathway Aaymakiw C3b uriu Bb vy C3-convertase

(C3 convertase) Fsagdnmounauul C3 [Wuaeundluuwsi C3b 3an11 Amplification
(5UFMUA1) UaRINITAIVANNITYINIUYasARNNEIIUY Tay factor H Juduiiuiaevuwadniels C-terminal
wazyiusmi factor | lunmsaateaeunadiuw Bb 990210 C3b wazildsu C3b 1Ju iC3b™

ANURAUNRYBINTITAIVANTTUUABNNGIIWTULSA aHUS
15A Complement-Mediated aHUS 1Julsafitinainaany
AnUNAveINITAIUANTEUUABNNAULY alternative
pathway® @uinlaanaestadenan laun n1snsedunis
° a &l a o q v a <,
iauvesreundwwinunifuly vinli €3 gnideudu

C3b wagai1a C5 convertase (C3bBbC3b) 1NTU UaLHUY
muAunnuvesresmAmLTiEL IngTusiudivimig
Wasu C3b Wy iC3b lemuumMshauvesAeuwalILY
vhautlesas (U 3)
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CFH |
C3
) v: <] CFHR protein 1. T Activation
+ o * 11tc3
> - ne- agmmmmn mmmm e
€308 : 1.2 tcFB
v \\ \\\ 13tc3 nephritis factor
C3b
+ CFH \\\3\\ 2. TRegulatory factor
< CHl Jmmmmmmmmmmmmmmmm oo oo * CFH
MCP 2.1 dCFH
: y 2.2 Autoantibody to CFH
IC3b 2.3 CFHR protein abnormal

CFI

2.4 CFI
MCP

2.5 $MCP

JUN 3 S2UUAIUANNTTYINNIUYDIABUNGLIWY alternative pathway®®

CFHR protein = complement factor H-related protein, CFH = complement factor H, CFl = complement factor |,

MCP = membrane cofactor protein

nﬂinizﬁunﬁv‘iwﬂwmﬂauwﬁLuuv‘iﬁmmﬁu}ﬂ
il C3-convertase (C3bBb) Hiatigsn1waInUu

1. C3 ¥hemmndu

WinannanuRaUnfves C3 vl €3 lignvhaieainssuuy
AIUANABUNGIUN vl aHUS®

2. CFB vhemuanndu

gyl C3-convertase vharuanndunaglignyinans
g CFH F0AnN13nseAunAoundug alternative pathway”

3. C3 nephritic factor (C3Nefs)

Usznousiuaslauauiued IsG waz leM fidufu C3-
convertase vilTAUNSABUNALLIUA CFH wag CFI Tuns
¥@a1e C3-convertase 33l C3-convertase a@jié’fmuéﬁu
Annsldnoundiuw €3 wndu Smuly Dense deposit
disease Way C3 glomerulonephritis

4. oolanaudiuaidug

pelpuoufivafsanouNaUT CFB vise C3b MliAnAw
\@fia 3909 C3-convertase Wulu dense deposit disease’

o = ¢l
'53‘1]'1]ﬂ'JUﬂﬁJﬂ']'iVl']\‘i']ﬂ“Uﬂ\?ﬂaﬂJwaLﬁJu'VWlLaEJI‘U
1. Complement factor H (CFH) Litigswansavinau
Naund

Aounawuy factor H (Julnalalusiu (glycoprotein)
fsmuAy alternative pathway Tagagiinrmanunsalunis
JUAUABUNALLUN C3b U UABNWALLUY factor B anAw
AIRIUBY C3-convertase wagidudadasiu (cofactor) fu
ARNNALLY factor | Tunsimmaundiud C3b 1Ju iC3b
(inactive C3b)’ & CFH 1 2 Tauuluusazilsvoslusiu Taun
N-terminal wag C-terminal (gﬂﬁ 2 a19) F9 N-terminal
szt Tinanlunsiiuda C3-convertase $auifu factor | wag
du C-terminal asifududivialé CFH anusaduuuin
Youwad FarnuinUn@ves CFH luilawas C-terminal
\WuamguilsivinliAa aHUS®

2. 99lauauRvuafne complement factor H

nsileelauoufued (autoantibody) sio CFH vinlw CFH
Feon15ve1u FeweuRueffiduiu C-terminal e CFH
Dundlsluavgriiliife aHus uenainddmudinisd
palalauAUBAne CFH duwWusiumuinUnfvesdy
complement factor H-related (CFHR) protein®

3. ANUAAUNAYBY complement factor H-related
(CFHR) protein

TUsfiu CFHR yiwmiiflugedudu CFH fagluauay
A3YIN91UYRY C3-convertase 138A71 CFH deregulation

114 U Nephrol Soc Thail 2024; 30(2): 110-121

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



Review Article JNST

Famnslauiaundveslusiu CFHR yhlndulddnda CFH
¥liin CFH deregulation 3nTu

4. MINABWUGVD CFI

ANURRUNAYeIEY CFI vilvianU3unaves CFI wise CFI
vhanlstienas vilifiuarundeswesnsiia aHUS

5. n1INaenuguas MCP

nsnateiugres MCP vilidsn1svinauves MCP vinlv
deonslesiuwad lnglamzigaivasaiionvednauesaa
Mnaouwdsw Fadundduaumgiinululsn aHus®

#UAYaINSIAA aHUS

MsiA aHUS mmﬂﬁ”’qf]a}%’ﬂmaﬁuqmmﬁﬁﬂﬁiwms
muANNITIUYeIANaIUYlAAInIUAR Saufulids
finsgduszuunoumdnnsilunends wu niskeasd vie
nsfaide’ wieiiansasrseslausuiuedivhlinsieu
YBITTUUABUNAWWYIRAUNALY"

E]']ﬂ']iLLag'Enﬂ'liLLﬁﬂ\i‘UENIiﬂ

91n119794915A Complement-Mediated Atypical
Hemolytic Uremic Syndrome WANAINN1SUNALEUTB Y
waendonuunian (microvascular injury) wasinauiden
gos viliAnnsvimdentuadelzang 4 aznudindenuns
ANLUYU microangiopathic hemolytic anemia (MAHA)
wnindeasd ernsuindunisle Fsernsmsladueinis
fnuldves fhavandnenisilusiusilutlaanny daane
fdenvu anudulalings waglanedeundu laegdile
dulugdnselasunsshumenisidanaunula

wenaniigsannsanueinisuanauentaly Tnenudosay
20 voafftheviavun® Wy e1nsnassuuUssamnyldosay
10-48 lagnaay @1 90 91l YI0UIUVIDOUNTY 81NT

mailnazwaendesnuldiosar 10 wu ndwidorle
aden ndudelesnay wielenne e1n1smas
wasnadendiulaty Wy eidediularevadenuiim
fhilevdetiuin onmsmeszuumadumele Wy @enoen
Tuten 91NINTLUUMBAUDINIT WU AUBDUDNLEU LAy

WWenaanlumaiuainst?

N137593N199BIUUANTS
mMsdsnsamevesfiRnsiietiglumsidadelasniay
WU NMInTITATgsitiaanie (Urine analysis) wulusiush
Tutlaanag vise nudindeaunsulutlaanis asaarnisvieu
vosln Wy g3y (urea) A3uafifu (creatinine) Tiudy
mmmmamyﬁfﬁﬁuauﬁmﬁam (Complete blood count)
wu wuszduslulnadusiias wienuusinanndaidendiiag
maa’qmmmaﬁ’awg’jﬁ’amﬂﬁammLmLLazLLEJﬂIm
Tunguues thrombotic microangiopathy lnganizugnlse
n&x Thrombotic thrombocytopenic purpura (TTP) 1
N15%19714993 ADAMTS13* Tagagwu11n15%1971U 9
ADAMTS13 tiounindesay 10 Tulsa TTP n15dnsI9m
Shiga toxin-producing Escherichia coli 1 MsEuNIEITe
91NINT¥ N15E4ATIT Shiga toxin M’%@ﬂwsdnmsaﬁlﬂﬁﬁ%m

“1% Fudy

GEIRE (polymerase chain reaction) tanie®
dansrneuivensedelifasag 9 W HIV, Hepatitis A,
Hepatitis C, Cytomega ovirus (CMV) Lﬂumu wieuenlsaiidl
mmmmmﬂmwm‘ua AINTIIMINTANLTD Streptococcus
pneumoniae LW@LLEJﬂmLngﬂ Pneumococcal HUS oy
AM3dInTINITEuUATIGe N19d9M319 Antinuclear
antibody (ANA) Lﬁ@LLUﬂIﬁﬂLLﬁqﬁmuLaﬂ N13ATIVANNTD
TsAuziSannueny’ (Uil 4)
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Thrombotic CBC, reticulocyte count, LDH, Blood smear,
microangiopathy Haptoglobin
TTP Plasma ADAMTS-13 activity
Hemolytic Uremic
Syndrome
Stool/rectal swab culture for
> STEC-HUS  STEC, Shigatoxin detection,
PCR
\ A
Cobalamin C Pneumococcal Autoimmune Drug-induced Infection Malignancy Pregnancy Primary
HUS HUS HUS HUS HUS HUS HUS aHUS
» Homocysteine e Bacterial ¢ ANA o HIV «(C3,C4
plasma level culture o Anti-dsDNA o Ant-HAV ¢ C5a, C5b-9
* Methionine ¢ Anti-phospholipid o Anti-HCV « CFB, Ba, Bb
plasma level o Anti-Scl70 o CMV o CFH, CFI
* Methylmalonic * RNA e Influenza HIN1 « MCP
acid plasma or polymerase Il * EBV e anti-FH ab
urinary levels e CH50, AH50
* Genetics

31]17; 4 miLL‘c’mIiﬂiuﬂEju Thrombotic microangiopathy

1,4,14

ADAMTS13 = a disintegrin and metalloproteinase with a thrombospondin type 1 motif, member 13, AH50= alternative

complement pathway function, ANA = antinuclear antibody, CBC = complete blood count, CFB = complement factor B,

CFH = complement factor H, CFl = complement factor |, CH50 = total hemolytic complement, CMV = cytomegalovirus,

C5b-9 = complement factor b-9, dsDNA = double stranded DNA, EBV = Epstein-Barr virus, HIV = human immunodeficiency

virus, LDH = lactate dehydrogenase, MCP = membrane cofactor protein, PCR = polymerase chain reaction, SCL-70

= anti-topoisomerase antibody-type of antinuclear autoantibodies, STEC = Shiga toxin-producing Escherichia coli,

TTP = thrombotic thrombocytopenic purpura

msdansraiianisitaseauiinUnfivasszuuaey
WALLUT

USUEUADUNWALLUN

A3dInTIIUSINaAeUNALLLY Asdeneuhnisdsy
rendediaglulsa Complement-Mediated aHUS wu
AouNAWLY C3 sldussanadonas 30-50° uaz C4 9l
AN drunsdmTavsinuneunaWiBuY Wk Wy
CFH, CFI, MCP, wouRuafsia CFH 182" Tutagtudawilaenn
wazlisagededilianunsansialdegiaunsuaty again
MINUMIsITUNssuegraluseuu’® wuln C3 uay CFB 9y
fiAnsnIUnA wag C5a, C5b-9, Bb efiAngandnund wnlu

naufimnuRnUNAve solnLauRUBRe CFH axnueufued
fo CFH fiAgendnund

ASTINTUVDINDUNALUUN

ANEINTIINTVNNUVRIRBUNALLUY LA CH50 wag
AH50 Gsansdarournsiasumedmdes Tngazwuina
CH50 waw AH50 Sansninunite

N3densANURAUNANIINUTNTTY

53Rz Bufiiertesiussuuneundwud Iaun
CFH, MCP, CFI, C3, CFB, CFHR1, CFHR5, THBD wag DGKE
usu®® lngorausnwdiBeamagmaduiugnssudiania
(A514i1)
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a9 1 m’mﬁﬂﬂﬂamﬂﬁuqmimﬁﬁﬂﬁﬁﬂ Complement-Mediated Atypical Hemolytic Uremic Syndrome'®

CFH

Factor H

ansnsialnneizesassezgading

Seway 70-80

CFHR1/3
(CFHR1 dndusiusiueslskoufuanse CFH)

Factor HR1, R3

Seway 30-40

MCP Membrane cofactor protein Houniniosay 20
CFI Factor | Sowaz 60-70
CFB Factor B Jowaz 70

C3 C3 Jovaz 60

CFB = complement factor B, CFH = complement factor H, CFHR = complement factor H-related protein, CFl =

complement factor I, MCP = membrane cofactor protein

ﬂ'ﬁﬂ‘i?ﬁ]WEﬂ%ﬂﬂ'}W‘l’n\‘l‘lﬁ
N131593028Nd99an33AY (Light microscopy) Tu
duvesseslsaLeniivl (active lesion) WUANWMEVDINTT
mmﬁwamjaéwaamﬁaﬂ (endothelial injury) 1 N15UM
YoUIATYNABALARA (endothelial swelling) Wun1sgA
voslvluTu (fibrin thrombi) lunaeaideaveslnaiueida
WUNNTEAN8URIHLTAREa (mesangiolysis) AMelurasnadeon
EJWWU%ﬁAﬁWﬁLLmﬂﬁJaﬁLﬁmaamLm (fragmented red blood
cell) dmsuluseslsniFoss (chronic lesion) wudnwey
U89 double contour U89 glomerular basement membrane
Tunasadoanulnuiulunisvasaiden (intramural fibrin)
nifanaenidentilumndadu (myxoid intimal thickening)
finsiiusvnwadvewifmasadenduly (concentric
myointimal proliferation) #i3un31 onion-skinning*
11301523 immunofluorescence (IF) wu3lifnduy
Tulnaydu lifiameundiwud” o1daudalvuiluiay
(fibrinogen) luvaenidenvednaasda viveluvasalionuns
udnidnsgaduvedlnuiu®
N13A53908Na89aNssAUBLANATaU (electron
microscopy) wun1saadiuvedliusunglunaeniden nuais
anvauludnlivasniden (subendothelial expansion by

fluffy granular material)***

N33
Complement-inhibiting therapy
Eculizumab 1ugnlungududensvirnuvespaumdiuum

(complement-inhibiting) Fufuneufivefuuulululaauea
(monoclonal antibody) 7ifltvane fe Aeundwus C5
FaanunsonganuiaUnivesreunalLuiuiom terminal
common pathway é annisiinnisuiniivresdey
viaenidon wagyhivldiAnanuAnunfvesetuirdu q aumn
Fudusrdduusniidenld ann1sAnvidseduiunudn
n1519 eculizumab @1u1s0ansnsIN19I@8TInlA 0198
Hod1AEN19@dA* Uu1Ae1v99 eculizumab 93ANITOINNT
waze (Food and Drug administration, FDA) lauugii
Tuftheiiflengannndt 18 U dail

e 900 fiadnsudaiazads Wunan 4 denv ndenii

o 1,200 fladnZuludUamii 5 ndsantiu

* 1,200 fadnsunn 2 dUam

Tngludagdudalaidszezinaridaiaulunislien
eculizumab 1Hosanlsififeyannsdnunuuduluauld
Complement-Mediated Atypical Hemolytic Uremic
Syndrome Fiigaduuziinng@ervalunisiaisun
nsugalsi eculizumab TasRansanduseyana deans
Suns$nwegneiies 6-12 WHeu wavernisasiiegaiey
3 1fou” TugUaeiildfunsdrdanaunule eculizumab
msliineilesesnetios 4-6 e esnenlinamaneiieu
Tunsiushuesla®

dmSunathafisswes eculizumab fiddey e Amzinde
TninzideuuafiGonduitiiuauga (encapsulated bacteria)
Feflenuidssvesmsindendslasuendosaz 0.5 Aot uavil
AAAENETUS (relative risk) 5,000 WaufuUsEnsalu”
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v
v O =®

