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Foreword

This Digital folder, a compilation of Clinical Scenarios/ Pearls in Nephrology
2025 is conceived as a ready reckoner for the practicing clinician, trainee and
teacher alike. Rather than lengthy theoretical discourse, it focuses on real-world
situations that Nephrologists encounter.

The strength of this work lies in it’s clarity and relevance. By anchoring learning
in clinical contexts, it bridges the gap between knowledge and practice. The

pearls presented here are concise yet impactful.

This Digital folder on Nephrology clinical Scenerio/ pearls will serve as a quick
reference, a teaching aid, and a companion for day-to-day nephrology practice.

| congratulate Dr. Vilesh Valsalan, ECNG Accademic Co-ordinator for the effort
and time spend and Ms. Amee Kuriachen, Secretary for compiling.

Thanks to Renauxe Foundation for designing and making this digital folder.

| wish every reader an enriching and learning Experience!.

With Best wishes
Dr. Georgy K. Nainan




From the Author

In an era of rapidly expanding knowledge and increasingly complex patient care,
the ability to revise concepts quickly and apply them meaningfully at the bedside
has become more important than ever. Clinical Pearls in Nephrology is a
thoughtful compilation of insights drawn from online Nephrology discussions
and academic meetings conducted on ECNG platform in the year 2025.
This E-book captures the essence of that journey.

The Extracorporeal Nephrology Group (ECNG) is a dedicated platform for
online Nephrology education. ECNG has consistently helped clinicians save time
while gaining access to high-quality, practice-oriented learning. By
seamlessly blending real-world clinical experience with established guidelines
and expert opinions, ECNG has made Ilearning both efficient and
relevant—truly “easy learning while sitting at home.”

| thank Dr. Georgy K. Nainan founder of ECNG for the opportunity as an
academic coordinator and being the driving force behind this unique initiative.
The strength of this initiative has been its structured academic rhythm: clinical
meetings conducted every Monday , followed by concise, focused summaries
presented every Friday. This ensured not only continuity of learning but also
reinforcement of key messages. The present e-book is a curated compressive
compilation of the one hour clinical session into 4 important slides, bringing
together the most relevant clinical discussions and management strategies
addressed during the online meetings. It will be particularly valuable for trainees,
practicing nephrologists, and clinicians who wish to refresh concepts
efficiently while staying grounded in clinical realities.

| extend my sincere gratitude to all the speakers and experts whose dedicated
and insightful presentations have brought the true clinical pulse of nephrology
into clear focus. Clinical Pearls in Nephrology stands as a testament to the
power of collaborative online education and the commitment to continuous
learning within the nephrology community.

With Best wishes
Dr.Vilesh Valsalan
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DESIDUSTAT



Introduction

eDesidustat is an orally bioavailable, small molecule,
Hypoxia inducible factor - Prolyl Hydroxylase inhibitor
(HIF-PHI) resulting in the stabilisation of HIF which
stimulates Erythropoietin production and Erythropoiesis.

*Mobilises iron and may reduce IV iron needs.

*Works better in ESA hypo responsive states.

eSafety similar to ESAs.

©2019 Nobel Prize Medicine -HIF: William Kaelin, Peter
Radicliffe and Greg Semenza.

Dosage

eDialysis-dependent (DD) patients-100 mg administered
thrice weekly post Dialysis.

*Non dialysis dependent patients (NDD)

°Erythrocyte stimulating agent (ESA) naive -100mg three
times weekly.

eSwitching from an ESA-100, 125 or 150mg thrice weekly,
depending on the previous dose of ESA (Epoetin,
Darbepoetinor Methoxypolyethylene Glycol-Epoetinbeta).

*Maintenance dose -based on haemoglobinlevels assessed
every 4 weeks, with a maximum dosage of 150mg three
times weekly.



ESAs Compared to HIF-PHIs

» HIF stimulates EPO production &
+ Stimulate RBC production erythropoiesis, improves iron uptake
+ HIF-PHI prevents HIF degradation

* Raise Hb, reduced need for RBC
* Raise Hb, reduced need for RBC transfusion

Benefits transfusion » Improve HRQoL (?); network meta-
* Improved HRQol (inconsistent) analysis: daprodustat associated with
reduced fatigue vs roxadustat'

+ Same if given in equivalent doses *+ No head-to-head clinical trials, but

=T ENEREN o epoetin and darbepoetin more network meta-analysis showed no
effective SC difference’
+ HTN *» HTN
S afety * Access thrombosis, * Access thrombosis, thromboembolic
thromboembolic events, MACE events, MACE
* Enhance some malignancies * Enhance malignancies?

Acknowledgement - Slide contributed by :
Dr. Jaison George ,Nephrologist (MOSC Kolanchery)
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Recommendation 3.1.1: In people with anemia and CKD in whom correctable causes of
anemia have been addressed, we suggest using an ESA rather than a HIF-PHI as first-line
therapy for treatment of anemia (2D).

H1F-PHI p 1 CNANCE
Practice Point 3.5.1: In people with anemia and CKD, including those with ESA
hyporesponsiveness, do not use ESAs and HIF-PHIs in combination,

Practice Point 3.5.2: In people with anemia and CKD, the Hb thresholds for the initiation
and maintenance of HIF-PHIs are unknown, but it is reasonable to use the same Hb
thresholds as those recommended or suggested for ESA therapy (Recommendations 3.2.1,
3.22,33.1).




Practice Point 3.1.3: In people with anemia and CKD, HIF-PHIs should be avoided in those
at increased risk of adverse events (Table 6).

Table 6 | Considerations for people with anemia and CKD at risk for adverse events with

hypoxia-inducible factor-prolyl hydroxylase inhibitors (HIF-PHI) therapy

Theoretical risk or experimental
evidence of risk for disease
development or progression

Concern for risk based on
adverse event profiles in
clinical trials

Insufficient data for risk
assessment: dedicated studies
needed

Active cancer or with a
history of cancer not in
complete remission for at
least 2-5 years (based on
trial exclusion criteria)®*
Polycystic kidney disease”
Proliferative retinal
disease?** ¢

Pulmonary arterial
hypertension® "+
Pregnancy”

*  Pror cardiovascular
events (Le.. stroke,
myocardial infarction

¢ Prior thromboembolic
events (i.e., deep venous
thrombosis, pulmonary

r 293
embolism)—

}223

+  Prior vascular access
thrombosis™?
Hepatic impairment’

* Scizures, exfoliative
dermatitis,
hypothyroidism,
bacterial
infections/sepsis
(roxadustat)>?

Post-kidney transplant

Back to Index &



FIBROMUSCULAR
DYSPLASIA



Introduction

*Fibromuscular Dysplasia (FMD) is an idiopathic,
Nonatherosclerotic, and Noninflammatory Arterial Disease.

e Affects small-to medium-sized Arteries.

eResult in multifocal aneurysms, Stenosis, Tortuosity,
and Dissections.

