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Nephrotic syndrome (NS) is defined by
proteinuria exceeding 3.5 g per 24 hours, hypo-
albuminemia, hyperlipidemia, and peripheral
edema. Rather than being a distinct disease, NS is
a clinical manifestation of underlying renal
disease.! NS has the potential to cause setious
complications, both related to the disease itself
and due to the therapy given. Therefore, the NS
diagnosis must be accurate to provide more
targeted therapy decisions.

In the diagnostic process, renal biopsy
serves as an essential component. Standard
evaluation of biopsy specimens consists of light
microscopy (LM), immunofluorescence (IF), and
electron microscopy (EM). At the same time,
standard staining includes hematoxylin and eosin
(H&E), periodic acid-Schiff (PAS), Masson's
trichrome, Jones-methenamine silver, and Congo
red staining if amyloidosis is suspected. However,
these standard examinations are still challenging
to provide optimally in many centers. Fortunate-
ly, recent advancements, particularly in the
evolution of new antibodies (e.g., PLA2R-ab and
Nephrin-Ab), have introduced new opportunities
for non-invasive NS diagnostics with promising
potential for current and future applications.

Cite this as:

The following presents some of the
causes of NS and the extent to which a renal
biopsy is needed to confirm the underlying
disease.

e Minimal Change Disease (MCD). MCD
accounts for about 10% of NS cases in
adults and is primarily idiopathic. The
pathological features of MCD are loss of
foot processes on EM but normal on LM
and no complement or immunoglobulin
(Ig) deposits on IF. It is suspected that a
systemic process causes the production of
glomerular permeability factors, such as
autoantibodies, to nephrin. However,
MCD has also been linked to secondary
factors, including malignancies, infections,
and drug use.!?

e Diagnosis. Renal biopsy is necessary for
diagnosing MCD in adults, as no specific
laboratory test is capable of distinguishing
MCD from other forms of NS. Following
the diagnosis of MCD, the next step is to
assess potential secondary causes.?

Samsu N. Should All Patients with Nephrotic Syndrome Undergo a Renal Biopsy? InaKidney. 2024;1(3):1-4.
doi: 10.32867/inakidney.v1i3.160
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Focal Segmental Glomerulosclerosis
(FSGS). FSGS is a pattern of kidney
damage primarily affecting podocytes,
which in LM is indicated by sclerosis
observed in parts (segmental) of some
glomeruli (focal). Depending on the under-
lying cause, FSGS can be classified into
primary, secondary, and genetic forms.!
The pathogenesis of primary FSGS likely
involves circulating factors that cause
podocyte dysfunction, typically leading to
effacement of the foot processes.

Diagnosis. Renal biopsy is essential for
identifying FSGS lesions. Since FSGS
represents a histologic pattern rather than a
distinct disease, detecting these lesions
should prompt an evaluation of the under-
lying cause. Differentiating primary from
secondary FSGS requires assessing the
absence or presence of NS, the degree of
podocyte foot process effacement (usually
diffuse in primary FSGS and segmental in
secondary IFSGS), and risk factors
associated with secondary FSGS. However,
these clinical and pathologic characteristics
do not suffice for identifying a genetic
cause of FSGS. Consequently, genetic
testing is advisable in patients whose
diagnosis remains unclear after clinic-

pathologic assessment.!

IgA nephropathy (IgAN). IgAN is the
most  prevalent form of  primary
glomerulonephritis worldwide but rarely
presents with NS. Renal biopsies in some
IgAN patients with NS showed in-
consistent findings, including mesangial
IgA deposition and mild histologic lesions.
However, EM showed extensive efface-
ment of the foot processes, similar to that
observed in MCD, thus defining it as
MCD-IgAN.3

Diagnosis. The diagnosis of IgAN can
only be confirmed through renal biopsy,
with the detection of IgA deposits on IF.
This is because, to date, no specific
laboratory findings are available to
diagnose IgAN. However, renal biopsy also

InaKidney | Vol. 1 | Issue 3 | December 2024

depends on the clinical presentation, which
may not be necessary for every patient
suspected of having IgAN. In cases of
isolated hematuria without proteinuria and
impaired renal function, biopsy is typically
not performed, as it would not change
therapy. However, indications for renal
biopsy vary geographically.!

Lupus Nephritis (LN). Membranous LN
(class V LN) occurs in more than 20% of
patients with LN and may coexist with class
III or IV LN.# There are two mechanisms
underlying membranous LN. First, through
the formation of auto-antibodies against
nuclear antigens and antibodies against
Clg, Sm, Ro, chromatin, ribosomes, and
others;! cationic antigens can penetrate the
anionic glomerular base-ment membrane
(GBM) and deposit in the subepithelial
space, leading to antibody binding and in
situ immune complex formation. Second,
through the formation of circulating
antibodies ~ against ~ podocyte-specific
antigens, such as the exostosin 1/ exostosin
2 (EXT1/2) complex and neural cell
adhesion molecule 1 (NCAM).>¢ Both
mechanisms can activate local complement;
however, the GBM separates chemo-
attractants from the blood, and immune
cell recruitment is minimal. Therefore,
injury is confined to podocytes, leading to
proteinuria without renal dysfunction in
most cases.!

Diagnosis: Standard diagnosis requires
biopsy. Pure class V LN is characterized by
thickening the glomerular capillary wall in
LM and subepithelial immune deposits
similar to MN in EM. However, typical of
class V LN not found in MN are IgA, IgM,
IgG, C3, and Clq along more than half of
the glomerular capillary loop in IF.!

Membranoproliferative glomerulo-
(MPGN).  Subendothelial
immune complex deposits characterize
MPGN and typically manifest as a
nephrotic/nephritic

nephritis

combination of
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syndrome and decreased complement C3.7
The hallmarks of glomerular injury on renal
biopsy include (a) thickening or double
contour of the GBM on silver staining and
(b) endo-capillary and mesangial hyper-
cellularity.!

e Diagnosis. Renal biopsy is crucial for
diagnosing MPGN. The classification falls
into immune complex-mediated MPGN (I-
MPGN), complement-mediated MPGN
(C-MPGN), and without Ig or complement
deposition® based on IF microscopy
tindings. C-MPGN is now referred to as C3
glomerulopathy (C3G), which includes two
major subtypes—C3 glomerulonephritis
(C3GN) and dense deposit disease
(DDD)—according to the different
patterns of C3 deposition in EM.?

¢ Membranous nephropathy (MN). MN is
the leading cause of primary NS in adults.
The characteristic injury pattern on renal
biopsy includes thickening of the GBM and
subepithelial Ig deposits with or without
minimal  cellular  proliferation  or
infiltration. Clinical signs of NS develop
slowly as the accumulation of immune
complex deposits occurs gradually, often
making it challenging to identify its onset.
Proteinuria in MN can vary, ranging from
subnephrotic to severely nephrotic. Renal
function is generally preserved; most
patients maintain normal blood pressure.!

e Diagnosis. Currently, MN is the only
possible cause of NS immune-mediated
based without renal biopsy. Although many
autoantibodies have been identified for
diagnosing MN!, to date, only PLA2R-ab
has been shown to help diagnose primary
MN. Renal biopsy is unnecessary if anti-
PLA2R-ab serology is positive, there is no
indication of secondary causes, and renal
function remains normal.l? A biopsy is only
indicated if anti-PLA2R-ab is negative,
there is impaired renal function, and there
is evidence of secondary causes. If the
findings are consistent with MN, the biopsy
specimen should also be examined for

PLAZ2R staining. Anti-PLA2R-ab levels can
also monitor response to therapy.!0 If anti-
PLAR?2 titers are undetectable, immuno-
suppressive therapy can be discontinued,
and if increasing titers are found, therapy
modification is necessary.!

Based on the brief description above, it
can be concluded that every patient with NS
should always undergo a kidney biopsy and
standard microscopic examination and staining.
Only NS due to MN can be diagnosed without
renal biopsy, with positive anti-PLA2R anti-
bodies, provided that renal function is normal
and there is no evidence of secondary causes.
However, the current evidence is still limited to
patients with positive anti-PLAZ2R antibodies and
is unclear for patients with positive THSD7A.
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Background: Studies indicate that large fluctuations in pulse pressure during
hemodialysis are associated with cardiovascular events, cardiovascular mortality, and all-
cause mortality.

Objective: We investigated the determinants of detrimental changes in pulse pressure
(APP) during hemodialysis.

Methods: This prospective, observational cohort study was conducted from 1 to 30
April 2023 at Dr. Sardjito Hospital Yogyakarta, involving maintenance hemodialysis
patients for = 6 months. Patients were categorized into group 1 (detrimental APP, APP
>5 mmHg or <—25 mmHg) and group 2 (stable APP, —25 to 5 mmHg). Mann-Whitney,
independent-t, chi-square, Fisher exact tests, and logistic regression were applied to
evaluate associations between APP groups and clinical variables.

Results: This study involved 136 patients, 75 males (55.1%) with a mean age of 52 (18-
87). The most common comorbid was hypertension, present in 85 patients (62.5%). The
mean hemodialysis vintage of patients was 47.2 (6.5-330.7) months. We found
significant difference between group in post-dialysis systolic blood pressure (SBP)
(p=0.003), pre-dialysis diastolic blood pressure (DBP) (p=0.015), post-dialysis DBP
(p=0.007), ultrafiltration (p=0.041), pre-dialysis mean-atterial-pressure (MAP)
(p=0.013), post-dialysis MAP (p=0.002), and alpha-blocker treatment (p=0.037).
Multivariate logistic regression analysis shows a significant association between groups
of APP with pre-dialysis DBP (p=0.035; OR=1.153; OR=Exp(1%:% =4.137) and post-

ratna.damayanti. dialysis SBP (p=0.007; OR=1.052; OR=Exp(10x#) =1.6487).

dr ail.com Conclusion: Our study demonstrates that group 1, with detrimental changes in pulse
pressure during hemodialysis, was found to have higher post-dialysis DBP, pre-dialysis
DBP, post-dialysis SBP, pre-dialysis MAP, post-dialysis MAP, alpha-blocker treatment,
and ultrafiltration, with significant association with post-dialysis SBP and pre-dialysis
DBP.
Keywords: Chronic Kidney Disease, Maintenance Hemodialysis, Detrimental
Changes, A Pulse Pressure.

Introduction complications atising from changes in blood

In Indonesia, hemodialysis is the most
commonly used modality for renal replacement

therapy. While essential, hemodialysis may lead to

pressure during the procedure, including intra-
dialytic hypotension and intra-dialytic hyper-
tension, both of which may negatively impact

Cite this as:

Damayanti R, Kuswadi I, Prasanto RH, Puspitasari M, Wardhani Y, Pratama D. The Determinants of
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patient outcomes. However, the extent to which
blood pressure changes during hemodialysis
affect or predict survival remains poorly under-
stood.

Cardiovascular disease is a prevalent
complication and the leading cause of mortality
among patients with end-stage renal disease
undergoing maintenance hemodialysis.! These
patients frequently exhibit vascular changes, such
as arteriosclerosis and atherosclerosis,

contributing to increased pulse pressure.>?

Pulse pressure, a recognized prognostic
marker of vascular stiffness, is calculated by
subtracting diastolic blood pressure (DBP) from
systolic blood pressure (SBP).* Several key factors
influence pulse pressure, including arterial wall
compliance, stroke volume, vascular resistance,
and patient-specific variables such as age, heart
rate, height, underlying disease, endurance
aerobic exercise, hormone replacement therapy,
salt intake, and anti-hypertensive drugs.

Increased pulse pressure (PP) serves as
an independent predictor of cardiovascular
events, cardiovascular mortality, and all-cause
mortality in both the general population and
subgroups such as eldetly individuals and those
with hypertension.>® Changes in pulse pressure
are associated with factors including age, duration
of hemodialysis, sex, blood flow rate, ultra-
filtration, diabetes mellitus, inflammation, and
albumin  levels in  patients undergoing
maintenance hemodialysis.”

Compared to age-matched controls with
normal renal function, patients on maintenance
hemodialysis exhibit higher pulse pressure values,
irrespective of mean arterial blood pressure
(MAP).” Increased pulse pressure and arterial
stiffness are associated with higher risks of
cardiovascular events, cardiovascular mortality,
and all-cause mortality in these patients.??

Hypervolemia may significantly
contribute to changes in pulse pressure (APP) in
maintenance hemodialysis patients.’® Volume
overload has been linked to left ventricular hyper-

trophy and increased mortality.!'-13 Research
phy y

InaKidney | Vol. 1 | Issue 3 | December 2024

suggests that decreased pulse pressure during
hemodialysis is linked to a lower risk of
hospitalization and mortality.'4 Regression
models have limited these previous observations,
assuming a linear relationship between pulse
pressure changes and mortality. As a result, these
models may be underpowered to detect a
U-shaped association of high mortality with
increases or decreases in pulse pressure.'4

Some studies indicate that significant
declines or increases in SBP during hemodialysis
are linked to higher rates of cardiovascular
events, cardiovascular mortality, and all-cause
mortality.!> Conversely, moderate pulse pressure
reductions following hemodialysis are linked to
improved survival outcomes. Large declines (>25
mmHg) or increases (>5 mmHg) in pulse
pressure have been associated with higher
mortality risks.!® Moreover, increased pre- and
post-dialysis pulse pressure have been identified
as important predictors of all-cause mortality in
hemodialysis patients.”!7

Despite various factors influencing pulse
pressure changes in maintenance hemodialysis
patients, the primary determinants of adverse
pulse pressure changes in  maintenance
hemodialysis patients remain unclear. Therefore,
this study aims to identify the factors contributing
to detrimental changes in pulse pressure (APP)
during hemodialysis to identify the optimal blood
pressure management strategies for these
patients.

Methods
Design and participants

This prospective cohort study utilized
data from patients 18 and older undergoing
routine hemodialysis for more than 6 months at
the Dr. Sardjito General Hospital hemodialysis
center between April 1 and April 30, 2023. A total
of 159 patients undergoing routine hemodialysis
at Dr. Sardjito Hospital were considered for
inclusion. Patient selection methods are
illustrated in Figure 1 as a flowchart. After
applying the exclusion criteria, the final sample
comprised 136 patients.
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Maintenance Hemodialysis Patients (MHP) at the hemodialysis center of

Inclusion criteria: MHP for more

Exclusion criteria: Patients with unstable hemodynamic
parameters, severe aortic stenosis, recent myocardial
infarction (n=1), cerebrovascular event in the last 3
months (n=1), life threatening anemia (Hb <6.5), acute
decompensated heart failure, acute infection, morbid

than 6 months and aged over 18

years -
Research subjects (N =136

obesity, and Dbilateral arteriovenous (&V)
fistula, hemodialysis patients less than 6 months (n=14),
age less than 18 years (n=1).

Data Collection:
* Demographic characteristics
+ Blood tests in the second week of observation.

(PP) pre and post in every HD session for one month.

¢+ HAverage hemodialysis prescription in a month (Blood Flow, UF, Kt/V, heparin dose), ESA dose/week, MIS (Malnutrition
Inflammation Score) and ERI (Erythropoietin Resistance Index) scores.
+ Measurement of mean systolic blood pressure, diastolic blood pressure, mean arterial pressure, heart rate, pulse pressure

e

Statistical Data Analysis : Normality Test Kolmogorov Smirnov, Bivariat Analysis (Chi square, Fisher exact, Mann

Whitney, Independent Sample T Test), Univariate Logistic Regression, Multivariate Logistic Regression Tests

Figure 1. A flowchart of patient selection in our study

Demographic characteristics, including
age, gender, duration of hemodialysis, body
weight, height, body mass index (BMI), smoking
status, causes of end-stage renal disease, routine
blood  tests, blood chemistry, average
hemodialysis prescription over a month (blood
flow, ultrafiltration volume, Kt/V, hepatin dose),
erythropoietin ~ stimulating  agents  (ESA)
dose/week, Malnutrition Inflammation Score
(MIS), Erythropoietin Resistance Index (ERI)
scotes and measurement of mean systolic blood
pressure, diastolic blood pressure, mean arterial
pressure, heart rate, pulse pressure pre and post
in every hemodialysis (HD) session for one
month were recorded. All patients underwent an
assessment of their hemodialysis records on April
1, 2023. The dialysis prescription lasts 3.5 to 5
hours, with blood flow rates between 120-300
ml/min, using standard bicarbonate dialysis
concentrate  (Sol-Cart®  B-B.Braun) and
polyethersulfone  hemodialysis  filter  high
permeability (Model SHM-DLPES-P1.6HF®-—
HOSPITECH®) with an effective surface area of
1.6 m2 and an ultrafiltration rate of 71
ml/h/mmHg. The erythropoiesis stimulant
agents administered included Epoetin Alfa
(Hemapo®-Kalbe Farma®) and Epoetin Beta
(Recormon®-Roche®).

Study Covariates

The primary outcome of this study was
to identify factors associated with detrimental
changes in pulse pressure during hemodialysis.
Detrimental changes in pulse pressure during
hemodialysis are defined as significant declines
(>-25 mmHg) or increases (>5 mmHg) in pulse
pressure, both of which have been associated
with  higher cardiovascular and all-cause
mortality.1¢

The inclusion criteria for this study were
all patients aged 18 years and older who had been
undergoing routine hemodialysis for more than 6
months at the hemodialysis center of Dr. Sardjito
Hospital from April 1 to April 30, 2023. The
exclusion criteria included patients with unstable
hemodynamic parameters, severe aortic stenosis,
recent myocardial infarction, cerebrovascular
events in the past 3 months, life-threatening
anemia (Hb <0.5), acute decompensated heart
failure, acute infection, morbid obesity, bilateral
arteriovenous (AV) fistula, those undergoing
hemodialysis for less than 6 months, and those
under 18 years of age.

The factors analyzed in this study
included various demographic characteristics,
blood tests, malnutrition status (assessed using
the Malnutrition Inflammation Score (MIS) and
body mass index (BMI)), iron deficiency

InaKidney | Vol. 1 | Issue 3 | December 2024
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(evaluated based on transferrin saturation, blood
iron levels/serum iron (SI) and total iron binding
capacity (TIBC), Erythropoietin Resistance Index
(ERI) score, dialysis prescription (include data of
Kt/V wvalues, blood flow, ultrafiltration volume
and duration of hemodialysis) as well as hyper-
parathyroid conditions (assessed by a simple
examination of calcium levels and serum
phosphorus levels) and measurement of mean
systolic blood pressure, diastolic blood pressure,
mean arterial pressure, heart rate, pulse pressure
(PP) pre and post in every HD session for one
month period.

Statistical analysis

Data processing was conducted using
the SPSS 26.0 software package. Descriptive
statistical methods measure central tendencies
(mean, median) and summarize the numerical
characteristics of the observed research variables.
The results of data analysis were considered
statistically significant if the p-value <0.05. The
normality of data variables was analyzed using the
Kolmogorov-Smirnov test. Continuous variables
were summarized as meantstandard deviation

(normal variables) or median and quartiles (non-

Table 1. Baseline characteristic

normal variables). Categorical variables were

presented as percentages.

Bivariate analyses, including Chi-square,
Fisher exact, Mann-Whitney, and Independent
Sample T-Test were used to determine the
correlation significance between various in-
dependent factors and detrimental blood
pressure changes during hemodialysis. The
strength of the relationship between the in-
dependent factors and detrimental blood
pressure changes during hemodialysis treatment
was analyzed using univariate logistic regression,
followed by multivariate logistic regression
analysis to adjust for potential confounders.

Results

Table 1 presents the basic characteristics
of the study sample. Of the 136 patients, 75
(55.1%) were male, and the mean age was 52
years (range 18-87). Hypertension was the most
prevalent comorbidity, affecting 85 patients
(62.5%). The mean hemodialysis vintage was 47.2
months (6.5-330.7).

Mean * SD or Median

(min-max) n %
Age (years) 52 (18-87)
Gender Male 75 55.1
Female 61 44.9

Dialysis Vintage (Months)

DM Yes
No
Hypertension Yes
No
Obstructive uropathy Yes
(stone/stricture No
urethra/prostate)
GNC Yes
No
Others/unknown Yes
No

InaKidney | Vol. 1 | Issue 3 | December 2024

472 (6.5-330.7)

29 21.3
107 78.7
85 62.5
51 37.5
8 5.9

128 94.1
11 8.1

125 91.9
2 1.5

134 98.5
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Weight (kg) 60.53 + 13.82

Height (cm) 160 (136-184)

BMI 23.3 (14.8-35.1)

Albumin (mg/dl) 4 (2.3-4.9)

EPO dose/weeks 6000 (4000-8000)

ST 52.5 (19-179)

TIBC 195 (97-382)

Transferrin Saturation 28.8 (8.8-99.4)

Hb 9.5 (6.5-13,1)

AL 6 (2.2-12.9)

AT 200 (63-442)

Albumin (mg/dl) 4 (2.3-4.9)

Calcium (mg/dl) 8.9 (2.6-13)

Corrected calcium (calculator) 8.9 (2.5-13.4)

Phosphorus (mg/dl) 4.16 + 1.58

Cotrected calcium x phosphotus (mg/dl) 37.11 £ 14.49

Malignancy Yes 3 22
No 133 97.8

Steroid Yes 2 1.5
No 134 98.5

Smoker Yes 1 0.7
No 135 99.3

Infection Yes 0 0.0
No 136 100.0

Transfusion Yes 2 1.5
No 134 98.5

Hepatitis B Yes 4 2.9
No 132 97.1

Hepatitis C Yes 0 0.0
No 136 100.0

HIV Yes 1 0.7
No 135 99.3

History of hemorrhage within 3 Yes 7 5.1

months No 129 94.9

ARB Yes 98 72.1
No 38 27.9

CCB Yes 98 72.1
No 38 27.9

Beta Blocker Yes 27 19.9
No 109 80.1

Statin Yes 7 5.1
No 129 94.9

Alpha Blocker Yes 21 15.4

9 InaKidney | Vol. 1 | Issue 3 | December 2024
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No 115 84.6
Calcium Carbonate Yes 89 65.4
No 47 34.6
Amount of Anti-Hypertensive 0 30 22.1
Drug Usage 1 10 7.4
2 63 46.3
3 25 18.4
4 8 5.9

Table 2. Factors that influenced detrimental changes during hemodialysis treatment

Delta Pulse Pressure Category

-24.99-4.99 =<-25or =5 P
Median ~ Min Max Median  Min Max

Age (year) 52.5 18 87 48 18 76 0,299*
Dialysis Vintage (months) 47.40 6.5 330.75 46.65 6.60 205.75 0,553*
Height (cm) 159.5 136 184 162 146 176 0,331*
BMI 24.12 14.86 35.11 22.49 16.38 32.89 0,518*
Albumin (mg/dl) 3.99 227 4.86 4.05 3.27 4.68 0,889*
EPO dose/week 6000 4000 8000 6000 4000 6000 0,739*
ST 53 27 179 52 19 135 0,724*
TIBC 194.5 97 329 196 126 382 0,640*
Transferrin Saturation 28.70 12.79 99.38 29.73 8.79 73.14 0.962*
Blood Flow 225 130 300 230 150 300 0,053*
Hb 9.45 6.50 12.40 9.55 6.50 13.1 0,752*
AL 5.95 2.20 7.1 6 3.60 12.90 0,900*
AT 202.5 63 442 196 94 442 0,662*
Albumin (mg/dl) 3.99 2.27 4.86 4.05 3.27 4.68 0,889*
Calcium (mg/dl) 8.94 2.60 13 8.78 6.92 12.64 0,392*
Post-dialysis Diastolic Blood ~ 84.12 61 113 87.85 62.25 124.88 0,041*
Pressure (DBP)

Pre dialysis Pulse pressure 64.72 33.12 116.89 67.74 30.5 100.5 0,539*
Time of Dialysis (hours) 4.5 3 5 4.5 3 5 0,510*
Ultrafiltration Volume (ml) 3000 300 5000 3500 300 5000 0,046*
ERI SCORE 10.30 5.60 28.74 10.70 4.39 17.26 0,727%*
MIS SCORE 4 1 19 5 1 16 0,320*

InaKidney | Vol. 1 | Issue 3 | December 2024 10



InaKidney Original Article

Cont.