FetiuFawusiilianiadunouiievlden eculizumab ldun
1ATU meningococcal®” 1A% pneumococcal” wag g
Haemophilus influenzae® uenanivnnghefimusuiu
FodldiFuen eculizumab Tnefidslilasutndundeldsulndu
ufesnitassduad wugiilieufiiugiiiotosdu
nsAnEe” Srmilatlyvvesen eculizumab fe Jayndnu
yesAfireuinsgenniamsinfsefideudisen
mswWasuaetmaes (Plasma exchange)
Tuns@ifiliil eculizumab mswWasugretindesdodiu
madonniaivhldluuszmealng Tnevlunguiiefiunse
TMA LUUTULTY WU 9101580 91n159n viselae Iaenis
Wasughethmaesdivdnns Ao
o YpounduvifignaszsulivinuinnauAvlueen wu
C3 vive CFB
o duoufiveddensunduiivinlinsiiauees
AONNALNUVRAUNALUDDN WU uouRUeAne CFH*
%39 C3 nephritis factor
o msldrounduvinawnuludiuiivianieinunilag
lnzaoundusiiegluszuumuaNTIaIuYes
ADUNALIUN WU CFH %39 CFl
wiluvazfinguiitinsnaneiugues MCP azlailsiusslond
Mnmsinwdemsasudietdes Wewn McP 1y
Tsufleguuiwadislilannsoldastunaunls
MmN @y (meta-analysis) Wulnsiasusy
drndesiliusunaindndenuazAiaiuefidy nduun
Duunldidaanntu egdlsiinn ldivedfynisadfuay
Liwuanuuansndludnsins@edin (mortality) wonand
a1al¥nsiasudredindsudunsinuinouiiezdudu
nsidade Taglivhniswdeudedimdemnufiadediy
aghatios 5 Yu lWusnalumsideuetdeadu 1.5 wh
yosUSinamanauilusane® vide 60 Hadansretivin

o
& 26,27

1 Alandulunsiazase®? qunseiiauSunanndnidonuinnin
100,000 sefiadiuns uastiindenunagusns schistocyte

$Yo8N315088Y 2 9Y1NUY 2 U AUAIEYINsURguaY

S &

drnderfuiuiudunan 2 dUai waz 2 adwdeduand
Wunan 3 dUanvi®?
mnlsaldasuas i q ivhnsdeusetmies 57 A
viofornssuuss Wy ¥n danuiaunfiveanduiela
famzunsndeunnmsudsumeiudes vienneunsndeu

1 I3 a 4 .
2e19L5NMUDIARINTUN N eculizumab

PnLdulanidon”

81A7UANYIANN (Immunosuppressive)

lunguuednaufvefnenaundiuwyl CFH WuImaInIs
WasuthethmAessiissiuneuiveiiianas usoedlsfioy
szﬁ‘uLLauauaﬁfwLﬁuﬁwé’wqwms%’ﬂm wagyhllsanauwn
Hudld fedunslfenmunugiduiuazannsonganisaing
woufvedld Jalimsuusdildernivaugliduiu Inglden
afesensmnunslien cyclophosphamide #3s rituximab
TussaeEudy (induction phase) wagldenafiosesdsaniu
mycophenolate mofetil (MMF) %39 azathioprine Tuszeg
ASENIN (maintenance phase) Wusyozian 18-24 1hou™
fefisenuinmavdsunisiindesiuiunisldenva

Y] o o

piiquivaunsashwinsvinuvesls wazdasiunisndy
Husnlg

n13ugnaela (Kidney transplantation)

nsugnangladunisirtanaunulaiangaludlagiu
uigslsfinu nafinlsannsinalesdagi (recurrent
glomerular disease) tHunidluamgiivialilaianansald
oiwazla (allograft failure)” uagwuinlsm Complement-
Mediated Atypical Hemolytic Uremic Syndrome illania
ndududmdsgnanelalduiniedosar 20-100 TnsTuiu
AOLNALITIRAUNEY Wy A wAnUnAYes CFH uay CFI
wuiilenansuidud-ldgedstonas 70-90 lumanduifu
ANURAUNATDY MCP wulmaslgnanglaaziileniaifia
uthein® ifesan Mcp (lulusiufieguuineadues
masadoanelule fufu lafldsumannisgnaieds
awnsaadis MCP liund® Tnganansautinuidsves
nadndudndsgndrelaldmumsd 2
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M19°99 2 ANLEEIURINTSAN Complement-Mediated Atypical Hemolytic Uremic Syndrome #1angvaanisuananeln™

ﬂmwﬁmmslﬁwﬂu%wqq (RR Speay 80-90)

o peRnusunneu

o Anun@vas CFH

e Raun@Avesdu CFH/CFHRL (11nnin3aeag 80)
e Raun@Aves CFB (W1nninseeay 80)

e fnunAives thrombomodulin (5eeay 80)

ANUEsINsAndugUmunans (RR Sowas 40-75)

e fnunfves CFl (Sowag 40-60)

e Rnun@ves C3 (Sepag 30-70)

e WulauRvasne CFH
LinuAnuRAUNRINNIATIMNINUGNTTY

AnuLEsINsAndugn (RR Uaeninsasas 20)

* iAnunfves MCP
o linuuaudvafse CFH vuzivgnagle

CFB = complement factor B, CFH = complement factor H, CFHR = complement factor H-related protein,

CFI = complement factor |, MCP = membrane cofactor protein, RR = recurrence risk

Taemuinnslien eculizumab ietostunisiiia Com-
plement-Mediated Atypical Hemolytic Uremic Syndrome

v
o [

swidsgnanelaanasandesas 40 \Wufevas 12 Jaannsiin
amzgapdeladilazuannsugnaelalé®™ Tasnsudsude
ihdesuiilianansadestuninialselflasanzlungs
mwmﬁm‘lumsaé’uLﬂwquqLLaxmwm?immuﬂma“ dmiu
eculizumab feifunisinuusnitedestunsiiaidulsad
fearlinfausn 1 dalusreuduneunisievasmiden uay
firsanlindsdl 2 wimsugnanela 24 dalus eanms
nszAuABUNAILUYaINNITUIAITUAIENEINITUIALE BN
(ischemic reperfusion)® ag14lsAn1u wInAendeaIn
nsUgndglmfnladfisuiuiivgdosldiunisinuilng
eculizumab™

weanNNsiNYIRIeNsUgnatelaudimuinnisugnaie
fulunildusaudenvesiineimuinunivesnounduum
ARnaNMsasiFy WU factor H ¥3e factor | Tnstamz
Tugtnendagnanglafilianunsomuguarusuussveslse
18 q 7ilden eculizumab® wazarsvanideansugndiela
nnaulunaseunds tiesanniileniafiazfinuinunives
fuilAsadesfuneundiuurinadendsiunisluaseuni
mnfienudiduaisfiansannsnduiiisndes wazuinw
Fidomaysuiugnssu

Gl
Complement-Mediated Atypical Hemolytic Uremic
Syndrome dulsangqulndnaudamuladesunn Taetinain

AnuRnUnfnIsuvesRsnALuYiTiNTY wiosruy
muAuMsYLYBIneunALunEslU shlAansuindu
YowmaeaLien don1suarenisuansuesnelule wu lnny
Boundu TsAuslutaany wazernisuansnisuenla
ms¥nwlutagiudslifinssnuiilimena usnnslden
eculizumab msiUAsudedindes saufunslieeua
Qiifuiy ansaviilseasuld wagnsugnanelalaeUsuidu
Aadssmanduibugiuasiien eculizumab viioUgndesy
Tuunnsdl ansnsodestumanduludvestseld
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An Update on Novel Targeted Treatments for
IgA Nephropathy
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Abstract

Immunoglobulin A nephropathy (IgAN) stands as the most prevalent primary glomerular disease globally. Its
pathogenesis is multifaceted, primarily characterized by elevated circulating levels of Gd-IgA1, which is targeted by
autoantibodies. This interaction leads to the formation of circulating immune complexes that subsequently deposit
in the glomeruli, triggering intrarenal inflammation. Current therapeutic approaches primarily focus on conservative
measures, such as optimized control of blood pressure and proteinuria, aimed at enhancing renal function.
Additionally, immunosuppressive therapy, including corticosteroids, may be considered for patients exhibiting
persistent proteinuria (>1 g/day) after a minimum of 90 days of conservative management. Recent advancements
have led to the development of novel drugs targeting the underlying pathogenic mechanisms of IgAN, particularly
those involving immune response and mucosal immunity, with the goal of reducing Gd-IgAl levels and immune
complex deposition in the glomeruli. Furthermore, other treatments, including drugs affecting the complement
pathway, endothelin-1 receptor inhibitors, and SGLT2 inhibitors, have demonstrated potential in reducing proteinuria

and kidney inflammation. These emerging strategies are promising improving outcomes in IgAN.
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Atacicept \UulUsAuna (recombinant protein) 5Ewing
IgG1, transmembrane activator wag cyclophilin ngand
penqussudaia BAFF war APRIL amnnsdnunssezdl 2
Tugay 1gAN S1uau 16 518 TiUTInalusAuludiaanns
111 1 nsusiedu leelienwuia 25 wag 75 dadnsu
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T - cell modulation

wudlugae IgAN fdndiures T-helper2 (Th2), T
follicular helper cells (Tfh), T helper 17 cells (Th17), T
helper 22 cells (Th22) qﬂu%msﬁﬁ T helper 1 cells (Th1)
way Regulatory T Cell (Treg) Aoudnwin viliidndqu
Thi sio Th2 fildaunaiu inn1snszduivad vinliaia
Gd-lgAl fisdy 9nn1sAnwnisiien artemisinin S0/
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yleanguissaszuUMsddyNUNTISNIEU (Regulation
of Inflammation - Related Signaling Pathway)
Nucleotide-binding oligomerization domain (NOD)-
like receptor family pyrin domain containing 3 (NLRP3)
inflammasome tHuUs1N13ATULINYEITSNETVImTITISY
Yiilefidaudanvaouitnginenie Tasendeldsiudisuandd
suuuy Tuauld 1gAN 1ile Gd-IgAl 141gs19n1e NLRP3
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interleukin-1f waz interleukin-18 s wenanni
WU3N13n3zHU NF- kB \HududAglunisiianissniaues
Iolugthe IgAN Inenuinnisnsesu NF- B aglunsedulviin
sasnalelelatdniau Wy Tumor necrosis factor (TNF-a),
interleukin-6 1Lag Monocyte chemoattractant protein-1
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#iu NLRP3 inflammasome silviAnnssniaufilauiadu Tu
‘i‘]aqﬂ’uﬁEnﬁaaﬂqwéﬁugaﬂﬂimé’mapmﬂﬂié’ﬂLauléﬁ,l,ﬂ'
Schisandrin B fieansafnain Schisandra chinensis &4
Huayulnsiu oonguaduds TNF-a Taeass vhlslaianunsn
dsdyransoniauls vilieniauvedlnanas 9nn1sAnen
Tudnineaeaiidu 16AN wuitansafadenaanunsaannis
\isuveaaduIans mesangium %
Hydroxychloroquine (HCQ) tJueniildsnwunanse
wazthursnwlsagdduiudiunuies 3nasdnulagly
HCQ Tugfhe 1gAN i3 usn ACEI 3o ARB wéndaillusius
Tutlaang 0.75-3.5 nsusioTulazionsinisnsaslauinnin
30 aadnIRauITicel.73 M1T19NAT NUTEINITAALUTAY
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Souaz 48 4 \SeuisuiuiinTudesas 10 pvalue < 0.001)%
patients with immunoglobulin A nephropathy (IgAN
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NLRP3 inflammasome uay NF- kB wonainidsluandadan
184 Th2 uae Th17 wawkiun1sad1a Thl uae Treg
gafisanguinoszuuneundiuug (Regulation of
complement activation)
szuvmeamdud (Judiundsveniduiulagiuiadl
3 pathway lauA classical, alternative uag lectin pathway
Taiiaznszdume pathway la faziianisnszduliia C5-C9
Dutunougevine wiefiiendn terminal pathway Lfn
\Uu membrane attack complex (MAC) Tuilagiunui g1l
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(Regulation of Autophagy)
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Ty ET-1 %aaﬂqmﬁ%ﬁuﬁv Endothelin type A receptor
f]f\]ﬁ;ﬁuﬁmiﬁwmﬁﬁmaé’ug’qw§a%ﬁy'u¢'fa%’U°uan ET-1 Tunis
SnwUag 1gAN leiun
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Potassium Binders for Hyperkalemia in
Patients with Chronic Kidney Disease

Kattareeya Jandaboot, Kittrawee Kritmetapak

Division of Nephrology, Department of Medicine, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand

Abstract

Hyperkalemia is a life-threatening complication of chronic kidney disease (CKD), particularly in patients with an
estimated glomerular filtration rate of less than 45 mL/min/1.73 m’. The colon is responsible for approximately
10% of total potassium excretion, whereas the kidneys account for the remaining 90%. Nevertheless, the colon
can become an important site of potassium excretion in patients with CKD. Renin-angiotensin-aldosterone system
(RAAS) blockers, which can delay the progression of CKD and improve cardiovascular outcomes, usually require
dose reduction or discontinuation when hyperkalemia occurs. Patiromer and sodium zirconium cyclosilicate (SZC)
are potassium binders that provide alternatives to sodium polystyrene sulfonate and cause fewer gastrointestinal
adverse effects. In randomized controlled studies of patients with hyperkalemia, patiromer and SZC have shown their
clinical efficacy in reducing serum potassium levels with a good safety profile. These potassium binders may allow
patients with CKD at risk for hyperkalemia to optimize RAAS blocker therapy. Further long-term studies are required

to confirm the survival benefits of patiromer and SZC among patients with CKD.
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WAN3EI JUATYAST, ARSI NQERLISINIAY

a1v13vlsals MATrerysmans aazunnemans 11 IaLvOULNY

UNAnge

amglnunadeiludengadunizunsndoufionaidusunsefundislulsaladesdasamelufaefiisnininses
vaslasnin 45 fadans/wil/1.73 maraans lunmedninuifesas 10 vesmstulnuadeussnannsrsmeistuiialdlve
dnfimdesntesar 90 ifatuitln aglsfinudldvgaznaneludumisdhdgiivedulnumadousenainirsnelugiae
TsalaFess uiinguenduszuuaiu-uesilemudu-salaamelsutisszaenadesedlauazannnzunsndeuvedsaila
uazvaoaiden wifUreianzlnunadenludenguinazgnasvienyneidana1n patiromer uag sodium zirconium
cyclosilicate (52C) \JugdulnunaBendauduniadonunuen sodium polystyrene sulfonate ifipsaniinadafissss
szuUMaiueMstend MamsAnwuvuguuazinguauaulugUisfinnyinunadesludengimuin patiromer
way SZC fusyAvsnmAlumsanssdulnunadenludonuazinnuvasnds srdulnumadouts 2 siateradiligioe
Tsrlmidessiifianudssiomainnnslnunadenludongaiuannsalingueduszuusiu-uesdlomuiu-salaanolsy
I#ogefiusranBnmanndelu daunansenuves patiromer oy SZC fodnainssondinvositaslsalnFesaiudosse
MsfnwiaALRTnsAesmlisuuiissmeseld