*Affects young women <50 years and accounts for
10-20% cases of Renal Artery Stenosis. F>M-3:1.

eEtiology: Unclear. Genetic -HLA DR-w6 /environmental -
smoking.

| Initial Consultation |

f FMD Diagnosis is Confirmed:
?p:::ln“gm ST All patients should have cross-sectional imaging
- Headaches (MRA or preferably CTA) from head-to-pelvis to
- Pulsatile tinnitus search for aneurysm(s) and/or dissection(s).
- Cervical or abdominal bruits
- Positive family history

If warranted, Imaging evaluation to diagnose .
- Carotid artery duplex ultrasound | Abserce of

& Assess location, :

Renal artery duplex ultrasound size, and shape Ischemia
- Review all previous imaging (ultrasound, Refer to endovascular,

MRA, CTA, catheter-based a 3l or surgical specialist

e L J nglogram) For treatment
i

If confirmed FMD diagnosis on imaging, medical Ancurysms that do not neec
treatment and recommendations for all patients: Mmmmm Antiplatelet or
- Blood pressure control with a cross-sectional imagieg anticoagulation for 3-6
- Head;iiu specialist if needed technique. moniha 5 fapeit
= Counseling “e: anxiety [P, refer 1o o surgscal or i nd
= Avoidance of high velocity meck manipulation, h gh prdovascular specialis: for | AP SEa——

gravitational force activities konsultation and treatment symptoms.
- Aspirin 81 mg daily

- Clinical follow-up blannually x 2 years, then annually




Fibromuscular dysplasia Atheroscleratic renal artery stenosis

* Preserved renal blood flow.5® * Reduced renal blood flow. 560

* Preserved glomerular filtration.?3%3 * Reduced glomerular filtration.3?5#

* Intact response to renin-angiotensin system * Disturbed response to renin-angiotensin
modulation.>® modulation, 5253

* Normal renin secretion in vast majority of * Increased renin secretion in a large subset of
patients.3%? patients 556970

* Negative correlation between renin levels and * Positive correlation between renin levels and
blood pressure.® blood pressure,>®

* Revascularization cures hypertension in 40-62% * Revascularization generally not superior to
of the patients.!? medical treatment %89

Treatment

eAnti-Platelet Therapy-Aspirin

eAnti-Hypertensive medications-ACEI/ARB/CCB/B blockers.
eStatin Therapy

eMigraine therapy

eLife Style: Physical activity/ stress management/ smoking
cessation.

*Treatment based on vascular territory involvement.



Renal bed

Presentations: Hypertension / dissection / Renal infarcts.

Investigation: Renal angiogram / screening with CTA
preferred over MRA / Duplex USG [expert].

Treatment: Revascularization for Hemo dynamically
significant stenosis with Angioplasty.

VIEndovascular Therapy [stenting and coiling].
VIAnti-Platelet Therapy.

VI3-6months Anticoagulation following dissection.
VITreat Hypertension.

VIStop smoking.

Coronary bed

Presentation:- Spontaneous Coronary Artery Dissection
[SCAD] / ACS / Arrhythmias.

Investigation- CAG.

Treatment:- Conservative management in 80%
VIPCI in ongoing ischemia

VICABG [when CAG not possible]

VIAnti-Platelet Therapy [APT]

VIDAPT [dual APT] forlyear if stenting done.

V1B blockers

VITreat Hypertension



Cerebral bed

Presentations: Pulsatile Tinnitus, Migraines, dizziness,
Horner Syndrome, TIA

Investigations: Screening with CTA/MRA
VICerebral angiogram

Treatment: Endovascular Therapy [clipping /coiling]
VIAnti-Platelet therapy
VIMigraine treatment

2
Fibromuscular Dysplasia, a Systemic Arterial Disease

Main Arterial Manifestations

Vot IV

String-of-Beads* Focal Stenosis*

p ‘ -
|., Dissection

g Aneurysm
Z .

String of beads appearance

Back to Index s



GLP1
AGONIST



Introduction

*Glucagon-like Peptide-1 (GLP-1)and Glucose-dependent
Insulinotropic Polypeptide (GIP), both incretinhormones
inactivated by Dipeptidyl peptidase-4 (DPP-4), stimulate
insulin secretion after an oral Glucose load via the incretin
effect.

*ADA 2022 approved GLP-1 A as first line therapy for
treating DM in patients with Atherosclerotic Cardiovascular
Disease and Obesity.

©1980s, Jean-Pierre Raufmanof the National Institute of
Health investigated the Gila monster and later John
Enggisolated Exendin-4 from it.

Pharmacokinetics

eAbsorption: GLP-1 Receptor Agonists (RAs) like
Exenatide, Liraglutide, and Semaglutide are administered
subcutaneously, ensuring rapid absorption and achieving
peak concentrations within hours.

eDistribution: Post-absorption, GLP-1 RAs (eg, Exenatide,
Liraglutide, and Semaglutide) exhibit a low volume of
distribution, predominantly remaining in the bloodstream.

*Metabolism: Exenatide undergoes primary metabolism in
the kidneys and liver through hydrolysis, yielding smaller,
inactive peptides. Liraglutide follows a similar pathway
involving proteolytic cleavage.

eExcretion: Renal elimination primarily governs the
clearance of GLP-1 RAs, including Exenatide, Liraglutide,
and Semaglutide.



Effects of GLP1A

_ Brain : Liver
T Satiety - | Appetite. : L Glucose produet:on
T Energy expenditure © 1 Hepatic fat

1 Neuroinflammation

Pancreas
T Insulin secretion
1 Glucagon secretion
T Somatostatin secretion

\ . Adipose tissue
2 T Lipogenesis
T Adipogenesis

l

w,

{ ‘_1 T Glucose uptake
s ATV o o oo : Linflammation -
Systemically i :