Delta Pulse Pressure Category

-24.99-4.99 <-250r 25 P

Mean SD Mean SD
Body Weight (kg) 60.58 14.78 60.43 11.70 0,954
KT/V 1.75 31 1.73 .34 0,795%*
Phosphorus (mg/dl) 4.29 1.53 3.88 1.65 0,151%*
Corrected calcium x phosphorus 38.35 14.27 34.53 14.75 0,151%**
(mg/dl)
Pre-Dialysis Systolic Blood Pressure  142.92 19.45 149.52 20.56 0,071%**
(SBP)
Post Dialysis SBP 143.76 21.75 159.48 35.23 0,002%*
Pre-dialysis Heart rate 79.55 11.44 79.92 11.76 0,864**
Post-dialysis Heart rate 77.11 11.23 79.86 12.26 0,197**
Mean of peridialytic heart rate 78.33 10.65 79.89 11.18 0,434%*
Pre-dialysis Diastolic Blood Pressure ~ 75.50 12.73 81.67 14.33 0,012%*
(DBP)
Post-dialysis pulse pressure 59.28 17.60 67.97 23.03 0,016%**
Pre-dialysis MAP 97.86 1291 104.29 14.80 0,011**
Post-dialysis MAP 104.27 12.99 114.15 22.23 0,001**
Hb 9.30 1.46 9.37 1.57 0,795%*

*Independent T-test

Delta Pulse Pressure Category

-24.99-4.99 <-25o0r 25 P
N % N %
Gender Male 48 64.0 27 36.0 0,313#
Female 44 721 17 27.9
Others/unknown Yes 2 100.0 0 0.0 1,0008
No 90 67.2 44 32.8
DM Yes 21 72.4 8 27.6 0,536%
No 71 66.4 36 33.6
Hypertension Yes 54 63.5 31 36.5 0,185%
No 38 74.5 13 25.5
Obstructive uropathy Yes 7 87.5 1 12.5 0,437%
(stone/stricture No 85 66.4 43 33.6
urethra/prostate)
Glomerulonephritis Yes 8 72.7 3 27.3 1,0008
Chronic No 84 67.2 41 32.8
Vascular dialysis access AV shunt 85 68.0 40 32.0 0,7473
Others 7 63.6 4 36.4
Heparin Continue 80 65.6 42 34.4 0,217#
Mini 7 77.8 2 22.2
Free 5 100.0 0 0.0%
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Ferrous Sulfate Injection Yes 10 58.8 7 41.2 0,406%
No 82 68.9 37 31.1

Malignancy Yes 3 100.0 0 0.0 0,551%
No 89 66.9 44 33.1

Steroid Yes 1 50.0 1 50.0 0,544%
No 91 67.9 43 321

Smoker Yes 1 100.0 0 0.0 1,0008
No 91 67.4 44 32.6

Infection Yes 0 0.0 0 0.0 -
No 92 67.6 44 32.4

Transfusion Yes 1 50.0 1 50.0 0,544
No 91 67.9 43 32.1

Hepatitis B Yes 3 75.0 1 25.0 1,0003
No 89 67.4 43 32.6

Hepatitis C Yes 0 0.0 0 0.0 -
No 92 67.6 44 32.4

HIV Yes 1 100.0 0 0.0 1,0008
No 91 67.4 44 32.6

Bleeding History Yes 6 85.7 1 14.3 0,428%

In 3 months No 86 66.7 43 33.3

ARB Yes 62 63.3 36 36.7 0,079#
No 30 78.9 8 21.1

CCB Yes 64 65.3 34 34.7 0,349#
No 28 73.7 10 26.3

Beta Blocker Yes 20 74.1 7 25.9 0,425%
No 72 60.1 37 33.9

Statin Yes 7 100.0 0 0.0 0,096%
No 85 65.9 44 34.1

Alpha-blocker Yes 10 47.6 11 52.4 0,033#
No 82 71.3 33 28.7

Calcium carbonate Yes 60 67.4 29 32.6 0,937#
No 32 68.1 15 31.9

Amount of antihypertensive 0 24 80.0 6 20.0 0,581#

drug treatment usage 1 7 70.0 3 30.0
2 40 63.5 23 36.5
3 16 64.0 9 36.0
4 5 62.5 3 37.5

Corrected ca x phosphorus ~ <=55 82 66.7 41 333 0,547%
>55 10 76.9 3 23.1

Notes:

*Mann Whitney test, **Independent T test, # Chi-Square test, $ Fisher exact test.

Bivariate analysis revealed significant
mean differences between study groups, with the
ultrafiltration volume, pre-hemodialysis diastolic
blood pressure, post-hemodialysis systolic blood
pressure, post-hemodialysis ~diastolic blood
pressure, pre, and post-hemodialysis mean

InaKidney | Vol. 1 | Issue 3 | December 2024

arterial  pressure, post-hemodialysis  pulse
pressure and the use of alpha-blockers were
found higher in the group 1 with detrimental
pulse pressure changes (APP = < -25 or 25) (p

< 0.05).
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Table 3. Factors that influenced detrimental changes during hemodialysis treatment

CI 95%
P OR
Ultrafiltration Volume 0,041 1,00 1,00-1,01
Post-dialysis SBP 0,003 1,02 1,01-1,04
Pre-dialysis DBP 0,015 1,04 1,01-1,06
Post-dialysis DBP 0,007 1,04 1,01-1,07
Pre-dialysis MAP 0,013 1,04 1,01-1,06
Post-dialysis MAP 0,002 1,04 1,01-1,06
Alpha-blocker 0,037 2,73 1,06-7,05

Notes: The analysis method uses univariate logistic regression

Univariate logistic regression analysis
indicated that the incidence of detrimental PP
changes was positively influenced by ultra-
filtration volume, pre-HD diastolic blood

pressure, post-HD systolic blood pressure, post-
HD diastolic blood pressure, pre-HD MAP,
post-HD MAP, and the use of alpha-blockers.

Table 4. Factors that influenced detrimental changes during hemodialysis treatment

95% C.I.
B P OR Exp©@¥) Lower Upper
Ultrafiltration Volume 0.000  .033* 1.000 1 1.000 1.001
Post-dialysis SBP 0.050  .007 1.052 A=10 mmHg 1.014 1.091
=(1.6487)
Pre-dialysis DBP 0.142  .035* 1.153 A=10 mmHg 1.010 1.316
=(4.137)
POSt—dialysiS DBP -0.067 .113 935 .861 1.016
Pre—dialysis MAP -0.119  .051 .887 787 1.000
Alpha—blocker 0.553  .360 1.739 532 5.687
Constant -2.960 111 .052

Notes: The analysis method uses multivariate logistic regression

Multivariate logistic regression analysis
revealed ultrafiltration volume was not associated
with detrimental pulse pressure changes (p =
0.33; OR = 1). However, higher pre-HD diastolic
blood pressure (OR = 1.153; p = 0.035; OR =
Exp0:#) = 4137) increased the odds of
detrimental pulse pressure changes by 1.153
times for every 10 mmHg increase. Higher post-
HD systolic blood pressure (OR = 1.052; p =
0.007; OR = Exp(# = 1.6487) increased the
likelihood of detrimental changes by 1.052 times
for every 10 mmHg increase.

Discussion

In this cohort of 136 maintenance
hemodialysis patients, we observed that those
with detrimental pulse pressure changes during
hemodialysis exhibited higher post-dialysis DBP,

13

pre-dialysis MAP, post-dialysis MAP, alpha-
blocker treatment, and ultrafiltration volume.
These patients also showed significant associa-
tion with post-dialysis SBP and pre-dialysis DBP.

This study found that pre-HD diastolic
blood pressure has a significant association with
detrimental pulse pressure change during
hemodialysis (p=0.035; OR=1.153; 95% C.I
(1.010-1.316)) with OR 4.137 for every 10 mmHg
increase. This finding is consistent with that of
Hara M. et al., who demonstrated that higher pre-
HD diastolic blood pressure increases the risk of
cardiovascular disease and all-cause mortality in
hemodialysis patients in Japan.'s

Both increases and decreases in post-
HD systolic blood pressure exceeding 5 mmHg
were associated with the highest risk of cardio-
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vascular events and all-cause mortality compared
to patients with stable post-dialysis BP changes
(within -5 to 5 mmHg).!" Furthermore, an
increase in post-dialysis systolic blood pressure is
associated with subclinical volume overload.” In
our study, post-HD systolic blood pressure also
showed a significant association with detrimental
pulse pressure changes during hemodialysis
(p=0.07; OR=1.052; 95% C.I 1.014-1.091) with
an OR of 1.6487 for every 10 mmH increase.

A study by Lertdumrongluk found that
ultrafiltration volume per session and spKt/V
were negatively correlated with delta pulse
pressure changes (APP).!¢ In contrast, our study
found no significant association between ultra-
filtration volume (p=0.033; OR=1) and
detrimental pulse pressure changes during
hemodialysis. However, patients with detrimental
pulse pressure changes post-hemodialysis under-

went greater fluid removal during treatment
(3500 cc vs 3000 cc).

Therefore, these findings suggest that
appropriate therapeutic strategies could help
mitigate the long-term complications associated
with excessive pulse pressure changes during
hemodialysis treatment. Such strategies may
include:

1. Adjusting ultrafiltration volume by
optimizing dry weight calculations,
educating patients on nutrition, salt
restriction, and fluid intake to reduce
excessive inter-dialytic weight gain, and
increasing the frequency and duration of
hemodialysis in patients with large inter-
dialytic weight gains.

2. Modifying hemodialysis prescriptions
(e.g., atrium and ultrafiltration profiling,
blood flow, and ultrafiltration volume)
to prevent intradialytic hypertension or
intradialytic hypotension.

3. Optimizing hypertension management
to achieve appropriate blood pressure
targets during hemodialysis (intradialytic
and peridialytic hypertension) and inter-
dialytic periods (<140/90 mmHg) while

InaKidney | Vol. 1 | Issue 3 | December 2024

minimizing the use of alpha-blockers
whenever possible.

Conclusion

This study demonstrates that among the
independent variables, pre-dialysis diastolic and
post-dialysis  systolic blood pressure have
significant associations with detrimental changes
in pulse pressure during hemodialysis. These
factors may serve as key risk indicators for cardio-
vascular disease, arrhythmias, and both cardio-
vascular and all-cause mortality in maintenance
hemodialysis patients. Future research employing
more robust study designs and larger sample sizes
must identify additional factors significantly
contributing to detrimental pulse pressure
changes during hemodialysis. Such studies will
aid in developing targeted therapeutic strategies
to modify pulse pressure responses during
hemodialysis, potentially improving survival out-

comes for maintenance hemodialysis patients.

Limitations of the Study

Several limitations in this study should
be considered. First, we did not measure intrinsic
factors that could influence preload, afterload,
and heart muscle contractility changes, which
may affect changes in pulse pressure during
hemodialysis. Additionally, the study's telatively
short duration limits our ability to conclude
causal relationships between the independent and
dependent variables. Finally, since the study was
conducted at a single hemodialysis center, the
generalizability of our findings to the broader
population of hemodialysis patients may be
limited.
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Background: The increasing practice of dialyzer reuse in hemodialysis raises critical
concerns regarding its impact on efficacy, infection risks, and essential metrics such
as Urea Reduction Ratio (URR) and Kt/V values. Addressing these concerns is
paramount to establishing safe and optimal reuse limits through comprehensive
performance assessments.

Objective: To evaluate the feasibility of dialyzer reuse by assessing Kt/V and URR
measurements.

Methods: A prospective cohott study was conducted at RSUD Dr. Saiful Anwar's
Hemodialysis Unit from November 2021 to January 2022. Data collection employed
a standardized pilot form designed to collate Kt/V and URR data from all
participants. Statistical analyses included repeated measures ANOVA to detect
temporal changes in average Kt/V and URR, alongside Spearman cottelation analysis
to explore variable relationships.

Results: The study encompassed 15 participants, revealing a statistically significant
decline in both Kt/V and URR values actoss each reuse group (p < 0.05). Specifically,
each subsequent reuse of the dialyzer corresponded to a decrement of 0.0469 units
in Kt/V and 1.003 units in URR. Notably, by the 7th reuse, hemodialysis adequacy
remained satisfactory, achieving an average Kt/V of 1.61. Furthermore, the study
indicated that even up to 11 reuses could achieve a Kt/V > 1.4. Similatly, the average
URR value for the 7th reuse was 70.207%, with the potential to maintain URR >
65% even after up to 13 reuses.

Conclusion: This study unequivocally affirms that hemodialysis adequacy remains
satisfactory up to the 7th reuse of dialyzers, despite obsetved declines in Kt/V and
URR values over successive reuses.

Keywords: Hemodialysis; Kt/V; Urea Reduction Ratio; Reuse Dialyzer; Adequacy.

Introduction
Chronic

kidney

CKD 1.2 million deaths,
highlighting its severe impact on mortality rates.?

accounted for

disease

(CKD)

represents a substantial global health challenge,
affecting a significant portion of the population
Globally, 13.4% of
individuals experience CKD stages 1-5, with

across various stages.!

10.6% progressing to stages 3—5. In 2017 alone,
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Over the period from 1990 to 2017, there was a
concerning 41.5% increase in the global all-age
mortality rate attributed to CKD.3 Patients with
CKD stages 4 and 5 face particularly high
mortality risks, comparable to those undergoing
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dialysis. ~ Specifically, individuals in these
advanced stages experience mortality rates three-
fold and sixfold higher, respectively, compated to
those with an estimated glomerular filtration rate
(eGFR) of 60 or higher.* Hemodialysis has been
a cornerstone therapy for end-stage CKD
patients since its inception in the 1960s,
effectively managing the condition.> However, its
implementation  comes  with  significant
challenges, notably the substantial financial
burden.¢

The dialyzer device, a critical and
expensive component of the treatment process,
is a pivotal contributor to the high costs
associated with hemodialysis. This expense poses
a significant challenge for patients reliant on
hemodialysis for kidney function support.
Consequently, the reuse of dialyzers has emerged
as a promising strategy to mitigate costs.
Originating in 1964, the practice of dialyzer reuse
has gained widespread adoption,” particulatly in
Indonesia where 92% of dialysis centers engage
in reuse practices, averaging between 2 and 10
reuses per dialyzer. This approach has been
shown to yield cost savings ranging from 11% to
42%38 Despite its cost-effectiveness, dialyzer
reuse is not without concerns. Issues such as
diminished membrane sutrface area, which can
lead to inadequate dialysis, and infection risks
associated with sterilization procedures have
been documented.” Moreover, prolonged
exposure to sterilizing agents poses long-term
risks  to both patients and equipment.
Additionally, repeated use of dialyzers can impact
essential metrics of hemodialysis effectiveness,
notably reducing Urea Reduction Ratio (URR)
and Kt/V  values, thereby potentially
compromising treatment efficacy.l? As is well
known, both URR and Kt/V are essential for
evaluating the outcomes of dialysis. URR
provides an assessment of urea removal
efficiency, while Kt/V evaluates urea clearance
over a specific period and body fluid volume. The
implications of not maintaining adequate URR
and Kt/V values are highly significant. This can
affect patient survival, quality of life, and
healthcare costs. Regular monitoring and adjust-
ments in dialysis treatment are crucial to ensure

InaKidney | Vol. 1 | Issue 3 | December 2024

that these parameters meet the recommended
targets. This is aimed at improving patient out-
comes and reducing the burden on healthcare
systems. To address these challenges, guidelines
such as those from PERNEFRI recommend
limiting dialyzer reuse to seven times to balance
cost-effectiveness with safety and efficacy
considerations.!! Given these complexities, it is
crucial to determine the optimal number of re-
uses for each dialyzer to ensure adequate and safe
hemodialysis. This study aimed to assess the
feasibility of safe dialyzer reuse by evaluating
Kt/V and URR measurements, providing in-
sights into maintaining hemodialysis adequacy
amidst cost-saving practices. This study is
expected to provide information on the safety
and efficacy of dialyzer reuse, including the
maximum number of times it can be safely used
for patients.

Methods
Design and participants

The study, a single-center study, was
designed as a prospective cohort study conducted
at the hemodialysis unit of RSUD Dr. Saiful
Anwar between November 2021 and January
2022. The primary objective was to evaluate the
efficacy of hemodialysis in patients with chronic
kidney disease, comparing those who used reused
dialyzers with those who did not. Key parameters
assessed included Kt/V and URR. Protocols and
procedures throughout the study adhered to the
Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) checklist for
prospective cohort studies.!?

The sample size for this study was
determined based on a prevalence rate of 13.4%
among hemodialysis patients,'? with a minimum
power of 80%.1* This calculation required a
minimum of 110 patients in our study. The
selection sample method employed was conse-
cutive sampling. Inclusion criteria encompassed
patients diagnosed with chronic kidney disease
undergoing routine hemodialysis at our hospital
and who provided written informed consent to
participate. Exclusion criteria included patients
with hepatitis B and HIV, as well as those who
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had not undergone reuse of the dialyzer more
than seven times. Dropout criteria included
patients who did not participate in the study
during the study period or who passed away
before undergoing dialyzer reuse seven times.

Data collection

The study was conducted at the Hemo-
dialysis Unit of RSUD Dr. Saiful Anwar between
November 2021 and January 2022. Data
collection utilized a standardized pilot form
designed to gather Kt/V and URR data from all
participants.

Covariates

The predictor covariate in our study was
the use of reused dialyzers, while the outcome
covariate was the assessment of hemodialysis
adequacy, measured by Kt/V and URR. These
covariates were used to evaluate the effectiveness
of hemodialysis treatment among participants in

our study.

Statistical analysis

In our study, data were presented as
mean T standard deviation (SD) for numerical
variables and n (%) for categorical variables. The
normality of the data was assessed using the
Kolmogorov-Smirnov test, with a p-value less
than 0.05 indicating non-normal distribution and
a p-value greater than or equal to 0.05 indicating
normal distribution. To assess the main findings,
repeated measures ANOVA was employed to
determine differences in average Kt/V and URR.
The selection of the ANOVA test in this study
was based on the fact that the variables in this
study are numerical and consist of more than two
variables. Additionally, Spearman correlation
analysis was conducted to examine correlations
between variables. The Spearman test was
conducted to assess the correlation between
variables, as the variables in this study are ordinal
and numerical. Statistical analysis was performed
using the Statistical Package for the Social
Sciences (SPSS; IBM SPSS; Chicago, US).

Results

19

Baseline characteristics of patients included
in our study

The characteristics of the subjects in this
study (Table 1) revealed that 54.8% (63
participants) were male and 452% (52
participants) were female. The majority of
patients, 96.5% (111 participants), underwent
hemodialysis twice a week, while a minority, 3.5%
(4 participants), received treatment three times a
week. Regarding hemodialysis access, 66.1% (76
participants) had AV-shunt access, 14.8% (17
participants) had double-lumen access, and
19.1% (22 participants) had manual vascular
access. Additionally, 0.68% (1 participant) did not
have any identified risk factors, 25.85% (38
participants) had risk factors for diabetes
mellitus, 67.35% (99 participants) had risk factors
for hypertension, 4.08% (6 participants) had risk
factors for hyperuricemia, and 0.68% (1
participant) had risk factors for prostate cancer.

Table 1. Baseline characteristics of patients included

in our study

Variables I Percentage
Gender

Male 63 (54.8%)
Female 52 (45.2%)

Hemodialysis Freq.

2 times/week

111 (96.5%)

3 times/week 4 (3.5%)
Vascular access
AV-Shunt 76 (66.1%)

Double lumen 17 (14.8%)

22 (19.1%)

Vein insertion
Risk factor
Diabetes mellitus

38 (25.85%)

Hypertension 99 (67.35%)
Hyperuricemia 6 (4.08%)
Prostate cancer 1 (0.68%)

Note: data were presented in n (%).

Reuse dialyzer impact on Kt/V

The Kt/V data for single use (new
dialyzer) and reuse 1 through reuse 7 exhibited a
normal distribution (Figure 1A). This finding
allowed for parametric testing. The mean values
of Kt/V were 2.011, 1.798, 1.745, 1.687, 1.680,

InaKidney | Vol. 1 | Issue 3 | December 2024
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1.671, 1.637, and 1.596 units, respectively, for
each level of dialyzer reuse (Figure 1B).
Significant differences (p < 0.05) were observed
between single-use and each reuse level (reuse 1
through reuse 7), as well as among different reuse
levels (e.g., reuse 1 us. single-use and reuse 2
through reuse 7). However, comparisons
between specific reuse levels (e.g., reuse 3 us. re-
use 4 and reuse 5) did not show significant
differences (p > 0.05) (Figure 1C). Correlation
analysis (Table 2) revealed a negative correlation
coefficient of -0.262 with p = 0.000 (p < 0.05),
indicating a significant relationship between the
frequency of dialyzer reuse and Kt/V. This
negative correlation suggested that as the
frequency of dialyzer reuse increased, Kt/V
decreased, while shorter reuse durations wete
associated with higher Kt/V values. Additionally,
a strong correlation coefficient of 0.920 under-
scored the relationship between dialyzer reuse
and Kt/V. Regression analysis yielded the
equation: Y = 1.9392 - 0.0469X, where Y
represents Kt/V and X represents the frequency
of reuse dialyzer. This equation indicated that
Kt/V tended to remain high at 1.9392 units but
decreased by 0.0469 units with each additional
reuse of the dialyzer.
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Figure 1. Test outcomes of reuse dialyzer on Kt/V.
(A). Normality test outcomes for Kt/V with reused
dialyzers. (B). Estimation of the use of dialyzer reuse
against Kt/V. (C). Average reduction in Kt/V with

reused dialyzers.

Table 2. Correlation test findings for reused dialyzer
impact on Kt/V

Kt/V Frequency

of reuse
dialyzer
Pearson Kt/v 1.000 -.262
correlation  Frequency — -.262 1.000
of reuse
dialyzer
Sig.(1- Kt/v .000
tailed)
Frequency  .000
of reuse
dialyzer
N Kt/v .920 .920
Frequency  .920 920
of reuse
dialyzer
*Significant if p<0.05

The impact of reuse dialyzers on URR

The URR data for single use (new
dialyzer) and reuse 1 through reuse 7 exhibited a
normal distribution, allowing for parametric
testing (Figure 2A). The average URR values were
78.600, 76.218, 75.308, 74.377, 73.435, 73.191,
72.574, and 70.207 units, respectively, for each
level of dialyzer reuse (Figure 2B). Significant
differences (p < 0.05) were found between single-
use and each level of reuse (reuse 1 through reuse
7), as well as among different levels of reuse (e.g.,
reuse 1 »s. single-use and reuse 2 through reuse
7). Notably, comparisons between specific reuse
levels (e.g., reuse 4 »s. reuse 5 and reuse 6) did not
show significant differences (p > 0.05) (Figure
2C). Correlation analysis (Table 3) revealed a
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negative correlation coefficient of -0.382 with p
= 0.000 (p < 0.05), indicating a significant
relationship between the frequency of dialyzer
reuse and URR. This negative correlation implied
that as the frequency of dialyzer reuse increased,
URR decreased, while shorter reuse durations
were associated with higher URR values. A strong
correlation  coefficient of  0.920  further
emphasized the relationship between dialyzer re-
use and URR. Regression analysis yielded the
equation: 'Y = 78.754 - 1.003X, where Y
represented URR and X represented the
frequency of dialyzer reuse. This equation
suggested that while URR tended to remain high
at 78.754 units, each additional use of the reused
dialyzer was associated with a decrease of 1.003
units in URR.

(A) 100.0000 -
90.0000 - 7eg003
782162 763080 743788 734530 501 728728

80.0000 L I r\LﬁI‘_L_ va:Tms

70.0000 - s

60.0000

50.0000 | Mean
40.0000 |
30.0000
20.0000
10.0000

0.0000
Single Reuse Reuse Reuse Reuse Reuse Reuse Reuse
Use 1 2 3 4 5 6 7

—— Linear
(Mean)

(B). =m0
80,000 | 78600
7000 | i
76.000
74000
72000
70.000
68.000
66.000
64000

= Mean
——Linear (Mean)|

7343
BT 72574

Single Reuse 1 Reuse 2 Reuse 3 Reuse 4 Reuse 5 Reuse 6 Reuse 7
Use

(C) 2382 3292 4223 5147 5409 6,026 8394
" 80.000 , P05 <005 p<005 p<005 p<0.05 p <005 <0.05

' P = o 72500 | 28500 | 78500 | 7.5
73000 72800 2000 2800 2500 2800 8800

78.000
"

76.000 : 0

74.000 73kas .