Adaey: loy; ladew; indewsds; Wunal@ey; IWwnailougs

unin

Tnunaden (potassium) (Junssndrdn@eimini
AIVANNITINIUVDALAT auaamaaﬁw aunansa-nne 10u
Uivesvoudadonuns wazdndulunsyuiumsdansei
Adwenazlusiulusiinie anlnunadeuludongs
(hyperkalemia) 1funnzunsndeudinuldyesluguaslsn
imdﬁ'ua%’ﬂ (chronic kidney disease, CKD) lsatunwinu lsa
vilane waggtheilinguerduszuuisiu-uesdlemudu-
dalaawmolsu (renin-angiotensin-aldosterone system
(RAAS) blocken™? Tasdianuduiusiunisiialspilaie
Tsanaendeniila uasiiudnsnsdedin®

nsfnwinslnunadonludengslaoiiinnisdy
Inunadsueannistaaniziesrdulaannzidlszdndam

tlovlugihe CKD 1lesanTidnmisnsesvasle (slomerular
filtration rate, GFR) anas’ wagnsifiunsiulnunaiden
98NN19893158 81 TUlNUNaATEN (potassium binder
%39 potassium exchange resin) 1t sodium polystyrene
sulfonate #il¥AusgraunsvarslusinduidediiniFos
HatrnAsdluszuumaauems erdulnunadeunguln
laun patiromer way sodium zirconium cyclosilicate
(5zQ) Fsunumddglunsshuinnelnunadedlubongs
Tuifthe ckD Tsmwvnnu Tsasialane wasgthoilld RAAS
blocker™™ TaggUasdinandndedlasunisanvuinemie
mgae1 RAAS blocker iflasanniinnzlnunadesludongs
wardifUheifissdosay 50 widuiianansausuifurunne
RAAS blocker Iégaganutivine uneailibunsmumu

JUseiusussaUne: uAnse) unIynT
duua: kattareeyajanda@gmail.com

SUumAIN: 9 dupu 2567; USUUTUALY: 3 lwigu 2567; SUATLN: 8 LI 2567

0929
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19TUNTTURgIRULLNUeATLveslnuvadey nalnn1sdu
TWUEFENY0IT19NNY kazn1TANYINIIARTNTId Agyued
patiromer uag SZC lunisinwnnglnunaelubengs

WUNURATNVRIINUNAITEY
TnunaiBeutomelusnsnieuyudd 3,000-4,000 fadlua
sumelasulnunadonainernsiuay 100-120 fiadlua
Jovar 98 vadlnunaweslusiinmesgneluwadlagiany
nénilowssdu dauivdedniosas 2 egnisusniad

sumedulnuna@esesnnilaaizsesas 90 uazdusen
magasEdoray 10 (U 1)2 Sandusenineanududu
yosnunadsunelugaduazmevenwadidutladvddnyi
muauamadnglifiveaderiuiwad (resting membrane
potential) Ingn1zlnunadesludongeiliaiusdiedng
nilwenderumadifiuuinuiniu (depolarization) vhls
wadgnnazduldietulasanendudoasuanduie
wila dwaliiAnonsndutenszan souuss vievilawu
Andazla

ICF K™ 3,000-3,500 mEq
(98% of total K")

Cytosolic K*
100-150mEq/L

Dietary K" intake

Acidosis 100 mEg/day
Hyperslycemia Alkalosis
Hyperosmolality Insulin
Exercise f3,-agonist
f3,-blocker a-blocker
a-agonist
Reabsorption (EZCO /F Kf Z?[ TES{) Absorpti
. 6 of tota sorption
<_
< ot Serum K*
Filtration 3.5-5.0 mEq/L
Secretion

Urine
90 mEg/day

Ul 1 uansaumaveslnuma@enlusiame
ECF, extracellular fluid; ICF, intracellular fluid

Feces
10 mEg/day

ARLUAYaIN Hoorn EJ, et al. Regulation of the Renal NaCl Cotransporter and Its Role in Potassium Homeostasis.

Physiol Rev. 2020;100:321-56

lavimthfinuauaunavesinuvadeslaenisnsessiiu
Tnatwesda M3gandu waznsdulnunadouiivasnlasles
(renal tubule) Wnesuisiidunumdrdlunstulnuades
Ao principal cell 989 collecting duct (3‘1]17; 2) gesluuil
muaumsiulnunadnd principal cell e aldosterone

Feasranmeunuintaduuen (adrenal cortex) Tuna1ay
InunaweuluiiengeasnszAun1smas aldosterone ¥inlu
Lﬁmmﬁamﬂé’ﬂmaauLLaxﬁwiauﬁ’ULﬂmmﬁﬂwwa@&m

i collecting duct”
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2? . Ncharge) K (-charge) A g 2?
—~ NCC = NCC —|, NCC - ENaC ENaC K
+ +\/+(
WNK=>SPAK
cU 2K* 2K*
|
[TK+] s 3Na* C'l' 3Na* 3Na*
DCT1 DCT2 CD

gllﬁ 2 uansnsulnunadeni principal cell ¥83 collecting duct N15YIN9UYBY Na'/K*-ATPase figu basolateral
membrane lfanududuvedluiiounsluwadanasuaznszduliiianisganduletfiousiiunie ENaC fif1u apical
membrane 311 tubular lumen Fdngldduauiiadu ilesaneaslsd@iiussqaugngandulag paracellular absorption
land1 Jufnnisnsgiumstulnunadeseanumis ROMK ga3luu aldosterone agduiiu MR udINszAUNMsINILYEY Na*/
K*-ATPase, ENaC wag ROMK uananinsiiuduues distal tubular flow 7 collecting duct FnTEAUNITULNLNAT Y
K119 maxi-K’ channel gy apical membrane ¢ LﬁaizﬁuiwLLmaLeiaquLﬁaﬂqﬂ%Lﬁm depolarization W Kird.1/5.1
fifu basolateral membrane uaznszdulinaslsflnadiead nmafinduvesnaslsdaelumadasdufinsinures
WNK dawalsd NCC fignu apical membrane ¥1n91uana4 F9vleA distal sodium deliveryﬁ collecting duct Lﬁwﬁu LLasﬂsxﬁu
nstulninadeusonumelaany

CD, collecting duct; DCT, distal convoluted tubule; ENaC, epithelial sodium channel; Kir, inwardly rectifying
potassium channel; MR, mineralocorticoid receptor; NCC, sodium-chloride cotransporter; ROMK, renal outer
medullary potassium channel; SPAK, SPS1-related proline/alanine-rich kinase; WNK, with-no-lysine kinase
ARKUAY9In Palmer BF, Clegg DJ. Physiology and Pathophysiology of Potassium Homeostasis: Core Curriculum 2019.
Am J Kidney Dis. 2019;74:682-95

nsAUIWLNERENDINNINE b kidney disease, ESKD) wazlsifimsyheuveslamaentds

13,14

nsvudanuulindsnuiuwadiBeyntedild (active
transport)

N1VUAILUY active transport Lﬁm%umaaﬂmwmi
voadldlng Inelnuna@ouazgnuudadunluadide
yniladnldIngiinunie Na'/K'-ATPase uag Na'-K'-2CU
cotransporter figu basolateral membrane LLasQﬂ%'UEJaﬂ
nwadglnsdldlngiiiunig apical K channel (BK
channel) #igu apical membrane (31]17; 3)" Gesumiall
annseAumegasluy aldosterone Wuieafuil collecting
duct vasle dafugihelsnlnneFessroraniing (end-stage

Fnmglnumadesiludenglaidelden RAAS blocker
nsvudauuvlildndanurtusssdessninusadidoy
nisald (passive transport)

YUK passive transport Wntuitdldlnejdaudane
Tnea1den11ua19@ng lniln (electronegativity gradient)
nasifiuszgaunslulnsedild iliiAnusedage
Tnuna@esuoenuinie tight junction woswadidoywils
S48 uenaniiniaifinunes intraluminal flow aznsedu
nstulnunadeneanvnedldls wu fUae vasoactive intes-
tinal peptide tumor (VIPoma) tdusu'
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Colon enterocyte

Apical Basolateral
ct <—(E§ “ cic2
- —Na*
. - —Cl
Na’— ENaC —» K*
KCNMA1
BK channel
K'e{ K < 2K*
Al
3Na*
H+
ATP
ase
K* K* KCNN4, KCNK5

K KCNQ1, KCNE3

» K"

3U# 3 wananalnmsdulnunadeslulnssinldlng lneon1sviauues Na'/K'-ATPase wag Na™-K'-2CL cotransporter 7ifinu

basolateral membrane agvuddlnunadsnluwadigaudld wagdueennie large-conductance Ca™-activated K'

channel (BK) 1911 apical membrane lnggasluu aldosterone @u1sanszAUNISAANTULBLAENAIUNIG ENaC uae
nszgun1siumaslsfniung chloride channel 991U apical membrane vinliiAndnglniduavuindululnssdld

FavreiunsTulnwnadeneannie BK channel

AnUUava1n Tamargo J, Caballero R, Delpon E. New drugs for the treatment of hyperkalemia in patients

treated with renin-angiotensin-aldosterone system inhibitors--hype or hope?. Discovery Medicine. 2014 Nov

1;18(100):249-54.

aalwunaiBeugsludioelsalaiess
anzlnunadesluidoagediulvgnuide GFR d1ndn
45 wa./uni/1.73 wsa. lussegusniilaviiauanassnene
wviuslagiiunsiulnumadonannmielafvdesy lne
wuindinsiisvunuazdiuwaduarlilnasunioves
distal nephron® iile GFR #hndn 15 ua/wil/1.73 ms.al.
gn3IN1Insesreslnazanasauliaiuisadulnunadey
ponanInneldegalivsyansnm sauduiitadeidedu
Inglanznsanasve distal Na* delivery Tugthelsarialae
LazN1IL hyporeninemic hypoaldosteronism Iwgﬂ’miiﬂvl,m
M dafuitionguiiionafinmeusumlaedfiums
Fulnunadeuoanniedldaindesas 10 Wufosaz 30-50"
o1msvieaynihlsinisirdeulmussdildanas nszdunisga
ndulnunadenandld uaziiinenudesarionsinanig
Tnunadealudengdluiie cko 1

nssnnelnunadenluifongs
wannsshwinglnuna@edludengs Ao nsuilvanme
TnslamznsvgaonivinliiAnnsnunadesludonss
n13hien fludrocortisone ‘Lu@ﬂwﬁwéaqaaﬂm aldosterone
warnsansedulnuvadenluden Fa 2 35 Weun nsld
nszdulilmunadeudgwadinntu Wi mslisugdu
swunglea nswuetnvEnziy B,-adrenergic receptor
waznslilafouluasveiualugfiieiinnzdendunsa
3n33Aenisiiuntstulnunadenesnainsianie tawn
nstulnunaBeneenmalalaemslfansimiesdulaany
nstulnunadealaenisiidanaunule wan1sneniden
frepseslafieunarnsdndlamnsesiosdiussadnsanuas
057 waznstulnurnadeusennegaanselaanisldandu
Tnunadeulunafiuens Tuedndedld sodium polystyrene
sulfonate dsefanisuanildsusenindnioylulasadis

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

J Nephrol Soc Thail 2024; 30(2): 133-144 137



TUAIYAT UazARLE

grnulnunaoalulnssaldlug law 1 nfuwes sodium
polystyrene sulfonate JuAulnunaIBL 1 mEq Latusen
UNPINTE 2819l5AnY sodium polystyrene sulfonate
Taaedeties 1-2 $aludluniseengnd uazenavilviin
Azunsndeusuusslussuumaiuemisla wu aaganld
1 (intestinal necrosis) Wugu'™ fdulutlagiuiadud
Aslferdulnunadeusialnidediussansanduasina
drufsdoy laun patiromer Wka¢ sodium zirconium
cyclosilicate (SZQ)

Patiromer sorbitex calcium
Huedulnuwnadendldiunsiusesninasimsemnsuas
81999a%358141301 (United States Food and Drug Admin-
istration, USFDA) u,azaﬂfﬁmimLmqawqubﬂ (European
Medicines Agency, EMA) Wiie¥nsnnglnunaifesluden
a9 Raurd we 2558 uay 2560 mudRU® gslsfinnm
patiromer Salalldsunstunsdeuudinnunaenssunis

Duodenum Jejunum

Ca2+

Ca** Cca*
2
Ca** Ca2+ Ca2+
2+
Ca Ca2+ Ca2+

Ileumn

91 ThazeUIUTTINALNY

Tnseatramaaiiunaznalnniseangns

Patiromer LJuansindwesdun3dngy oreanic calcium-
potassium cation-exchange ﬁlﬂgﬂ@ﬂ%ummmﬁummﬁ
wazgniueannisgaansyienun sregluguneudsitlad
néuwarsa lassadselsznaudie 2 @ Ao patiromer
ion iAnannsidenloausiaunsening fluoroacrylate wae
carboxylate group Wag calcium-sorbitol counterion GR
viniiidndulnunaden Patiromer pangnilddan
fusnadldlvydiuvate Tnsnisdndulnunaide
TumaAusmsuaniunisUaosuna@euosnainlAsiasaen
uennEgmumsuanUisussrinsunaidedlulnseadsen
fulesouvinviadulnsiamizunniion™ (Uil 4)
patiromer 1 nsu @wsadulnunadesls 8.5-8.8 fiadlua
Tnvenidueanguinmelu 7 Falumdannmunazoongrduiu
12-24 F3laig

colon

JUN 4 uananalnnisesnnnsves patiromer lnsmsuaniUdeuiuulidimeseninuaadeslulasaiiendulnuvadouuas

wuni@eunelulnsaanld

YUIALAZIS [H81

Patiromer aglugUiuuguIungnouLazenefuintoy
dlonauth vuinussall 3 wuu @ 8.4, 16.8 uax 25.2 iy
wuzhlfBufuussmueiaunn 8.4 nfu Yuaz 1 A uay
Usuimauneenusyiulnunadesludosnn 1 v adioe
8.4 nfu vuAegeEaliaIsiiy 25.2 ndu Juay 1 py'?
patiromer @1u1303uiuen ciprofloxacin, levothyroxine
uaw metformin lumaiuewnsly fufuFenissuussmuen

yiafuUsEann 3 3ol

Uszansnmeasenlunisshenizinunadeulubongs

nsAnwIMeRainieafuussdnsnmaes patiromer
drulvgyilugUaelsailanewazlsalaainiuimanu 13
Anwkuuguuaziingumiuau (randomized controlled trial)
fidndayell n1sfnwn PEARL-HF? Tugftaelsavialanevide
Fthe CKD i8] GFR Andn 60 ua/undi/1.73 nsal. S1uy
105 518 lagduuugvaseanmdu 2 ngu nguusnlasu
patiromer 15 n3u Yuar 2 a%s wasngudl 2 I¥Suemaen
Hunan 28 Tu Tneita 2 ngu 1#5ue spironolactone v
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25 fladnsu/Au wansAnwmuindl 4 dansi nguitlesy
patiromer flsziulnunafeluionanadlaeiads 0.22
mEg/L dunauitlésusmasniissdulnunaidoufistulng
188 0.23 mEg/L uammﬁwajmﬁlﬁ patiromer ddndugUae
flannsofinvunne spironolactone u 50 fiadnsu/u
Innndngueviaen (feeaz 91 Weuiusesar 74) uag
HilpdAgnsedia