- | Bodyweight
T Glycaemic control
1 Inflammation -

Dose and side effects
GLP-1 & GIP Receptor Agonists

GLP-1 RA - Glucagon exenatide (Byetta) S and 10 mcg BID Side effects for all: Nausea,
Like Peptide vomiting, weight loss, injection
exenatide XRT 2 mg ix a week z =
Receptor Agonist {Bydurean) Pen injector - Bydur BCise site reactign. Report signs of acute
“Incretin Mi e : £a | panc_weaﬂhs (severe abdominal pain,
=« increasesinsulin | liraglutide {Victoza)*+ | 0.6, 1.2 and 1.8 mg daily :";ﬂ"‘n’t‘;"‘ﬂh 5‘;5;&";;:‘";?“ dow
release with food ! [ ¥ L
= Slows gastric dulagiutide™ 0.75, 1.5, 3.0 and 4.5 mg Black box warning: Thyroid C-cell
emptying (Trulicity) 1x a week pen injector | tumor warning {avoid if family
= Promotes satiety I | history of meduliary thyroid tumor).
* Suppresses lixisenatide (Adlyxin) ;g meE 11: 2 thiny '“'_:I 14 ga"”ﬁ | ;
glucagon | 20 mcg 1x day starting day | *Significantly reduces risk of CV
death, heart attack, and stroke.
semaglutide® 0.25,05, 1.0 and 20 mg = :
(Ozempic) 1% 3 week pen injector | tApproved for pediatrics 10-17 yrs
Lowers Alc 0.5 — 1.6%
(Rybelsus) 3, 7, and 14 mg daily in a.m.
Oral tablet Take an empty stomach w/H20 sip Welght loss.of 1.5 W0 6.0 kes
GLP-1 & GIP : Side effects include: Nausea,
Receptor Agonlst Tirzepatide 2.5,5.0,7.5, 10, 12.5 and 15 mg Siarrhes, Injecrion Site resctions.
(Mounjaro) 1x a week prefilled single dose pen | Avoid if family history medullary
Activates receptors thyroid tumor. Report pancreatitis or
for GLP-1 (see above) Increase dose by 2.5 mg once acute galibladder problems.
& Glucose- maonthly to reach targets.
dependent Lowers AIC~ 1.8 - 2.4%
Iinsulinotropic -
Polypeptide (GIP). | Weight loss of = 5.4 — 10 kgs

DiobeteseEd.net 2023



GLP-1 ®GLP-1RAs have been shown to
activate PKA and increase the
production of cyclic Adenosine

Inflammation§ Oxidative Stress§
NF-xB SR i MonoPhosphate (CAMP).

Podneyto Loy 'NAI_I)I_DH omdgsg a_nd NF-kB .
Mesangial Dysfunction activity are inhibited, resulting
Endothelial Dysfunction in the attenuation of oxidative
stress and inflammation.

Natriuresist
NHE3
ANP

EMT8 *Prevent Podocyte loss as well
| as mesangial and Endothelial
dysfunction.
Renal Fibrosis 8§  Glomerulosclerosis § *GLP-1RAs inactivate NHE3 and
l l promote Atrial Natriuretic
Peptide (ANP) secretion,
. thereby inducing natriuresis.
Renoprotection
®GLP-1RAs inhibit Tubular injury
and subsequent

Tubulointerstitial Fibrosis.

FLOW: the first dedicated kidney outcomes trial with a GLP-1RA

CKD is a common A global kid ney QW SC semaglutide 1 ma + SOC (n=1767) [[EEECINERCe SR TR
complication of T1D and T2D outcomes trial T
Randamized controlled clinkcal trial

3.4-year follow-up

24%

lower risk of
536 million affected In 2021 : composite radistiang
F z site eductions
; : n
pradicted to rfse 1o 783 milllon by 2045 28 countries primary for kidney
outcome disease

components

8 o F
539 millian i) 387 sites
i the US slone S
3,533 participants
BS,000 deaths
EVETY year

Primary outcome:

‘Tr’ time to first occurrence

of major kidney cutcomes

=il)e PIIA

hee )

i per year
Slower
reduction in
mean eGFER

apun|bewas 10} sBuipuiy Aay \@m

1in 10 in the ganeral papulation

W medfyle

Back to Index ¥



PAROXYSMAL
NOCTURNAL
HEMOGLOBINURIA



Introduction

*The term paroxysmal nocturnal Hemoglobinuria was
introduced by Enneking in 1925.

*PNH can be categorized into three types. 1. Classic PNH. 2.
PNH with another Bone Marrow (BM) disorder 3. Subclinical
PNH.

eTriadof hemolytic anemia, Bone Marrow failure and
Thromboembolism.

Etiology

eMutation of the X-linked gene Phosphatidylinositol Glycan
class A(PIGA) deficiency in the Glycosylphosphatidylinositol
(GPI) Protein, [which is responsible for anchoring other
Protein Moieties to the surface of Erythrocytes].

\ 4

*CD 55 and CD 59 complement regulators are prevented
from attaching to the PNH affected cell.

¥

*Chronic complement mediated Hemolysis.



Investigation

eDiagnostic flow Cytometry is considered the gold standard
test for PNH diagnosis.

eIncreased LDH, low Haptoglobin, and unconjugated
Bilirubinemia due to intravascular hemolysis.

*High reticulocyte count.

ePeripheral smear.

*Anemia, leukopenia, and thrombocytopenia will be seen.

eEvaluation of renal dysfunction-CKD.

eOther tests:-D-dimer, brain natriuretic peptide, liver
function panel, iron panel, bone marrow aspirate or

biopsyand cytogenetics.

°lmaging-2 D ECHO-pulmonary HTN/ CTA -rule out
thrombosis/USG abdomen.

Symptoms

eCharacterized by recurrent episodes of intravascular
Hemolysis, venous Thrombosis, and Cytopenias associated
with bone marrow failure.[|General symptoms:- fatigue,
generalized Malaise, Dyspnea.

eDark urine due to marked Hemoglobinuria, Renal
insufficiency from Hemosiderin deposition leading to
Tubulointerstitial inflammation.



eDysphagia or esophageal spasms, abdominal pain, back
pain and erectile dysfunction which all occur due to
smooth muscle Dystonia.

*The most common BM disorders that occur with PNH
include Aplastic Anemia (AA), Myelodysplastic Syndrome
(MDS), and primary Myelofibrosis.

Treatment

eEculizumab [ factor 5A inhibitor] is a lifesaving therapy -
50% reduction in transfusion requirements and 70%
reduction in risk of thrombotic events.

eRavulizumabhas 3 to 4 times longer half-life and requires
dosing every eight weeks. [more cost-effective compared
to Eculizumab].

eCurativetherapy- Allogeneic Hematopoietic stem cell
transplantation.

*Blood transfusions/iron therapy/Anti Thrombosis
Prophylaxis.

*Treatment of complications.