72.000

70.000

68.000

a% a c ad ae af a g a h
66.000 - - - -

Reuse1  Reuse2 Reuse3  Reused Reuse 5 Reuse 6 Reuse 7

Figure 2. Impact of dialyzer reuse on URR results.
(A). Normality test outcomes of dialyzer reuse on
URR. (B). Estimate of dialyzer reuse impact on URR.
(C). Average decrease in URR with reused dialyzers.
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Table 3. Correlation test findings for reused dialyzer

impact on URR
URR Frequency
of reuse
dialyzer
Pearson URR 1.000 -.382
correlation  Frequency — -.382 1.000
of reuse
dialyzer
Sig.(1- URR .000
tailed)
Frequency  .000
of reuse
dialyzer
N URR .920 .920
Frequency  .920 920
of reuse
dialyzer
*Significant if p<0.05
Discussion

Our study found that the use of a
dialyzer up to reuse 7 produced an average Kt/V
value of 1.6109 and an average URR wvalue of
71.733. These results are consistent with previous
studies that evaluated the impact of dialyzer reuse
on Kt/V and URR. Eatlier studies reported
Kt/V and URR levels of 1.6 = 0.3 and 74 * 5,
respectively. Furthermore, they indicated that
reusing dialyzers up to the 12th reuse was safe
from clinical, microbiological, and inflammatory
perspectives.!> Another study demonstrated no
significant difference in Kt/V (1.4 £ 0.4) between
reused and single-use dialyzers. Additionally, they
suggested that reused dialyzers were associated
with improved survival rates and lower levels of
inflammatory markers, although nutritional
markers were not assessed.'s Moreover, further
study revealed no difference in adequacy between
single-use and reused dialyzers.® These studies
supported our findings, indicating that the use of
reused dialyzers is safe in terms of hemodialysis
adequacy for patients.

In our study, the Kt/V value with reuse
of the dialyzer up to the 7th reuse was 1.6109,
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indicating effective hemodialysis. Previous
studies have established safety and adequacy
thresholds for Kt/V values. For instance, a study
monitoring 80 hemodialysis patients receiving
thrice-weekly treatment found that Kt/V values
below 1.3 were significantly associated with
higher one-year mortality (25%) and shorter
sutvival times (3.3%). Conversely, Kt/V values
above 1.4 were linked to lower one-year mortality
rates.!”” Another study recommended a Kt/V
dose of 1.2 for thrice-weekly hemodialysis,'®
supported by guidelines from the European
Renal Best Practice Group (EBPG), which
emphasize achieving a Kt/V value 21 for optimal
treatment outcomes. Values below this threshold
are associated with poorer prognoses, whereas a
Kt/V above 1.4 is linked with better outcomes
compared to values below 1.3.7 Additionally,
further study indicated that a Kt/V above 1.45 is
necessary to meet adequate hemodialysis targets.
Therefore, our study's finding of a Kt/V of
1.6109 with reused dialyzers underscores their
safety and effectiveness in achieving adequacy for
hemodialysis patients.?

In our study, the URR value with reused
dialyzers up to the 7th reuse was 71.733%,
indicating effective hemodialysis. Previous
studies have assessed the safety and adequacy
thresholds of URR values. For example, one
study determined that a minimum URR of 65%
was necessary for adequate dialysis and found
that reused dialyzers could be used up to 13 times
while maintaining recommended URR levels.?!
Moreovet, a study in India involving 35 patients
undergoing long-term hemodialysis showed that
an average URR of 66.4% per dialysis was
associated with positive outcomes.?? Similarly, a
three-month study in Baghdad on patients with
advanced chronic kidney disease identified a
minimum URR of 65% as linked to favorable
outcomes.?? Therefore, our study's finding of a
URR of 71.733% with reused dialyzers confirms
their safety and efficacy in achieving hemodialysis
adequacy.

This  study has several clinical
implications. First, we found that the use of re-
used dialyzers was safe, as evaluated based on
Kt/V and URR levels. This suggests that reusing

InaKidney | Vol. 1 | Issue 3 | December 2024

dialyzers up to the seventh reuse is highly
recommended and safe. Our study confirmed
that dialyzer reuse could safely extend to seven
cycles without compromising hemodialysis
adequacy, highlighting its practical relevance.
Given the substantial financial resources required
for treatment, this finding is significant for the
cost-effectiveness of managing hemodialysis
patients.® Second, the safety findings regarding
reused dialyzers suggest that they do not
necessarily need to be new for dialysis patients, as
modifications in their reuse can still provide
adequate treatment. This could lead to significant
cost savings without compromising patient care.
Third, however, our study also revealed a
decrease in hemodialysis adequacy with reused
dialyzers, raising concerns about the safe limit for
their reuse. While not substantial in our findings,
the decrease indicates the need for ongoing
monitoring and assessment to ensure patients
receive  optimal care. Nonetheless, the
complications associated with reused dialyzers,
such as infection risk, cardiovascular
complications, and impact on patient quality of
life, must be carefully considered.” While our
study supports the safety and efficacy of dialyzer
reuse up to seven times, healthcare providers
must weigh these benefits against potential risks
and ensure that protocols are in place to mitigate
any adverse effects.

Conclusion

In conclusion, our study determined that
by the 7th reuse of dialyzers, hemodialysis
adequacy remained satisfactory with an average
Kt/V value of 1.61, above the standard threshold
of 1.4, despite a decrease of 0.0469. Similarly, the
average URR wvalue on the 7th reuse was
70.207%, exceeding the standard URR of 65%,
with a decrease of 1.003. These findings highlight
the potential for safe and effective reuse of
dialyzers up to the seventh use, which can have
significant cost-saving implications for the
management of hemodialysis patients. However,
future studies should assess factors such as
membrane biocompatibility, infection risk,
cardiovascular events, quality of life, and cost-
effectiveness  to  better understand  the

22



InaKidney

Original Article

implications of dialyzer reuse. Addressing these
aspects and using samples from larger or multi-
center studies may help optimize hemodialysis
treatment protocols and ensure patient safety and
well-being.

Limitations of the Study

This study had several limitations. First,
the sample size was small, requiring caution in
interpreting the findings. A larger sample size
would provide more robust data and allow for
more generalized conclusions. Second, potential
confounding factors such as underlying diseases,
hemodialysis dosage, and comorbidities were not
analyzed, necessitating careful consideration
when interpreting the results. These factors could
influence hemodialysis outcomes and should be
included in future studies to provide a more
comprehensive understanding. Third, the study
did not assess complications associated with
reused dialyzers, such as infection risk, cardio-
vascular complications, and intradialytic events.
These complications are critical to understanding
the full impact of dialyzer reuse on patient safety
and quality of life.” Fourth, membrane bio-
compatibility, known to influence hemodialysis
adequacy significantly, was not evaluated.
Different dialyzer membranes can have varying
effects on patient outcomes,?* and future studies
should examine this aspect to determine the best
options for dialyzer reuse. Finally, despite the
primary objective of cost-effectiveness, the
financial aspects of using reused dialyzers were
not evaluated. Understanding the economic
impact of dialyzer reuse is crucial for healthcare
providers and policymakers to make informed
decisions about treatment protocols and resource

allocation.®
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Background: The coronavirus disease (COVID-19) pandemic is a major threat to
global health care. Comorbidities, including end-stage renal disease (ESRD), are related
to an increased risk of severe infection and mortality.

Objective: To assess determinants related to the clinical outcomes of COVID-19 in
ESRD patients undergoing hemodialysis in Ngudi Waluyo Wlingi General Hospital in
2020-2022.

Methods: This study included ESRD patients undergoing maintenance hemodialysis
who were hospitalized at Ngudi Waluyo Wlingi General Hospital due to COVID-19
from May 2020 to February 2022. Clinical characteristics were investigated in relation
to the severity and survival status.

Results: A total of 26 patients (46.15% male) with a mean age of 52.27+13.65 years
met the inclusion criteria. Of these, 42.3% had a mild infection, 23% had a moderate
infection, 30.77% had a severe infection, and 3.8% had a critical infection. The mortality
rate was 23.08%, with a mean length of stay of 15.19£7 days. Age, oxygen saturation,
respiratory rate upon admission, lymphocyte and neutrophil levels, and neutrophil-to-
lymphocyte ratio were significantly associated with COVID-19 severity. Length of stay
was statistically influenced by respiratory rate upon admission. The mortality rate was
correlated with the dialysis vintage, levels of hemoglobin, leukocytes, platelets,
neutrophils, neutrophil-to-lymphocyte ratio, serum urea, serum creatinine, cGFR, and
length of stay.

Conclusion: COVID-19 in ESRD patients undergoing hemodialysis were more likely
to have a poor prognosis. Identifying determinants is crucial for reducing morbidity and
mortality.

Keywords: Chronic Kidney Disease, COVID-19, Hemodialysis, Renal Insufficiency,
Renal Dialysis.

Introduction

Coronavirus

disease

confirmed cases and 7,049,617 deaths reported

(COVID-19), across 232 countries.?

caused by the novel beta-coronavirus SARS-
CoV-2, was initially identified on December 31,
2019, in Wuhan, China. Following its declaration
as a global pandemic in March 2020, it has
presented a major threat to global health care.! As
of June 7, 2024, there have been 775,522,404
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Comorbidities, such as chronic kidney
disease (CKD), are associated with an increased
The
prevalence of COVID-19 among CKD patients
fluctuated between 0.4 and 49.0% in 20223 In

risk of complications and mortality.

Wijayanto FH, Insanitaqwa AZ, Mawaddah S. Characteristics and clinical outcomes of COVID-19 in ESRD
patients undergoing hemodialysis in Ngudi Waluyo Wlingi General Hospital in 2020-2022. InaKidney.
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Indonesia, it was predicted that the number of
CKD patients with COVID-19 would reach
52.200 cases.* Individuals with CKD who are
infected with COVID-19 experience a mortality
rate that is 14 to 16 times higher than that of
individuals without comorbidities.> They produce
more pro-inflammatory cytokines and oxidative
stress as part of the inflammatory response to
infections.!-0

COVID-19 in patients undergoing
routine hemodialysis is associated with elevated
rates of hospitalization, intensive care unit (ICU)
admissions, and mortality.> About 35.3% of
dialysis patients developed COVID-19, and
50.2% of them required hospitalization.” Routine
hemodialysis patients face a hospitalization risk
for COVID-19 that is 3 to 4 times higher than
that of patients receiving peritoneal dialysis.®
Between 6.1% and 35.7% of dialysis patients with
COVID-19 experienced respiratory distress, with
amortality rate of 14%.% These individuals
possess a compromised immune response, and
face increased social interactions due to regular
hospital visits, making them more susceptible to
COVID-19.510

Despite significant improvement in the
prognosis of COVID-19 due to vaccinations and
advancements in treatment, outcomes in routine
hemodialysis patients remain unclear, particularly
in Indonesia. This study aims to identify the
determinants related to clinical outcomes of
COVID-19 in ESRD patients undergoing
hemodialysis at Ngudi Waluyo Wlingi General
Hospital between 2020-2022.

Methods
Design and participants

This retrospective study focused on
hemodialysis patients who were treated for
COVID-19 at Ngudi Waluyo Wlingi General
Hospital from May 2020 to February 2022. The
study population included patients aged =15
years with positive RT-PCR and high serum renal
function who were hospitalized between May
2020 and February 2022. Inclusion criteria
consisted of a diagnosis of ESRD and adherence
to a regular hemodialysis schedule. In our

InaKidney | Vol. 1 | Issue 3 | December 2024

hospital, the standard hemodialysis regimen was
biweekly sessions lasting 5 hours each. The
exclusion criteria were incomplete medical
records. Data was retrieved from medical
records, including clinical and laboratory data.
The patients were grouped according to the
severity of COVID-19 and survival status.

In this study, COVID-19 was confirmed
through  positive RT-PCR  results from
nasopharyngeal swabs. The hematology test was
conducted using a hematology analyzer. Serum
potassium level was measured with an ion-
selective electrode. Serum urea was evaluated
using Berthelot methods, while serum creatinine
was assessed using Jaffe methods. The estimated
glomerular filtration rate (¢GFR) was determined
using the CKD-EPI 2021 formula. CKD was
classified into five stages based on the Kidney
Disease: Improving Global Outcomes guideline.
CKD stage 5 (eGFR <15 ml/min) or ESRD is
further divided into dialysis-dependent and
dialysis-independent.> In  this study, all
participants were diagnosed with CKD stage 5
and undergoing hemodialysis. Dialysis vintage
was defined as the period between the date of
hemodialysis initiation and hospitalization,
measured by “month.”!!

Data collection

In this study, patients were divided into
a group of patients with <12 months of dialysis
and a group of patients with >12 months of
dialysis. The severity of COVID-19 was classified
according to  the Indonesian  COVID-19
Treatment Guideline into the following
categories: asymptomatic (no symptoms), mild
(symptomatic  without evidence of viral
pneumonia or hypoxia), moderate (signs of
pneumonia  without evidence of severe
pneumonia), severe (signs of pneumonia with
increased respiratory rate >30x/minute, of
peripheral oxygen saturation <93% on room air,
or severe respiratory distress) and critical
infection (sepsis, septic shock, acute respiratory
distress syndrome, or conditions requiring
mechanical ventilation or vasopressors).>

27



InaKidney

Original Article

Statistical analysis

Variables ~ were  assessed  using
the Saphiro-Wilk test to determine normality.
The Mann-Whitney method (for categorical
independent variables) and Spearman method
(for numeric independent variables) were used to
analyze factors that influence the severity of
COVID-19 and length of hospital stay.
Meanwhile, the survival status analysis used the
Chi-square method (for categorical independent
variables) and lambda correlation test (for
numeric independent vatiables). Data analysis
was performed using IBM SPSS 25.0, considering
a p-valwe of <0.05 as a significance value. This
study obtained ethical permission from
the Health Research Ethics Committee of Ngudi
Waluyo Wlingi General Hospital.

Results

From May 2020 to February 2022, 26
patients met the inclusion criteria, with a mean
age of 52.27%13.65 years. A total of 12 (46.15%)
patients were male. The majority of patients
(46.15%) had unknown comorbidity in addition

28

to CKD, and 38.46% had only one comorbidity,
with hypertension identified as the most
prevalent (34.62%), followed by type 2 diabetes
mellitus (15.38%). The mean dialysis vintage was
22.15%115.80 months, with a maximum of 47
months and a minimum of 1 month. The average
length of stay (LOS) was 15.1917.4 days.

Risk factors of COVID-19 severity in patients
with ESRD undergoing hemodialysis

Based on the severity of COVID-19, 11
(42.3%) individuals had a mild infection, 6 (23%)
had a moderate infection, 8 (30.77%) had a severe
infection, and 1 (3.8%) had a critical infection
(Table 1). Patients with critical infection had
older age (p=0.027, r=0.450) and exhibited
reduced oxygen saturation (SpO2) (p<0.001,r=-
0.657), increased respiratory rate (RR)
(p=0.031,r=0.425), reduced lymphocyte levels
(p=0.049,r=-0.389), and increased neutrophils
(»=0.017,r=0.462) and neutrophil-to-lymphocyte
ratio (NLR) (p=0.032,r=0.421).

InaKidney | Vol. 1 | Issue 3 | December 2024
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Table 1. Characteristics of the participants stratified by COVID-19 severity
COVID-19 severity
Characteristic Mild Moderate Severe Critical Toral p-value
(n=11) (n=0) (n=8) (n=1) (n=26)
Age (mean, in yearstSD) 46.81£13.49 48.518.57 61.631£13.62 60x0 52.27%13.65 0.027
<60 years, 7(%) 9(81.81) 6(100) 3(37.5) - 18(69.23)
260 years, 1(%o) 2(18.18) - 5(62.5) 1(100) 8(30.77)
Sex, male, #(%) 6(54.54) 2(33.33) 3(37.5) 1(100) 12(46.15) 0.722
Comorbidities, 7(%) 0.902
0 5(45.45) 2(33.33) 5(62.5) - 12(46.15)
1 5(45.45) 2(33.33) 2(25) 1(100) 10 (38.46)
>1 1(9.09) 2(33.33) 1(12.5) - 4(15.38)
Hypertension 4(36.36) 3(50) 1(12.5) 1(100) 9(34.62)
Type 2 Diabetes mellitus 3(15) 2(33.33) 1(12.5) - 4(15.38)
Dialysis vintage (mean, in months*SD) 18.72+16.4 19.5+17.58 28.13£14.69 2810 22.15%15.80 0.199
<12 months, 7(%o) 4(36.30) 2(33.33) 1(12.5) - 7(26.92)
>12 months, #(%) 7(63.63) 4(66.67) 7(87.5) 1(100) 19(73.08)
SpO2 (mean, in %*SD) 97.72%1.61 96.34£1.86 851+10.85 9610 931+8.02 <0.001
RR (mean, in x/mintSD) 21£1.84 23+2.10 25%5.86 24%0 22.81+3.86 0.031
Laboratory, mean*SD
Hemoglobin (g/dl) 7.54+1.98 8.451+1.81 8.81%+1.69 6.1£0 8.091+1.87 0.214
Leukocyte (103/uL) 6.85 +2.58 9.41 £3.34 8.04 + 2.30 8.58+0 7.88 +2.72 0.162
Platelets (103/uL) 312.72+£134.95 304.17£164.57 271.13£81.50 49110 304.81£127.82 0.985
Neutrophil (%) 065.54+7.37 78.43111 77.09£11.66 82.910 72.74111.17 0.017
Lymphocyte (%) 21.61£8.38 14.93+7.89 15.01+7.72 9.3£0 17.571£8.42 0.049
NLR 3.66£1.91 7.77£6.09 7.331£5.36 8.89+0 5.9414.58 0.032
Serum potassium (mmol/L) 4.61£0.90 4.40£1.13 4.30£0.65 47610 4.47£0.85 0.311
Serum urea(mg/dl) 145.18+45.39 173.5+41.75 116.5+55.65 43510 154.041+75.98 0.143
Serum cteatinine (mg/dl) 10.29£3.58 10.19£2.22 8.10+3.83 18.85+0 9.924+3.81 0.315
eGFR (mL/min/1.73 m?) 7.66£3.68 6.8411.62 13.41+14.97 2.88%0 9.06£8.85 0.986
InaKidney | Vol. 1 | Issue 3 | December 2024 29
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Hospitalization duration in d .
ospitaiization duration mn days 15.09%6.55 15+8.15 16.25+8.94 9+0 15.1947.40 0557
(mean,+SD)
Death, (%) 2(18.18) 1(16.67) 2(25) 1(100) 6(23.08) 0.303
eGFR, estimated glomerulus filtration rate; HHD, hypertensive heart disease; NLR, neutrophil-leukocyte ratio; RR, respiratory rate; SpO2, peripheral

oxygen saturation.
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Risk factors of length of hospital stay of
COVID-19 in with  ESRD
undergoing hemodialysis

Length of stay (LOS) was significantly

patients

affected by respiratory rate upon admission
(»p=0.012, r=-0.484). The analysis of determinants
related to LOS is provided in Table 2.

Table 2. Correlation of risk factors of length of
hospital stay

Variable r p-value
Age -0.018 0.932
Sex - 0.327
Comorbidities 0.006 0.978
Dialysis vintage -0.013 0.948
SpO2 on the admission 0.054 0.792
RR on the admission -0.484 0.012
Laboratory
Hemoglobin -0.024 0.908
Leukocyte 0.097 0.638
Platelets -0.028 0.892
Neutrophil -0.211 0.300
Lymphocyte 0.167 0.414

NLR -0.093 0.653
Serum potassium 0.057 0.786
Serum urea 0.122 0.561

Serum creatinine 0.292 0.157
e¢GFR 0.025 0.905

Risk factors of mortality of COVID-19 in
ESRD patients undergoing hemodialysis
The characteristics of patients according
to survival status are summarized in Table 3. A
total of 6 (23.07%) patients died. The number of
deaths in each infection group was as follows:
mild (2 deaths, 18.18%), moderate (1 deaths,
16.67%), severe (2 deaths, 25%), and critical
infection (1 deaths, 100%). Factors such as
dialysis vintage (p=0.041), levels of hemoglobin

(»=0.009), leukocytes  (»p=0.009), platelets
(»=0.009),  neutrophils  (»=0.009), NLR
(»=0.009), serum wurea (p=0.019), serum

creatinine (p=0.008), eGFR (p=0.002), and length
of hospitalization (p=0.02) were significantly
associated with the mortality rate. The causes of
death were mostly uremic encephalopathy,
disseminated intravascular coagulation, acute

respiratory distress syndrome, and septic shock.

Table 3. Characteristics of the participants stratified by survival status

Survival status

Characteristic Non-survivor Survivor Total p-value
(n=6) (#=20) (1=26)

Age (mean, in years+SD) 54.67+13.88 51.55+13.86  52.27+13.65  0.245

<60 years, n(%) 3(50) 15(75) 18(69.23)

>60 years, n(%) 3(50) 5(25) 8(30.77)

Sex, male, #(%) 3(50) 9(45) 12(46.15) 0.829

Comorbidities, #(%) 0.958

0 3(50) 9(45) 12(46.15)

1 2(33.33) 8(40) 10 (38.46)

>1 1(16.67) 3(15) 4(15.38)

Hypertension 2(33.33) 7(35) 9(34.62)

Type 2 Diabetes mellitus 2(33.33) 2(10) 4(15.38)

Dialysis vintage (mean, in months=SD) 31.67+10.98 19.3%16.11 22.15%15.80 0.041

<12 months, (%) ; 7(35) 7(26.92)

>12 months, #(%) 6(100) 13(65) 19(73.08)

Os/fiosgn the admission (mean, in 92.67+6.62 93.10+8.55 93+8.02 0475

RR on the admission (mean, in 28.83+3.25 22.5+4.05 ngitige 06

x/mintSD)
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Laboratory, mean+SD

Hemoglobin (g/dl) 8+1.73

Leukocyte (107°3/uL) 6.76£0.97
Platelets (10"°3/ul) 309.67£107.42
Neutrophil (%) 76.68%£11.01
Lymphocyte (%) 15.97+8.14
NLR 6.27£3.73
Serum potassium (mmol/L) 5.26+0.84
Serum urea (mg/d)) 213.67+115.27
Serum creatinine (mg/dl) 10.41+4.78
eGFR (mL/min/1.73 m?) 7.70+4.50
Hospitalization duration in days 16.5+13.32

(mean,=SD)

8.11+£1.96 8.09%+1.87 0.009
8.21£3 7.88 £2.72 0.009
303.35+135.84  304.81+127.82 0.009

71.56+11.22 72.74+11.17 0.009
18.05£8.65 17.57£8.42 0.115
5.84%4.89 5.94%4.58 0.009
4.24%0.72 4.4710.85 0.114
136.15£51.39 154.041£75.98 0.019
9.78%3.61 9.924+3.81 0.008
9.4619.84 9.0618.85 0.002
14.80£4.96 15.19£7.40 0.020

eGFR, estimated glomerulus filtration rate; HHD, hypertensive heart disease; NLR, neutrophil-leukocyte ratio; RR,

respiratory rate; SpO2, peripheral oxygen saturation.

Discussion
Patients with CKD
hemodialysis are more susceptible to infections

undergoing

due to various comorbidities, advanced age, and
reduced immune function.® This is related to
accelerated immune aging characterized by
reduced CD8+ and CD4+ T cells, as well as B
lymphocytes. Hemodialysis can also lead to
increased neutrophil apoptosis and the release of
myeloperoxidase. Uremic toxins and non-self-
antigens from hemodialysis materials contribute
to chronic inflammation.!? Furthermore, regular
hospital visits further increase the risk of
transmission.8

Dialysis patients have vitamin D and
erythropoietin deficiencies that exacerbate pro-
inflaimmatory effects while diminishing anti-
inflammatory responses.” COVID-19 causes
hyperinflammation, leading to  increased
production of  cytokines, chemokines,
inflaimmatory monocytes, and macrophages.!2
Angiotensin-converting enzyme 2, the COVID-
19 target organ, is expressed in proximal tubule
cells. This allows the virus to invade cells and
disrupt fluid, acid-base, and electrolyte balance,
further damaging the kidneys.®!3 This contributes
to a “cytokine storm” and further renal

vascularization impairment.

32

A retrospective study in Indonesia found
that the average age of CKD patients with
COVID-19 was between 46 and 55 years.'* The
elderly were reported to have a worse infection
and higher incidence of death.n> A study
documented that the 28-day mortality rate among
dialysis patients aged 75 years or older could
reach as high as 31.4%.3 Several other studies
have also indicated that the average age of those
who died was older.’e17 This is attributed to
immune system degeneration in the elderly,
which is characterized by a reduction in cellular
quantity, immune receptors, and B lymphocyte
differentiation.’® This is consistent with our study
findings, which showed that age correlated with
the severity of COVID-19 but not with the
survival status and length of stay.