n3Anw1 OPAL-HK Tugfthas CKD szey 3-02 ldsuen
RAAS blocker $1u2u 237 518 laguwuanisdnwndy
2 syuy fo srey 4 dUAMILIN (treatment phase) {U3g
ynTelasu patiromer museRulnuna@esluidion (4.2 3e
8.4 n3u Juaz 2 afY) warUSurwInsausESUINLIAIS Y
Tuidenagsening 3.8 fa 5.1 mEq/L seuluszosdl 2
(withdrawal phase) fmdenithesiuau 107 518 fiflszsiu
Tunadeyhudoanudmineg tneguuustiedu 2 ngu
Ao nguilldsu patiromer dgluruiaiy waznguiliudeu
Jugmaen fenudiaesedn 4 Ui nansfinwamui
7l 4 §Unviusn nguilldsu patiromer flAdsvessedy
Tnunadouluidenanas 1.01+0.03 mEg/L waziilonsu
8 dUati nundesas 60 vasnguevaaninElnwATeY
Tuidengs drunguilld3u patiromer #a1alnunadou
ludenguiiesiosay 15 dsunnsnafusgedidoddy
ANGAG

n13finyr AMETHYST-DN* Tuguaelsaiuimausiudiy
CKD se8 3-4 7l#¥us RAAS blocker $1uau 306 518 Y1113
duidu 2 ngu Ae nquitilsziulnumadonludongudnios
(5.0-5.5 mEq/L) guilu 3 nquees wazlyi patiromer wwA
4.2, 8.4 uay 12.6 N3 Yuay 2 Ads LLaxnzjuﬁﬁixé’UIWLmaL%am
Twdongauiunans (5.5-6.0 mEg/L) dudu 3 naudes uay
1% patiromer ww1a 8.4, 12.6, uay 16.8 n3 Juaz 2 A%
Wi 52 dUav wudrsedulnunadesluidenSuanasi
18 Fluavddlsiouaziingsesuunily 48 daludlungud 1
way 1 dUnti lunguil 2 Tay patiromer anusasnwsEsy
Tnunadesludenlvineilinasn 52 dUav wazaunen
patiromer fanuduiuslaenssiuszaulnunadouluben
Tamadluii 2 nau

Alawnin1sAnwandeyadeunas (retrospective cohort
study) lufUe end-stage kidney disease (ESKD) filgsu
nswendendiaiadedlafisnsiuin 527 sefidaae
Inuna@enludonas wuidUlednlng (Sevaz 61) 10
patiromer auA 8.4 N3/ szaulnunadenludonlny
\ABanas 0.5 mEq/L wazanas 1 mEq/L ludihneifiszei

Tnuna@onluiden 6.5 mEg/L? d1gailn1sAnwide
DIAMOND lugfthelsarladumariifinisdudivesila
osang1uanad (heart failure with reduced ejection
fraction, HFrEF) S 1,195 578 laglusves run-in-phase
TigUaeld RAAS blocker $aufiuaruAuszaulnunaides
Tudenlinsiilagld patiomer 1 8.4, 16.8 W38 25.2 n$u/Su
ﬁé’qmﬂ‘lfuejmmaﬁﬂaaﬁwmu 878 318 sonidu 2 nqu
Taonguil 1 1Wien patiromer sallosuagngui 2 Wagui
BIMaD NN Lﬁaﬁﬂmm%ﬂwiﬂmu‘lmmaﬁs 27 dUaii
nauiilé¥u patiromer uazgmaonisziulnuvadouluden
winZulnewade 0.03 way 0.13 mEg/L audsu (P < 0.001)
gUAn1salveenglnunadenluifengs (>5.5 mEq/L)
anasferay 37 lunquilldsy patiromer uonaniinguitlédsy
patiromer ﬁﬁmdauﬂﬂwﬁﬁmamﬁawqwm mineralocorti-
coid receptor antagonist Hesninguemvasnuaziudday
9@ (Seway 13.9 Weunusoway 19.4; P = 0.006) lng
w2 naufinadnafesoseliunnsaiiu®

ANUUABANULASNATILAEY

PNNTNUNINITIUNTIURE 1T USTUU (systematic
review)”"  TugUheiilsiu patiromer \iisufugivasn
W‘U’hhi:ﬁmmLLmﬂm"mﬁ’uasmﬁﬁfae?wﬁmﬁ”’ﬂuﬁmma%nLﬁsa
MU waznadrufeeiiguuse eglsiniu e1aiitediin
Tu30AULANAIITDIUAaYN15ANY (heterogeneity)
TnenunairafsssuszuumaiiuemsUesiian lauA siown
Veads pduld uaverBeu sedawn lHun nmzuundiden
warlnunadenludond esndnisuaniudsusening
waadenlulasasisendulessuuinsindulagianie
wuni@eululwssanld

Sodium zirconium cyclosilicate (SZC)

WWugdulnuna@eunisanldlaeivuianuiainnsly
asusznauvaaweslaiiion (zirconium) uasdaing (silicate)
wesndunenlndeulufthelsaduvdolane iilesanvuin
lossuvadnuna@onlnaldssiunenluien® SzC 1asu
A55U50997n USFDA uaz EMA wieshwinmslnunadey
Tudonge saudl ne. 2561% egslsfinu szc Selallésu
nsTunzSoufud N uANENTIUNITEIMSLAYEIYB
Uszwndlney

Tassadramaniinaznalnniseangns

szC vJuarsedun3dlungu inorganic sodium-
potassium cation-exchange IugUmLL‘ﬁﬂgma lu'ﬁﬂéu
waysa lassaswenyseneumewesladen daunn lolasau
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wavluied Inedlonesdussausenaulsyanu 80 Jadnsy/
n3u AauaudRdAgves SZC fie ligngaduainniuauems
LLasQﬂsﬁ’uaaﬂmnqﬁ]mwﬁu’wm 5z¢C \Juasusznauil
Tassadadisngudedvunalndifostulnunadeon fafuen
Fedlmnudizaenisiulnunadeuunnnitlessuuinyiia
Judszana 25 W waraunsasulnunadeulduinngd
29,31

sodium polystyrene sulfonate 14 9.3 L1
SZC 99NEVBHABANINALDINT Inan1sandulnuva s

Duodenum Jejunum

= @ @
0o+ 00 O
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o -
© Na*
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Na*
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!

H

H

Ileum

@ o8

Tulwssmaiuemsuandunisuanyaeslalasiaunazlsfe
sananlassainsen (Uil 5) SZC 1 ndu ansnsodulnuaidon
IgUszann 3 fiadlua TneenBueengrdnelu 1 2lumdan
MuBazeangvsuIL 12 49l i SZC oadulnunaiden
fouslulnsadldidn wianududuvesinunadoululnss
alddantesninlulnsealdlug (5-20 Weuiu 70-80 mEg/L)
Fedusumisddnyiiensengrisiseradudldlng

Ca* Mg* Na*
0 Ca** Na*
Na* . H

JUN 5 uanenalnniseeangvaves sodium zirconium cyclosilicate lngnsuwanidsunuuinmesenindlalasiauuaslufioy
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The Outcome of Hemoperfusion as an Adjuvant
Therapy in Patients with Severe COVID-19
Pneumonia

Rujirada Teeraboonchaikul, Wanniya Meenune

Division of Nephrology, Department of Internal Medicine, Rajavithi Hospital, Bangkok, Thailand

Abstract

Background: Coronavirus disease-2019 (COVID-19) pneumonia can result in cytokine release syndrome and a high
mortality rate. In addition to anti-viral medications, immunomodulators, and systemic corticosteroids, cytokine removal
therapy, also known as hemoperfusion, might have a role in improving patient outcomes.

Methods: This is a retrospective observational study of patients with severe COVID-19 pneumonia who received
hemoperfusion using HA 330® in addition to conventional treatment compared to conventional treatment alone
during May 2021 - June 2022. The primary outcome was the 28-day survival rate.

Results: 155 patients were included; 98 patients in the hemoperfusion group; and 57 patients in the conventional
treatment group. Patients who received hemoperfusion had a higher Sequential Organ Failure Assessment score
(10+3.3 vs. 7+2.9; p<0.001). There was no significant difference in the 28-day survival rate between the two groups
(54.1% vs. 42.1%; p=0.198). Hemoperfusion for 24-48 hours significantly improved PaO2/FiO2 ratio (P=0.001) and
reduced high-sensitivity C-reactive protein (p<0.001) and ferritin levels (P=0.003). Acute kidney injury was associated
with an increased risk of 28-day mortality (Hazard ratio (95% confidence interval): 4.72 (2.87 to 7.77), p<0.001). The
most common cause of death was bacterial pneumonia.

Conclusions: Hemoperfusion using HA330® was not associated with an improvement in 28-day survival in patients

with severe COVID-19 pneumonia during the delta variant outbreak.
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Introduction

In March 2020, World Health Organization (WHO)
declared SARS-CoV-2, COVID-19 infection, a global
pandemic. Severe cases of COVID-19 have a 67% failure
rate due to multi-organ dysfunction syndrome (MODS)
and 49% mortality." MODS, including acute respiratory
distress syndrome (ARDS) and acute kidney injury (AKI),
can lead to morbidity and mortality.” The cause of MODS
in severe COVID-19 infection is due to the imbalance of
immune system response, leading to hyperinflammation
known as cytokine storm syndrome (CRS).” CRS in severe

COVID-19 patients occurs when the body produces an

aberrant, rapid, excessive, and prolonged inflammatory
response to cytokines, leading to hyperinflammation,
extensive endothelial dysfunction with capillary
leakage, disseminated intravascular hypercoagulation,
and subsequently MODS™* An increase in interleukin-2,
interleukin-6 (IL-6), interleukin-7, c-reactive protein (CRP),
interferon-gamma, and tumor necrosis factor-alpha have
been reported.”

Hemoperfusion is one of the extracorporeal blood
purification methods that remove soluble inflammatory
mediators and endotoxins by binding to the adsorbent
membrane filter. The Handbook of COVID-19 Prevention
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and Treatment from Zhejiang University School of
Medicine, China published in 2020 recommended the use
of blood purification methods such as plasma exchange
and hemoperfusion for early and midterm treatment of
CRS in severe and critically severe COVID-19 infection.”
Additionally, the Food and Drug Administration has
temporarily authorized the emergency use of CytoSorb®
device for hemoperfusion in the management of CRS in
COVID-19 patients.” HA 330° is a highly biocompatible
neutron-macroporous resin adsorbing beads made of
styrene-divinylbenzene copolymer with a high surface
area (500 Da-60 kDa), It can remove substances with a
molecular weight of 10-60 kDa.*’ Several studies that
evaluated the use of HA 330° in patients with CRS in
acute inflammatory conditions such as sepsis, acute
lung injury, hepatitis, and pancreatitis demonstrated an
improvement in inflammatory markers.””” A decrease in
28-day mortality has also been reported in patients with
sepsis and acute lung injury after 3 days of hemoperfusion
treatment compared to usual care.”’

Other types of cartridges that may have therapeutic
benefits in COVID-19 infection include PMX-hemo-
perfusion®, CytoSorb®, and HA380°. Two studies have
shown a reduction in mortality rate by 37-43% compared
with conventional treatment.>"® However, the positive
outcome of hemoperfusion could not be confirmed
in other studies."""™ The present retrospective study
evaluated the 28-day survival rate after hemoperfusion
in patients with severe COVID-19 pneumonia compared

to conventional treatment alone.

Materials and Methods

Study design and setting

This retrospective cohort study was conducted at
Rajvithi Hospital, Bangkok, Thailand. A medical chart
review of patients with COVID-19 pneumonia who were
admitted to the medical intensive care unit between
May 2021 and June 2022 was performed. During the data
collection period, the predominant strain of COVID-19
was the delta variant. The study was approved by the
ethical committee of Rajavithi Hospital (approval number
65115) and was performed in accordance with the Helsinki
Declaration. Informed consent was not required.

Participants

A medical chart review was performed on 283 patients.
The inclusion criteria were age =18 years old, having
confirmed COVID-19 pneumonia by reverse transcriptase
polymerase chain reaction, and findings on the chest X-ray
consistent with COVID-19 pneumonia. The exclusion criteria
were patients that did not require mechanical ventilation
with a Sequential Organ Failure Assessment (gSOFA) score
<1, received <3 hours of hemoperfusion treatment had
incomplete data and had COVID-19 pneumonia during
the hospital outbreak. The patients were classified into
two groups: the hemoperfusion group (received hemo-
perfusion in addition to conventional treatment); and the
conventional treatment group (received conventional
treatment alone). The patients were normally prescribed
hemoperfusion after the infectious disease specialist
confirmed a diagnosis of severe COVID-19 pneumonia.

The study flowchart is shown in Figure 1.

Severe COVID-19 pneumonia patients
May 2021 - June 2022

v

Hemoperfusion (n=112)

14 were excluded
10 due to missing data
2 received <3 hours of
hemoperfusion -
2 had COVID-19 infection during
the hospital outbreak

v
Hemoperfusion (n=98)

Figure 1 Study Flowchart

Analyses

v

Conventional treatment (n=171)

114 were excluded
79 did not require mechanical
ventilator with gqSOFA score <1
—> 23 had missing data
12 had COVID-19 infection
during the hospital outbreak
hospital outbreak

\
Conventional treatment (n=57)
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Hemoperfusion

Hemoperfusion was started with HA330® cartridge
(Jafron, ASTROMED.CO.LTD, China). Unfractionated heparin
5,000 units was used to prime the circuit followed by
flushing with normal saline. The blood flow rate ranged
between 150 to 200 ml/min and the duration of treatment
lasted at least 3 hours. The duration of treatment for each

patient was determined by the primary nephrologists.

Data collection

Demographic data, clinical parameters, laboratory data
were collected. The anti-viral medications available at
the time of the study were favipiravir, lopinavir/ritonavir;
LPV/r, and remdesivir, and the immunomodulators
were baricitinib and tocilizumab. The SOFA score was
calculated for all patients. The PaO2/FiO2 ratio was used
to identify the severity of hypoxemic respiratory failure.
The data on serum levels of inflammatory markers
including IL-6, ferritin, high-sensitivity-CRP (hs-CRP), and
D-dimer at baseline and after 24-48 hours of the last
session of hemoperfusion were collected. The chest-X-ray
image was imported into a computer-aided detection
system (Lunit INSIGHT CXR, Lunit inc. J.F.ADVANCE MED),
which gave the information on the probability score of
abnormal lesions expressed as number (%)."° The overall
accuracy was 97-99%, sensitivity 43.8% and specificity
59.8%.

Outcomes
The primary outcome was patient survival on the 28th
day of admission. The secondary outcomes were factors

associated with survival.

Sample size calculation

The data from Mikaeili H, et al was used for sample
size calculation with a 2-sided a level of 0.05 and power
of 80%." The calculation was based on a missing data
of 40% resulting in a sample size of 77 patients for each

group.