& Dss coso

Normal RBC

b

PNH RBC

PNH RBC

Etiology and treatment of PNH

—_——
Complement
activation

C5b-8
Cidg
— —— No haemolysis

MAC
iC3b
Hb P
—— —_— ——— [ntravascular '
Complement haemolysis J )‘
activation =
Macrophage ——
| Eculizumab |

Complement .
activation

Extravascular

haemolysis

Nature Reviews | Disease Primers

Cerebral thrombosis
Headache, nausea, vomiting

Retinal ven thrombosis

£ Myocardial infarction
Loss of vision 4

Pulmonary embolism

Pulmonary hypertension

Abdominal vein thrombosis

- o o Dyspnea, hemoptysis
thrombosis, caput medusa, Renal failure

esophageal varices and fon

spasm, abdominal pain

Bone marrow fallure Erectie oy

Anemia, bleeding, infection

Deep venous thrombosis

Cutaneous vein thrombos
hooas i Pain, swelling, fever

Pyoderma gangrenosum

Clinical manifestations of PNH




Treatment . |
Hemolytic
I
Asympitomatic Symptomatic
crisis hemolysis
Supportive
Supportive care, Supportive Supportive care and
consider care care anticoagulation
prophylactic : 1 — .
antikoagulation And And _And

PNH

PNH and kidney manifestations

Back to Index “



CALCIFIC UREMIC
ARTERIOLOPATHY
[CALCIPHYLAXIS]



Investigation

eCharacterized by painful skin lesions caused by Cutaneous
Arteriolar calcification leading to tissue ischemia and
infarction.

eCalcification of the medial layer of Arterioles and small
Arteries.

eCalciphylaxis has a poor prognosis with 1-year mortality
rates between 45% and 80%.

*Response to treatment is also poor - infection the leading
cause of death.

eIncidence of Calciphylaxis in Dialysis patients ranges from
0.04% to 4%.

Risk factors

Demographics Medications

Caucasian ethnicity Warfarin, Corticosteroids,

Female sex Calcium-based phosphate binders,
Comorbidities Activated vitamin D, Iron therapy
Kidney disease Abnormalities of the Chronic
Obesity Kidney Disease-Bone Mineral
Diabetes mellitus Disease Axis

Hypoalbuminemia Hyperphosphatemia

,IAutoimmune conditions such as Hypercalcemia

upus,

Hyperparathyroidism
rheymatmd grt_hrltls, and Adynamic bone disease
antiphospholipid

antibody syndrome Hypercoagulable State

. . Tissue trauma resulting from
Liver disease o
. subcutaneous injections such as
Malignancy insulin

Dialysis vintage




Intraluminal and extravascular
calcification, intimal fibrosis of vessel

ﬁESION walls, fat necrosis, and vascular
thrombosis in subcutaneous tissue of

a patient with calciphylaxis.

CALCIPHYL AXIS

‘Suspected’
calciphylaxis
¥
Classic ] | Atypical
|ESRD, Typical skin lesions | ’ Atypical features
Ao Palp wdior Mormal Renel Funetion)
Candidate for Consult
experimental
therapis Dermatology
Percutaneous skin
Biopsy Calciphylaxis
Mot candidate for Consider dermatopathology unlikely
axperi::nental expertise (Use special stains: Consider calciphylaxis
therapies Von Kossa) ‘mimickers’
Warfarin-induced skin necresis
Purpura fulminans
Calciphylaxis Antiphospholipid antibody
“likely’ Hndrome
Mecrotizing vasculitis

Atheroembolic disease
Venous stasis ulcer
Pyaderma gangrenosum

APPROACH TO CALCIPHYLAXIS



| Multidisciplinary team

Wound Care Plastic Surgery ‘ ‘ Nephrology ‘ Dermatology | | Pain Management Palliative Care

Advanced wound Salective surgleal Optimize dialysis Establish primary Combination analgesla Optimize end of life care
care techniques debridemant in mineral bone disease diagnosisiskin biopsy  NSAIDs, neuropathic agents, Symprom management
(biofilms) necrotic/infected wounds  management  Primary team innon  oplolds, regional anesthesia + pain, lack of sleep, appetite,
Frequent dressing Low calcium bath  uremic patients blofeedbackirelaxation pruritis Emotionalisoclall
changes Intensify dialysis technbgues psychological support
Negative pressure regimen
wound therapy
] | Management W
+
Targeted therapeutic options ‘ ‘Refractory’ skin lesions or ' ‘ Risk factor management
advanced lesions at
baseline
Sodium thiosulfate Consider “experimentalinovel therapies™ Switch warfarin to apixaban
Vitamin K Hmm_nc oXygen meraw Rotate Fﬂjﬂt'oﬁ sites If daily iI'IiGClEOI'Ii
SNF471 Rheopheresis required (insulin)
Bisphosphonates Avoid local trauma and unnecessary
Endothelin receptor antagonists debridement
Pentoxyphylline Avoid systemic antibiotics

MANAGEMENT OF CALCIPHYLAXIS

Management

Sodium thiosulfate

*Route and dose - Intravenous (standard): 25gm if weight >
60 kg;12.5gm if weight< 60 kg; infusion in the last hour of
Dialysis.

eSubcutaneous (nonstandard): 0.25 to 0.75gm (1 to 3 mL of
250mg/ mL); at the Periphery and centre of the lesion.

eDuration of IV infusion: minimum of 2-3 months.

eTypical total duration of 6 months or until lesions
completely heal.

Hperbaric oxygen

eDelivery of 100% oxygen at 2.5 times the atmospheric
pressure in a sealed chamber for 90min [20-30 sessions].

Back to Index &



FIBROBLAST
GROWTH
FACTOR-23



Investigation

eFibroblast growth factor 23 (FGF23) is a bone-derived
hormone that functions as the central endocrine factor
that regulates phosphate balance.

*FGF23 ismainly produced by osteocytes and osteoblasts.

*FGF23 concentrations are measured by sandwich ELISA.

*The reference range of MED FGF23 levels among healthy
controls was 18.6-59.8 pg/mL when calculated as the

average x2 standard deviations (SDs).

¢N

T Phosphaturia/ 4 Calcitriol
production (FGFR1)

1 Fibrosis ."TFG{S (FGER1)

Classical
FGFR1/Klotho

W -

L PTH Production (rGer1)

—_—

—

Non-Classical
FGFR2-4

—

—

FGF 23 - HORMONE /BIOMARKER

Y
I:}ﬂ
Y

1 Cardiac ]'-L;]:l'ur!‘hnlph_\' MILVH (rcrrs
1 CardiacFibrosis/ HF ()

e

T Cytokines production (FGrra)

‘o
JImmune response/Infections
(FGFR1-2)

&

L Red Cells )

—

4 Bone Mineralization (FGFr17°)




Effect of FGF23 in different organs and cells.

T Synaptic density
Morphological changes

#
|

T Inflammation T n

11L-6 E MY | prH
T CRP ‘ , \‘wjf""_"ff J

ih_ ’ Fok23 ‘ ‘ 1 P, excretion

A 1l 1,25(0OH),D;
T Inflammation I \

production

¢ =
" 1 TNFa
T ROS, NO l 1,25(OH),D,
LVH | Neutrophil recruitment

Pathological effects
eAcute kidney injury leads to increased FGF23 levels.

eIn chronic obstructive pulmonary disease, FGF23 is
elevated.

eUrothelial , ovarian and Colon adenocarcinoma and are
characterized by FGF23 secretion with hypophosphatemia.

eCardiovascular: left ventricular hypertrophy, aortic
calcification and atrial fibrillation in CKD.