Male patients are associated with a
higher risk of death, possibly due to their role as
breadwinners, which often entails greater social
activity and, consequently, increased social
contact.%”!1>19 Moreover, the protective effects of
sex hormones and the X chromosome may
influence the immune response.® Smoking and
alcohol consumption, which are more prevalent
among men, could also increase susceptibility. A
retrospective study in Indonesia found that male
patients had an increased risk of COVID-19.14.20
In contrast, similar to our study’s findings, a
cohort study found no association between sex,
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disease severity, length of stay, and survival
status.!7.2!

ESRD patients with comorbidities tend
to experience more severe COVID-19 symptoms
and have a higher risk of death.!:32223 Chronic
diseases can impair the immune system, making
individuals more vulnerable to infections like
COVID-19, leading to worse outcomes. The
presence of comorbidities increases the
likelihood of being admitted to ICU due to severe
infection.’® In Indonesia, hypertension and
diabetes mellitus are the most common
comorbidities in CKD with COVID-19.14 Several
studies and meta-analyses showed that
cardiovascular  disease, hypertension, and
diabetes were linked to higher mortality rates and
greater severity of COVID-19. Another meta-
analysis reported that individuals with diabetes
mellitus, cardiovascular disease, cancer, and
hypertension face a higher risk of death from
COVID-10 compared to those without these
conditions.> Among comorbidities, diabetes
mellitus with complications and severe liver
disease were identified as the highest risk factors
for hospitalization. Other conditions, such as
dementia and coronary artery disease, were
associated with higher mortality.2* Patients with
hemoglobin disorders are reported to have the
longest hospital stay, followed by those with
severe obesity and diabetes. Those with multiple
comorbidities tend to have longer stays in the
ICU and hospital admission compared with those
with just one comorbidity.?> In this study, the
majority of the participants had unknown
comorbidities. However, despite the presence of
comorbidities, there was no statistically
significant association between these
comorbidities and the severity, mortality, or
length of hospital stay due to COVID-19
infection.

Increased dialysis vintage is associated
with impaired cardiovascular functional capacity.
A cross-sectional study showed that individuals
with dialysis vintage >12 months developed a
lower oxygen uptake at peak exercise compared
to those with dialysis vintage <12 months.?
Moreover, higher dialysis vintage was also
associated with a higher prevalence of unpleasant
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symptoms, lower hemoglobin levels, iron stores,
and dialysis adequacy levels.'! It was also
identified as an independent predictor of a poor
serological response.?” In this study, we found
that higher dialysis vintage was associated with a
higher rate of mortality.

Severe  respiratory impairment is
indicated by decreased SpO2 and increased RR.28
An observational study found that more patients
with CKD required oxygen support than those
without CKD (55.9% vs 31.8%). Moreover, in
patients undergoing routine hemodialysis with
COVID-19, a SpO2 level below 95% was linked
to ICU admission and had a mortality rate 16.6
times higher than those with higher oxygen
saturation levels.!>1921 These studies align with
our results, which showed that SpO2 was
statistically related to the severity of COVID-19.
Additionally, the RR was statistically associated
with both COVID-19 severity and LOS.

Patients with CKD typically have lower
hemoglobin levels compared to individuals with
normal eGFR due to reduced kidney function.??
Moreover, COVID-19 can lead to hemolysis,
which further decreases hemoglobin levels.?? A
multicenter study found that CKD patients with
COVID-19 had a higher incidence of anemia
compared to those without CKD.303!1 A cross-
sectional study in Indonesia found that patients
who survived COVID-19 had higher levels of
hemoglobin, platelets, and albumin.?0 We also
found that hemoglobin levels were statistically
related to survival status.

COVID-19 patients often exhibit
elevated levels of leukocytes, neutrophils, and
NLR, while their lymphocyte counts are typically
decreased.?! Moreover, uremia negatively impacts
lymphocyte production and impairs neutrophil
functions.?* In routine hemodialysis patients with
COVID-19, lower lymphocyte counts, higher
levels of pro-inflaimmatory cytokines, and
activated monocytes have been observed.
Lymphopenia may result from a decrease in
CD4+ T, CD8+ T, and B lymphocytes.!2 In the
non-survivor group, patients exhibited lower
lymphocyte counts alongside higher leukocyte
counts and NLR, suggesting a correlation
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between these immune markers and poor
outcomes.!>1732 A cross-sectional study in Bali
found that 87.2% of hemodialysis patients with
COVID-19 had elevated NLR levels, which were
associated with higher D-Dimer values.* A study
in Malang also reported higher neutrophil counts
and NLR in ESRD patients. An NLR value of 1
or more was associated with a 1.3 times higher
mortality rate compared to an NLR value below
1.3 These findings align with our study, which
also  found a  statistical  association
between neutrophils, lymphocytes, and NLR
levels with the severity of COVID-19. Moreover,
leukocytes, neutrophils, and NLR levels were
associated with the survival status in this

population.

Thrombocytopenia is often associated
with COVID-19 infection, with younger patients
generally exhibiting higher platelet counts.?! The
“cytokine storm” in COVID-19 can lead to
hypercoagulability, ~which  contributes  to
thrombocytopenia.?? Damage to lung tissue
caused by COVID-19 triggers platelet activation
and thrombus formation, leading to increased
platelet consumption. A significant association
between platelet counts and survival status was
also found in this study.

Hyperkalemia is  associated  with
unfavorable outcomes in ESRD patients
undergoing hemodialysis with COVID-19,
especially when there are delays in receiving
dialysis sessions.?? However, consistent with our
findings, several studies have indicated no
significant relationship between potassium levels
and the severity, LOS, or mortality of COVID-
19.1,28

Some studies, including in Indonesia,
found that non-survivors of COVID-19 tend to
have elevated levels of urea and creatine.2021.3 In
this study, serum urea and creatinine levels were
statistically linked to survival status. Moreover,
estimated GFR at admission was linked to 28-day
mortality in ESRD patients undergoing
hemodialysis and COVID-19.2 A study found
that individuals with an eGFR between 30-
50mL/min/1.73 m?® had an increasing 60-day
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mortality risk prior to admission.?* Another study
reported that non-survivors had lower eGFR
values compared to survivors. In our study,
eGFR was found to be related to
disease mortality.

The prognosis for COVID-19 in ESRD
patients undergoing hemodialysis is worse than in
the general population. Around 64.4% of these
patients require hospitalization due to the severity
of the disease.®? CKD patients, especially those
with ESRD, are at a 2-3 times greater risk of
severe COVID-19.3.1024 Several factors, such as
critical infection, advanced age, elevated ferritin
levels, high aspartate aminotransferase levels, and
low platelet count, are related to an increased risk
of death.?? However, our study did not find a
significant correlation between disease severity
and mortality.

In our study, LOS in the hospital was
linked to disease mortality. A study reported that
hemodialysis patients with COVID-19 had an
average hospitalization of 185 days and
a mortality rate of 44.9%.% Another study
reported an average hospital stay of 19.2+12
days, with a mortality rate of 15%.'5 Dialysis
patients face a higher risk of hospitalization and
mortality compared to individuals not on dialysis.
They often present with atypical symptoms,
experience rapid changes in mental status, and are
more likely to be admitted to the ICU at an earlier
stage of the disease.?? Approximately 17.6% of
hemodialysis patients with COVID-19 required
intensive care, with contributing factors including
advanced  age, nosocomial  pneumonia,
gastrointestinal bleeding, arrhythmia, and SpO2
levels below 95% at admission.3> However, it was
reported that patients recelving maintenance
hemodialysis had a 15-day longer survival rate
than those receiving emergency hemodialysis.*

The mortality rate for COVID-19 in
ESRD patients undergoing hemodialysis is 24%,
which is higher compared to individuals without
CKD.602830 A retrospective study in Indonesia
showed a mortality rate of 23.6% among this
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population.? CKD patients on dialysis face a
1.41-fold higher risk of 28-day mortality, while
those who are not on dialysis have 1.25-fold
increased risks compared to individuals without
CKD. The primary causes of death in these
patients were respiratory failure, kidney failure,
and septic shock.?? In our study, several factors,
such as dialysis vintage, levels of hemoglobin,
leukocytes, platelet counts, neutrophils, NLR,
serum urea, serum creatinine, eGFR, and length
of hospitalization, were significantly associated
with the mortality rate.

SARS-CoV-2  variants  significantly
influence the transmission, severity, and mortality
of COVID-19. In Indonesia, some variants of
concern have been identified. Alpha wvariant
(B.1.1.7) is associated with a higher transmission
rate, an increased secondary attack rate, more
frequent hospitalization, and reduced neutralizing
activity in monoclonal antibody-based therapies
with a similar risk of reinfection. Beta variant
(B.1.351) also leads to higher transmission and
hospitalization rates, along with diminished
neutralizing activity.’¢ Delta variant (B.1.617.2) is
linked to even higher transmission rates, ICU
admission, and mortality, characterized by higher
viral load for longer periods, and a shorter latent
petiod. The Omicron variant (B.1.1.529) has the
highest transmission rate but is associated with
higher survival and reinfection rates. Its clinical
symptoms tend to be milder compared to other
variants.’” In this study, genome sequencing of
COVID-19 was not performed due to limited
resources.

This study emphasizes that patients with
ESRD undergoing hemodialysis need special care
and attention when dealing with COVID-19, as
they are at higher risk for severe outcomes.
Screening for COVID-19-related signs and
symptoms is essential for early diagnosis of the
infection, allowing for timely intervention. These
patients should be closely monitored to minimize
the risk of morbidity and mortality.

InaKidney | Vol. 1 | Issue 3 | December 2024

Conclusion

Several risk factors influence clinical
outcomes in ESRD patients undergoing
hemodialysis with COVID-19. Age, oxygen
saturation, respiratory rate upon admission,
lymphocyte and  neutrophil levels, and
neutrophil-to-lymphocyte ratio were significantly
associated with COVID-19 severity. Length of
stay was statistically influenced by respiratory rate
upon admission. The mortality rate was
correlated with dialysis vintage, hemoglobin,
leukocytes, platelets, neutrophils, neutrophil-to-
lymphocyte ratio, serum urea, serum creatinine,
eGFER levels, and length of stay.

Limitations of the Study

This study has several limitations. First,
there was no information on how COVID-19
progressed over time, making it impossible to
track the natural history of the disease. Second,
the data were not adjusted for confounding
factors. Additionally, SARS-CoV-2 variants and
immunization status were not collected during
the hospitalization. Moreover, this study was
conducted with a small sample size from a single
center. Further investigation with a larger sample
size across multicenter is recommended to yield

more reliable and comprehensive results.
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Background: Chronic Kidney Disease (CKD) is a leading cause of mortality
wortldwide, particularly in Indonesia, so it requires effective treatment options like
kidney transplantation. Optimal fluid therapy during the petioperative period is
important for stable hemodynamics and graft function. However, guidelines for
fluid administration remain lacking.

Objective: This study investigates the association between fluid therapy and
changes in hemoglobin levels in patients undergoing renal transplantation.
Methods: A retrospective observational cross-sectional study was conducted at
RSUP Prof. DR. .G.N.G. Ngoerah Denpasar from January 2016 to August 2024.
Data were collected from medical records of patients who underwent kidney
transplantation, excluding those with incomplete data. Key variables included daily
fluid intake and hemoglobin levels. The coefficient of variance was calculated and
continued with correlation analyses utilizing Pearson correlation and linear
regression to assess relationships between fluid administration and hemoglobin
changes.

Results: Of 28 patients, 10 met inclusion criteria, consisting of 4 males and 6
females. Analysis showed a strong correlation between the variance of fluid intake
and the variance of hemoglobin levels (R = 0.86; R* = 0.74; P < 0.001).
Conclusion: This study demonstrates a significant relationship between post-
operative variance of fluid administration and variance of hemoglobin levels
following kidney transplantation. It may have an impact on the management of post-
operative reduction in hemoglobin levels.

Keywords: Fluid, Hemoglobin Changes, Kidney Transplant, Association,
Perioperative.

Introduction

Kidney transplantation is one of the most

Chronic Kidney Disease (CKD) has
become one of the leading causes of death
worldwide, especially in Indonesia. Hypertension
and Diabetes Mellitus have been identified as the
main contributing factors. End-Stage Renal
Disease (ESRD), or late stage of CKD, requires
renal replacement therapy, such as hemodialysis,

peritoneal dialysis, or kidney transplantation.
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effective therapies, as it can restore the excretory,
secretory, and endocrine functions of the kidney
nearly perfectly. The kidney donor may come
from a living donor or a cadaveric donor.!

Administering optimal fluid therapy to
achieve stable hemodynamics during kidney
transplant surgery is important. Proper fluid

Sanyoto A, Widiana IGR, Mahadita GW, Kandarini Y, Ayu NP, Erawan IGNAT. Association Between Fluid
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administration can increase microvascular flow,
give a better oxygen distribution, and prevent
cellular hypoxia, leading to immediate graft
function. It also helps avoid hypovolemia during
the perioperative period. However, there is no
standardized guideline specifying how much fluid
should be given during the perioperative period
after a kidney transplant.#

The old theory suggested that providing
fluids to fulfill the kidney’s need for 25% of
cardiac output would optimize graft function.
However, this approach increases the risk of
hypervolemia and pulmonary edema. Several
studies have compared various parameters, such
as Central Venous Pressure (CVP) and Mean
Arterial Pressure (MAP), to assess fluid adequacy,
but no definitive numbers have been established,
making fluid administration more individualized.
Retrospective  studies on kidney transplant
patients indicated that intraoperative CVP values
of less than 8 mmHg, even reaching less than 6
mmHg, were significant predictors of delayed
graft function or primary non-function. A
retrospective study of 1,966 patients showed that
CVP above 11 mmHg was a predictor of chronic
graft dysfunction, while fluid administration of
more than 2,500 mL was an independent risk
factor for graft failure. Other prospective and
retrospective studies suggested that aggtressive
fluid administration during graft ischemia,
increasing CVP from 5 mmHg to 15 mmHg, was
associated with better graft function, reduced use
of vasopressors and diuretics, and less post-
operative tissue edema.’-

Fluid administration may also trigger a
relative, but not absolute, condition known as
dilutional anemia, characterized by dectreased
hemoglobin concentration. Iatrogenic
hemodilution is often seen in critically ill patients
receiving colloid therapy as part of perioperative
treatment goals, where there is no increase in
cardiac output after intravenous fluid loading. In
septic shock patients receiving fluid therapy to
reach a target CVP of 8—12 mmHg, MAP of 65—
70, urine output of >0.5 mL/kg/hr, and oxygen
saturation >70% within the first 6 hours, a
complete blood count often reveals a 30%

reduction in hematocrit within 3 hours post-

InaKidney | Vol. 1 | Issue 3 | December 2024

resuscitation. The administration of 500 ml IV
fluid can reduce hemoglobin level by 1 gr/dL.>6
latrogenic hemodilution can increase the risk of
unnecessary  blood  transfusions  without
significant bleeding. In a randomized controlled
trial (RCT) study comparing patients receiving
goal-directed therapy (GDT) with a control
population, it was found that the GDT group had
twice the rate of blood transfusions. It was con-
cluded that many patients in the GDT group
experienced a drop in hemoglobin levels below
the threshold for transfusion due to
hemodilution.t-8

Kidney transplant patients also receive
large volumes of fluid during the perioperative
period to prevent delayed graft function.
However, no studies have explored the
association between fluid administration and
changes in hemoglobin levels during the
perioperative period following kidney trans-
plantation. This study investigates the correlation
between fluid administration and hemoglobin
changes to avoid unnecessary blood transfusions
without signs of significant bleeding,.

Methods
Design and participants

This retrospective observational cross-
sectional study involves all patients who
underwent kidney transplantation at RSUP Prof.
DR. I.G.N.G. Ngoerah Denpasar from January
16, 2016, to August 31, 2024. Data were collected
from medical records, and patients with in-
complete data were excluded. Descriptive
statistical analysis was performed on social
patient data, including age, sex, relationship with
the donor, human leukocyte antigen (HLA)
matching, baseline hemoglobin levels, daily
hemoglobin levels, and the amount of fluid
administered daily during hospitalization. The
variables studied were hemoglobin levels and
daily fluid intake.

Ethics approval and consent to participate
Not applicable.
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Data collection

Data were gathered from medical
records, with patients with incomplete
information excluded. A descriptive statistical
analysis was conducted on social patient data,
encompassing factors such as age, sex,
relationship with the donor, human leukocyte
antigen (HLA) matching, baseline hemoglobin
levels, daily hemoglobin levels, and the amount
of fluid administered daily duting hospitalization.
The study focused on the wvariables of

hemoglobin levels and daily fluid intake.

Statistical analysis

A coefficient variation analysis was
conducted for both parameters to assess the
variability of hemoglobin levels and fluid intake
in each sample. The linearity of the results was
analyzed using Pearson correlation and linear
regression, as well as nonlinear correlation
(power correlation), to determine the correlation
coefficient (R), coefficient of determination (R?),
and regression coefficient (B). A p-value of less
than 0.05 was considered statistically significant.
The data were presented in the form of box plots
and scatter plots.

Results

A total of 28 patients with chronic
kidney disease underwent kidney transplant
surgery at RSUP Prof. DR. .G.N.G. Ngoerah
Denpasar, consisting of 17 male and 11 female

Table 2. Daily hemoglobin levels and daily fluid intake

patients, with a mean recipient age of 31.14
(£7.26) years. Of these, 18 patients were excluded
due to incomplete data, leaving only 10 patients
in the study. Table 1 shows the basic
characteristics of the patients.

Table 1. Characteristics data of patients

Characteristics Mean SD n
Age 28.9 5.54
Sex
Male 4
Female 6
Body mass index  23.52 2.01
(BMI)
Hemoglobin 12.26 1.54
(g/dL)
Creatinine 13.91 2.58
(mg/dL)
HD Duration 37.8
(mo’s)
Relation with

donor

Father

Mother 5
Sibling

Hemoglobin levels and the amount of
fluid administered after kidney transplant surgery
were recorded and analyzed to determine the
average values, standard deviation, and co-
efficient of variation. Table 2 below shows the
daily hemoglobin levels and the daily fluid intake.

N Mean SD Minimum Maximum

Fluid 1 10 8,246 3,625 4,005 15,167
intake 2 10 6,703 3,395 3,625 15,670
(ml/24h) 3 10 5,555 1,539 3,650 8,960

4 10 5,720 1,685 3,225 8,766

5 10 5,948 2,056 3,830 9,950

6 10 5,552 1,375 3,280 7,100

7 10 5,825 2,245 3,300 11,100

8 10 5,989 1,593 3,590 9,180

Total 80 6,192 2,386 3,225 15,670
41 InaKidney | Vol. 1 | Issue 3 | December 2024
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Hb (g/dl) 1 10 11.2 2.1 8.1 14.5
2 10 9.5 2.1 6.1 12.3
3 10 8.7 1.9 5.4 11.2
4 10 8.8 1.8 5.7 12.4
5 10 9.2 1.1 7.1 10.5
6 10 9.4 1.0 7.5 10.5
7 10 9.2 1.4 7.0 11.3
8 10 9.5 1.8 7.1 12.8
Total 80 9.5 1.8 5.4 14.5

The changes in hemoglobin levels per day and the
amount of fluid intake can be seen in the

Fluid intake ( mif24 hours)
o
o

Figure 1. Changes in fluid intake per day

Figure 1 shows that the fluid intake has
the largest variance range on the first day, which
then decreases and tends to stabilize on the
second, third, and fourth days. It increases again
on the fifth day before stabilizing until the eighth
day. Meanwhile, in Figure 2, hemoglobin levels

Hemoglobin conc's (g/dL)

following figures 1 and 2.

Days

Figure 2. Changes in hemoglobin per day

show a downward trend, reaching their lowest
point on the third day before rising again until the
eighth day. An analysis was conducted to
determine the coefficient of variation for daily

fluid intake and hemoglobin levels, as shown in

Table 3.

Table 3. average and standard deviation of fluid intake and hemoglobin levels, as well as coefficient of variation for

each patient

No. Mean* SD* Mean** SD** CoV* CoV**
1. 6,389 2,271 10.96 1.11 0.36 0.10
2. 8,467 4,520 10.45 0.95 0.53 0.09
3. 5,000 1,223 9.75 0.76 0.24 0.08
4. 6,778 1,758 7.77 1.39 0.26 0.18
5. 5913 1,742 11.36 1.43 0.29 0.13
6. 5,652 1,780 11.45 1.37 0.32 0.12
7 5,900 1,106 8.98 0.68 0.19 0.08
8. 8,625 1,900 7.53 0.85 0.22 0.11
9. 4,584 890 8.34 1.71 0.19 0.21
10. 4,614 1,086 8.41 1.35 0.24 0.16

*Fluid intake (ml/day); **Hb level (g/dL)

InaKidney | Vol. 1 | Issue 3 | December 2024
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Using Pearson Correlation and Linear
Regression, followed by a power correlation test,
the results showed a strong relationship between
the coefficient of variation for fluid intake and

CoV of hemoglobin

the coefficient of variation for hemoglobin levels
(R = 0.86; R* = 0.74; B = 0.38; P < 0.001), as
illustrated in the line diagram below (Figure 3).

a.‘r'

021

0.154

0.127

0.0

© Cbserved
— Linear
= Powwer

CoV of fluid intake

T T
0.20 0.30 040 0.50

Figure 3. The relationship between the coefficient of variation for fluid intake and variance of hemoglobin levels was
analyzed using linear regression (R = 0.86; R*? = 0.74; B = 0.38; P < 0.001) and power correlation (R = 0.96; R? =

0.91; B = 1.54; P < 0.001).

Discussion

Optimal fluid administration targets
achieving immediate graft function, which is the
most critical aspect of perioperative management
after kidney transplantation. Since there is no
standardized consensus or guidelines on the exact
volume of fluid that should be administered, the
amount of fluid given is individualized for each
kidney transplant recipient. It is known that
administering 500 ml of fluid can result in a
hemoglobin decrease of 1 g/dL, a condition
known as relative and temporary hemodilution.
However, hemodilution can reduce the oxygen
delivery capacity to tissues due to the lowered
hemoglobin levels.*6:8

In major surgery, preoperative fluid
administration to achieve acute normovolemic
hemodilution (ANH) is often to be done. The

43

main concept is that exchange with crystalloids or
colloids is given for every blood loss to
maintain normovolemia. The target hematocrit
with ANH is variable, but it is often around 25%
to 30%. More extreme hemodilution is likely to
be more efficacious in preventing allogenic blood
transfusion, but the risks are greater, particularly
in some patients with pre-existing medical
conditions. Hemoglobin concentrations atre
influenced by plasma. An increase in the plasma
volume by the intravenous administration of
fluids may cause significant hemodilution and
decreased ~ hemoglobin  levels. Critical
hemoglobin level denotes the efficacy of ANH,
and for humans, the decrease of hemoglobin
levels between 4 to 5 gr/dL was considered
safe %10

To our knowledge, our study is the first
to investigate the effect of fluid administration in

InaKidney | Vol. 1 | Issue 3 | December 2024
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the  perioperative  period after  kidney
transplantation on hemoglobin. This study
observed a strong relationship between the
decrease in hemoglobin levels and fluid
administration to achieve immediate graft
function. This hemoglobin dectease is temporary
and will recover on its own without the need for
blood transfusion. Iatrogenic hemodilution,
which is temporary, was confirmed during the
perioperative period after kidney transplantation
in this study. Careful monitoring is necessary to
avoid unnecessary blood transfusions.

Conclusion

There is a relationship between
perioperative fluid administration after kidney
transplantation and a temporary decrease in
hemoglobin levels, suggesting that blood
transfusion should only be administered when
significant bleeding is evident.