Statistical analyses

Continuous data were presented as mean + standard
deviation or median (interquartile range). Student t-test
or Mann-Whitney U test were used to compare the
differences between the two groups. Categorical data
were presented as numbers (%). The difference between
the two groups was compared using a Chi-square test.
Survival was analyzed by the Kaplan-Meier curve and Cox
proportional hazard regression models. The multivariate
models were developed by adjusting for covariates with
a p-value <0.2 from the univariate models. A p-value of
<0.05 was considered significant. Statistical analysis was

performed by Stata version 15.1 (StataCorp LLC).

Results

Characteristics, laboratory data, and outcomes of all
patients according to the treatment group are shown in
Table 1. Patients in the conventional treatment group
were substantially older than the hemoperfusion group.
Both groups showed similar comorbid conditions including
diabetes, and chronic kidney disease stages 5 and 5D. The
hemoperfusion group had a higher SOFA score, and worse
P/F ratio and received more potent anti-viral medications,
immunomodulators, and systemic corticosteroids. Data
of the hemoperfusion group according to survival at day

28 are shown in Table 2
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Table 1 Baseline demographics, clinical data, and outcome according to the treatment group

Hemoperfusion Conventional treatment

Parameters (n=98) (n=57) p-value
Age (year) 56.34 + 14.93 61.81 + 15.99 0.034*
Male sex 50 (51%) 32 (56.1%) 0.538
Comorbidities
e Chronic kidney disease stage 5 11 (11.2%) 5 (8.8%) 0.628
- Hemodialysis 6 (6.1%) 2 (3.5%) 0.478
- Peritoneal dialysis 2 (2%) 2 (3.5%) 0.578
- Non-dialysis 3 (3.1%) 1(1.8%) 0.621
e Kidney transplant recipients 2 (2%) 0 (0%) 0.278
e COPD and chronic lung disease 1(1%) 1(1.8%) 0.696
e Cardiovascular disease 2 (2%) 0 (0%) 0.278
e Stroke 3 (3.1%) 5 (8.8%) 0.121
e Diabetes mellitus 39 (39.8%) 23 (40.4%) 0.946
* Obesity’ 8 (8.29%) 4 (7%) 0.797
e Liver cirrhosis 0 (0%) 1 (1.8%) 0.188
® Pregnancy 6 (6.1%) 0 (0%) 0.057
e HIV infection 0 (0%) 1 (1.8%) 0.188
e Malignancy 5(5.1%) 1(1.8%) 0.298
® Received immunosuppression 3(3.1%) 0 (0%) 0.182
(excluding kidney transplant recipients)
Time from positive PCR to admission (hours) 1(0,2) 0(0, 1) <0.001*
® < 24 hours 69 (70.4%) 48 (84.2%) 0.054
e > 24 hours 29 (29.6%) 9 (15.8%) 0.054
Severity of sepsis syndrome
® gSOFA” score available 58 (59.1%) 31 (54.3%) 0.931
- qSOFA score 1(1,1) 1(1,2) 0.009*
-<2 51 (52%) 18 (31.6%) 0.013*
=22 7 (7.1%) 13 (22.8%) 0.005*
e SOFA" score available 40 (40.8%) 26 (45.6%) 0.560
- SOFA score 10.57 + 3.34 7.58 £ 293 <0.001*
-<2 0 (0%) 0 (0%) N/A
- 2-7 7 (7.1%) 13 (22.8%) 0.005*
- 8-11 21 (21.4%) 10 (17.5%) 0.560
-> 11 12 (12.2%) 3 (5.3%) 0.156
Oxygen support within the first 24 hours
of admission
e Cannula 19 (19.4%) 10 (17.5%) 0.777
® Mask with bag 1 (1%) 0 (0%) 0.444
® Bi-level positive airway pressure 3 (3.1%) 1 (1.8%) 0.621
e High-flow nasal cannula 35 (35.7%) 20 (35.1%) 0.937
e Mechanical ventilator 40 (40.8%) 26 (45.6%) 0.560

Anti-viral medications and/
or immunomodulators

® Remdesivir 24 (24.4%) 5(8.7%) 0.008*
® Baricitinib 35 (35.7%) 8 (14%) 0.005*
® Tocilizumab 10 (10.2%) 1(1.7%) 0.082
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Parameters

Hemoperfusion

Conventional treatment

Systemic corticosteroids

(n=98)

(GELYY)

® Methylprednisolone 74 (75.5%) 19 (33.3%) <0.001*
® Dexamethasone 24 (24.5%) 37 (64.9%) <0.001*
e Prednisolone 0 (0%) 1 (1.8%) 0.188
PaO2/FiO2 ratio and inflammatory markers
® PaO /FiO, ratio
- Day 1-2 126 (92, 158) 206 (107, 285) 0.008*
- Day 3-4 237 (155, 308) 217 (168, 312) 0.899
e Interleukin-6 (pg/ml)
- Day 1-2 49.66 (7.34, 82.42) 39.17 (8.39, 109.3) 0.941
- Day 3-4 29.1 (6.27, 1232) 0.69 (0.69, 0.69) 0.134
® hs-CRP (mg/L)
- Day 1-2 10.5 (5.57, 15.72) 10.42 (2.17, 14.68) 0.194
- Day 3-4 5.38 (2.46, 8.9) 5.45 (2.66, 8.15) 0.834
e Ferritin (mg/ml)
- Day 1-2 1394 (643, 2897) 1365 (403, 2719) 0.408
- Day 3-4 1559 (678, 3661) 1588 (530, 3015) 0.442
e D-dimer (mg/L)
- Day 1-2 1.96 (0.92, 4.33) 2.45 (1.09, 9.37) 0.308
- Day 3-4 2.43 (1.2, 6.41) 3.11(1.35, 9.96) 0.383
Consolidation on chest-X-ray (%)
® Day 1-2 98 (94, 99) 97.22 (64.0, 99.0) 0.244
® Day 3-4 98 (95, 99) 97.16 (83.7, 98.7) 0.380
Acute kidney injury 50 (51%) 22 (38.6%) 0.135
Acute kidney injury requiring dialysis 25 (25.5%) 1(1.8%) <0.001*
e Dialysis withdrawal within 28 days 22 (22.4%) 1 (1.8%) 0.001*
e Death-censored dialysis withdrawal within 20 (20.4%) 1(1.8%) 0.001*
28 days
e Dialysis dependent on day 28 3(3.1%) 0 (0%) 0.182
Survival on day 28
e All patients 53 (54.1%) 24 (42.1%) 0.150
e \Vith acute kidney injury 14 (14.3%) 2 (3.5%) 0.034*
e With acute kidney injury requiring dialysis 5(5.1%) 1 (1.8%) 0.298
e With chronic kidney disease stage 5 6 (6.1%) 4 (7%) 0.827
e With a kidney transplant 0 (0%) 0 (0%) N/A

Data are presented as mean + standard deviation or median (interquartile range) or number (%)

* defined as body weight >90 kg or body mass index> 30 kg/m”

® quick Sequential Organ Failure Assessment score was calculated based on respiratory rate, systolic blood pressure,

and Glasgow Coma Score

 Sequential Organ Failure Assessment score was calculated using PaO2/FiO2 ratio, platelet count, total bilirubin,

Glasgow Coma Score, creatinine, and mean arterial pressure and/or dose of vasopressor

hs-CRP, high sensitivity c-reactive protein; *p-value < 0.05
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Table 2 Hemoperfusion treatment and clinical parameters of the hemoperfusion group according to survival outcome

Hemoperfusion (n=98)

Factors

Survivors Non-survivors
(n=53) (n=45)
Start he.m.open‘usion within the first 48 hours 35 (669%) 25 (55.6%) 0.289
of admission
Duration of hemoperfusion per session
® 3 hours 2 (3.8%) 6 (13.3%) 0.085
® 4 hours 51 (96.2%) 39 (86.7%) 0.085
Number of hemoperfusion
® 1 session 3 (5.7%) 6 (13.3%) 0.190
® 2 sessions 23 (43.4%) 20 (44.4%) 0.917
® 3 sessions 26 (49.1%) 17 (37.8%) 0.262
® 4 sessions 1(1.9%) 1(2.2%) 0.907
® 5 sessions 0 (0%) 1(2.2%) 0.275
Requiring intermittent hemodialysis
e Due to acute kidney injury 5 (9.4%) 20 (44.4%) <0.001*
e Due to CKD stage 5D 5(9.4%) 4 (8.9%) 0.926
Severity of sepsis syndrome
® gSOFA® score
- Score < 2 35 (66%) 16 (35.6%) 0.003*
- Score > 2 6 (11.3%) 1 (2.2%) 0.081
® SOFA® score
- Score 2-7 3 (5.7%) 4 (8.9%) 0.536
- Score 8-11 8 (15.1%) 13 (28.9%) 0.097
- Score > 11 1(1.9%) 11 (24.4%) 0.001
PaO2/FiO2 ratio and inflammatory markers -
mean difference® (95% confidence interval)
° PaOZ/FiO2 ratio (n=41) 66 (-50.69, 182.69) 71.68 (28.32, 115.05) 0.904
e Interleukin-6 (pg/ml) (n=8) -177.4 (-886.3, 531.4) 320.9 (-363.2, 1005) 0.144
® hs-CRP (mg/L) (n=98) -7.91 (-10.03, -5.79) -6.56 (-9.44, -3.69) 0.442
e Ferritin (mg/ml) (n=96) 804 (-327, 1936) 3700 (982, 6417) 0.052
e D-dimer (mg/L) (n=86) 1.06 (-1.84, 3.97) 0.38 (-4.18, 4.94) 0.791
Consolidation in CXR - mean difference
(95% confidence interval)
e Before vs. after 24-48 hours of hemoperfusion 7.6 (-1.58, 16.77) 3.89 (-2.46, 10.23) 0.506
(n=97)
e Before vs. day 28 of admission (n=41) 8.98 (-2.89, 20.85) 0 0.812

Data are presented as mean + standard deviation or median (interquartile range) or number (%) unless specified otherwise

* quick Sequential Organ Failure Assessment score was calculated based on respiratory rate, systolic blood pressure,
and Glasgow Coma Score

®Sequential Organ Failure Assessment score was calculated using PaO2/FiO2 ratio, platelet count, total bilirubin,
Glasgow Coma Score, creatinine, and mean arterial pressure and/or dose of vasopressor

“Mean difference represented the change from baseline after 24-48 hours of hemoperfusion

CXR, chest-X-ray; hs-CRP, high sensitivity c-reactive protein; *p-value <0.05

https://he01.tci-thaijo.org/index.php/JNST/index J Nephrol Soc Thail 2024, 30(2): 145-156 151



Teeraboonchaikul et al.

Kaplan-Meier curves showed no difference in 28-day
survival between the hemoperfusion group and the
conventional treatment group (54.1% vs. 42.1%; p=0.198)
(Figure 2). There was also no difference in the survival in
the subgroup of patients who had more severe disease
(SOFA score > 8) (p=0.996) (Figure 3).

1.004
0.754
0.50- Toiol
0.25- Log rank p=0.198
0.00-
1 1 1 1 1
0 7 14 21 28
Days of Admission
N A
Comentions, 57 53 a1 34 24
HP 98 93 70 63 53

----- Conventional HP

Figure 2 Kaplan-Meier survival curve of 28-day survival
for all patients

HP, hemoperfusion

1.004
0.754
0.50
0.254
0.00-
T T T T T
0 7 14 21 28
Days of Admission
Number at risk
Conventional 13 12 6 6 4
HP 33 29 17 15 9

----- Conventional HP

Figure 3 Kaplan-Meier survival curve of 28-day survival
for the subgroup of patients with SOFA score >8

HP, hemoperfusion

The severity of hypoxemia, the levels of inflammatory
markers, and chest X-ray findings before and after
hemoperfusion are shown in Table 3. P/F ratio and
hs-CRP improved considerably after 24-48 hours of
hemoperfusion. There were no significant changes in the

findings of the chest X-ray after hemoperfusion.

Table 3 Severity of hypoxemia, inflammatory markers, and chest-X-ray findings after hemoperfusion

Factors
Before

Hemoperfusion (n=98)

Mean difference
(95% ClI)

Parameter and inflammatory
markers
° PaOZ/FiO2 ratio (n=41) 139.85 + 62.29 210.01 + 112.56 0.001* 70.16 (28.6, 111.7)
e |L-6 (ng/ml) (n=8) 208.7 + 226.15 342.73 + 621.59 0.484 134.03 (-294, 562)
® hs-CRP (mg/L) (n=98) 11.88 + 8.97 4.59 + 538 <0.001* -7.29 (-9.01, -5.57)
e Ferritin (mg/ml) (n=96) 2943 + 5107 5045 + 8155 0.003* 2101 (730, 3472)
e D-dimer (mg/L) (n=86) 6.46 + 11.36 7.22 + 8.96 0.553 0.76 (-1.77, 3.29)
Consolidation on CXR (%)
e Before vs. after 24-48 hours 86.17 + 28.73 92.05 + 15.12 0.042* 0.06 (0, 0.12)
of hemoperfusion (n=97)
® Before vs. day 28 of
admission (n=41) 79.85 + 35.01 88.61 + 18.57 0.134 0.09 (-0.03, 0.2)

IL-6, interleukin 6; hs-CRP, high sensitivity c-reactive protein; CXR, chest-X-ray; Cl, confidence interval

Cox proportion hazards competing risk regression  analysis, age 260 years, underlying chronic lung disease,

analyses were performed to determine the predictors  AKI, requiring mechanical ventilation within the first 24

associated with 28-day survival (Table 4). In univariate  hours of admission, SOFA score >11, P/F ratio 101-200,
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hemoperfusion 4 hours/session, and consolidation on  and requiring mechanical ventilation within the first 24

chest-X-ray >75% were associated with decreased 28-sur-  hours of admission, were negative predictive risk factors
vival. In multivariate analysis, only age >60 years, AKI, for 28-day survival.

Table 4 Factors associated with 28-day survival

Univariate analysis
Crude HR (95% Cl)

Multivariate analysis

Characteristics

Adjusted HR (95% CI)

Age 260 years 1.97 (1.24, 3.12) 0.004* 2 (1.03, 3.89) 0.041*
COPD and chronic lung disease 11.43 (2.63, 49.59) 0.001* - -
Type 2 diabetes mellitus 0.81(0.51, 1.29) 0.386 - -
Obesity® 0.39 (0.12, 1.23) 0.108 - -
CKD stage 5

® Hemodialysis 0.69 (0.22, 2.18) 0.526 - -

e Peritoneal dialysis 0.39 (0.05, 2.79) 0.347 - -

e Non-dialysis 0.91(0.22, 3.71) 0.897 - -
Kidney Transplant Recipients 2.66 (0.65, 10.85) 0.172 - -
Acute kidney injury 4.72 (2.87, 7.77) <0.001* 4.28 (1.78, 10.27) 0.001*
Acute kidney injury requiring dialysis 1.14(0.066, 1.97) 0.648 - -
SOFA® score

® Score 8-11 2.07 (0.91, 4.72) 0.082 = =

® Score > 11 4.16 (1.71, 10.16) 0.002* - -
Requiring mechanical ventilation within 2.26 (1.13, 4.51) 0.021* 2.87 (1.27, 6.45) 0.011*
the first 24 hours of admission
PaOZ/FiO2 ratio

® > 300 1 (reference)

® 201 < 300 3.61 (0.43, 30.03) 0.234 - -

® 101-200 7.53(1.01, 56.27) 0.049* = =

® < 100 6.97 (0.92, 52.91) 0.06 - -
Consolidation on CXR

® < 50% 1 (reference)

® 51-74% 1.54(0.32, 7.4) 0.593 - -

® > 750 2.38(1.09, 5.19) 0.029* 0.72(0.36, 1.4) 0.321
Hemoperfusion 0.75(0.48, 1.17) 0.207 - -
Duration of hemoperfusion

® 3 hours per session 1 (reference)

® 4 hours per session 0.41 (0.17, 0.97) 0.043* - -
Number of hemoperfusion
- 2 sessions 1 (reference)

- 3 sessions 0.81 (0.42, 1.55) 0.521 0.71 (0.36, 1.4) 0.321

? defined as body weight >90 kg or body mass index >30 kg/m?

e Sequential Organ Failure Assessment sco re was calculated using PaOz/FiO2 ratio, platelet count, total bilirubin,

Glasgow Coma Score, creatinine, and mean arterial pressure and/or dose of vasopressor

CXR, chest-X-ray; HR, hazard ratio; Cl, confidence interval; *p-value <0.05
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The causes of death are shown in Table 5. The most
common cause of death for both groups was bacterial

pneumonia (p=0.642). The conventional treatment group

Table 5. Cause of death for all patients

had a significantly higher incidence of mortality from ARDS
compared with the hemoperfusion group (15.8% vs. 4.1%,
p=0.011).