*Brain: Hemorrhagic stroke.




eAssociated with increased Insulin resistance.

*Hyperphosphatemic disorders due to loss of function and
resistance to FGF-23.

eHypophosphatemic disorders due to mutation leading to
lack of cleavage of FGF -23.

FGF 23 and IV Iron RX

¢In the absence of CKD, iron deficiency is associated with an
elevation of C FGF-23.

*Treatment of iron deficiency with intravenous iron lowers
cFGF23 on a transcriptional level.

eFerric Carboxymaltose increases iFGF23 due to an
inhibitory effect on its degradation and leads to
Hypophosphatemia.

Some IV Iron =
oo q

_— Hypophosphatemia
# Phosphate =
Flevated PTH leadi 1o
M mn decreased re-abaorpton of .
' IFGF2Y inibits renal r:;.p::;n —

tubedyr re-abmorption of .

pleosptaie
L]

4 irGF23

from osteocytes @

Risk of bone
complications

Heduced 25 (OMID to 1.25
|OH},0 leaits 1o redutied Ca™
....... ing PTH iecretion
iFGF2Y inhibity the
oonverson of 25 (0M)0 1o
; 1,25- (OH),D

1,35 [OH),D




IVIRON —FCM AND FGF 23

Ferric
carboxymaltose

-

- 7 Fibroblast growth

i—-f' ) factor 23
Maladaptive
cardiac Phosphatuna
hypertrophy
o i
hgg?tr?aem?ag 2 Osteomalaona

Newer agent

eBurosumab is an antibody against FGF23 that is approved
and therapeutically used in the treatment of X-linked
Hypophosphatemia.

[ Bone produces excess fibroblast growth factor 23 (FGF23) ]

e sy |

. ]
| Renal phosphate 11, 25-dibydroxyvitamin
m D levels
. !
1 Renal phosphate | Gastrointestinal
S phosphate absorption
. ]
[ L Serum phosphate eveis |
Defective bone minaralization
and 1 risk of bone disease
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POST TRANSPLANT
FSGS RECURRENCE



Introduction

eRecurrence of FSGS in graft is 30-50% and is the cause for
graft loss.

*Present with rapid nephrotic -range Proteinuria with a
median time to recurrence of 1.5 months.

eProteinuria from native Pidneys decreases significantly
within 1 month of transplantation hence Proteinuria
detected more than 1 month after KT is most likely derived
from the allograft.

eRare in patients with genetic FSGS and those without
Nephrotic Syndrome at onset.

Risk factors

eHigher risk of recurrence: younger age of disease onset,
White race, rapid progression of initial disease [< 3 years],
living-related KT, history of recurrence in a previous
Kidney allograft, and native Kidney Nephrectomies.

*A family history of FSGS, histologic subtype in the native
Kidney, and choice of transplantation immunosuppressive
therapy have not been shown to alter the risk of
recurrence.



Recurrence of Focal Segmental Glomerulosclerosis after CJ ASN

Kidney Transplantation in Adults o il M B
| Risk Factors for recurrence|
“ Post-Transplant -
Glomerular
“ é Project (TANGO)

W e @7 37

n=11742

Conclusions: dinpsthic FSGS recurs post-traneplant i orie-fird of cassn, increes
by M-Sl e vl of graht Moas. Responue 10 trutrnient <ignificantly mmpyoves culoomes (9
actiiswdin nely hall of thi casis.

Underlying etiologies for the podocytopathy in
FSGS patients

Hegh penetrance/low frequerioy
{e.g., nephrin mutation, COLAAZA4AE)

Systemic FSGS " Medication-associated FSGS
Circudiating facion(s) APOL 1 higjh-rigk van Direct podocyle inxicity
(Bt wmune ritated) e J o {64, parmidronabe, Mhium, mTOR inkibitoes)

m@{: zﬂmmm ‘,,—-
e T =
&

AKI, acute kidney injury; mTOR, mammalian target of rapamycin. Created with BioRender.com.



Post iransplant recurrence - etiologies

Podocyte loss

w

Focal segmental glomerulosclerosis

l

Progressive graft scarring and function loss




DISAUPTS GLOMERULAR
FILTRATION BARRIER

Treatment options

*PLASMAPHERESIS - most effective in removing circulating
permeability factors.

*RITUXIMAB - Anti-CD 20 monoclonal antibody.

*OFATUMUMAB - fully human anti- CD 20 monoclonal
antibody that depletes B - cells.

*BELATAOCEPT - co - stimulation blocker.
*ABATACEPT - selective T cell co stimualation blocker.

*LIPID APHERESIS - LDL Apheresis.



Re-transplant

*FSGS in the first KT are at very high risk (up to 75%) for

recurrence in subsequent Kidney allografts.

eSecond KT should be delayed for 1-2years =)
disappearance of the circulating factors responsible for the
Glomerular injury.

*A third KT in patients with two previous transplant losses
due to recurrent FSGS should generally be avoided.

*Prophylactic Plasmapheresis and Rituximab do not appear
to decrease the rate of recurrence after transplantation.

ESTABILISHED AND EMERGING THERAPIES FOR FSGS

Immunosuppression

(primary FSGS):

+  Glucocorticoids

s CNI

+  Anti-CD20 antibody

+« ACTH

+ MMF

+ Anti-CD20 antibody

*  Anti-CD40 antibody

*  Anti-C5 antibody

+  B-7 costimulatory
inhibitor

+ mIOR inhibitor

+  Chlorambucil

+ Plasma exchange

Causative directed

therapies:

+ Antiviral agents
* Dbesity treatment
= CoQl0

supplementation

* APOL1 antagonist

TRPLCS/E channel
inhibitor

= SLIT2 antagonist

* Lipid modifying drug

Padaocyte specific Antifibrotic/
therapies: hemodynamic effect:

RAS inhibitors

* S5GLT2 inhibitor

* Endothelin antagonist
« CCR2 inhibitor

* Janus Kinase-STAT

inhibitor

e Apti-TGF-R antibody
*  p38 MAPK inhibitor
« Anti-human TNF-a

antibody

*  Pirfenidone
«  Nrf2 activator/NF-xkB

inhibitor

—
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PRE-IMPLANTATION
BIOPSY-

DECEASED DONOR
TRANSPLANTATION



Introduction

*Marginal cadaveric kidney donors can be definedas:
All donors older than 60 years, donors older than 50
years with any of the following criteria:

(1) Hypertension,

(2) Cerebro - Vascular cause of brain death or

(3) Pre-retrieval serum creatinine (SCr) level
>1.5mg/dl, with a degree of Glomerulosclerosis >15%
and prolonged cold ischemia.