Limitations of the Study

This study is a preliminary observation
of hemodilution during the perioperative period
after kidney transplantation, and it has
limitations, including a small sample size and the
lack of analysis regarding intraoperative bleeding
and the volume of fluids administered during the

procedure.
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depend in part on the location and immunopathology of the patient, including genetic
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treatment strategies for GN are non-specific, consisting of corticosteroids and cytotoxic
agents. Thus, an advanced understanding of GN immunopathogenesis may offer many
opportunities for future therapeutic interventions on an individual basis. To further
facilitate understanding of the pathogenesis of GN, the author also includes a graphical
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Introduction

A substantial body of immunological,
clinical, and experimental data supports the
hypothesis that immunological mechanisms are
the primary cause of most forms of human
glomerulonephritis (GN).! The etiology of GN in
humans remains largely unidentified and
elusive.?? The development of immune responses
that can cause GN is influenced by genetic
predisposition in certain individuals.** The
unique glomerular physiology also facilitates
trapping immune aggregates Of €XOgenous
antigens in the glomerular capillaries. Indeed, the
immunopathogenesis of GN is broad and
complex, involving a nephritogenic immune
response, both cellular and humoral, resulting in
diverse clinical and pathological manifestations,

Cite this as:

ranging from asymptomatic urinary abnormalities
to acute kidney injury (AKI) or end-stage renal
discase (ESRD)..” The humoral immune
response causes immunoglobulin (Ig) deposition
to form, subsequently triggering an inflammatory
response by activating the complement factor
cascade.!8 Meanwhile, the cellular immune
facilitates  the infiltration of circulating
mononuclear  inflimmatory cells in  the
glomerulus and crescent formation.” There is a
close and integrated interaction between intrinsic
glomerular cells under physiological and illness or
injury conditions.! In inflammatory lesions,
glomerular hypercellularity may be seen due to
infiltration of hematopoietic cells (mainly

macrophages and  neutrophils), intrinsic

Samsu N. Pathogenesis of Immune-Mediated Glomerulonephritis. InaKidney. 2024;1(3):46-69. doi:
10.32867/inakidney.v1i3.158
B
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glomerular cell proliferation, or a combination of
both. These effector cells further instigate various
pathological changes, including thrombosis,
necrosis, and crescent formation, potentially
culminating in renal insufficiency and rapidly
progressive  GN (RPGN). Meanwhile, non-
inflammatory lesions caused by immune injury
typically involve podocytes as the primary
effector cells and are associated with increased
protein permeability.”

A further understanding of GN's
pathogenic mechanisms can lead to more
appropriate diagnostic considerations and treat-
ment options for the halting or interrupting
pathophysiology underlying individual disease,
which causes significant and progressive
glomerular disease. The author has also included
a graphical summary at the end of this article to
facilitate better understanding.

The role of glomerular physiology in
immune-mediated injury

The glomerulus can be thought of as a
“capillary network” that produces ultrafiltrate.
Glomerular filtration is determined by glomerular
blood flow and ultrafiltration pressure, regulated
by arterial tone, which generates a pressure
gradient, and the filtration surface area, which is
affected by mesangial contractility. With their
fenestrations, glomerular endothelial ~ cells
(GECs) can prevent blood cell filtration but
cannot prevent water movement. The glycocalyx
covers the GEC, which contains negatively
charged glycosaminoglycans, which block the
diffusion of negatively charged molecules and
have anti-thrombotic  and  anti-adhesive
properties. The glycocalyx is also crucial in
regulating capillary permeability, mediating
interactions between leukocytes and GECs, and
transducing shear stress.!!

Opverall, the glomerular endothelium
(with the glycocalyx), glomerular basement
membrane (GBM), and podocytes collectively
constitute the glomerular filtration barrier (GFB).
This specialized structure facilitates the
substantial filtration of solutes and water while
also acting on the physicochemical and electro-

InaKidney | Vol. 1 | Issue 3 | December 2024

static charge of a molecule. Although the
structure of the glomerular capillaries is typically
designed to serve as a barrier to the passage of
solutes, especially proteins, on the other hand,
they are vulnerable to inflaimmatory injury from
various causes, resulting in multiple causes of
GN.12 Conditions that can increase the
vulnerability of the glomerulus to injury include:
(1) the kidneys receiving 25% of high cardiac
output; (2) high hydrostatic pressures within the
glomerular capillaries; (3) highly fenestrated
endothelium; and (4) sieving effect of glomerular
filter. These conditions can maximize contact
between reactants and GBM and concentrate
substances potentially injuring the glomerulus,
including circulating antigen-antibody
complexes. The filtering ability of the glomerular
capillaries for solutes is inversely related to the
size of the substance. Large negatively charged
molecules will be more readily filtered than
positively charged molecules of the same size.!3
The inherent characteristic — physiological
conditions of the glomerulus will make it easier
for the filtered substances to be trapped in certain
places in the glomerulus, which in turn can trigger
pathological processes in the kidney.

Components of the nephritogenic immune
response in glomerular injury

A. Humoral component. The leading cause
of glomerular injury is the humoral
immune response. This glomerular injury
is mediated by immune complexes (ICs)
containing Ig and components of
complements. This immune-mediated
injury can occur directly, i.e., antibodies
with intrinsic antigens (endogenous anti-
gens as fixed-antigens), or indirectly, i.e.,
antibodies with embedded exogenous
antigens (implanted antigens) and entrap-
ment of circulating antigen-antibody
complexes.!* Immune deposits form as a
result of antibodies targeting these
antigens:

a. Normal glomerular constituents

e In anti-glomerular basement

membrane  (anti-GBM)  disease:
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interactions between antibodies and
glomerular intrinsic antigen (as
Goodpasture antigen), i.e., type IV
collagen alpha-3 chains.1>10

e In membranous nephropathy (MN):
interaction of antibodies against
podocyte-specific antigens, such as
phospholipase A2 receptor type-M
(PLA2R), thrombospondin type-1
containing domain 7TA
(THSD7A)!'718, and the third anti-
gen, consisting of exostosins 1 and 2
(EXT1 and EXT2), neural
epidermal growth factor-like 1
(NELL-1), neutral endopeptidase
(NEP), Semaphorin 3B (Sema3B),
protocadherin-7 (PCDH?7), high-
temperature recombinant protein
Al (HTRA1) and neural cell
adhesion molecule 1 (NCAM-1).19

e In congenital nephrotic syndrome
Finnish type (CNF): anti-nephrin
antibodies in the diaphragmatic cleft
can induce proteinuria without
immune deposits and
inflammation.20

b. Non-glomerular endogenous antigens
localized to glomeruli

e In lupus nephritis (LN): DNA
nucleosome complexes.?!
e In IgA nephropathy (IgAN):
abnormally glycosylated IgA .22
e On antineutrophil cytoplasmic
antibody (ANCA) - associated
vasculitis (AVV): myeloperoxidase
(MPO) or proteinase 3 (PR3).23
The localization of  non-glomerular
endogenous antigens within the glomeruli occurs
due to passive trapping through their interaction
with the glomerular capillary wall, ie., at
negatively charged sites or through spontaneous
aggregation.’

c. Immune aggregates or exogenous anti-
gens localized in the glomerular
capillaries. This process occurs through

48

various mechanisms, including passive
trapping, local precipitation of macro-
molecular aggregates, or loading affinity
for glomerular structures.

e In membranoproliferative ~ GN
(MPGN) associated with hepatitis C
virus (HCV):
containing HCV antigen.?*

Cryoglobulin

However, in asymptomatic individuals,
autoantibodies to MPO, PR3, and GBM may also
be found, and anti-PLA2R antibodies may
develop months or years before the onset of
MN.?> This shows that humoral immunity to
target antigens does not always show
pathogenicity.

B. Cellular components. Pathogenic T-cell
responses in immune-mediated GN are
linked to the most severe forms of GN, i.e.,
crescentic GN (cGN), which pathologically
consists of immune complex (IC), pauci-
immune, and anti-GBM GN. T helper-1
(Th1) cells recruit monocytes to the kidney
by promoting the expression of chemokines
in glomerular intrinsic cells. Further, an
increase in interferon y (IFNy) by activated
Thl cells and glomerular intrinsic cells
promotes macrophage recruitment and
differentiation ~ of  monocytes  into

inflammatory M1 macrophages, which

mediate tissue damage and crescent
formation. T helper-2 (Th2) cells are
involved in driving immune complex
deposition, which subsequently induces
glomerular infiltration of neutrophils. These
neutrophils contribute to tissue damage
through reactive oxygen species (ROS)
production, neutrophil extracellular traps

(NET) formation, and serine protease

degranulation.?

Immune mechanism responses to

glomerular injury

A. Inflammatory injury. The  cellular
inflammatory response occurs due to the
deposit of immune complexes with the

InaKidney | Vol. 1 | Issue 3 | December 2024
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activation of complement factor cascades in
the glomerulus.®27 The inflammation it
causes is influenced by the site where the IC
deposits occur. For example, IC is deposited
on the GBM in anti-GBM antibodies disease,
subendothelial deposition in class III or IV
LN and MPGN, and deposits in the
mesangium in IgAN and LN.? Besides
occurring due to the influence of IC deposits,
severe inflammation can also happen without
IC deposits, as seen in conditions like
vasculitis (ANCA-positive necrotizing GN).!
In the presence of inflammatory changes,
glomerular hypercellularity results from the
infiltration of macrophages and neutrophils,
proliferation of intrinsic glomerular cells, or
both. Furthermore, these effector cells can
further contribute to necrosis, thrombosis,
and crescent formation, leading to renal
insufficiency and RPGN.!

B. Non-inflammatory injury. Non-
inflaimmatory lesions caused by immune
injury typically involve podocytes as primary
effector cells, leading to increased glomerular
permeability to albumin and other proteins
without detectable light microscopic
damage.! The main clinical features of this
non-inflammatory glomerular lesion are
proteinuria and nephrotic syndrome (NS).°

Effector cells and mediator in the
inflammatory GN

The inflaimmatory response involves the
coordinated activation of signaling pathways that
control the production of inflammatory
mediators in resident tissue cells and blood-
derived recruited inflammatory cells.? This
mechanism is commonly observed in
inflammatory response processes, as with
glomerular injury. The glomerular injury also
typically driven by the activation of effector cells
(.e., neutrophils, macrophages, natural killer
(NK) cells, T cells, and platelets as well as
glomerular intrinsic cells) and release of
inflammatory mediators (i.e., complement
activation products, oxidants, and proteases; and
various cytokines, chemokines, growth factors
(GFs), and other vasoactive agents).2%2

InaKidney | Vol. 1 | Issue 3 | December 2024

A. Role of circulating inflammatory cells

Role of Neutrophils - Neutrophils are among
the first leukocyte subsets recruited to deposit IC,
consisting of autoantibodies or antibodies
essential in promoting glomerular injury.?° This is
evidenced by the presence of neutrophils in
kidney biopsies from patients with antibody-
mediated GN such as PSGN, MPGN, IgA
vasculitis (Henoch-Schoenlein purpura), LN,
anti-GBM disease, and some forms of c¢GN.3!
Based on its cellularity, GN can be classified into
two categories: proliferative forms due to the
influx of immune cells and intrinsic cell
proliferation and non-proliferative  forms.
Leukocytes play a central role in developing
proliferative GN at multiple levels, including
influencing the development of adaptive and
humoral immune responses and modulating local
effector mechanisms that directly contribute to
glomerular damage.® Although the role of
neutrophils in glomerular injury is recognized, the
molecular mechanisms underlying immune
complex-mediated recruitment of neutrophils in
the glomerulus, where capillaries serve as the
main site of leukocyte recruitment, remain
indeterminate.> In general, some of the
important roles of neutrophils in glomerular
injury include:

e Neutrophils phagocytose immune complex
aggregates, leading to their activation and the
initiation of a respiratory burst that produces
ROS. These ROS contribute to glomerular
injury by interacting with MPO, a cationic
enzyme derived from neutrophils that
localizes in the glomerulus due to its positive
charge.?

e Neutrophils are the storage site for cationic
serine proteases, including cathepsin G and
elastase, in azurophilic granules, released
upon neutrophil activation, which can
further degrade elements of the glomerular
capillary wall.?

e Neutrophils generate NETS, as in AGN and
LN. NETs are net-like histone structures
decorated with peptides, proteases, and
enzymes, which are also detrimental.3?
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e Role of neutrophils in ANCA-associated
vasculitis (AAV)— Neutrophil involvement
in AAV is linked to cationic proteases, PR3,
and MPO, localized in neutrophil primary
granules. Upon activation by certain
cytokines, these proteases are translocated to
the surface of neutrophils, making them
accessible to circulating ANCA antibodies
targeting PR3 or MPO, contributing to the
pathogenesis of glomerular injury.?3*

Role of Macrophages — Macrophages are
innate immune cells and major components of
the mononuclear phagocytic system. They are
involved in numerous cellular processes crucial in
maintaining tissue homeostasis.?> IC or cells of
the adaptive immune system (T lymphocytes and
their cytokines) can activate macrophages. In
renal disease, macrophage activation is typically
secondary to the activation of complementary or
effector T cells, which are triggered by antigens
that are not specific to the kidney. This suggests
that macrophages may not be the primary
initiators of renal disease.3¢ However, in immune-
mediated GN, there is an increased number of
macrophages in the kidney.’” In some glomerular
lesions, especially those showing crescent
formation, macrophages are the prominent
constituents.?-3 The following aspects should be
addressed regarding the role and function of
macrophages in human GN:

e In proliferative GN, the number of
glomerula macrophages correlates with
disease severity. Macrophages were observed
in the glomerular tuft in nearly all types of
GNs, whose staining varied from “positive”
to “intense.” The intensity of this stain
correlates with the cellular intensity of the
glomerulus, either intrinsic glomerular cells
or circulating inflaimmatory cells. Macro-
phage staining was more intense on cGNs,
ie., LN and AAV, whereas staining was less
intense on less proliferative GNs, i.e., IgAN
and MN.%

e In most severe lesions, macrophages are
localized in the glomeruli. AGN and cryo-
globulinemia GN are 2 diseases characterized

by  comparable massive  macrophage
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glomerular infiltration, though they differ in
their localization. In AGN, macrophage
accumulates mainly in areas of extra-capillary
proliferation (crescent) and granulomatous
glomerular lesions. Contrarily, in cryo-
globulinemic GN, macrophages are more
homogeneously distributed throughout the
glomerular tufts but are absent from the
periglomerular interstitium.38

Macrophages are recruited to glomeruli and
glomerular lesions by chemokines secreted
by intrinsic glomerular cells. Monocyte
chemoattractant protein-1 (MCP-1) has been
identified in IgAN, LN and GPA.
Additionally, MCP-1 and its chemokine
receptor 2B (CCR2B) are expressed in
human c¢GN, with CD68+ cells being the
primary glomerular cell type that expresses
CCR2B.#  Macrophages are also easily
recruited by molecules derived from lympho-
cytes, like macrophage migration inhibitory
(MIF), produced during interactions between
T cells, particularly those with specific
sensitivities and intraglomerular antigens.*!

Macrophages that are attracted become
activated in proliferative glomerular lesions.
In addition to differences in number and
localization, AGN and cryoglobulinemic GN
macrophages exhibit significant differences
in cytokine production, activation, adhesion,
and proliferation. De novo production of
glomerular vascular cell adhesion molecule 1
(VCAM-1) was observed exclusively in AGN
and was restricted to necrotizing extra-
capillary lesions.’® Likewise, the production
of TNF-a and IL-1f is prominent in AGN.
AGN differs from cryoglobulinemic GN in
macrophage properties, contributing to its
more severe disease progression. Macro-
phages are also seen in Henoch-Schénlein
syndrome, necrotizing IgA nephritis, and
GN associated with endocarditis and have
not been seen in other glomerular
diseases.*243
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Overall, it has been shown that
acute macrophage activation
immediately affects the production of
proinflaimmatory  cytokines in the
glomeruli and adhesion molecules in the
endothelium, thereby exacerbating the
severity of the disease.® In addition,
macrophages release tissue factor, which
triggers crescent formation and fibrin
deposition, as well as transforming
growth factor (TGF)-B, leading to
extracellular matrix (ECM) synthesis and
development of glomerular sclerosis.”?

Role of T Cells — T cells are detectable in
conditions primarily characterized by macro-
phage-mediated mechanisms, such as cGIN.22%31
The functional role of T «cells in cGN
pathogenesis was first demonstrated in a study of
athymic nude mice treated with human renal
GBM. This study demonstrated that without T
cells, neither autologous anti-GBM antibodies
nor glomerular injury developed.* The
significance of T cells in LN disease pathology
was highlighted in MRL-Ipr mice. T cell depletion
led to less severe renal disease in this genetic
autoimmune model mice strain.*> The important
role of CD4+ T cells in disease pathology was
also demonstrated in anti-MPO GN. In this
context, depletion of CD4+ T cells reduced renal
immune cell infiltration and mitigated cGIN.46:47

While experimental evidence suggests
that systemic T cells can induce glomerular injury
without antibody  deposition, evidence
supporting that glomerular T cells alone are
nephritogenic is limited, except for T cell-derived
permeability factors.*4 T-cell-mediated injury
primarily presents through the release of
chemokines and the subsequent recruitment of

macrophages, which serve as effector cells.

Role of T helper 17 cells. All T cell subsets ate
involved in GN, but IL17-producing T helper 17
(Th17) cells are likely the primary contributors to
T cell-induced inflammation. Th17 cells in kidney
biopsies in several forms of human GN.5 These
cells also facilitate anti-MPO-mediated GN
through the secretion of IL-17a. IL.-17a-deficient
mice are protected against anti-MPO-mediated
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GN and have reduced accumulation of renal
macrophages.> Th17 cells are recruited via
chemokine and receptor interactions, releasing
cytokines including 119, 1117, 1121, IL22, and
TNFa. These cytokines stimulate other cells to
produce additional proinflammatory chemo-
kines, attracting neutrophils and monocytes while
activating intrinsic glomerular cells.>

Role of Regulatory T Cells — In contrast to
effector T cells like Th17 cells, which exacerbate
glomerular injury, regulatory T cells (Tregs) have
been shown to aid in injury repair and promote
tolerance.’>5* Tregs are known to suppress
innate and adaptive immune responses in the
kidney, and abnormalities in their number or

function have been reported in certain forms of
GN.55

Tregs were identified as T-cells that
express high levels of the IL-2 receptor alpha
(CD25) and the transcription factor forkhead box
P3 (Foxp3), a hallmark of their control function
of Treg cells. IL-2 is the master regulator of Treg,
and a deficiency in 1L-2 has an important
influence on decreasing the number and function
of Treg cells.5256 The functions of Tregs include
controlling innate and adaptive immunity,
regulating cell damage, and promoting repair.52 In
SLE, there is immune dysregulation, with
deficiency of IL-2 production, excessive
production of proinflammatory cytokines, and
resistance to Treg-mediated suppression. Given
the role of Tregs, many new therapeutic strategies
are currently being developed that target Treg
enhancement. It has been demonstrated that the
cytokines IL-2, IL-2/mCD25, IL-6, and 11.233
directly promote strong Treg expansion,
preventing autoimmunity and LIN.52

Role of Platelets - Some glomerular lesions have
prominent platelets, especially in lesions
involving intraglomerular thrombosis, such as
thrombotic ~ microangiopathy  and  anti-
phospholipid antibody syndrome. While platelets
are best known for their involvement in
thrombotic processes associated with endothelial
cell injury, they also secrete vatrious bioactive

substances that contribute to and exacerbate
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glomerular injury. These include chemotactic,
mitogenic, and vasoactive substances.’

A. Role of Glomerular Intrinsic Cells Injury

Endothelial, mesangial, parietal epithelial,
and visceral epithelial cells (podocytes) in the
glomerulus all have unique and specific roles,
which are essential for the normal functioning of

the glomerulus. However, these glomerular
intrinsic cells are also the main target of various
disease processes, including immune injury.
Response to injury depends on the damage's
duration, nature, and magnitude. An overview of
the typical intrinsic cell responses to injury is
provided in Table 1.3

Table 1. Key functions and responses to injuty of intrinsic glomerular cells!

Cell Type Normal Function and Responses to Injury Relevant Glomerular
Features Diseases (Examples)
Mesangial Maintain structural Lysis with healthy remodeling IgA nephropathy
cells architecture of glomerulus Apoptosis Diabetic nephropathy
Mesangial matrix Hypertrophy
homeostasis Proliferation and matrix
Regulate filtration surface expansion leading to
area glomerulosclerosis
Phagocytose apoptotic cells
Glomerular Fenestrations and Apoptosis ANCA-associated GN
endothelial glycocalyx facilitate Loss of fenestrations Lupus nephritis
cells selective permeability Widening of cell-cell junctions, (Class III and 1V)
and filtration transcellular holes Hemolytic uremic
Glycocalyx damage, loss of GAG  syndrome
synthesis Diabetic nephropathy
Podocytes Foot processes wrap Apoptosis Minimal change disease
around capillaries Foot process effacement FSGS
Adherence to GBM Detachment from GBM, Diabetic nephropathy
Slit diaphragm regulates podocyte loss
filtration Loss of slit diaphragm
Parietal Line Bowman’s capsule Apoptosis Crescentic GN
epithelial Several subsets of cells Migration to glomerular tuft, FSGS
cells likely with different production of ECM proteins
functions leading to glomerulosclerosis

Subset of cells may be able

to differentiate into
podocytes and play a
reparative function

Proliferation leading to crescent

and pseudocrescent formation

GAG, glycosaminoglycan; GBM, glomerular basement membrane; ECM, extracellular matrix
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There are intimate and integrated
interactions among cellular components of the
glomerulus under physiological conditions and in
disease or injury. Podocytes, mesangial cells, and
endothelial cells engage in complex, multi-
directional cross-talk both among themselves and
with leukocytes.!? Although a particular disease
may primarily target a particular cell type, it
typically indirectly affects other cells.’! Podocyte
injury can lead to mesangial cell proliferation,
while mesangial cell injury can result in thinning
and fusion of podocyte foot processes.
Additionally, signals from mesangial and
endothelial cells are essential for the normal
function of podocytes.5

a. Injury of glomerular endothelial cells
(GEC). GECs, with their unique properties
and functions as previously described, are
more prone to become major targets of
injury in hemolytic uremic syndrome, certain
forms of vasculitis, and preeclamptic toxemia
in pregnancy.’® GECs injury can lead to cell
proliferation, detachment, apoptosis,
adhesion of leukocytes, and thrombosis.>%60
The above conditions undetlying GEC injury
are commonly associated with proliferative
GN, which may mediate the progression of
c¢GN. The proliferation of mesangial and
endothelial cells, along with leukocyte
infiltration, causes endocapillary

proliferation, resulting in narrowing and

occlusion of the glomerular capillary lumen.5!

b. Injury of glomerular mesangial cell.
Glomerular mesangial cell injury is observed
in IgAN and LN, where immune deposits
occur and involve the mesangium.6263
Mesangial cell activation generally results in
proliferation and hypertrophy, production of
ROS, and excessive matrix production.?
Mesangial cell activation also produces
cytokines and chemokines, which influence
mesangial and glomerular cells and other
leukocytes. In response, these leukocytes
release mediators that affect the mesangial
cells, forming a paracrine loop.”> The
expansion of the mesangial matrix and the
release of vasoactive mediators lead to a

decrease in glomerular surface area and
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changes in glomerular hemodynamics,
ultimately ~ decreasing GFR.6263  Several
mediators have been identified that can
activate mesangial cells, i.e., cytokines, GFs;
C5b-9, the complement MAC; immune
complexes, and ROS.?

Injury of glomerular parietal epithelial
cell (PEC). Compared with the other 3
intrinsic glomerular cell types, the occurrence
of well-defined glomerular disease primarily
due to abnormalities arising in PECs is
lacking.%* However, evidence based on GN
mouse models targeting early injury to
glomerular endothelial cells and GBM
suggests that the ensuing proliferation of
glomerular PEC results in a significant
increase in cell numbers within the
crescent.® This is consistent with the main
feature of cGN, ie., PEC proliferation.’
Besides proliferating, activated PEC (which
is induced by fibrin) also migrates and
produces ECM.6%67 The proliferated or
increased PECs can attenuate urine flow and
release cytokines and chemokines, which can
interfere with the function of the affected
glomerulus. Conversely, PEC may migrate
from Bowman’s capsule to capillary bundles
and differentiate into podocytes in response
to injury.®%¢ It suggests a regenerative and
reparative role when podocytes are lost.
PECs presenting cellular crescents undergo
epithelial-to-mesenchymal transition (EMT)
with increased ECM synthesis, which
ultimately leads to the formation of classical
honeycomb-like lesions.”