Conventional

Hemoperfusion

p-value

C f death
alise of ¢ed (GELY)) treatment (n=24)

Acute respiratory distress syndrome 4 (4.1%) 9 (15.8%) 0.011*
Bacterial pneumonia 31 (31.6%) 16 (28.1%) 0.642
.Septic. shock (except bacterial pneumonia and fungal 5 (5.19%) 2 (3.5%) 0.645
infection)
Fungal infection 6 (6.1%) 5 (8.8%) 0.536
Acute myocardial infarction 1(1%) 1 (1.8%) 0.696
Stroke 4 (4.1%) 0 (0%) 0.122
Kidney failure (refused dialysis) 14 (14.3%) 4 (7%) 0.173
Others (gastrointestinal bleeding, spontaneous

0 (0%) 2 (3.5%) 0.062
pneumothorax)

*p-value < 0.05

Discussion

The present study demonstrated that treatment with
hemoperfusion using HA 330° cartridge did reduce the
28-day mortality rate compared with conventional therapy
in severe COVID-19 pneumonia during the outbreak of the
delta variant. Hemoperfusion for 24-48 hours significantly
improved PaO2/FiO2 ratio and reduced inflammatory
markers. AKI was an independent risk factor for 28-day
mortality.

Current evidence supports the use of immunomodu-
lation in treating critically ill COVID-19 patients with
CRS. However, the indication for cytokine removal
hemoperfusion as adjuvant therapy remains individual-
ized for patients with severe refractory acute respiratory
failure and hyper-cytokinemia.” Furthermore, clear thresh-
old levels of inflammatory biomarkers for initiating hemo-
perfusion have yet to be established, with these levels
potentially not being as elevated as in other acute inflam-
matory conditions."® Previous studies suggest that patients

with higher baseline cytokine concentrations may benefit

more from cytokine removal therapy, experiencing higher
rates of cytokine removal.”® However, the short half-life of
inflammatory cytokines—mere minutes—Ileads to rapid
rebounds in cytokine levels." Moreover, hemoperfusion
can inadvertently remove drugs from circulation, lowering
their levels to subtherapeutic ranges.'”” Consequently,
the efficacy of hemoperfusion varies across studies,
necessitating caution in its application.'

The previous case-control study on COVID-19 pneumonia
patients with CRS and comparable SOFA score and P/F
ratio to the present study who underwent hemoperfusion
using HA 330® and Mediasorb® for 4 hours per session
for at least 3 sessions showed no significant difference in
the mortality rates between the hemoperfusion group
compared with the non-hemoperfusion group.21 In
the single-center randomized controlled trial (CYCOV)
conducted by Supady et al. in severe COVID-19
pneumonia patients necessitating veno-venous
extracorporeal membrane oxygenation (ECMO), CytoSorb®

cartridge was introduced during the first 4 hours of ECMO
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initiation compared to ECMO treatment alone. While the
patients exhibited similar SOFA scores to the present
study (score=9), they showed a poorer P/F ratio (62.7
to 84.2). Remdesivir and tocilizumab were administered
to 17% and 55% of patients, respectively. Notably, the
CytoSorb® group experienced a significantly lower survival
rate (CytoSorb® 18% vs. ECMO alone 76%; p=.0016).
Septic shock (41.1%) emerged as the leading cause of
death in both groups.”

In contrast, Surasit et al. conducted a prospective
cohort study on severe COVID-19 pneumonia patients with
a P/F ratio <200 who underwent hemoperfusion using
HA 330® for 4 hours per session. The study compared
the outcomes of patients who received >3 sessions of
hemoperfusion versus those who received <3 sessions.
The study cohort had a relatively lower SOFA score at
baseline (3.53 to 4.3) than the present study and received
early hemoperfusion within 8-15 hours of admission. The
group that received >3 sessions of hemoperfusion had a
lower 28-day mortality rate (adjusted hazard ratio 0.033
(95% Cl 0.004 to 0.264); p=0.001).” Similarly, Mikaeili et
al. conducted a prospective cohort study involving
severe COVID-19 pneumonia patients with a P/F ratio
< 200 who underwent hemoperfusion using HA 330
for at least 3 sessions of 4 hours each. The baseline
APACHE Il score ranged from 8 to 9, indicating less severity
compared to the present study. Patients who received
tocilizumab were excluded from the analysis. The study
revealed that the hemoperfusion group exhibited
a significantly lower mortality rate compared to the
non-hemoperfusion group (37.1% vs. 63.6%; p=0.03)."

In the present study, patients exhibited high baseline
SOFA scores, similar to Abdullayev et al. and CYCQV, and

2122 Bacterial

hemoperfusion failed to reduce mortality.
pneumonia and septic shock were the most common
cause of death in the present study and CYCOV study.”
While hemoperfusion could facilitate endotoxin
removal, the timing of hemoperfusion was crucial.
Another potential factor contributing to the ineffective-
ness of hemoperfusion was the variability in the treatment
regsimens used among different patients in the present

study and that by Abdullayev et al.”!

The present study revealed an improvement in the
P/F ratio and hs-CRP following hemoperfusion which is
consistent with other studies. For instance, Abdullayev
et al. reported significant improvements in CRP and
fibrinogen levels, while Mikaeili et al. demonstrated
improvements in SpO2 and P/F ratio."”” However, the
present study could not demonstrate improvements
in other inflammatory markers post-hemoperfusion.
This discrepancy could be attributed to other co-existing
conditions such as infection, liver injury, and blood
transfusion.” Elevated D-dimer levels could be linked
to thrombotic complications associated with COVID-19
infection.” The present study did not show any
improvement in chest X-ray findings after hemoperfusion.
Consolidations seen on chest X-rays could be the result
of various pathologies, for example, pneumonia, heart
failure, volume overload, and interstitial lung disease.

In the previous systematic review, AKI was reported
in 35 out of 64 COVID-19 infected patients (56.2%), with
an overall mortality rate of 66.2%.”° One study indicated
that AKI stage 3 had a hazard ratio for in-hospital death
of 4.724.% This finding aligns with that of Abdullayev et al.
and the present study, which reported AKI in 50%
and 46.2% of severe COVID-19 patients, respectively.”
Furthermore, the hemoperfusion group had a higher
proportion of patients undergoing kidney replacement
therapy compared to the conventional treatment (25.5%
vs. 1.8%; p<0.001), and this was associated with a decrease
in survival (44.4% vs. 9.4%; p<0.001).

The present study had several limitations. There were
substantial differences in the baseline characteristics
of the patients. The study was conducted in only one
institution. Several data were missing including the
history of COVID-19 vaccination, P/F ratios, and IL-6
levels.

In conclusion, adjuvant therapy with hemoperfusion
using HA 330° was not associated with an improvement
in 28-day survival in COVID-19 patients with severe
pneumonia during the outbreak of the delta variant.
Hemoperfusion resulted in an improvement in P/F ratio
and inflammatory markers and AKI was an independent

risk factor for mortality.

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

J Nephrol Soc Thail 2024; 30(2): 145-156 155



Teeraboonchaikul et al.

References

1.

10.

11.

12.

13.

Abbasi S, Naderi Z, Amra B, Atapour A, Dadkhahi SA, Eslami
MJ, et al. Hemoperfusion in patients with severe COVID-19
respiratory failure, lifesaving or not? J Res Med Sci. 2021;26:34.
Chang K, Li Y, Qin Z, Zhang Z, Wang L, Yang Q, et al. Effect of
extracorporeal hemoadsorption in critically ill patients with
COVID-19: A narrative review. Front Immunol. 2023;14:1074465.
Schmidt JJ, Borchina DN, van T Klooster M, Bulhan-Soki
K, Okioma R, Herbst L, et al. Interim-analysis of the COSA
(COVID-19 patients treated with the Seraph® 100 Microbind®
Affinity filter) registry. Nephrol Dial Transplant. 2021:347.
Chen G, Zhou 'Y, Ma J, Xia P, Qin Y, Li X. Is there a role for blood
purification therapies targeting cytokine storm syndrome in
critically severe COVID-19 patients? Ren Fail. 2020;42(1):483-88.
Safari S, Salimi A, Zali A, Jahangirifard A, Bastanhagh E, Aminnejad
R, et al. Extracorporeal Hemoperfusion as a Potential
Therapeutic Option for Severe COVID-19 patients; a Narrative
Review. Arch Acad Emerg Med. 2020;8(1):e67.

Melegari G, Bertellini E, Melegari A, Trenti T, Malaguti S, Barbieri
A. Hemoadsorption cartridge and coronavirus disease 2019
infections: A case report and brief literature review. Artif
Organs. 2021;45(5):E130-E135.

Ricci Z, Romagnoli S, Reis T, Bellomo R, Ronco C. Hemoperfusion
in the intensive care unit. Intensive Care Med. 2022;48(10):
1397-1408.

Ronco C, Bagshaw SM, Bellomo R, Clark WR, Husain-Syed
F, Kellum JA, et al. Extracorporeal Blood Purification and
Organ Support in the Critically Ill Patient during COVID-19
Pandemic: Expert Review and Recommendation. Blood Purif.
2021;50(1):17-27.

Ankawi G, Fan W, Pomare Montin D, Lorenzin A, Neri M, Caprara
C, et al. A New Series of Sorbent Devices for Multiple Clinical
Purposes: Current Evidence and Future Directions. Blood Purif.
2019;47(1-3):94-100.

Mikaeili H, Taghizadieh A, Nazemiyeh M, Rezaeifar P, Zununi
Vahed S, Safiri S, et al. The early start of hemoperfusion
decreases the mortality rate among severe COVID-19 patients:
A preliminary study. Hemodial Int. 2022;26(2):176-82.
Peerapornratana S, Sirivongrangson P, Tungsanga S, Tiankanon
K, Kulvichit W, Putcharoen O, et al. Endotoxin Adsorbent
Therapy in Severe COVID-19 Pneumonia. Blood Purif. 2021;1-8.
Rampino T, Gregorini M, Perotti L, Ferrari F, Pattonieri EF,
Grignano MA, et al. Hemoperfusion with CytoSorb as Adjuvant
Therapy in Critically Il Patients with SARS-CoV2 Pneumonia.
Blood Purif. 2021;50(4-5):566-71.

De Rosa S, Cutuli SL, Ferrer R, Antonelli M, Ronco C; COVID-19
EUPHAS2 Collaborative Group. Polymyxin B hemoperfusion

in coronavirus disease 2019 patients with endotoxic shock:

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Case series from EUPHAS2 registry. Artif Organs. 2021;45(6):
E187-E194.

Soleimani A, Taba SMM, Hasibi Taheri S, Loghman AH,
Shayestehpour M. The effect of hemoperfusion on the
outcome, clinical and laboratory findings of patients with
severe COVID-19: a retrospective study. New Microbes New
Infect. 2021;44:100937.

Katagiri D, Ishikane M, Asai Y, Izumi S, Takasaki J, Katsuoka H, et al.
Direct hemoperfusion using a polymyxin B-immobilized poly-
styrene column for COVID-19. J Clin Apher. 2021;36(3):313-21.
Hwang EJ, Kim H, Yoon SH, Goo JM, Park CM. Implementation
of a Deep Learning- Based Computer-Aided Detection System
for the Interpretation of Chest Radiographs in Patients
Suspected for COVID-19. Korean J Radiol. 2020;21(10):1150-60.
NIAID-RML. Coronavirus Disease 2019 (COVID-19) Treatment
Guideline. NIH gov Published 2020.

Shadvar K, Tagizadiyeh A, Gamari AA, Soleimanpour H,
Mahmoodpoor A. Hemoperfusion as a Potential Treatment
for Critically Il COVID-19 Patients with Cytokine Storm. Blood
Purif. 2021;50(3):405-07.

Tang Y, Liu J, Zhang D, Xu Z, Ji J, Wen C. Cytokine Storm in
COVID-19: The Current Evidence and Treatment Strategies.
Front Immunol. 2020;11:1708.

Shokouhi S, Barati S, Kazeminia N, Jamali F, Roshan B, Sahraei
Z. Evaluating the elimination status of medications used for
COVID-19 during hemoperfusion and therapeutic plasma
exchange: A review. Int Immunopharmacol. 2021;97:107707.
Abdullayev R, Gul F, Bilgili B, Seven S, Cinel I. Cytokine
Adsorption in Critically Il COVID-19 Patients, a Case-Control
Study. J Intensive Care Med. 2022;37(9):1223-28.

Supady A, Weber E, Rieder M, Lother A, Niklaus T, Zahn T,
et al. Cytokine adsorption in patients with severe COVID-19
pneumonia requiring extracorporeal membrane oxygenation
(CYCOV): a single centre, open-label, randomised, controlled
trial. Lancet Respir Med. 2021;9(7):755-62.

Surasit K, Srisawat N. The Efficacy of Early Additional
Hemoperfusion Therapy for Severe COVID-19 Patients: A
Prospective Cohort Study. Blood Purif. 2022;51(11):879-88.
Sandnes M, Ulvik RJ, Vorland M, Reikvam H. Hyperferritinemia-A
Clinical Overview. J Clin Med. 2021;10(9):2008.

Poudel A, Poudel Y, Adhikari A, Aryal BB, Dangol D, Bajracharya
T, et al. D-dimer as a biomarker for assessment of COVID-19
prognosis: D-dimer levels on admission and its role in predicting
disease outcome in hospitalized patients with COVID-19.
PLoS One. 2021;16(8):e0256744.

Sabaghian T, Kharazmi AB, Ansari A, Omidi F, Kazemi SN,
Hajikhani B, et al. COVID-19 and Acute Kidney Injury: A
Systematic Review. Front Med (Lausanne). 2022;9:705908.