*Pre implantation deceased donor Kidney Biopsy helps

in utilizing organs from marginal donors and predict
long term outcome.

Scoring systems

*Remuzzi protocol.

*Marryland Aggregate Pathology Index [MAPI].
*BANFF scoring system.

eLeuven scoring system.

eCore Biopsy v/s Wedge biopsy -no much difference in
scoring outcomes.

*Expert renal pathologist showed better interpretation
of Biopsies compared to routine pathologist.

eStains used Hematoxylinand Eosin stain.



eAlso periodic acid-Schiff and Masson's Trichrome-
useful in evaluating parameters such as Hyaline
Arteriolosclerosis, Tubular Atrophy and interstitial

fibrosis.

Evaluation of expanded criteria donors using kidney profile donor index and

preimplantation renal biopsy

+— =t N= 266 KT recipients; median follow-up: 46 months

LLLLLL] EEmEEE

zEsEn ‘ ] Hyaline arteriopathy,
glomerulosclerosis, and
KDPI Q4 were predictors

for graft survival

January 2000 June2019

0 ® 9  Kidney transplant [KT)
recipients whe
recetved an allograft
from s expanded
eriteria donar (ECD)

And a preimplantation biopsy was performed

Villanego et al. Transpl. Int. 2022
Esor doi: 10.3389/1i.2022.10056 Tﬂ?gfﬂi’%[n 50

Remuzzi et al scoring system

SCORING SYSTEM MARGINAL KIDNEY DONOR
- Age =60 yr
Glomerular global sclerosis ® Hittory of dabeles or hpeensis
® 0 =none ® Clinical proteinuria (< 3 gf24 h
- 1+ = <20% i & )
® 3+ =20 to S0%
- 3+ = =50% l
Tubular atrophy = = & tarck
e = s h ra ajor vascular, ureteral, or
ot m"m wubul sffected idneys parenchymal abnormalities
& 24 = 20 10 509% l
* 3+ = >50% l
Mo abnormalities
Interstitial fibrosis Discard
® § =absent l
® 4 = <20% replacamant by fibrous tissue
® 24+ = 2010 50% Pre-transplant biopsy
® 3+ = >50% of both kidneys
Arterial and arteriolar narrowing l Final Grading
® (0 = absant
& je= | wall 1t (223 ——+  single
than diameter of the lumen Eligibility for double or single %0ty mid A
® 2+ = wall H:kﬁmass_squalwsllﬂily fransplant according to — % ® 406 modemte —=  double
ga;:sr than diameter a standardized score system & 7o 12 savare > discard

® 3+ = wall thickness far exceads
the diameter of the lumen




The Maryland Aggregate Pathology Index: A Deceased Donor Kidney
 Biopsy Scoring System for Predicting Graft Failure
Pathologic features used in MAPI as seen on frozen section preparations. (A)
Periglomerular fibrosis, (B) arteriolar hyalinosis, (C) scar including features
of interstitial fibrosis, tubular atrophy and glomerulosclerosis, and (ID) measurements for arterial

wall-to-lumen ratio (WLR) calculation, including the thickness of two opposing walls (T, and T.)
and the luminal diameter (LD). WLE=(T +T,)/LD

v, B .-'-'a 5 -

. '“Periglomerular Fibrosis | . &

2 F

. T-'
LD

Our experience

*20 preimplantation biopsies done out of 66 cadaver
transplants done.

*4 donor Kidneys rejected: 1 had extensive intra
Glomerular Thrombi,1 case of Glomerular cystic
disease and 2 cases of increased IFTA.

ePreimplantation Biopsy helped procuring the organ

which would have otherwise been rejected and is an
important tool for expanding donor pool.

Case 1

*18 year old deceased donor with no comorbidities and
death due to road traffic accident.

*His creatinine - 1.4 mg/dl and all other biochemical
parameters were within normal limits.



*His urine routine showed protein 1+ and no RBCs. He
had no history of Hypertension or renal disease in
family. He was declared brain dead after 48 hours of
admission.

*On initial outlook he seemed to be a fair donor who is
young with no comorbidities and well managed by ICU
team.

*Since he had a baseline high creatinine for his age
[Egfr -66 ml per min per 1.73 m2] we decided to do
preimplantation biopsy.

*His Biopsy showed Glomerulocystic changes in all
visualised Glomeruli and therefore the kidney was
discarded.

*Biopsy helped us from not transplanting a suboptimal
Kidney.

Case 1 -Glomerular cystic changes on preimplantation biopsy




Case 2

*46/year old female deceased donor with history of
Hypertension and death due to road traffic accident.

eHer terminal Creatinine was 1.2mg /dl. Her Urine
report showed protein 2+ And few RBCs.

eHer Preimplantation Biopsy showed extensive intra
Glomerular thrombi.

Preimplantation biopsy showing extensive intra glomerular thrombi

eIntra glomerular thrombus is commonly seen in
Preimplantation Biopsies.

o|f present in majority of Glomeruli, Kidney is discarded
because it causes delayed graft function and raises
the possibility of Glomerular disease of unknown
Etiology in the donor.



eRecently many papers were published on implanted
Kidneys with Intraglomerular Thrombi and follow up
protocol biopsies showing resolution of thrombi early
in Post-Transplant period and minimal residual
changes in some, at the end of one year with good
graft function.

Case 3

*A male deceased donor aged 49 years, was a known
case of diabetes mellitus for 10years with terminal
creatinine 1.1mg/dl and urine showing 1+ protein.

*His Pre-implantation Biopsy showed interstitial fibrosis
and tubular atrophy involving less than 10% with
Remuzzi histological score of 2.

°In view of the above findings, the donor kidney was
taken up for transplant and had good graft outcome
with post-transplant creatinine of 1.2 mg/dl.

eComorbidities like Diabetes and Hypertension with
Urinary abnormalities usually put the transplant team
in dilemma whether to take or discard the marginal
Kidney.

°Long standing history of Diabetes Mellitus in deceased
donor with Proteinuria is out rightly rejected on clinical
criteria.

eCase 3 patient had long standing diabetes mellitus but
it did not translate to histological injury and hence
donor Kidney was selected.

Back to Index *



OXALATE
NEPHROPATHY



Introduction
Definition of Oxalate Nephropathy:-
*Progressive kidney disease.

*Deposition of calcium oxalate crystals (Birefringent on
polarized light) within Tubular Epithelial cells, Tubular
lumens, and less frequently in the Interstitium,
associated with Tubular injury and Interstitial
Nephritis.

eExclusion of other causes of Kidney disease (apart
from non specific Microvascular lesions and/or
diabetes-associated Glomerular lesions).

e|ldeally, a Hyperoxaluria enabling-condition should be
identified.

eHyperoxaluria- defined as 24-h urine oxalate of >40-
45mg/day.