Injury of glomerular visceral epithelial
cells (podocyte). Podocytes are the most
sensitive component of the glomerulus to
injury and are frequently damaged or
dysfunctional.”! Besides their important role
in preventing proteinuria, podocytes also
contribute to crescent formation through the
formation of cellular masses due to
proliferation.”” Podocyte injury may also be
involved in PEC proliferation and crescent
formation by reducing the expression of
Krippel-like factor 4, a zinc-finger
transcription factor critical for maintaining
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podocyte homeostasis and keeping PEC in a
quiescent state.’7>

During development and in various forms of
renal pathology, podocytes, and PEC are
interdependent. Rapid loss of podocytes in
diseases, including RPGN and collapsing and
cellular subtypes of FSGS, is associated with the
proliferation and migration of PEC toward
capillary bundles, leading to the formation of
crescents and  pseudo-crescents.’”>  The
occurrence of severe proteinuria in IgAN is
another illustration of the interaction between
various  glomerular cell types. Mesangial

expansion can cause compression of individual

Table 2. Immune complex-mediated glomerulonephritis'4

podocytes leading to effacement of their foot
processes, changes in the filtration slits, shedding
of podocytes, and proteinuria.’”.78

Role of the location of deposit immune
complexes in glomerular injury

Different places or locations of injury in
the glomerulus can give a different clinical picture
according to the physiological function of each
part of the glomerulus. Therefore, the primary
factor in determining whether a patient develops
nephritic or nephrotic syndrome is the site of
glomerular injury.” Table 2 lists examples of GN
caused by IC deposition.!*

Location of glomerular

immune complex deposits ~ with examples

Associated glomerulonephritides, ~ Associated diseases involving loss of immune

homeostasis, examples

Subendothelial
IgA nephropathy

Membranoproliferative GN

Autoimmune disease (e.g., Sjogren’s syndrome,
scleroderma, SLE)

Lupus nephritis (classes 11T & IV)

Mesangial Membranoproliferative GN Autoimmune disease (e.g,, Coeliac disease,
IgA nephropathy SLE)
Lupus nephritis (classes I & II) Inflammatory disease (Crohn’s disease)
Subepithelial Membranoproliferative GN Autoimmune disease (e.g. SLE, anti-PLA2R
Infection-related GN disease)
MN
Lupus nephritis (class V)
54 InaKidney | Vol. 1 | Issue 3 | December 2024
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Endothelial cells

mesangium: Formation or deposition

and glomerular

of IC in the subendothelial space or

mesangial matrix often results in
glomerular inflammation and nephritic
syndrome (the subendothelial deposition
of IC is more severe than the mesangium
because the mesangium is relatively
localized). Injury to the endothelium and
subendothelial causes recruitment of
leukocytes with consequent
inflammatory GN, impaired hemostasis
causing thrombotic microangiopathy,
and vasoconstriction and contraction of
mesangial cells, eventually leading to
AKI. This deposition in the sub-
endothelial causes the formation of
chemotactic factors, which will attract
infiltrating leukocytes and mononuclear
cells. These cells will phagocytize 1Cs
and release mediators such as chemo-
kines and cytokines, which then cause
inflammation of the glomerulus, which
clinically displays active sediment in the
urine, such as hematuria, pyuria, and

proteinuria.’

Visceral epithelial cells or podocytes:
Injured podocytes will give the dominant
picture through massive proteinuria and
nephrotic range or NS (MCD; FSGS)
and do not cause active inflammation.’

Subepithelial and
membranes. As with podocyte injury,

basement

injury or IC that deposits in the capillary
wall adjacent to the podocytes (sub-
epithelial deposits) does not produce an
inflammatory response due to GBM, a
separator of immune deposits from the
circulation.?

systemic Deposits  of

antigen-antibody complexes on the
basolateral surface of podocytes activate
the C5b-9 membrane attack complex
(MAC), leading to oxidative damage and
DNA injury to podocytes. This, in turn,
results in damage to the actin
cytoskeleton. Collapse of the actin

cytoskeleton, loss of GBM adhesion, and
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loss of diaphragmatic cleft integrity lead
to proteinuria.”

e Parietal epithelial cell. Injury to the
parietal epithelial cells results in the
formation of crescents, which are
clinically indicated by a rapid decrease in
glomerular filtration. This glomerular
crescent formation is considered a non-
specific response to severe injury to the
glomerular capillary wall. This condition
involves multiple upstream immune
mechanisms, such as the deposition of
autoantibodies and IC, complement
activation, and recruitment of

inflammatory cells.80

Role of other factors in glomerular injury

Apart from the location of glomerular injury

as described above, other factors can cause

glomerular injury, namely:

1.

Biological properties of the Ig that forms the
deposit. Inflammation is more severe when
caused by IgG subtypes, such as IgG1 and
IgG3, compared to IgA and IgG4, which
activate complement poorly.8!

Mechanism of deposit formation. Compared
with passive trapping of circulating IC, local
complement activation resulting from the
formation of IC in situ is much more
nephritogenic.8283

The magnitude of the formation of immune
deposits. A positive relationship —exists
between the amount of immune deposits and

the degree of tissue injury.?

Recognized nature of the epitopes. There is a
relationship between kidney injury and
pathogenic antibodies to the linear epitope
on the Goodpasture antigen.®* Similarly,
certain disease-specific MPO epitopes for
active ANCA have been found8386, whereas
other epitopes persist during remission or in
healthy individuals.858¢

Despite immune deposits, significant tissue

injury can occur due to immunoglobulin alone, as
in patients with CNF, which is linked to
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mutations in the nephrin gene, in which anti-
nephrin antibodies can induce proteinuria
without inflammation.20

Antibody-mediated injury without immune
complex

Antineutrophil Cytoplasmic Antibodies -
Associated Vasculitis (AAV)

AAV is a group of autoimmune
disorders that includes granulomatosis with
polyangiitis (GPA), microscopic polyangiitis
(MPA), cosinophilic  granulomatosis  with
polyangiitis (EGPA), and their localized forms.%
The most common manifestation of AAV is
ANCA-associated GN (AGN).88 The clinical
presentation of renal involvement in AAV
includes proteinuria, hematuria, or RPGN,
depending on the degree of vasculitic kidney
damage. The extent of renal involvement in AAV
varies based on the different ANCA serologies.
Patients with PR3-ANCA showed minor kidney
involvement compared to those with MPO-
ANCA patients.8% Conversely, patients with
PR3-ANCA are more likely to experience extra-
renal organ manifestations compared to those
patients with MPO-ANCA.®! The characteristic
lesion in AGN patients is necrotizing crescent-
immune GN, often presenting as crescentic or
necrotizing GN without Ig deposition.s

The disease diagnosis is based on
findings on ANCA staining, which can be either
a cytoplasmic pattern (c-ANCA) or a perinuclear
pattern (p-ANCA). ¢-ANCA is a neutrophil
antigen, usually PR3, a constituent of primary
neutrophil granules, whereas p-ANCA is usually
an MPO antigen, another granule constituent that
migrates to the perinuclear region.

C3 nephritic factor

C3 nephritic factor (C3NF) is a group of
autoantibodies that allow continuous activation
of alternative complement pathways.”? This IgG
autoantibody, C3NF, stabilizes C3 conversion,
causing uncontrolled C3 activation leading to
very low C3 levels but normal C4. Consequently,
deleterious C3 deposits can form in the
glomerulus, triggering downstream inflammatory
cascades and increasing leukocyte infiltration.!#
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In dense deposition disease (DDD), small bands
of electron-dense deposits form along the GBM,
causing it to thicken and become dysfunctional %
In addition to GBM deposits, C3 glomerulopathy
exhibits varying degrees of mesangial C3
deposits, contributing to mesangial cell
proliferation and matrix expansion. C3NF is
most common in MPGN (C3
glomerulonephritis). Currently, DDD with
isolated intramembrane C3 deposition and
MPGN is classified as C3 glomerulopathy.?495

The clinical features of DDD and C3
glomerulonephritis (C3GN), classified as C3
glomerulopathy, vary widely.” The diagnosis of
C3GN or DDD is made through an immuno-
fluorescence examination of a kidney biopsy
specimen, along with studies of the complement
system. An electron microscope is required to
distinguish DDD from C3GN. DDD is
characterized by highly electron-dense deposits in
the GBM ('sausage-like deposits), whereas
subendothelial and mesangial electron-dense

deposits of lower intensity characterize
C3GN.%697

Non-inflammatory mechanisms of immune
glomerular injury

In contrast to inflammatory injury, non-
inflammatory immune glomerular injury usually
results in proteinuria with little or no hematuria.
Among non-inflammatory immune glomerular
injuries, MCD, FSGS, and MN are the most
prevalent causes. This disorder is characterized
by  increased  glomerular  permeability,
corresponding to the main target of injury, ie.,

podocytes.”

Evidence for the role of circulating factors
Evidence supporting  the  patho-
physiological role of circulating factors
influencing podocyte function and structure are:
(1) resolved nephrotic proteinuria in children of
mothers with FSGS and NS.% (2) transplant
success in diabetic patients with grafts derived
from transplanted FSGS recipients due to
intractable recurrent massive proteinuria and
renal insufficiency®?; (3) perfused rat glomeruli
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isolated with plasma from patients with FSGS-

induced increased glomerular capillaty perme-

ability to albumin!®; (4) The occurrence of

massive proteinuria and FSGS histological

lesions after kidney organ transplantation from

healthy donors in approximately 30% of patients

with FSGS'1; (5) with prior plasma exchange,

some patients were successfully treated!?l; (6)
The risk of FSGS recurrence (tFSGS) following
transplantation can be reduced by preemptive

plasmapheresis'®?%; (7) one vyear after trans-

plantation, kidneys from a donor with FSGS

transplanted into two uremic recipients showed
p p

no signs of proteinuria and had normal renal

function.103

Glomerular permeability factors

Cardiotrophin-like cytokine factor 1
(CLC-1). CLC-1, a member of the IL-6
family, is detected in the plasma fraction of
patients with FSGS. CLC-1 increases
glomerular albumin permeability, and its
injection induces proteinuria in rats.!00

Radical oxygen species (ROS). Oxidative
stress in isolated rat glomeruli induces
proteinuria.!® Resting PMNs from idio-
pathic NS (INS) patients demonstrated a
tenfold higher ROS production than normal
PMNSs. This oxidative burst by PMNs is
highly regulated by T lymphocytes, especially
Tregs, through soluble factors. However, this
regulatory circuitry is altered in INS.105

Hemopexin. Hemopexin is a heme
scavenger protein that increases during acute
phase reactions to inflammation. Upon
activation, hemopexin alters the function of
both  glomerular  endothelium  and
podocytes.!¢ It has been shown that
activated hemopexin induces reversible
proteinuria in rats, accompanied by podocyte
foot process effacement. Similarly, hemo-
pexin levels are elevated in children during
relapsing MCD.!” However, the cause of
hemopexin activation is still unclear, possibly
involving the inhibition of hemopexin
inhibitors or their leakage into urine. In the
second scenario, hemopexin activation
should only be a secondary event, dependent

InaKidney | Vol. 1 | Issue 3 | December 2024

on the increased permeability of the GFB to
proteins.108

Soluble urokinase-type plasminogen
activator receptor (su-PAR). Urokinase
plasminogen activator receptor (UPAR), a
cell membrane glycosylphosphatidylinositol
(GPD)-anchored membrane glycoprotein,
contributes to the migration of activated T-
lymphocytes, monocytes, and neutrophils to
sites of inflammation.'% The role of uPAR in
its soluble form (suPAR) in the pathogenesis
of human FSGS remains a topic of ongoing
debate.!® Therefore, further tresearch is
needed using tests to differentiate the various
forms of circulating suPAR across different

glomerular pathologies.

Angiopoietin-like 4 protein (Angptl4).
Podocyte Angtpl4 has been suggested to
contribute to the development of proteinuria
in MCD.'%110  Anoptl4 podocyte over-
expression has been observed in MCD in
relapse!-112 and other human glomerular
diseases.!!3!14 However, studies have proven
that Angptl4 is not a good biomarker in
MCD.!"5  Increased urinary agptl4 in
glomerular disease appears to reflect more
with the degree of proteinuria than with the
specific disease.

Calcium/calmodulin-dependent
serine/threonine kinase (CASK). CASK
was produced mostly by monocytes and M2
macrophages rather than by T or B lympho-
cytes via exosomes to alter the GFB in
patients with USGS.1'6 A soluble form of
CASK acts as a permeability factor in
patients with tFFSGS.117

Anti-nephrin antibodies. Anti-nephrin
antibodies are the newest candidates for
permeability factors in MCD. In the
Nephrotic ~ Syndrome  Study  Network
(NEPTUNE) cohortt, 11 out of 18 patients
with positive anti-nephrin antibodies during
active disease showed a reduction or
complete absence of these antibodies during
remission.!’8 Based on the NEPTUNE
cohort, 2 new molecular classification of
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MCD nephrin autoantibodies has been
proposed. This classification provides a
framework for initiating precise therapy for
these patients.

Although clinical and experimental data
indicate that circulating permeability factors
induce glomerular proteinuria and NS, one
suspected responsible factor remains un-
identified. The identity of permeability factors
and mechanisms for increasing glomerular
permeability in humans with NS are uncertain.
Likewise, the correlation with clinical activity is
inconsistent.

Conclusion

Available evidence has shown that most
forms of human GN result from immunological
mechanisms, although the etiology of the
majority remains unknown. The precipitating
factor is thought to be infection, cancer, drug or
toxin exposure, which in turn triggers a
nephritogenic immune response, which includes
cellular and humoral components, as well as
intrinsic glomerular cell involvement and their
cross-talk, resulting in various manifestations of
GN. Genetic and environmental factors also
influence the nature of the immune response that
causes GN and the individuals who develop it.

The humoral immune response causes
the deposition of IC in the glomeruli, triggering
an inflammatory response and activation of the
complement factor cascade. Meanwhile, the
cellular immune response leads to circulating
mononuclear inflammatory cell infiltration in the
glomerulus, promoting crescent formation. In
inflammatory  lesions, hematopoietic  cells
infiltrate (mainly macrophages and neutrophils)
and proliferation of intrinsic glomerular cells,
leading to glomerular hypercellularity. These
effector cells can also induce thrombosis,
necrosis, and crescent formation, leading to
RPGN. Immune injury that produces non-
inflammatory lesions usually involves podocytes
as the primary effector cells and is associated with
increased protein permeability.
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The site of glomerular injury is the key
factor determining whether a patient presents
with an inflammatory injury characterized by
active urinary sediment (nephritic syndrome) or a
non-inflammatory injury marked by proteinuria
and minimal or absent hematuria (nephrotic
syndrome). Injury to GEC and mesangial cells
usually results in inflammatory injury. In contrast,
a glomerular injury that primarily involves
podocytes generally results in non-inflammatory
injury. Additional factors modulating glomerular
injury include the biological nature of the Ig
involved in forming immune deposits, i.e., 1C
formed in situ or trapped of circulating IC; the
quantity of formation of immune deposits;
epitope properties; and diffusion of the immune
response (spread of epitopes).

Perspective

Indeed, a comprehensive understanding
of the pathogenesis of immune-mediated GN
may lead to a more precise diagnosis. However,
because of the breadth and complexity of the
pathogenesis of GN, it undoubtedly poses many
challenges in the work-up of patients with the
clinical presentation of glomerular disease. GN is
indeed a highly variable and unpredictable
condition, ranging from benign and spontaneous
remission to  rapidly progressive. These
conditions can contribute to a delay in the
diagnosis of GN, coupled with uncertainty in
prognosis and therapy, all of which can lead to
poor patient outcomes.

Renal biopsy remains the gold standard
of diagnosis for almost all adult GN. However, it
has been shown that biopsies often fail to predict
clinical course or response to therapy. The
existence of heterogeneous  pathogenetic
mechanisms causes a histological picture that
cannot be distinguished from the clinical picture,
the progression rate, and the therapy response. In
cases of MN, the disease's diagnosis, treatment,
and prognosis may be assessed without biopsy,
based solely on the patient’s serum anti-PLAR2
Ab titer. However, anti-PLLA2R antibodies can
appear months or years before the development
of MN.2> Similarly, antibodies to MPO, PR3, and
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GBM can be found in asymptomatic individuals,
complicating interpretation.

Based on the conditions above, the
management of GN seems to require a paradigm
shift. For diagnosing GN, biomarkers, diagnostic
panels, or scoring/classification systems may be
needed to make the diagnosis more specific.
There is a need for biomarkers that reflect the

molecular mechanisms underlying clinical

InaKidney | Vol. 1 | Issue 3 | December 2024

pathology diagnosis. By identifying new bio-
markers, it is hoped that it can improve diagnosis,
predict prognosis, and make appropriate
therapeutic decisions. The presence of bio-
markers of glomerular disease across the
genotype-phenotype  continuum, in  turn,
provides an opportunity to shift to precision
medicine, i.e., therapies that maximize efficacy

and minimize toxicity
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Graphical Summary: Pathogenesis of Immune-mediated Glomerulonephritis

Etiologic Events

Immune Dysregulation

.T .
Bel GT <l m

Glomerular Tissue Injury

Genetic Predisposition

MOV

Inflammatory Glomerular Injury

Non-Inflammatory Glomerular Injury

Podocyte Changes |
IC(+) IC(-)
I—L| Large Glomerular Factors |
Complexes
Rapid Slow - -
deposition deposition C3G Circulating Factors |
< Intermediate (o8 depostiont
S \ L yi
. \ Complexes v
S \ C3GN \ j
RN \ Pauci-Immune Y
~,
s \‘ m « Vascular necrosis
\\ ' * Focal necrotizing GN and AAV ' FP effacement |
AR

A Mesangial cells x
A\

FP detachment

Charge selective
barrier

Mesangial IC deposits
* Mesangial cellinjury
* IgANand LN classland |l

Sub-endothelial IC deposits
* Endothelial cell injury
* LNclassllland IV

Linier IC deposits

* Endothelial cell and podocyte
injuy T =—==

* Anti-GBM disease

Fixed A

Planted Ag . (Anti-PLA2R, Anti-Nephrin)
(HCV Ag, DNA nucleosome) . ~ "\
(Goomatn Ag) ~~< 2 1| Sub-epithelial IC deposits
® AAV, ANCA Associated Vasculitis - « Podocytes injury
* Ab, Antibody Urinary space * MN (PLA2R; LN class V)
* Ag, Antigen
e ANCA, Anti Neutrophilic Cytoplasmic
Antibody

crescent macrophage PEC
DNA, Deoxyribonucleic Acid

EGPA, Eosinophilic Granulomatosis with
Polyangiitis

FP, Foot Processes

GPA, Granulomatosis with Polyangiitis
GBM, Glomerular Basement Membrane
HCV, Hepatitis C Virus

IC, Immune Complexes g A

IgAN, Immunoglobulin A Nephropathy Asym ptom atic urina L
LN, Lupus Nephritis abnormalities to acute
MN, Membranous Nephropathy . ..
MPA, Microscopic Polyangiitis kl d ney mJ u ry (AKI)
MPO, Myeloperoxidase

PLA2R, Phospholipase A2 Receptor
PR3, Proteinase 3
RBC. Red Blood Cell

Y ===
e CIC, Circulating I . L / -
’ g Immune Complexes Parietal Epithelial Cell ' . é\\\\’

e (C3G, C3 Glomerulopathy (PEC) b . .

e owman s -
e C3GN, C3 Glomerulonephritis capsule fibrocellular infiltrating proliferating
e DDD, Dense Deposit Disease
L]
L]

Proteinuria to
nephrotic-range

proteinuria (MCD,
FSGS, MN)

60 InaKidney | Vol. 1 | Issue 3 | December 2024



Samsu

InaKidney

Declarations

Competing interests

The author declares no conflict of

interest.

Funding source

None.

Acknowledgments

The author would like to thank Winda

and Rosi, who helped prepare this article.

Author’s Contribution

Idea/concept, design, control/

supervision, data collection/processing, analysis/

interpretation, literature review, writing the

article, critical review: NS. Author has critically

reviewed and approved the final draft and are

responsible for the content and similarity index

of the manuscript.

References

1.

Russo GE, Musto TG,
Glomerulonephritis MT. Pathogenetic
Mechanisms and Therapeutic Options:
An  Overview. ] Nephrol Ther.
2014;4(4):1-9. doi:10.4172/2161-
0959.1000175

Couser WG. Basic and translational
concepts of immune-mediated
glomerular diseases. ] Am Hear Assoc
[Internet]. 2012;23(3):381-99. Available
from:
http://dx.doi.org/10.1681/asn.2011030
304doi:10.1681/asn.2011030304

Anders HJ, Fogo AB. Immunopathology
of lupus nephritis. Semin Immunopathol
[Internet]. 2014;36(4):443-59. Available
from:
http://dx.doi.org/10.1007/s00281-013-
0413-5d0i:10.1007/s00281-013-0413-5

Kashtan C. Autotopes and allotopes. ]
Am Soc Nephrol [Internet].
2005;16(12):3455—7.  Available from:
http://dx.doi.org/10.1681/asn.2005090
943d0i:10.1681/2asn.2005090943

Stanescu HC, Arcos-Burgos M, Medlar A,
Bockenhauer D, Kottgen A,

InaKidney | Vol. 1 | Issue 3 | December 2024

10.

11.

12.

Dragomirescu L, et al. Risk HLA-DQA1
and PLA2R1 alleles in idiopathic
membranous nephropathy. New Engl |
Med [Internet]. 2011;364(7):616—20.
Available from:
http://dx.doi.org/10.1056/nejmoal0097
42d0i:10.1056/nejmoal 009742

Beerman I, Novak J, Wyatt RJ, Julian BA,
Gharavi AG. The genetics of IgA
nephropathy. Nat Clin Pr Nephrol
[Internet]. 2007;3(6):325-38. Available
from:
http://dx.doi.org/10.1038/ncpneph049
2d0i:10.1038 /ncpneph0492

Berg JG van den, Weening JJ. Role of the
immune system in the pathogenesis of
idiopathic nephrotic syndrome. Clin Sci.
2004;107(2):125-136.
doi:10.1042/¢s20040095

Couser WG, Baker PJ, Adler S.
Complement and the direct mediation of
immune glomerular injury: a new
perspective.  Kidney Int [Internet|.
1985;28(6):879-90.  Available  from:
http://dx.doi.org/10.1038/ki.1985.214d

01:10.1038/ki.1985.214

Bonegio RGB, Salant DJ. Mechanisms of
immune injury of the glomerulus
[Internet]. 2023 [cited 2023 Jun 14.
Available from:
https://medilib.it/uptodate/show/3068

Sol M, Kamps JAAM, van den Born J,
van den Heuvel MC, van der Vlag ],
Krenning G, et al. Glomerular endothelial
cells as instigators of glomerular sclerotic
diseases. Front Pharmacol [Internet].
2020 Oct 6;11:573557. Available from:
https://pubmed.ncbi.nlm.nih.gov/33123
011doi:10.3389/fphar.2020.573557

Salmon AH]J, Satchell SC. Endothelial
glycocalyx  dysfunction in  disease:
albuminuria and increased microvascular
permeability. ] Pathol [Internet].
2012;226(4):562-74.  Available  from:
http://dx.doi.org/10.1002/path.3964doi
:10.1002/path.3964

Cirillo I, De Chiara L, Innocenti S,
Errichiello C, Romagnani P, Becherucci
F. Chronic kidney disease in children: an
update. Clin Kidney | [Internet]. 2023 Apr
24;16(10):1600-11.  Available  from:

61



InaKidney Review Article
https://pubmed.ncbi.nlm.nih.gov/37779 mutated in  congenital  nephrotic
846d0i:10.1093/ckj/sfad097 syndrome. Mol  Cell  [Internet].

13.

14.

15.

16.

17.

18.

19.

20.

62

Hall JE. Guyton and Hall Textbook of
Medical Physiology Elsevier eBook on
VitalSource, 13th Edition. elsivier Health
Sciences; 2020.

Tecklenborg |, Clayton D, Siebert S. The
role of the immune system in kidney
disease. Clin Exp Immunol.
2018;192(2):142-150.
doi:10.1111/cei. 13119

Hudson BG. The molecular basis of
Goodpasture and Alport syndromes:
beacons for the discovery of the collagen
IV family. ] Am Soc Nephrol.
2004;15(10):2514-2527.
doi:10.1097/01.2sn.0000141462.00630.7
6

Hudson BG, Tryggvason K,
Sundaramoorthy M, Neilson EG.
Alport’s syndrome, goodpasture’s

syndrome, and type IV collagen. N
[Internet]. 2003;348(25):2543-56.
Available from:
http://dx.doi.org/10.1056/nejmra02229
6d0i:10.1056/nejmra022296

Beck Jr LH, Bonegio RGB, Lambeau G,
Beck DM, Powell DW, Cummins TD, et
al. M-type phospholipase A2 receptor as
target antigen in idiopathic membranous
nephropathy. N Engl | Med [Internet].
2009 Jul 2;361(1):11-21. Available from:
https://pubmed.ncbi.nlm.nih.gov/19571
279d0i:10.1056/nejmoa0810457

Tomas NM, Jr LHB, Meyer-Schwesinger
C, Seitz-Polski B, Ma H, Zahner G, et al.
Thrombospondin type-1 domain-
containing 7A in idiopathic membranous
nephropathy. N  Engl ]  Med.
2014;371(24):2277-2287.
doi:10.1056/nejmoal409354

Ronco P, Plaisier E, Debiec H. Advances
in membranous nephropathy. | Clin Med
[Internet]. 2021  Feb  5;10(4):607.
Available from:
https://pubmed.ncbi.nlm.nih.gov/33562
791d0i:10.3390/jcm10040607

Kestili M, Lenkkeri U, Minnikké M,
Lamerdin J, McCready P, Putaala H, et al.
Positionally cloned gene for a novel
glomerular protein—nephrin—is

21.