156 J Nephrol Soc Thail 2024; 30(2): 145-156

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



Original Article J NST

Predictors and Outcomes of Erythrocytosis
After Sodium-Glucose Cotransporter-2
Inhibitors in Type 2 Diabetes Mellitus

Panita Prasathinphimai, Laddaporn Wongluechai
Division of Nephrology, Department of Internal Medicine, Maharat Nakhon Ratchasima Hospital, Bangkok,
Thailand

Abstract

Background: Current evidence suggests that treatment with sodium-glucose cotransporter-2 inhibitors (SGLT2i)
may increase hemoglobin levels. An increase in hemoglobin may be beneficial in improving cardiovascular and
renal outcomes. This study examined changes in hemoglobin, the prevalence, and predictors of erythrocytosis in
patients with type 2 diabetes mellitus (T2DM) who received SGLT2i. The associations between erythrocytosis with
cardiovascular events and renal outcomes were also investigated.

Methods: This retrospective study was conducted in patients with T2DM who received SGLT2i for at least 3
consecutive months between January 2020 and December 2022. Hemoglobin and hematocrit were collected at
baseline and after 3-12 months of SGLT2i treatment until the end of the study. Erythrocytosis was defined as an
increase in hemoglobin level =2 gm/dL from baseline during the study period.

Results: Three hundred thirty-six patients were included in the study. The prevalence of erythrocytosis was 125 patients
(37.2 %). The hemoglobin levels increased over time with median differences from baseline of 0.7, 1, 1.3, and 1.5
gm/dL at 3, 6, 12, and >24 months, respectively. The predictors of erythrocytosis were age >60 years, chronic kidney
disease, using thiazide and beta-blockers, lower hemosglobin, and estimated glomerular filtration rate at baseline.
Cardiovascular and renal outcomes were not different between the erythrocytosis and non-erythrocytosis groups.
Conclusion: A gradual increase in hemoglobin levels was observed in patients with T2DM after SGLT2i treatment.

Erythrocytosis was common but was not associated with adverse cardiovascular events or renal outcomes.
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Introduction

Type 2 diabetes mellitus (T2DM) is highly prevalent
and associated with microvascular and macrovascular
complications, leading to an increased risk of death."”
Sodium-Glucose Cotransporter-2 inhibitors (SGLT2i) were
introduced in 2013-2014.° In 2015, the landmark clinical
trial (EMPA-REG) that investigated cardiovascular and renal

outcomes which involved more than 7,000 participants
found that empasgliflozin significantly reduced the
risk of the primary composite endpoint including
cardiovascular death, nonfatal heart attack, or nonfatal
stroke.” The subsequent study of empagliflozin in patients
with chronic kidney disease (CKD) revealed a significant

reduction in the composite renal outcome of the
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progression of kidney disease, death from renal causes,
or death from cardiovascular causes.® Similarly, the study
of dapagliflozin in patients with CKD (DAPA-CKD) that
evaluated over 4,000 patients with an estimated
glomerular filtration rate (eGFR) between 25-75 ml/
minute/1.73 m®and the urinary albumin-to-creatinine
ratio of 200 - 5,000 mg/em also found a reduction in the
composite renal outcome.” Therefore, Kidney Disease:
Improving Global Outcomes 2022 and American Diabetes
Association 2022 guidelines recommend SGLT2i as the
first-line treatment in T2DM with CKD.'*"!

In the EMPA-REG study, an increase in hemoglobin of
0.8 ¢/dL and hematocrit of 4.8 % in the empagliflozin
group compared with -0.1 g/dL and 0.9% in the placebo
group was observed. The beneficial effect on
cardiovascular outcome was also suggested.” The
results from the Dapagliflozin effect on cardiovascular
events (DECLARE TIMI 58) also demonstrated a lower
rate of cardiovascular death or hospitalization for heart
failure in the dapaglifiozin group.”” The results from a
systematic review and meta-analysis of 40 randomized
controlled trials, which included more than 20,000
patients, demonstrated that SGLT2i caused a significant
increase in hematocrit levels [weighted mean difference
(95% confidence interval): 2.67 (2.53-2.82), P <0.001).”

Anemia is one of the non-traditional risk factors for
cardiovascular disease in patients with CKD.>*The results
from landmark studies and meta-analysis suggested
that the beneficial effects of SGLT2i in correcting anemia
in both CKD and non-CKD patients are associated with a
reduction in cardiovascular events and CKD progression.”*
One of the proposed mechanisms is an increase in
erythropoietin production after SGLT2i treatment.
Erythropoietin is produced from peritubular fibroblast-
like interstitial cells in the renal cortex called renal
erythropoietin-producing cells (REPs). SGLT2i induces
hypoxia in the renal tubulointerstitium and triggers
the upregulation of hypoxia-inducible transcription
factors.” SGLT2i also decreases proinflammatory
molecules produced by stressed renal tubular epithelial
cells.”” These molecules stimulate the conversion of

REPs from hypoxia-responsive cells to fibrogenic

myofibroblasts that have decreased sensitivity to hypoxic
response and produce inflammatory cytokines and
fibrotic molecules instead of erythropoietin.'” The second
mechanism involves the inhibition of hepcidin. Hepcidin
is an iron regulatory protein that binds to ferroportin
in the plasma membrane, thereby inhibiting its ability to
transport iron.' In T2DM, an increase in proinflammatory
cytokines activates STAT3 and increases the gene expression
of hepcidin."””® Dapasgliflozin reduces circulating
concentrations of hepcidin and ferritin and increases the
levels of the hepcidin inhibitor, erythroferrone.™

Erythrocytosis is defined as a mean increase in red
blood cell concentration (hemoglobin or red blood
cells per total blood volume) beyond the normal range
(hemoglobin >18.5 ¢/dL in males or >16.5 g/dL in
females), or hemoglobin and hematocrit levels surpassing
the 99th percentile for the same age and gender group.
In addition, erythrocytosis can manifest as an increase
in hemoglobin of > 2 ¢/dL from baseline.”! Erythrocytosis
is caused by both primary and secondary factors.
The most common causes of erythrocytosis typically
arise from conditions that result in hypoxemia or
erythropoietin overproduction. This includes smoking,
sleep apnea, living in high altitude areas, carbon
monoxide poisoning, cerebellar hemangioblastoma,
parathyroid carcinoma, or meningioma. Erythrocytosis
is also a common side effect of various drug therapies,
including diuretics, testosterone, and recombinant human
erythropoietin.”

The present study examined the changes in
hemoglobin and the predictors of erythrocytosis in
patients with T2DM who received SGLT2i treatment.
Differences in cardiovascular events and renal outcomes
between the erythrocytosis and non-erythrocytosis

groups were also investigated.

Materials and Methods

This retrospective cohort study was conducted
between January 2020 and December 2022 at Maharat
Nakhon Ratchasima Hospital, Thailand. This study was
approved by the Research Ethics Committee of Maharat
Nakhon Ratchasima Hospital (approval number 65068).
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The study included 9,077 patients who were taking
SGLT2i (Empagliflozin and Dapagliflozin). The inclusion
criteria were as follows: (1) age =18 years; (2) diagnosis
of T2DM; (3) receiving SGLT2i for more than three
consecutive months and (4) having hemoglobin and/
or hematocrit levels before and after 3-12 months of
the SGLT2i treatment. The exclusion criteria were
underlying anemia caused by impaired bone marrow
function, active bleeding, history of chronic blood loss,
and receiving erythropoietin-stimulating agent injection.

Definitions

In this study, we defined erythrocytosis as the increase
in hemoglobin level 22 g/dL from baseline before SGLT2i
treatment. Cardiovascular events and renal outcomes
recorded were acute coronary syndrome, acute stroke,
congestive heart failure, acute kidney injury, progression of
CKD (sustained decline in eGFR), metabolic acidosis (in-
cluding diabetic ketoacidosis), and urinary tract infection.

Sample size calculation

The sample size was calculated using the G*Power
Version 3.1 program with F tests family, Linear Multiple
regression: Fixed Model, R2 deviation from zero. An a
level of 0.05, power of 0.8, and 22 factors of interest
(including dummy variables) were used, with an effect size
of 0.07 (small to medium, based on mean comparison
from minimum = 0.01 to 0.1 for maximum sample size).
A minimum of 328 patients were required for the study.”

Statistical analysis

Data are presented with mean + standard deviation.
Univariate logistic regression analysis was conducted to
examine the factors predicting erythrocytosis. Differences
between the two groups were compared using the
Student T-test or chi-square test. Spearman’s correlation
was used to analyze the association between two
continuous variables. The correlation between the ranges
of eGFR and hemoglobin was analyzed by One-way
ANOVA. The relationships between erythrocytosis with
cardiovascular events and renal outcomes were analyzed
using Cox proportional hazards regression models with
appropriate adjustments for confounders. All statistical
analyses were performed with STATA version SE 17.0 (Stata

Corp LLQ), using a two-sided significance level of 5%.

Results

Table 1 shows the baseline characteristics and
laboratory data of all patients. The average hemoglobin
and hematocrit were 12 + 1.6 ¢/dL and 36.8 = 5 9%,
respectively. The average eGFR was 74.2 mL/min/1.73
m’. The albuminuria level was <30 mg/g in 100 patients
(44.6%), 30-300 mg/g in 88 patients (39.3%), and >300 mg/g
in 35 patients (15.6%). Dapagliflozin was administered to
195 patients (58%) and empagliflozin was administered
to 141 patients (42%).

Table 1 Baseline characteristics and laboratory data of

all patients

Baseline characteristics ‘ NIERCKT
Female, N (%) 158 (47)
Age >60 years, N (%) 222 (66)
Age (years) 65 + 10.7
Body mass index (kg/m?) 2732 53
Co-morbidities, N (%)

e Hypertension 308 (91.7)

e Dyslipidemia 333(99.1)

e Coronary arterial disease 87 (25.9)

® Cerebrovascular disease 17 (5.1)

e Chronic kidney disease 124 (36.9)

® Obstructive sleep apnea 26 (1.7)

® Morbid obesity 31(9.2)
Stages of chronic kidney disease, N (%)

e Stage 1 122 (36.3)

e Stage 2 95 (28.3)

e Stage 3 110 (32.7)

® Stage 4 8 (2.4)

e Stage 5 1(0.3)
Hemoglobin (g/dL) 12+1.6
Hematocrit (%) 36.8+5
eGFR (ml/min.1.73m?) 742 + 256
LDL-Cholesterol (mg/dL) 99.1 + 29.7
Albuminuria (mg/g) (N; %) (N = 224)

® <30 100 (44.6)

® 30-300 88 (39.3)

® > 300 35 (15.6)
Types of SGLT2i (N; %)

® Dapagliflozin 195 (58)

e Empagliflozin 141 (42)

eGFR, estimated glomerular filtration rate; LDL, low density

lipoprotein; SGLT2i, sodium-glucose cotransporter-2 inhibitors
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Changes in hemoglobin and hematocrit levels over
time are shown in Figure 1. The average hemosglobin
and hematocrit levels gradually increased from baseline,
with the highest hemoglobin and hematocrit levels
observed at >24 months. The differences in the
hemoglobin and hematocrit levels from baseline
are presented in Figure 2. The median differences in

hemoglobin from baseline were 0.7, 1, 1.3, and 1.5 ¢/dL

at 3, 6, 12, and >24 months, respectively. The greatest
increases in hemoglobin and hematocrit at >24 months
were 1.5 ¢/dL (interquartile range 0.6 - 2.3) and 4.8 %
(interquartile range 1.7 - 6.9), respectively. Erythrocytosis
was observed in 125 patients (37.2%) at 12-24 months
and >24 months. These 125 patients were categorized
into the erythrocytosis group, leaving 211 patients in the

non-erythrocytosis group.

-0-Hb -A- Hct

3 50
n 40.4+4.7 41.2+4.5
+ 36.8+5 - A A
§ 37.5A A
s 36.0+5
§ 25
> 128416 131416  134:x15 135:16
L 125
3 12+1.6
o]
T 0

Baseline 3-6 mo 6-12 mo 12-24 mo >24 mo

Figure 1 Changes in hemoglobin and hematocrit after sodium-glucose cotransporter-2 inhibitors treatment
Hb, hemoglobin; Hct, hematocrit; mo, months; SD, standard deviation

-0~ Hb difference

A- Hct difference

c 4.8
S 5 4.3 A
g A
\9,: 3.75 3:
g2 - 22
Lo 4 A

g 15
5 1 13
§ 125 0.7/ O
J /
a 0L%

3-6 mo 6-12 mo 12-24 mo >24 mo

e Total Hb difference >2 gm/dl at 12-24/>24 months = 125 patients
e Prevalence of erythrocytosis = 37.2%

Figure 2 Changes in hemoglobin and hematocrit from baseline after sodium-glucose cotransporter-2 inhibitors treatment
Hb, hemoglobin; Hct, hematocrit; mo, months; IQR, interquartile range

Table 2 shows the results of the predictors of
erythrocytosis. Age >60 years, using beta-blockers and
thiazides, lower baseline hemoglobin/hematocrit, and
kidney function were associated with erythrocytosis.

The trends of hemoglobin levels in the group of patients

with erythrocytosis and without erythrocytosis are shown
in Figure 3. In the group with erythrocytosis, the increase
in the hemoglobin levels was more evident compared

with the group without erythrocytosis.
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Table 2 Logistic regression analyses of the predictors of erythrocytosis

UM Non-erythrocytosis | Erythrocytosis Odds Ratio
(N = 211) (N = 125) |(95% Confidence Interval)
Female (N, %) 97 (64.0) 61 (36) 1.12(0.72- 1.74) 0.616
Age >60 years (N, %) 128 (57.7) 94 (42.3) 1.97 (1.20 - 3.21) 0.007
Co-morbidities (N, %)
e Hypertension 190 (61.7) 118 (38.3) 1.86 (0.77 - 4.52) 0.169
® Dyslipidemia 210 (63.1) 123 (36.9) 0.29 (0.03 - 3.26) 0.318
e Cardiovascular disease 48 (55.2) 39 (44.8) 1.54 (0.94 - 2.53) 0.088
e Cerebrovascular disease 12 (70.6) 5(29.4) 0.69 (0.24 - 2.01) 0.497
e Chronic kidney disease 68 (54.8) 56 (45.2) 1.71 (1.08 - 2.69) 0.021
e Obstructive sleep apnea 20 (76.9) 6 (23.1) 0.48 (0.19 - 1.23) 0.128
e Congestive heart failure 17 (68) 8(32) 0.78 (0.33 - 1.86) 0.577
® Morbid obesity 21 (67.7) 10 (32.3) 0.79 (0.36 - 1.73) 0.551
Antihypertensive drugs (N, %)
e ACEI/ARB 133 (63) 79 (63.2) 1.01 (0.64 - 1.59) 0.976
e Beta-blocker 59 (28) 53 (42) 1.9 (1.19 - 3.02) 0.007
e Calcium-channel blocker 96 (45.5) 60 (48) 1.11(0.71 - 1.72) 0.657
® Thiazide 3(1.42) 9(7.2) 5.38 (1.43 - 20.26) 0.013
e Furosemide 31 (14.7) 23 (18.4) 1.31 (0.72 - 2.37) 0.372
Antihyperglycemic drugs
e Sulfonylurea 84 (39.8) 52 (41.6) 1.08 (0.69-1.69) 0.747
® Metformin 156 (73.9) 86 (68.8) 0.78 (0.48-1.27) 0.311
® |nsulin 65 (30.8) 40 (32) 1.06 (0.66-1.7) 0.819
® DPP4 inhibitors 108 (51.2) 71 (56.8) 1.25(0.8-1.96) 0.319
® GLPl-receptor agonist 16 (7.56) 12 (9.6) 1.29 (0.59-2.83) 0.519
Cardiovascular disease drugs
® Aspirin 95 (45) 58 (46.4) 1.06 (0.68 - 1.65) 0.807
e Clopidogrel 19 (9) 14 (11.2) 1.27(0.61 - 2.64) 0.514
e Statins 198 (93.8) 118 (94.4) 1.11 (0.43 - 2.85) 0.834
® Ezetimibe 25 (11.9) 13 (10.4) 0.86 (0.42 - 1.76) 0.686
e Cilostazol 6 (2.8) 4(3.2) 1.13 (0.31 - 4.08) 0.853
e Ticagrelor 2(1) 3(2.4) 2.57(0.42 - 15.59) 0.305
e DOACs 4(1.9) 4(3.2) 1.71 (0.42 - 6.96) 0.454
e Warfarin 1(0.5) 5 (4) 8.75 (1.01-75.77) 0.049
Laboratory data
e Hemoglobin (g/dL) 124+ 15 112+ 15 0.59 (0.5-0.7) <0.001
® Hematocrit (%) 38.1 +4.5 345+49 0.84 (0.79 - 0.89) <0.001
e Creatinine (mg/dl) 0.89 (0.6 - 1.15) 1.02 (0.79-1.33) 1.71 (1.05 - 2.79) 0.031
® eGFR(m/min/1.73 m?); median (IQR) 79 (55 - 99) 69 (49 - 92) 0.98 (0.98 - 0.99) 0.005