*The urinary oxalate excretion tends to be higher in
Primary Hyperoxaluria >88mg/day as opposed to 44-
70mg/day in Enteric Hyperoxaluria.

*The average age that symptoms appear is 5 years old.
*About 50%of children will experiencekidney failureby

age 15. About 80% will experience kidney failure by
age 30.



PRIMARY HYPEROXALURIA

Sy oolnie oxidnmne

W e
Almning ghyoxylats — Giycolate reductome =
Aot farenes / OH-pryruvisti recductames
LAETY - = (GRHPIR
y i Gy oxylata o Giycolate
A-hyydromyl-2 ~coxooiutarate
aiciohose (HOGA)Y
L Lactaie dahydroganase
(L)
By ronyl -2 |
| oucglutorots o = PHY = prirmany hyporosaburio type 1
o, = FHF = petrmary By percxsburis Type &
- - o
. = o PHO = priony hyparcsalsris fyps 3
/-’ & S,
Hydroxyprolines Oxalata

Primary hyperoxaluria types 1 and 2, associated with peroxisomal AGT and
Cytosolic GRHPR deficiency respectively, result in accumulation of glyoxylate,
which is converted to oxalate by LDH.

Primary hyperoxaluria 3 is caused by a defect in HOGA in mitochondria.

Causes of Secondary Hyperoxaluria and
Oxalate Nephropathy

Increased intestinal oxalate absorption:-

eChronic pancreatitis, Pancreatectomy.

*Use of orlistat (lipase inhibitor).

*Roux-en-Y gastric bypass, Small bowel resection.

*Crohn’s disease, Celiac disease.

eCystic fibrosis.

*Use of somatostatin analogue.

Increased dietary oxalate or precursor intake

*Rhubarb,Averrhoa Carambola(star fruit),
Averrhoa Blimbi, Tea, Nuts, “juicing”

eVitamin C, Ethylene Glycol, Methoxyflurane,
Naftidrofuryl oxalate.

Decreased intestinal bacterial oxalate

degradation

eAntibiotic use.

Others

*QObesity, genetic variations in oxalate transporters??



OXAILATE NEPHROPATHY

g S S STy |

(A) Intratubular translucent polyhedral or rhomboid crystals (black arrows) an light microscopy
(hematoxylin and eosin stain, original magnification, x20).

(B) Crystals shown as birefringent under polarized light (original magnification, x5). Biopsy also
‘shows acute tubular injury and mild interstitial inflammation.

Diagnostic algorithm

Diagnosis of Primary Hyperoxaluria

Normal Renal Function Chronic Kidney Disease’
* Stones or nephrocalcinesis in childhood s 1 Serum creatinine with CaOx stones
= Recurrent CaOx stones or nephrocalcinosis in adults Or |+ CaOx tissue deposits
» ‘history of ria? = Nephrocalcinosis
Urine oxalate
UOx >0.7 mmol/1.73 m¥24 h or UOX/Cr > normal for age® l,
Confirmed on repeat testing
L 3 Urine and plasma oxalate
Urine glycolate, L-glycerate®s UOx >0.50 mmol/1.73 m?/24 h
Glycolate or glycerate > 2x normal and/or plasma Ox >20 pumolL
Secendary cause identified?
o [P s
Yes »i » Gastrointestinal diseass <
* Very high Ox, low Ca diet Evaluate and treat
* Infant with prematunty® Yoo o accordingly”
+ |
Genetic testing

| N Homazygosity or compound heterozygosity for known mutations of AGXT, GRHPR, or HOGA1#

Liver biopsy for AGT,
GRHPR enzyme activities

Mormal AGT
[[ Oxalate disorder of |
| undetermined type |

GXTmutations

| AGT activity

and GRHPR
activi




TREATMENT OF OXALATE NEPHROPATHY

Treatment | Rationale | Supporting evidence

Reduees urine caleium oxalate

supersaturation. Reduces stone formation.

High fluid intake (urine putput >2-3 L/d)

Reduces urinary oxalate excretion in
small-sized studies; caveat:
comparisons were based on a low-
oxalate diet compared to a very-high-
oxalate diet.

Reduces bioavailability of intestinal

Low-oxalate diet oxalate.

Reduees intestinal oxalate absorption
Low-fat diet (by increasing bioavailability of
intestinal calcium).

Reduces urinary oxalate excretion in
small studies,

Avoid low-caleinm diets, which lead to  Reducesurinary oxalate exeretion in

Normal-calcium diet more free intestinal oxalate, small-sized studies.

Reduces urinary oxalate excrelion but

Calei i i Reduce bioavailability of intestinal may lead to hypercaleiuria. Caleinm
RN Sm oLy oxalate and its absorption, eitrate may he more bioavailable than
calcium carhonate.

Binds intestinal bile acids, reduces

Cholestyramine Alsmeliea;and Bladoxalais b viteo; Studies show contradiciing results.

Reduces urinary oxalate excretion in
Increases intestinal oxalate rat model and plasma oxalate levelsin
degradation. dialysis patients with primary

hyperoxaluria (phase 2 study).

Oxalobacter formigenes ad ministration

Reduces urinary oxalate excretion in
Oxalate decarboxylase Degrades intestinal oxalate, rat model and in phase 3 pilot study in
humans,

2 P Y caled cal stal-
Reduces crystal-induced kidney rﬁ;ﬁ;ﬂ:&“}:ﬁ;l;wmmﬁ a

NLRPg-specific inflammasome inhibitor damage.

miodel.

Transplant

eCombined liver and kidney transplant is the mainstay
of treatment in primary Hyperoxaluria.

eSequential liver followed by kidney transplant in
patients with less severe renal disease.

eRecurrence of oxalate deposition in the graft due to
secondary hyperoxaluria needs continuous monitoring
and medical management with early loss of graft.



Efficacy and Safety of Lumasiran in Patients With Primary

Hyperoxaluria Type 1, Results From a Phase lll Clinical Trial

Primary palals EXTENSION Mean 24-hour % of patients who
VQ& }  Hyperoxaluria saiwsl PERIOD UOx reduction reached 24-hour UOx
\ Type 1 (Month 36) from baseline excretion £1.5 x ULN
c'- Age 26 years s

S Lumasiran/ lumasiran
e, 63. 76
eGFR 230 38 months of lumasiran % %
mL/min/1.73 m? _}Q Placebol lumasiran 5 8 9 2
% %

e %graup{nﬂa]
6-month double-

30 months of iumasiran

blind placebo : — :
controlled period Ja-  eGFR remained stable and medullary nephrocalcinosis remained
followed by an stable or improved

extension period The most common lumasiran-related adverse events were mild, '

UOx, Urinary Oxalate: ULN, upper fimit of narmal transient injection-site reactions

Saland J st al, 2024 Conclusion In patients with primary hyperoxaluria type 1, longer-term

Kl R E PO RTS prees=s lumasiran treatment led to sustained reduction in urinary oxalate excretion,
Kidney Infatnaliansl Fepars Edgar Lerme, MD, FISN with an acceptable safety profile and encouraging clinical cutcomes.