22.

23.

24.

25.

26.

1998;1(4):575-82. Available from:
http://dx.doi.org/10.1016/s1097-
2765(00)80057-xdoi:10.1016/s1097-
2765(00)80057-x

Kalaaji M, Fenton KA, Mortensen ES,
Olsen R, Sturfelt G, Alm P, et al
Glomerular apoptotic nucleosomes are
central target structures for nephritogenic
antibodies in human SLE nephritis.
Kidney Int [Internet]. 2007;71(7):664—72.
Available from:
http://dx.doi.org/10.1038/sj.ki.5002133
doi:10.1038/5j.ki.5002133

Tomana M, Novak ], Julian BA,
Matousovic K, Konecny K, Mestecky ].
Circulating immune complexes in IgA
nephropathy consist of IgAl with
galactose-deficient hinge region and
antiglycan antibodies. ] Clin Invest
[Internet]. 1999 Jul;104(1):73-81.
Available from:
https://pubmed.ncbi.nlm.nih.gov/10393
701doi:10.1172/jci5535

Jennette JC, Falk RJ, Gasim AH.
Pathogenesis of antineutrophil
cytoplasmic autoantibody vasculitis. Curr
Opin Nephrol Hypertens [Internet]. 2011
May;20(3):263—70.  Awvailable  from:
https://pubmed.ncbi.nlm.nih.gov/21422
922d0i:10.1097/mnh.0b013e3283456731

Gupta A, Quigg RJ. Glomerular diseases
associated with hepatitis B and C. Adv
Chronic  Kidney  Dis  [Internet].
2015;22(5):343-51.  Available  from:
http://dx.doi.org/10.1053/j.ackd.2015.0
6.003d01:10.1053/j.ackd.2015.06.003

Cut Z, Zhao M hui, Segelmark M,
Hellmark T. Natural autoantibodies to
myeloperoxidase, proteinase 3, and the
glomerular basement membrane are
present in normal individuals. Kidney Int
[Internet]. 2010;78(6):590—7. Available
from:
http://dx.doi.org/10.1038/ki.2010.198d
01:10.1038/ki.2010.198

Linke A, Tiegs G, Neumann K.
Pathogenic T-cell responses in immune-
mediated glomerulonephritis. Cells

InaKidney | Vol. 1 | Issue 3 | December 2024



Samsu

InaKidney

27.

28.

29.

30.

31.

32.

33.

34.

[nterneq. 2022 May 12;11(10):1625.
Available from:
https://pubmed.ncbi.nlm.nih.gov/35626
662d0i:10.3390/cells11101625

Polci R, Feriozzi S. [Immunotherapy
mechanisms in glomerulonephritis]. G
Ital Nefrol. 2011;28(6):612-21.

Lawrence T. The nuclear factor NF-
kappaB pathway in inflammation. Cold
Spring Harb Perspect Biol [Internet].
2009/10/07. 2009 Dec;1(6):2001651—
2001651. Available from:
https://pubmed.ncbi.nlm.nih.gov/20457
564doi:10.1101/cshperspect.a001651

Hénique C, Papista C, Guyonnet L,
Lenoir O, Tharaux PL. Update on

crescentic  glomerulonephritis.  Semin
Immunopathol [Internet].
2014;36(4):479-90.  Available  from:

http://dx.doi.org/10.1007/s00281-014-
0435-7d01:10.1007/s00281-014-0435-7

Mayadas TN, Rosetti F, Ernandez T,
Sethi S. Neutrophils: game changers in
glomerulonephritis? Trends Mol Med
[Internet]. 2010/07/29. 2010
Aug;16(8):368-78.  Available  from:
https://pubmed.ncbi.nlm.nih.gov/20667
782d0i:10.1016/j.molmed.2010.06.002

Kitching AR, Hutton HL. The players:
cells involved in glomerular disease. Clin
J Am Soc Nephrol. 2016;11(9):1664—
1674. doi:10.2215/¢jn. 13791215

Nishi H, Furuhashi K, Cullere X, Saggu
G, Miller MJ, Chen Y, et al. Neutrophil
FcyRIIA  promotes  IgG-mediated
glomerular  neutrophil capture via
Abl/Stc kinases. ] Clin Invest [Internet].
2017/09/11. 2017 Oct 2;127(10):3810—
26. Available from:
https://pubmed.ncbi.nlm.nih.gov/28891
817doi:10.1172/jci94039

Kessenbrock K, Krumbholz M,
Schonermarck U, Back W, Gross WL,
Werb Z, et al. Netting neutrophils in
autoimmune small-vessel vasculitis. Nat
Med [Internet]. 2009 Jun;15(6):623-5.
Available from:
https://pubmed.ncbi.nlm.nih.gov/19448
636d0i:10.1038/n1m.1959

Kurts C, Panzer U, Anders HJ, Rees AJ.
The immune system and kidney disease:

InaKidney | Vol. 1 | Issue 3 | December 2024

35.

36.

37.

38.

39.

40.

41.

basic concepts and clinical implications.
Nat Rev Immunol [Internet].
2013;13(10):738-53.  Available  from:
http://dx.doi.org/10.1038 /nri3523doi:1
0.1038/nti3523

Wynn TA, Chawla A, Pollard JW.
Macrophage biology in development,

homeostasis and  disease.  Nature
[Internet]. 2013 Apr 25;496:445-55.
Available from:

https://pubmed.ncbi.nlm.nih.gov/23619
691d0i:10.1038/nature12034

Duffield  JS.  Macrophages  and
immunologic inflammation of the kidney.
Semin  Nephrol [Internet]. 2010
May;30(3):234-54.  Available  from:
https://pubmed.ncbi.nlm.nih.gov/20620
669doi:10.1016/j.semnephrol.2010.03.00
3

Eardley KS, Cockwell P. Macrophages
and progressive tubulointerstitial disease.
Kidney Int. 2005;68(2):437-455.
doi:10.1111/§.1523-1755.2005.00422.x.

Rastaldi MP, Ferrario F, Crippa A,
Dell’antonio G, Casartelli D, Grillo C, et
al. Glomerular monocyte-macrophage
features in  ANCA-positive  renal
vasculitis and cryoglobulinemic nephritis.
J Am  Soc  Nephrol [Internet].
2000;11(11):2036-43. Available from:
http://dx.doi.org/10.1681/asn.v111120
36doi:10.1681/asn.v11112036

Moll S, Angeletti A, Scapozza L, Cavalli
A, Ghiggeri GM, Prunotto M.
Glomerular macrophages in human auto-
and  allo-immune nephritis.  Cells.
2021;10(3):603.

doi:10.3390/ cells10030603

Segerer S, Cui Y, Hudkins KL,
Goodpaster T, Eitner F, Mack M, et al.
Expression of the chemokine monocyte
chemoattractant  protein-1 and  its
receptor chemokine receptor 2 in human
crescentic glomerulonephritis. ] Am Soc
Nephrol [Internet]. 2000;11(12):2231-42.
Available from:
http://dx.doi.org/10.1681/asn.v111222
31doi:10.1681/asn.v11122231

Djudjaj S, Lue H, Rong S, Papasotiriou
M, Klinkhammer BM, Zok S, et al
Macrophage migration inhibitory factor

63



InaKidney

Review Article

42.

43.

44,

45.

40.

47.

48.

64

mediates proliferative GN via CD74. ]
Am Soc Nephrol [Internet]. 2015/10/09.
2016 Jun;27(6):1650—-64. Available from:
https://pubmed.ncbi.nlm.nih.gov/26453
615d0i:10.1681/asn.2015020149

Ferrario F, Napodano P, Rastaldi MP,
D’Amico  G. Capillaritis  in  IgA
nephropathy. Contrib Nephrol [Internet].

1995;111:8-12. Available from:
http://dx.doi.org/10.1159/000423869d
01:10.1159/000423869

D’Amico G, Napodano P, Ferrario F,
Rastaldi MP, Arrigo G. Idiopathic iga
nephropathy with segmental necrotizing
lesions of the capillary wall. Kidney Int.
2001;59(2):682—692. doi:10.1046/j.1523-
1755.2001.059002682.x

Bolton WK, Benton FR, Lobo PIL
Requirement of functional T-cells in the
production of autoimmune

glomerulotubular nephropathy in mice.
Clin Exp Immunol. 1978;33(3):474-477.

Wofsy D, Ledbetter JA, Hendler PL,
Seaman WE. Treatment of murine lupus
with monoclonal anti-T' cell antibody. ]
Immunol [Internet]|. 1985;134(2):852-7.
Available from:
http://dx.doi.org/10.4049 /jimmunol.13
4.2.852d0i:10.4049 /jimmunol.134.2.852

Ruth AJ, Kitching AR, Kwan RYQ,
Odobasic D, Ooi JDK, Timoshanko JR,

et al. Anti-neutrophil cytoplasmic
antibodies and effector CD4+ cells play
nonredundant roles in anti-
myeloperoxidase crescentic

glomerulonephritis. ] Am Hear Assoc
[Internet]. 2006;17(7):1940-9. Available
from:
http://dx.doi.org/10.1681/asn.2006020
108doi:10.1681/asn.2006020108

Gan PY, Holdsworth SR, Kitching AR,
Ooi JD. Myeloperoxidase (MPO)-specific
CD4+ T cells contribute to MPO-anti-
neutrophil cytoplasmic antibody (ANCA)
associated  glomerulonephritis.  Cell
Immunol [Internet]. 2013;282(1):21-7.
Available from:
http://dx.doi.org/10.1016/j.cellimm.201
3.04.007d0i:10.1016/j.cellimm.2013.04.0
07

Kurts C, Heymann F, Lukacs-Kornek V|

49.

50.

51.

52.

53.

54.

Boor P, Floege J. Role of T cells and
dendritic cells in glomerular
immunopathology.  Semin Immunol
[Internet]. 2007;29(4):317-35. Available
from:
http://dx.doi.org/10.1007/s00281-007-
0096-xd0i:10.1007/s00281-007-0096-x

Koyama A, Fujisaki M, Kobayashi M,
Igarashi M, Narita M. A glomerular
permeability factor produced by human T
cell hybridomas. Kidney In [Internet].
1991;40(3):453—-60.  Available  from:
http://dx.doi.org/10.1038/ki.1991.232d
01:10.1038/ki.1991.232

Azadegan-Dehkordi F, Bagheri N,
Shirzad H, Rafieian-Kopaei M. The role
of Thl and Th17 cells in
glomerulonephritis. ] Nephropathol.
2015 Apr;4(2):32-7.
doi:10.12860/jnp.2015.07

Gan PY, Steinmetz OM, Tan DSY,
O’Sullivan KM, Ooi JD, Iwakura Y, et al.
Th17 cells promote autoimmune anti-
myeloperoxidase glomerulonephritis.
Am Soc Nephrol [Internet]. 2010/03/18.
2010 Jun;21(6):925-31. Available from:
https://pubmed.ncbi.nlm.nih.gov/20299
361do1:10.1681/asn.2009070763

Venkatadri R, Sabapathy V, Dogan M,
Sharma R. Targeting regulatory T cells for
therapy of lupus nephritis. Front
Pharmacol  [Internet]. 2022  Jan
6;12:806612. Available from:
https://pubmed.ncbi.nlm.nih.gov/35069
220doi:10.3389/fphar.2021.806612

Sakai R, Ito M, Komai K, lizuka-Koga M,
Matsuo K, Nakayama T, et al. Kidney
GATA3(+) regulatory T cells play roles in
the convalescence stage after antibody-
mediated renal injury. Cell Mol Immunol
[nternet]. 2020/09/11. 2021
May;18(5):1249—61.  Available  from:
https://pubmed.ncbi.nlm.nih.gov/32917
984doi:10.1038/s41423-020-00547-x

Herrnstadt GR, Steinmetz OM. The role
of Treg subtypes in glomerulonephritis.
Cell Tissue Res [Internet]. 2020/12/14.
2021 Aug;385(2):293-304.  Available
from:

https://pubmed.ncbi.nlm.nih.gov/33315

InaKidney | Vol. 1 | Issue 3 | December 2024



Samsu InaKidney
130d0i:10.1007/s00441-020-03359-55. from:
Alikhan MA, Huynh M, Kitching AR, http://dx.doi.org/10.1016/j.kint.2017.09
Ooi JD. Regulatory T cells in renal .020d0i:10.1016/].kint.2017.09.020
disease. Clin Transl Immunol [Internet]. . .
2018 Jaﬂ 30,7(1)61004—61004 Avallable 62. Abboud HE. Mesanglal cell blology EXp
from: Cell Res [Internet]. 2012;318(9):979-85.
: : Available from:
https://pubmed.ncbi.nlm.nih.cov/29484 ) )
02.025d0i:10.1016/j.yexct.2012.02.025
56. Doglio M, Alexander T, Del Papa N, . .
Snowden JA, Greco R. New insights in 63.  Schléndorff D, Banas B. The mesangial
systemic lul;us erythematosus:  From cell revisited: no cell is an island. ] Am Soc
regulatory T cells to CAR-T-cell NCpthl 2009 Jun,20(6)1179—87
strategies. ] Allergy Clin  Immunol doi:10.1681/asn.2008050549
[Internet]. 2022;150(6):1289-301. 64.  Jefferson JA, Nelson PJ, Najafian B,
Available . o from: Shankland SJ. Podocyte disorders: core
http://dx.d01.org./l(?.1016/].]ac1.2022.08. curticulum 2011. Am J Kidney Dis
003doi:10.101 6/].]3C1.2022.08.003 [Internet]. 2011 /08/24 2011
57. Saleem MA. One hundred ways to kill a Oct;58(4):066-77. ) Avallgble from:
podocyte. Nephrol Dial https://pubmed.ncbi.nlm.nih.gov/21868
TransplantDialysis Transplant [Internet]. 143d0i:10.1053/j.2jkd.2011.05.032
2015;30(8):1266—71. Available from: 65. Smeets B, Angelotti M, Rizzo P,
hfctp://dx‘dol.org/m.1093/ndt/gfu363d Dijkman H, Lazzeri E, Mooren F, et al.
0i:10.1093/ndt/gfu363 Renal progenitor cells contribute to
58. Rabelink T, de Boer HC, van Zonneveld hyperplastic vlesions of p OdOCYFOP athies
AJ. Endothelial activation and circulating and crescentic glomerulonephitis. J Am
matkers of endothelial activation in Soc Nephrol [Internet]. 2009/ 19/ 29.
kidney disease. Nat Rev Nephrol Rev 2009  Dec;20(12):2593-603.  Available
Nephrol [Internet]. 2010;6(7):404—14. from: _ _
Available from: https://pubmed.ncbi.nlm.nih.gov/19875
http://dx.doi.org/10.1038/nrneph.2010. 807doi:10.1681/2sn.2009020132
65doi:10.1038/nrneph.2010.65 66. Ryu M, Migliorini A, Miosge N, Gross O,
59. Kang DH, Kanellis ], Hugo C, Truong L, Shankland S, Brinkkoetter PT, et al.
Anderson S, Kerjaschki D, et al. Role of Plasma  leakage  through  glomerular
the microvascular  endothelium  in basement membrane ruptures triggers the
progressive renal disease. ] Am Soc proliferation of parietal epithelial cells and
Nephrol [Internet]. 2002;13(3):806—16. crescent formation in non-inflammatory
Available from: glomerular injury. ] Pathol [Internet].
http://dx.doi.org/10.1681 /asn.v133806 2012;228(4):482-94.  Available from:
doi:10.1681 /asn.vl33806 http://dx.dm.org/lO.l002/path.4046do1
:10.1002/path.4046
60.  Segal MS, Baylis C, Johnson R]J. o
Endothelial health and diversity in the 67. Ohse T, Pippin JW, Chang AM, Krofft
kidney. ] Am Soc Nephrol [Internet]. RD, MIQCr ]H, Vaughan.MR, et al. The
2006 Feb;17(2):323-4. Available from: enigmatic parietal epithelial cell is finally
https://pubmed.ncbi.nlm.nih.gov/16434 getting noticed: a review. Kidney Int
502doi:10.1681/2sn.2005121296 [[nterneq]. ~ 2009/10/21. 2009
Dec;76(12):1225-38.  Available  from:
61.  Eymael J, Sharma S, Loeven MA, Wetzels https://pubmed.ncbi.nlm.nih.gov/19847
JF, Mooren F, Florquin S, et al. CD44 is 153d0i:10.1038/ki.2009.386
required for the pathogenesis of ) )
68. Zhou W, Hildebrandt F. Inducible

experimental crescentic
glomerulonephritis and collapsing focal
segmental glomerulosclerosis. Kidney Int
[Internet]. 2018;93(3):626—42. Available

InaKidney | Vol. 1 | Issue 3 | December 2024

podocyte injury and proteinuria in
transgenic zebrafish. ] Am Soc Nephrol
[Internet]. 2012/03/22. 2012

65



InaKidney

Review Article

69.

70.

71.

72.

73.

74.

66

Jun;23(6):1039—47.  Available  from:
https://pubmed.ncbi.nlm.nih.gov/22440
901doi:10.1681/asn.2011080776

Zhang ], Hansen KM, Pippin JW, Chang
AM, Taniguchi Y, Krofft RD, et al. De
novo expression of podocyte proteins in
parietal epithelial cells in experimental
aging nephropathy. Am ] Physiol Ren
Physiol [Internet]. 2011/11/30. 2012 Mar
1;302(5):F571-80.  Available  from:
https://pubmed.ncbi.nlm.nih.gov/22129
965d0i:10.1152/ajprenal.00516.2011

Shimizu M, Kondo S, Utrushihara M,
Takamatsu M, Kanemoto K, Nagata M,
et al. Role of integrin-linked kinase in
epithelial-mesenchymal transition in
crescent formation of experimental

glomerulonephritis. Nephrol ~ Dial
Transpl [Internet]|. 20006;21(9):2380-90.
Available from:

http://dx.doi.org/10.1093/ndt/gfl243d
01:10.1093/ndt/gf1243

Arif E, Kumari B, Wagner MC, Zhou W,
Holzman LB, Nihalani D. Myolc is an
unconventional myosin required for
zebrafish  glomerular  developement.
Kidney  Int.  2013;84(6):1154-1165.
doi:10.1038/ki.2013.201

Moeller MJ, Soofi A, Hartmann I, Le Hir
M, Wiggins R, Kriz W, et al. Podocytes
populate cellular crescents in a murine
model of inflammatory
glomerulonephritis. ] Am Soc Nephrol
[Internet]. 2004;15(1):61-7. Available
from:
http://dx.doi.org/10.1097/01.asn.00001
02468.37809.c6doi:10.1097/01.asn.0000
102468.37809.c6

Thorner PS, Ho M, Eremina V, Sado Y,
Quaggin S. Podocytes contribute to the
formation of glomerular crescents. ] Am
Soc Nephrol [Internet]. 2008/01/16.
2008 Mar;19(3):495-502. Available from:
https://pubmed.ncbi.nlm.nih.gov/18199
804doi:10.1681/asn.2006101115

Pace JA, Bronstein R, Guo Y, Yang Y,
Estrada CC, Gujarati N, et al. Podocyte-
specific KLF4 is requited to maintain
parietal epithelial cell quiescence in the
kidney. SciAdv [Internet]. 2021/09/03.
2021 Sep 3;7(306):eabg6600—eabg6600.
Available from:

75.

76.

77.

78.

79.

80.

81.

https://pubmed.ncbi.nlm.nih.gov/34516
901doi:10.1126/sciadv.abg6600

Estrada CC, Paladugu P, Guo Y, Pace ],
Revelo MP, Salant DJ, et al. Kriippel-like
factor 4 is a negative regulator of STAT3-
induced glomerular  epithelial  cell
proliferation. JCI Insight [Internet]. 2018
Jun 21;3(12):e98214. Available from:
https://pubmed.ncbi.nlm.nih.gov/29925
693d0i:10.1172/jci.insight.98214

Bronstein R, Pace ], Gowthaman Y,
Salant DJ, Mallipattu SK. Podocyte-
parietal epithelial cell interdependence in
glomerular development and disease. |
Am Soc Nephrol [Internet]. 2023/02/16.
2023 May 1;34(5):737-50. Available from:
https://pubmed.ncbi.nlm.nih.gov/36800
545d0i:10.1681/asn.0000000000000104

Kriz W, Hihnel B, Hosser H, Rosener S,
Waldherr R. Structural analysis of how
podocytes detach from the glomerular
basement membrane under hypertrophic
stress. Front Endocrinol [Internet]. 2014
Dec 12;5:207. Available from:
https://pubmed.ncbi.nlm.nih.gov/25566
184d0i:10.3389/fendo.2014.00207

Kriz W, Shirato I, Nagata M, LeHir M,
Lemley K V. The podocyte’s response to
stress: the enigma of foot process
effacement. Am ] Physiol Ren Physiol
[Internet]. 2013;304(4):F333-47.
Available from:
http://dx.doi.org/10.1152/ajprenal 0047
8.2012doi:10.1152/ajprenal.00478.2012

Raza A, Aggarwal S. Membranous
Glomerulonephritis ~ (Archived). In
Treasure Island (FL); 2024.

Shankland §J, Smeets B, Pippin JW,
Moeller M]. The emergence of the
glomerular parietal epithelial cell. Nat Rev
Nephrol [Internet]. 2014;10(3):158-73.
Available from:
http://dx.doi.org/10.1038 /nrneph.2014.
1doi:10.1038/nrneph.2014.1

Vivarelli M, Emma F, Pellé T, Gerken C,
Pedicelli S, Diomedi-Camassei F, et al.
Genetic homogeneity but IgG subclass—
dependent  clinical ~ variability  of
alloimmune membranous nephropathy

InaKidney | Vol. 1 | Issue 3 | December 2024



Samsu InaKidney
with anti-neutral endopeptidase cytoplasmic antibodies-associated
antibodies.  Kidney Int [Internet]. glomerulonephritis: From bench to
2015;87(3):602-9.  Available  from: bedside. Chronic Dis Transl Med
http://dx.doi.org/10.1038/ki.2014.381d [Internet]. 2018 Aug 106;4(3):187-91.
01:10.1038/ki.2014.381 Available from:

, https://pubmed.ncbi.nlm.nih.gov/30276

82.  Nangaku M, Couser WG. Mechanisms of 365doi:10.1016/j.cdtm.2018.05.004
immune-deposit  formation and the
mediation of immune renal injury. Clin 89. Cornec D, Cornec-Le GE, Fervenza FC.
Exp Nephrol [Internet]. 2005;9(3):183— ANCA-associated vasculitis - clinical
91. Available from: utility of using ANCA specificity to
http://dx.doi.org/10.1007/s10157-005- classify patients. Nat Rev Rheumatol.
0357-8d0i:10.1007/s10157-005-0357-8 2016;12(10):879-890.

o doi:10.1038/nrrheum.2016.123

83. Couser WG, Salant D]J. In situ immune
complex formation and glomerular injury. 90. Chen YX, Xu J, Pan XX, Shen PY, Li X,
Kidney Int [Internet]. 1980;17(1):1-13. Ren H, et al Histopathological
Available from: classification and renal outcome in
http://dx.doi.org/10.1038/ki.1980.1doi: patients with antineutrophil cytoplasmic
10.1038/ki.1980.1 antibodies-associated renal vasculitis: a

) ) . study of 186 patients and metaanalysis. |

84.  JiaXyu, CuiZ, YangR, HuSyi, Zhao M Rheumatol [Internet]. 2016;44(3):304—13.
hui. Antibodies against linear epitopes on Available from:
the Goodpasture autoantigen and kidney http://dx.doi.org/10.3899 /jtheum.1608
injury. Clin ] Am Soc Nephrol [Internet]. 66d0i:10.3899 /jtheum. 160866
2012/03/29. 2012 Jun;7(6):926-33.