162 J Nephrol Soc Thail 2024; 30(2): 157-167

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




Original Article JNST

Non-erythrocytosis | Erythrocytosis Odds Ratio

Parameter:
> (N = 211) (N=125) |(95% Confidence Interval)

CKD stages (N; %)

® stage 1 84 (39.8) 38 (30.4) 1

® stage 2 63 (29.9) 32 (25.6) 1.12 (0.63 - 1.99) 0.692
® stage 3 58 (27.5) 52 (41.6) 1.98 (1.16 - 3.39) 0.012
® stage 4 5(2.4) 3(2.4) 1.33 (0.30 - 5.84) 0.709
e stage 5 1(0.5) 0 (0) NA NA

Type of SGLT2i (N; %)
e Dapagliflozin 126 (59.7) 68 (54.4) 1
® EFmpagliflozin 82 (38.8) 57 (45.6) 1.29 (0.82-2.02) 0.269

ACEI/ARB; angiotensin-converting enzyme inhibitors/angiotensin receptor blockers; DPP4, dipeptidyl peptidase 4; GLP1,
glucagon-like peptide-1; DOACs; direct oral anticoagulants; eGFR, estimated glomerular filtration rate; CKD, chronic

kidney disease; SGLT2i; sodium-glucose cotransporter-2 inhibitors

=0= Erythrocytosis group =0= Non-erythrocytosis group
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Figure 3 Trends in hemoglobin levels in erythrocytosis and non-erythrocytosis groups

Hb; hemoglobin; mo, months

The eGFR values during the follow-up period of the  groups. Thereafter, a gradual return of eGFR to baseline
erythrocytosis and non-erythrocytosis groups are shown  was observed in both groups, with a tendency towards
in Figure 4. The erythrocytosis group had a lower eGFR  a heightened preservation of renal function in the eryth-

baseline. An initial drop in eGFR was observed in both  rocytosis group.
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Figure 4 Changes in estimated glomerular filtration rate in the erythrocytosis and non-erythrocytosis group

eGFR, estimated glomerular filtration rate; mo, months

The correlation between hemoglobin levels and eGFR
at >24 months is shown in Figure 5. There was a weak
but significant correlation between hemoglobin levels
and eGFR (r = 0.316, P < 0.001). Figure 6 shows the
changes in hemoglobin levels from baseline and the
average hemoglobin levels according to the ranges of
eGFR (<30, 30-59, 260 mU/min/1.73 m?) at >24 months.

20 -

18 - =

HEMOGLOBIN
S
|

0" 1 1 1
a0 60

The increase in hemoglobin from baseline was lowest
in the group with eGFR 260 ml/min/1.73 m?, but
between-group differences did not reach statistical
significance (P=0.46). The average hemoglobin level

at >24 months was highest in the group with eGFR =60

mUl/min/1.73m2 with a significant difference between the
3 groups (P <0.001).

80 100 120 140 160
GFR

Figure 5 Correlation between hemoglobin levels and estimated glomerular filtration rate at > 24 months

GFR, glomerular filtration rate
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14 P<0.001
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eGFR range at > 24 months

Figure 6 Changes in hemosglobin levels from baseline and the average hemoglobin levels at >24 months according
to kidney function

eGFR, estimated glomerular filtration rate; Hb, hemoglobin

Cardiovascular events and renal outcomes were no differences in cardiovascular events and renal
The cardiovascular events and renal outcomes  outcomes between the two groups. A tendency toward
associated with SGLT2i treatment in patients with and  an increase in mortality was observed in the non-

without erythrocytosis are presented in Table 3. There  erythrocytosis group.

Table 3 Cardiovascular events and renal outcomes in the erythrocytosis and non-erythrocytosis groups

Non-erythrocytosis Erythrocytosis

A N/9 P-
dverse events (N/%) (N = 211) (N = 125) value
Cardiovascular events 15 (7.1) 10 (8) 0.764
e Acute coronary syndrome 5(2.4) 4(3.2) 0.732
e Acute stroke 4(1.9) 1(0.8) 0.655
e Congestive heart failure 6(2.8) 5(4) 0.546
Deep venous thrombosis 1(0.5) 0 (0) 1.000
Renal events 21 (10) 15(12) 0.558
e Acute kidney injury 6(2.8) 2 (1.6) 0.715
® CKD progression 7(3.3) 6 (4.8) 0.563
e Metabolic acidosis (including diabetic ketoacidosis) 1(0.5) 1(0.8) 1.000
® Urinary tract infection 9(4.3) 8 (6.4) 0.443
Death from any cause 6(2.8) 0 (0) 0.057
® Sepsis 2(1) 0 (0) 0.531
e Thrombotic cardiovascular events 1(0.5) 0 (0) 1.000
® Heart failure 2(1) 0 (0) 0.531
e Malignancy 1(0.5) 0 (0) 1.000

CKD, chronic kidney disease
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Discussion

The present study investigated the changes in
hemoglobin, prevalence, and predictors of erythrocytosis
and cardiovascular events and renal outcomes associated
with erythrocytosis after SGLT2i treatment in patients with
T2DM. A gradual increase in hemoglobin levels over time
was observed after SGLT2i treatment. The prevalence of
erythrocytosis was 32.7%. Predictors of erythrocytosis
included older age, using thiazide diuretics and
beta-blockers, and lower hemoglobin and kidney function
at baseline. There was no difference in cardiovascular
events and renal outcomes between the erythrocytosis
and non-erythrocytosis groups.

An increase in hemoglobin after SGLT2i treatment has
been reported previously."” Similar to previous studies,
the present study demonstrated a significant increase
in hemoglobin from baseline after SGLT2i treatment.
The prevalence of erythrocytosis in the present study
appeared to be higher than that in previous studies
that reported a 2-4% increase in hematocrit relative
to placebo after 8 weeks of SGLT2i treatment.” It is
possible that this study had a longer follow-up period,
and the continued increase of hemoglobin was observed
beyond 8 weeks of treatment. The decline in eGFR at the
beginning of treatment with SGLT2i could be explained
by the diuretic effect of the drug. However, an increase
in hemoglobin was observed beyond the early period
indicating that hemoconcentration was not responsible
for the increase in hemoglobin and hematocrit. As men-
tioned earlier, SGLT2i can enhance erythropoiesis through
several mechanisms.”” "

This study also showed that both erythrocytosis
and non-erythrocytosis groups were able to maintain
eGFR throughout the study period. There was a trend
that suggested better preservation of eGFR in the erythro-
cytosis group at 24 weeks. The weak correlation between
hemoglobin and eGFR was also evident, with the group
with lower eGFR at baseline being more likely to develop
erythrocytosis. The greater change in hemoglobin after
SGLT2i treatment in the group of patients with lower
eGFR and hemoglobin at baseline might be partly

responsible for the trend toward the preservation of

eGFR in the erythrocytosis group. Previous studies have
demonstrated an association between the increase in
hemoglobin and better renal function after SGLT2i
treatment.”®’

Regarding cardiovascular events and renal outcomes,
there was no significant difference in the incidence of
cardiovascular events and renal outcomes between the
erythrocytosis and non-erythrocytosis groups. However,
there was a borderline statistically significant difference
in mortality between the two groups, with no deaths in
the erythrocytosis group and six deaths in the non-
erythrocytosis group. This finding could be partly
explained by the lower hemoglobin level in the

non-erythrocytosis group.

Limitations

This study was a retrospective observational study;
therefore, the study was subjected to selection bias and
confounding variables. The effects of SGLT2i on outcomes
could not be ascertained because of the lack of a control
group. The study was conducted in a single center, thereby
limiting the generalizability of the results. The findings
from the present study require confirmation from larger

randomized trials with longer follow-up periods.

Conclusion

A gradual increase in hemoglobin levels was observed
after SGLT2i treatment in patients with T2DM. The preva-
lence of erythrocytosis was high, and the predictors of
erythrocytosis included lower hemoglobin and kidney
function at baseline. The presence of erythrocytosis did
not significantly affect cardiovascular events and renal

outcomes.

References
1. Vejakama P, Ingsathit A, Attia J, Thakkinstian A. Epide-
miological Study of Chronic Kidney Disease Progression: A
Large-Scale Population-Based Cohort Study. Medicine
(Baltimore). 2015;94(4):e475.
2. Brenner BM, Cooper ME, de Zeeuw D, Keane WF, Mitch
WE, Parving HH, et al. Effects of Losartan on Renal and

Cardiovascular Outcomes in Patients with Type 2 Diabetes

166 J Nephrol Soc Thail 2024; 30(2): 157-167

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



Original Article JNST

10.

11.

12.

13.

and Nephropathy. N Engl J Med. 2001;345(12):861-9.

Rodby RA, Rohde RD, Clarke WR, Hunsicker LG, Anzalone DA,
Atkins RC, et al. The Irbesartan Type Il Diabetic Nephropathy
Trial: study design and baseline patient characteristics. Nephrol
Dial Transplant. 2000;15(4):487-97.

Cheungpasitporn W, Thongprayoon C, Chiasakul T, Korpaisarn
S, Erickson SB. Renin-angiotensin system inhibitors linked
to anemia: a systematic review and meta-analysis. QJM.
2015;108(11):879-84.

Kendrick J, Chonchol MB. Nontraditional risk factors for
cardiovascular disease in patients with chronic kidney disease.
Nat Clin Pract Nephrol. 2008;4(12):672-81.

Washburn WN, Poucher SM. Differentiating sodium-
glucose co-transporter-2 inhibitors in development for the
treatment of type 2 diabetes mellitus. Expert Opin Investig
Drugs. 2013;22(4):463-86.

Zinman B, Wanner C, Lachin JM, Fitchett D, Bluhmki E, Hantel
S, et al. Empagliflozin, Cardiovascular Outcomes, and Mortality
in Type 2 Diabetes. N Engl J Med. 2015;373(22):2117-28.
The EMPA-KIDNEY Collaborative Group, Herrington WG,
Staplin N, Wanner C, Green JB, Hauske SJ, et al. Empagliflozin
in Patients with Chronic Kidney Disease. N Engl J Med.
2023;388(2):117-27.

Heerspink HJL, Stefansson BV, Correa-Rotter R, Chertow GM,
Greene T, Hou FF, et al. Dapagliflozin in Patients with Chronic
Kidney Disease. N Engl J Med. 2020;383(15):1436-46.
Rossing P, Caramori ML, Chan JCN, Heerspink HJL, Hurst C,
Khunti K, et al. KDIGO 2022 Clinical Practice Guideline for
Diabetes Management in Chronic Kidney Disease. Kidney Int.
2022;102(55):51-S127.

American Diabetes Association. Standards of Medical Care
in Diabetes—2022 Abridged for Primary Care Providers. Clin
Diabetes. 2022;40(1):10-38.

Wiviott SD, Raz |, Bonaca MP, Mosenzon O, Kato ET, Cahn A,
et al. Dapagliflozin and Cardiovascular Outcomes in Type 2
Diabetes. N Engl J Med. 2019;380(4):347-57.

Wang X, Fu R, Liu H, Ma Y, Qiu X, Dong Z. The effects of
sodium glucose co-transporter (SGLT) 2 inhibitors on
hematocrit levels: a systematic review and meta-
analysis of randomized controlled trials. Ann Palliat Med.

2021;10(6):6467-81.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Levin A, Thompson CR, Ethier J, Carlisle EJ, Tobe S, Mendelssohn
D, et al. Left ventricular mass index increase in early renal
disease: impact of decline in hemosglobin. Am J Kidney Dis.
1999;34(1):125-34.

Marathias KP, Lambadiari VA, Markakis KP, Vlahakos VD,
Bacharaki D, Raptis AE, et al. Competing Effects of Renin
Angiotensin System Blockade and Sodium-Glucose
Cotransporter-2 Inhibitors on Erythropoietin Secretion in
Diabetes. Am J Nephrol. 2020;51(5):349-56.

Souma T, Suzuki N, Yamamoto M. Renal erythropoietin-
producing cells in health and disease. Front Physiol.
2015;6:167.

Souma T, Nezu M, Nakano D, Yamazaki S, Hirano |, Sekine
H, et al. Erythropoietin Synthesis in Renal Myofibroblasts Is
Restored by Activation of Hypoxia Signaling. J Am Soc Nephrol.
2016;27(2):428-38.

Ghanim H, Abuaysheh S, Hejna J, Green K, Batra M, Makdissi
A, et al. Dapagliflozin Suppresses Hepcidin And Increases
Erythropoiesis. J Clin Endocrinol Metab. 2020;105(4):dgaa057.
Tile H, Moschen AR. Inflammatory Mechanisms in the
Regulation of Insulin Resistance. Mol Med. 2008;14(3-4):
222-31.

Fleming RE. Iron and inflammation: cross-talk between
pathways regulating hepcidin. J Mol Med (Berl). 2008;86(5):
491-4.

Mithoowani S, Laureano M, Crowther MA, Hillis CM.
Investigation and management of erythrocytosis. CMAJ.
2020;192(32):E913-8.

Gasdpersi¢ J, Kristan A, Kunej T, Zupan IP, Debeljak N.
Erythrocytosis: genes and pathways involved in disease
development. Blood Transfus. 2021;19(6):518-32.

Faul F, Erdfelder E, Lang AG, Buchner A. G*Power 3: a flexible
statistical power analysis program for the social, behavioral,
and biomedical sciences. Behav Res Methods. 2007;39(2):
175-91.

Sano M, Goto S. Possible Mechanism of Hematocrit
Elevation by Sodium Glucose Cotransporter 2 Inhibitors
and Associated Beneficial Renal and Cardiovascular Effects.

Circulation. 2019;139(17):1985-7.

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

J Nephrol Soc Thail 2024; 30(2): 157-167 167



i

WdiN IHL
THAILAND

ROLOGY SOCIETY OF

Nephrology

Society of Thailand @ sansauIALisalankiUszinAlne