Available from: 91. Franssen CFM, Stegeman CA, Kallenberg

https://pubmed.ncbi.nlm.nih.gov/22461 CGM, Gans ROB, De Jong PE, Hoorntje

538d0i:10.2215/¢jn.09930911 SJ, et al. Antiproteinase 3- and
. ) antimyeloperoxidase-associated

85. Roth AJ, Ooi JD, Hess JJ, van Tnnrperen vasculitis.  Kidney Int [Interne].
MM, Berg EA, Poulton CE, et al. Epitope 2000;57(6):2195-206.  Available  from:
speciﬁcit.y. deterrpines pathogenicity. and http://dx.doi.org/10.1046/7.1523-
detectability ~ in  ANCA-associated 1755.2000.00080.xdoi:10.1046/1.1523-
vasculitis. ] Clin Invest [Internet]. 1755.2000.00080.x
2013/03/15. 2013 Apr;123(4):1773-83.

Available from: 92. Erez DL, Meyers KE, Sullivan KE. C3

https://pubmed.ncbi.nlm.nih.gov/23549 nephritic factors: a changing landscape. |

081doi:10.1172/§ci65292 Allergy Clin Immunol. 2017;140(1):57-9.
doi:10.1016/j.jaci.2017.02.018

86.  Land J, Rutgers A, Kallenberg CGM.

Anti-neutrophil cytoplasmic 93. Lionaki S, Gakiopoulou H, Boletis JN.
autoantibody  pathogenicity  revisited: Understanding the complement-
pathogenic versus non-pathogenic anti- mediated glomerular diseases: focus on
neutrophil cytoplasmic autoantibody. membranoproliferative

Nephrol  Dial Transpl [Internet]. glomerulonephritis and C3
2014;29(4):739—-45.  Available  from: glomerulopathies. APMIS [Internet].
http://dx.doi.org/10.1093/ndt/gft416d 2016;124(9):725-35.  Available  from:
01:10.1093/ndt/gft416 http://dx.doi.org/10.1111/apm.12566d

87.  Jennette JC, Falk RJ, Bacon PA, Basu N, 0i:10-1111/apm. 12566
Cid MC, Ferrario F, et al. 2012 revised 94, Riedl M, Thorner P, Licht C. C3
international chapel hill consensus glomerulopathy. ~ Pediatr ~ Nephrol.
conference nomenclature of vasculitides. 2017;32(1):43-57.  doi:10.1007/s00467-
Arthritis ~ Rheum.  2013;65(1):1-11. 015-3310-4
doi:10.1002/art.37715

95. Bomback AS, Appel GB. Pathogenesis of

88.  Chen YX, Chen XN. Antineutrophil the C3 glomerulopathies and

InaKidney | Vol. 1 | Issue 3 | December 2024 67



InaKidney

Review Article

96.

97.

98.

99.

100.

101.

102.

68

reclassification of MPGN. Nat Rev
Nephrol. 2012;8(11):634—42.
doi:10.1038/nrneph.2012.213

Kopel T, Salant DJ. C3 glomerulopathies:
Dense  deposit disease and C3
glomerulonephritis [Internet]. 2023 [cited
2023  Jun 14].  Available from:
https://medilib.it/uptodate/show/3090

Niepolski L, Czekala A, Seget-
Dubaniewicz M, Frydrychowicz M,
Talarska-Markiewicz P, Kowalska A, et al.
Diagnostic problems in C3
glomerulopathy. Biomedicines. 2023 Apr
5;11(4):1101.
do1:10.3390/biomedicines11041101

Kemper MJ, Wolf G, Miiller-Wiefel DE.
Transmission of glomerular permeability
factor from a mother to her child. N Engl
J Med [Internet]. 2001;344(5):386-7.
Available from:
http://dx.doi.org/10.1056/nejm2001020
13440517d0i:10.1056/1nejm20010201344
0517

Gallon L, Leventhal J, Skaro A, Kanwar
Y, Alvarado A. Resolution of recurrent
focal segmental glomerulosclerosis after

retransplantation. N  Engl ] Med
[Internet]. 2012;366(17):1648-9.
Available from:

http://dx.doi.org/10.1056/nejmc120250
0doi:10.1056/nejmc1202500

McCarthy ET, Sharma M, Savin V].
Circulating  permeability factors in
idiopathic nephrotic syndrome and focal

segmental glomerulosclerosis. Clin ] Am
Soc Nephrol [Internet]. 2010;5(11):2115—

21. Available from:
http://dx.doi.org/10.2215/¢jn.03800609
doi:10.2215/¢jn.03800609

Kitchlu A, McArthur E, Amir E, Booth
CM, Sutradhar R, Majeed H, et al. Acute
kidney injury in patients receiving
systemic treatment for cancer: A
population-based cohort study. ] Natl
Cancer Inst. 2019 Jul;111(7):727-36.
doi:10.1093 /jnci/djy167

Gohh RY, Yango AF, Morrissey PE,
Monaco AP, Gautam A, Sharma M, et al.
Preemptive plasmapheresis and
recurrence of FSGS in high-risk renal
transplant recipients. Am ] Transpl.

103.

104.

105.

106.

107.

108.

2005;5(12):2907-2912.
doi:10.1111/§.1600-6143.2005.01112.x

Rea R, Smith C, Sandhu K, Kwan ],
Tomson C. Successful transplant of a
kidney with focal segmental
glomerulosclerosis. Nephrol Dial Transpl
[Internet]. 2001;16(2):416-7. Available
from:
http://dx.doi.org/10.1093/ndt/16.2.416
doi:10.1093/ndt/16.2.416

Sharma M, Meccarthy ET, Savin V],
Lianos EA. Nitric oxide preserves the
glomerular protein permeability barrier by
antagonizing superoxide. Kidney Int
[Internet]. 2005;68(6):2735—44. Available
from: http://dx.doi.org/10.1111/j.1523-
1755.2005.00744.xd0i:10.1111/j.1523-
1755.2005.00744.x

Bertelli R, Trivelli A, Magnasco A, Cioni
M, Bodria M, Carrea A, et al. Failure of
regulation results in an amplified
oxidation burst by neutrophils in children
with primary nephrotic syndrome. Clin
Exp Immunol [Internet]. 2010/05/19.
2010 Jul 1;161(1):151-8. Available from:
https://pubmed.ncbi.nlm.nih.gov/20491
793doi:10.1111/.1365-
2249.2010.04160.x

Ha TS. Circulating permeability factors in
idiopathic nephrotic syndrome. Child Kid
Dis [Internet]. 2019;23(1):7-21. Available
from:
http://dx.doi.org/10.3339/jkspn.2019.2
3.1.7d0i:10.3339/jkspn.2019.23.1.7

Bakker WW, van Dael CMIL, Pierik
LJWM, van Wijk JAE, Nauta ], Borghuis
T, et al. Altered activity of plasma
hemopexin in patients with minimal
change disease in relapse. Pediatr
Nephrol Nephrol [Internet].
2005;20(10):1410-5.  Available  from:
http://dx.doi.org/10.1007/s00467-005-
1936-3d0i:10.1007/s00467-005-1936-3

Davin JC. The glomerular permeability
factors in idiopathic nephrotic syndrome.
Pediatr Nephrol [Internet]. 2015/04/30.
2016 Feb;31(2):207-15. Available from:
https://pubmed.ncbi.nlm.nih.gov/25925
039d0i:10.1007 /s00467-015-3082-x

InaKidney | Vol. 1 | Issue 3 | December 2024



Samsu

InaKidney

109.

110.

111.

112.

113.

114.

Clement L.C, Avila-Casado C, Macé C,
Soria E, Bakker WW, Kersten S, et al.
Podocyte-secreted  angiopoietin-like-4
mediates proteinuria in glucocorticoid-
sensitive nephrotic syndrome. Nat Med
[Internet]. 2010/12/12. 2011
Jan;17(1):117-22.  Awvailable  from:
https://pubmed.ncbi.nlm.nih.gov/21151
138d0i:10.1038/nm.2261

Chugh SS, Clement LC, Macé C. New
insights into human minimal change
disease: lessons from animal models. Am
J Kidney Dis [Internet]. 2011/10/05.
2012 Feb;59(2):284-92. Available from:
https://pubmed.ncbi.nlm.nih.gov/21974
967doi:10.1053/j.ajkd.2011.07.024

Moon C, Soria JC, Jang SJ, Lee ], Obaidul
Hoque M, Sibony M, et al. Involvement
of aquaporins in colorectal
carcinogenesis. Oncogene. 2003
Oct;22(43):6699-703.
doi:10.1038/sj.0nc.1206762

Gill S, Maus M V, Porter DL.. Chimeric
antigen receptor T cell therapy: 25years in
the making. Blood Rev. 2016
May;30(3):157—67.
doi:10.1016/j.blre.2015.10.003

Li]S, Chen X, Peng L, Wei SY, Zhao SL,
Diao TT, et al. Angiopoietin-Like-4, a
potential target of tacrolimus, predicts
earlier podocyte injury in minimal change
disease. PLoS One [Internet]. 2015 Sep
9;10(9):0137049-0137049.  Available
from:
https://pubmed.ncbi.nlm.nih.gov/26352
670doi:10.1371 /journal.pone.0137049

Peng L, Ma J, Cui R, Chen X, Wei SY,
Wei QJ, et al. The calcineurin inhibitor
tacrolimus  reduces  proteinuria  in
membranous nephropathy accompanied

InaKidney | Vol. 1 | Issue 3 | December 2024

115.

116.

117.

118.

by a decrease in angiopoietin-like-4. PLoS

One [Internet]. 2014 Aug
28;9(8):¢106164—106164. Available
from:

https://pubmed.ncbi.nlm.nih.gov/25165
975d0i:10.1371/journal.pone.0106164

Cara-Fuentes G, Segarra A, Silva-Sanchez
C, Wang H, Lanaspa MA, Johnson RJ, et
al.  Angiopoietin-like-4 and minimal
change disease. PLoS One [Internet].
2017 Apr 25;12(4):e0176198-0176198.
Available from:
https://pubmed.ncbi.nlm.nih.gov/28441
404d0i:10.1371/journal.pone.0176198

Zhang X, Herr F, Vernochet A, Lorenzo
HK, Beaudreuil S, Dirrbach A. CASK,
the soluble glomerular permeability
factor, is secreted by macrophages in
patients with recurrent focal and
segmental  glomerulo-sclerosis.  Front
Immunol. 2020;11:875.
doi:10.3389/ fimmu.2020.00875

Beaudreuil S, Zhang X, Herr F, Harper F,
Candelier JJ, Fan Y, et al. Circulating
CASK is associated with recurrent focal
segmental  glomerulosclerosis after
transplantation. PLoS One [Internet].
2019 Jul 29;14(7):0219353-e0219353.
Available from:
https://pubmed.ncbi.nlm.nih.gov/31356
645d0i:10.1371 /journal.pone.0219353

Watts A]B, Keller KH, Lerner G, Rosales
I, Collins AB, Sekulic M, et al. Discovery
of autoantibodies targeting nephrin in
minimal change disease supports a novel
autoimmune etiology. ] Am Soc Nephrol.
2022 Jan;33(1):238-52.
doi:10.1681/asn.2021060794

69



Available online at http://inakidneyhypertension.co.id

‘Ij st [naKidney

Official Journal of the Indonesian Society of Nephrology
& w"h

Case Report

Acute Kidney Injury with Characteristics of Rapidly Progressive
Glomerulonephritis Due to Suspected IgA Nephropathy: A Case Report

Sandra Yuliana Andini Putri!, Nadhila Aditiyaputri!, Amanukarti Resi Oetomo?

1 General Practicioner, Department of Internal Medicine, West Nusa Tenggara General Hospital,

Mataram, Indonesia

1 Division of Nephrology & Hypertension, Department of Internal Medicine, West Nusa Tenggara
General Hospital, Mataram, Indonesia

ARTICLE INFO

ABSTRACT

Article history:

Received: July 17, 2024
Accepted: November 1,
2024

Published Online:
December 24, 2024

Corresponding Aunthor: Putti,
Sandra Yuliana Andini,
General Practitioner,
Department of Internal
Medicine, West Nusa
Tenggara General Hospital,
Mataram, Indonesia,

sandraputrimd@gmail.com

Acute kidney damage (AKI) in glomerular disease is typically characterized by rapidly
progressive glomerulonephritis (RPGN). RPGN in IgA nephropathy is uncommon,
occurring in less than 10% of patients. RPGN presents diagnostic issues in resource-
limited settings. A 34-year-old male patient had acute kidney injury with RPGN
characteristics based on clinical symptoms of hypertension, pitting edema, anuria,
and hematuria after an upper respiratory tract infection, as well as laboratory findings
of proteinuria, persistent microscopic hematuria, and positive erythrocyte casts.
Serum creatinine levels rose sharply. Corticosteroids, antihypertensives, and
hemodialysis resulted in clinical improvement and fast kidney function recovery. Due
to limited resources, no kidney biopsy was conducted. This case provides a diagnostic
approach to RPGN in IgA nephropathy in resource-limited settings, along with
comprehensive therapy.

Keywords: RPGN, Rapidly Progressive Glomerulonephritis, IgA Nephropathy,
Acute Kidney Injury, Case Report.

Introduction

IgA nephropathy is the most prevalent

Glomerulonephritis (GN) is a spectrum
of illnesses caused by diverse immune responses
and marked by inflammation in the kidney
filtration units.! Immune complex glomerulo-
nephritis (which includes infection-associated
glomerulonephritis, IgA nephropathy, lupus
nephritis, and cryoglobulinaemic glomerulo-
nephritis), anti-neutrophil cytoplasmic antibody-
associated glomerulonephritis (pauci-immune),
anti-glomerular basement membrane glomerulo-
nephritis, C3 glomerulopathy, and monoclonal
immunoglobulin-associated ~glomerulonephritis
are the four main types of glomerulonephritis.2

Cite this as:
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primary  glomerulonephritis ~ globally.3=>  Its
prevalence varies among areas. Primary IgA
nephropathy is the most common kind of
primary glomerulopathy in adults, accounting for
2.5 occurrences per 100,000 persons worldwide
each year. It is most prevalent in East Asia (45
cases per million people in Japan), Europe (31
cases per million in France), and Africa.%¢ Some
cases of IgA nephropathy have been documented
in Indonesia, but no research has found a

prevalence.

Glomerulonephritis is responsible for
roughly 10% of acute kidney injury (AKI) cases
in adults. AKI episodes in glomerular disorders

Putri SYA, Aditiyaputri N, Oetomo AR. Acute kidney injury with characteristics of rapidly progressive
glomerulonephritis due to suspected IgA nephropathy: a case report. InaKidney. 2024;1(3);70-74. doi:
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are frequently triggered by Rapidly Progressive
Glomerulonephritis (RPGN).> RPGN in IgA
nephropathy occurs in less than 10% of patients.”
RPGN is distinguished by a nephritic syndrome
(hematuria, proteinuria, oliguria, edema, and
hypertension) followed by a fast and progressive
loss in kidney function over days or weeks, which
can lead to end-stage renal failure if not treated
rapidly.®  Histopathologically, =~ RPGN is
distinguished by crescentic or crescent-shaped
characteristics in some glomeruli.” RPGN results
in nephritic urine examination, which includes
proteinuria, microscopic or  macroscopic
hematuria, dysmorphic red blood cells, and red
blood cell casts. The diagnosis is based on
history, urinalysis, serologic testing, and a kidney
biopsy. RPGN 1is a challenging diagnosis,
particularly in resource-limited settings. Early
diagnosis, adequate therapy, and evaluation are
required to prevent a poor outcome. We present
a comprehensive approach to identifying and
managing acute kidney injury with RPGN
features due to suspected IgA nephropathy in a
low-resource setting.

Case Illustration

A 34-year-old male was taken to a
tertiary hospital after complaining of weakness
for the last two weeks, which was accompanied
by edema in his lower legs. The edema had been
present for the past week. During the past week,
the patient also complained of reduced urination
with a reddish hue. The patient acknowledged to
have had a prior cough and cold. On physical
examination, the blood pressure was 170/100
mmHg, and all other vital signs were within
normal range. There was pitting edema in both
lower legs. The patient was anuric. The
examination of the head, chest, and abdomen
revealed no abnormalities. A full blood count
showed hemoglobin 14.3 mg/dL, leukocytes
31,910/L, and platelets 289,000/1L.

The kidney function tests revealed serum
creatinine 7.9 mg/dL, urea 316 mg/dL, and
blood urea nitrogen (BUN) 147.66 mg/dL.
Kidney function testing two weeks before
revealed serum creatinine 3.1 mg/dL, urea 73
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mg/dL, and BUN 34.11 mg/dL. The albumin
level was 3.4 g/dL, total cholesterol 124 mg/dL,
and triglycerides 239 mg/dL. Utrinalysis revealed
+3 protein levels, >400/LPB leukocyte
sediment, 100-150/LPB red blood cell sediment,
and positive red blood cell casts. Proteinuria was
4878 mg/24 hours. The anti-streptolysin O
(ASTO) test was negative, as did the antinuclear
antibody-immunofluorescence (ANA-IF) test.
The C3 level was normal. The chest X-ray
revealed normal lungs. Abdominal ultrasound
revealed  thickening of bilateral kidney
parenchyma, with no stones or space-occupying
lesions. The patient was diagnosed with acute
kidney injury caused by acute glomerulonephritis
from suspected IgA nephropathy with RPGN
features. The acute condition in chronic renal
disease served as a differential diagnosis. The
patient had a methylprednisolone pulse dose of 2
x 500 mg for 3 days, followed by prednisone 2 x
20 mg. Candesartan (1x8 mg) was used to manage
blood pressure. Renal support therapy with
hemodialysis was conducted five times. After two
weeks of medication, the patient's symptoms
improved. The patient was discharged after
continuous  corticosteroid  therapy,  and
hemodialysis was discontinued. At the 10-day
follow-up, blood pressure was 120/60
mmHg. Kidney function tests revealed urea 45
mg/dL, serum creatinine 0.8 mg/dL, and BUN
21.03 mg/dL. Urine analysis revealed +1 protein,
+1 blood, and 15-20/LPB red blood cell
sediment.

Discussion

The most frequent signs of acute
glomerulonephritis are elevated blood pressure
(hypertension), proteinuria (excess protein in the
urine), and hematuria. GN with dominant
podocyte damage causes nephrotic syndrome,
which is characterized by severe proteinuria and
leg edema.! The patient's clinical findings
included hypertension (blood pressure 170/100
mmHy), pitting edema in both lower limbs, and
laboratory results that showed 24-hour urine
protein of 4878 mg, microscopic hematuria with
erythrocyte sediment 100-150/HPF, erythrocyte
casts (+), and +3 proteinuria, all of which were
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consistent with GN. Proteinuria implies
podocyte damage, whereas hematuria shows
damage to the glomerular basement membrane.!
RPGN often causes acute episodes of
glomerulonephritis in glomerular disorders.>
RPGN is a type of acute glomerulonephritis
characterized by a sudden and progressive decline
in kidney function followed by kidney failure, as
indicated by a more than two-fold increase in
blood creatinine within days to weeks, as well as
edema, hypertension, oliguria to anuria, and
active urine sediment.® The primary causes of
RPGN are small vessel vasculitis and anti-GBM
illness. However, IgA nephropathy, thrombotic
microangiopathy, lupus nephritis, and post-
streptococcal glomerulonephritis can all induce

RPGN.3
Blood Test Urine Test
Haemoglobin 14.3 mg/dL Protein +31
Leukocytes 31.910/pL 1 Leukocyte >400/LPB 1
Platelets 289.000/uL sediment
Haematocrit 8% Red !‘)!ood fell 100-150/LPB
Serf"fl 7.9 mg/dL 1 Red blood cell Positive
L casts
Ureum 316 mg/dL 1 Proteinuria 4878 mg per 24
Blood Urea 147.66 mg/dL t hours 1
Nitrogen (BUN)
Natrium 124 mmol/L ¢
Potassium 4.5 mmol/L
Chlorida 89 mmol/L 4
Albumin 34gdL Vb
Total 124 mg/dL
ol
Triglycerides 239 mg/dL 1
ASTO <200 N
ANA-IF Negative N
C3 89mg/dL

Figure 1. Laboratory Result

400
300
200

100

D-1 D-2 D-5 D-6 D-8 D-9 D-12 D-13 D-14 D-20 D-26

94
78 B8l
6% 6,8
57 53
%2

o N B @ ®

D-1 D-2 D-5 D-6 D-8 D-9 D-12 D-13 D-14 D-20 D-26

Serum Creatinin...

Figure 2. Patient’s kidney function during
hospitalization
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IgA nephropathy appears clinically as
recurring episodes of macroscopic hematuria
during or after upper respiratory tract infections,
trequently accompanied by chronic proteinuria or
microscopic  hematuria.l® Kidney  biopsy
specimens with dominant or codominant
immunoglobulin A mesangial deposits must be
histopathologically examined to confirm IgA
nephropathy. Primary IgA nephropathy is
diagnosed when the disease affects only the
kidneys. However, IgA may arise as a secondary
extrarenal clinical manifestation in illnesses such
as chronic liver disease, diabetes, hypertension,
and lupus, referred to as secondary IgA
nephropathy.?

According to  Kidney  Disease:
Improving Global Outcomes (KDIGO) 2021,
rapidly progressive IgA nephropathy is defined as
a progressive increase in serum creatinine by 50%
or higher over three months or faster, with other
causes of RPGN (e.g,, ANCA-associated
vasculitis, anti-GBM disease) and reversible
causes (e.g., drug toxicity, pre- and post-kidney
etiology) have been excluded. A kidney biopsy is
required to diagnose IgA nephropathy with
RPGN characteristics, showing mesangial and
endocapillary  hypercellularity and crescents
accompanied by focal necrosis in a high
proportion of kidney glomeruli.!!

In our case, 2 more than two-fold rise in
creatinine levels, edema, hypertension, anuria,
proteinuria,  microscopic  hematuria, and
erythrocyte casts raises the possibility of RPGN.
The examination findings do not indicate pre-
renal variables and chronic kidney failure or post-
renal factors, which are not suggested by
ultrasonography. After starting corticosteroid
medication, the patient's kidney function quickly
recovered, and his clinical condition improved.
However, due to a lack of availability in our
facility, a kidney biopsy could not be done,
making it impossible to determine the precise
cause of RPGN. By obtaining negative ANA IF
and ASTO wvalues, lupus nephritis and post-
streptococcal glomerulonephritis can be ruled out
as causes of RPGN. The patient's clinical signs
and symptoms matched those of IgA
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nephropathy. The patient denied having fever,
hemoptysis, shortness of breath, arthralgia/
arthritis, or purpura. An X-ray of the chest
showed no abnormalities. The levels of
hemoglobin and platelets were within normal
ranges. The clinical signs that were accessible and
the supporting exams conducted did not indicate
small vessel vasculitis, anti-GBM disease, or
thrombotic  microangiopathy,
anti-GBM

despite  the

limitations  in antibody  and

antineutrophil cytoplasmic antibody (ANCA)
tests.>1!

Figure 3. Chest x-ray result. Cor and Pulmo are

within normal limits

HIPOGASTRIK

Figure 4. Patient’s Abdominal Ultrasound result.
Right and left kidney: normal shape and size.
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Increased parenchymal echogenicity. No stones or
space-occupying lesions (SOL) were detected.

Uncontrolled hypertension increases
proteinuria levels and leads to a faster decrease in
renal function. The goal is to maintain systolic
blood pressure below 120 mmHg, with ACE-I
and ARB being the preferred antihypertensive
medicines.!!  Oral corticosteroids and oral
cyclophosphamide are used to treat RPGN, with
pulse dose methylprednisolone being a key
component in the treatment plan.'?

Combining  cyclophosphamide  or
azathioprine with  corticosteroid is  only
recommended when crescentic IgA nephropathy
is detected.? This patient received 500 mg/day of
methylprednisolone pulse treatment, followed by
two doses of 20 mg of prednisone. Candesartan
1 X 8 mg was used as an initial dosage to manage
blood pressure. Hemodialysis was conducted as
renal support five times before being terminated.
The patient responded well to medication, as seen
by stable blood pressure and improved renal
function, with an initial serum creatinine level of

7.9 mg/dL

Corticosteroids and antihypertensive medication

dropping to 0.8.

have been proven in studies to enhance
outcomes.!? Other studies needed dialysis due to
steroid resistance.!* In this study, dialysis was
begun concurrently with corticosteroid and
antihypertensive medication.!> Anuria, leg edema,
and a blood creatinine level were all considered
indications for hemodialysis.

Conclusion

Diagnosing RPGN and its etiology is
challenging, particularly in resource-limited
situations. Due to limited resources, no kidney
biopsy was conducted in this case. Clinical
symptoms and primary diagnostic tests might be
beneficial, such as renal function tests, urinalysis,
urine protein levels, abdominal ultrasonography,
and serological testing. The patient received
corticosteroids, antihypertensives, and
hemodialysis, which resulted in rapidly improved
clinical and renal function.
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