X @edgarvlermamd

Multicenter Long-term Real World Data on Treatment with

Lumasiran in Patients With Primary Hyperoxaluria Type 1

Methods and cohort Findings Patients with preserved kidney function )
4 At baseline  At3months At 12 months At 18 months

&.‘. Multicentar
1.88 (0.8) 0.73 (0.26)* 0.72{0.3)* 0.65 (0.2)*
33 genetically proven
PH1, 13 on dialysis
."{'.‘. Wi wirnas W i) l."ﬁ'ls'l“ﬁ oxalate 10,65 (4.0) 6,96 (4.1) 9,31(3.6) 9.9 (3.6)
=i i i

s Mean P'asmﬂ glycolate 67,21 (88.2) 85.43(46.8)  3158(302.8) 240.9 (174}
il Age atstading il joc!

Raaulis mn pxpresaed a3 hlean [50)

s ° glycolate 2.13(2.3) 3.54 (1.3)* 5,00 (2.6)* 5.88 (5.7)*

I8 {rrmad

treatment: 2day-58yrs 70.6 (25.5) Vitamin B6 74.1 (27.7)
". Lumasiran treatment 71.3{18.8) Non Vitamin BE B6.4 (25.4) ]
6-2fm (med 18)"  migdng signileantly drferen as companid ta baselin Dialysis patients

LIII'I'IISII'II'I dnsmg
Yo i' 37.2 (16.9)* 43.1(16.3) 59.3(23.8)

! By F{?ISTE giycolate 4972(220)  337.4(204y%  4433(638)  250.5(271)
artin-Higueras G etal. 2029 Conclusion Lumasiran treatment is safe and efficient. Nok all patients with preservedkidne)
K I R E P 0 R TS A function experienced satisfactory reduction of urinary oxalate excretionin quarterly dosing. Or
KT Abdul Gader. MD whether or not a dosage (interval) adjustment s advisable needs clarfication. [n dialysis, lack
o 5 Bmd_abdulgaderds of plasma oxalate reduction may relate to dissolving systemic oxalate deposits. I
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“FOUR PILLARS”
IN THE TREATMENT
OF DIABETIC
NEPHROPATHY
[DN]



Introduction

The "four pillars" of treatment for diabetic
nephropathy are:

*Renin-Angiotensin System (RAS) inhibitors,
*Sodium-Glucose cotransporter-2 (SGLT2) inhibitors,
eGlucagon-like peptide-1 (GLP-1) receptor agonists,

*Non-steroidal Mineralocorticoid Receptor Antagonists
(nsMRA).

°In combinations they retard progression of Diabetic
Nephropathy.

*Medications are individualizedas per patient needs.

Mechanism of DN

# ! .
Hemodynamic factors _ Metabalic factors

Sorbitol/Aldose [r——
Reduciare  [MOPH Glucose ‘ i !
’ KADP™ 4 i r,\\\t;fp. Frustise-& Prosphale : v
HADH ot A Vasoactive hormones Long asting hyperglycemia
4 | g g [ Systemic and intraglomerular pressure | AGEs formation
! Autooxidation || |5 rsidues | Activation of RAAS TPRC activation
~ "4
Redox Imbalance Advanced Glycalytic | Activation of intracellular signaling pathways
Fructose Formation Glycation ﬁ Pathway | Proinflammatory cytokines
—A A [ Oxiclative stress
> /" { Growth factors (TGF-B, VEGF)
| Lipid accumulation
1 gt Di cerol
ROS Formation - i
Eg: Oxidative 1 .\Itungiﬂ cell proliferation
Phosphorylation | s 1 Glomerular basement membrane thickriess
| Or NADPH exidase | Activation of PKC T ECM matrix

I i-ﬁarein Kinase C ;
Diabetic nephropathy
Cellular Dysfunction and Damage
via Cytokines and intracellular mediators



RAAS INHIBHITORS

eAngiotensin Il and other components of the renin-
angiotensin-aldosterone system (RAAS) have a central
role in pathogenesis.

*ACE inhibitors decrease the production of Ang I, which
is a potent Vasoconstrictor, leading to lower
Intraglomerular pressure and reduced Glomerular
Hypertension.

*They also decrease the Glomerular permeability to
urinary albumin leading to decreased proteinuria.

*ARBs act by blocking Ang Il type 1 receptors
(AT1lreceptors).

*This AT1lblockade may lead to further increase in
synthesis of Ang Il which binds to intrarenal
AT2receptors, resulting in decreased blood pressure
and reduced Renal Interstitial Fibrosis.

RAAS BLOCKERS

Cardiac involvement
Hemodynamic factors
. LV hypertrophy -
Hypertension e — Cardiovascular
Sodium and water retention 2} outcome
Arrhythmogenic effect

Glomerular hyperfiltration

RAS
blockade

Humoral and other factors

Aldosterone excretion

Renal involvement

GFR correction

CKD (eGFR > 30)

Renal
outcome

Inflammation

Hyperkalemia

Oxidative stress Erolaintia <

ESKD

Renal fibrosis without RRT

'::) Favorable effect of RAS blockers
mmm i favorable effect of RAS blockers



RAAS Inhibitors

LOSARTAN LED TO DECREMENT OF PROTEINURIA BY 35% AND
REDUCTION OF DOUBLING OF CR AND ESKD BY 25%

Effects of Losartan on Renal and Cardiovascular Outcomes in
Patients with Type 2 Diabetes and Nephropathy (RENAAL)

ESRD, death

43°

N Engl J Med, Vol. 345, No. 12 - September 20, 2001 e s D i
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SGLT2 Inhibhitors

Hyperglycaemia
Hypertension 7 Endothelial dysfunction

Altered tubuloglomerular feedback ~ _ o
Podocyte loss and albuminuria ey, 4~ Mitochondrial injury
Obesity or lipotoxicity —»
Inflammation =

Hypoxia -~

Fibrosis /

<+ lubuar hypertrophy
or growth factors

Autophagy

Empagliflozin in Patients with Chronic Kidney TSN
Disease (EMPA-KIDNEY) \}/ =

Pre-randomization &\ %

CKD progression & Hospitalitations Hospitalization for

A Multicenter
=\
\ ; 241 centers
-8 countries phase 15wks of

placebo death from cV HF or death from CV
from any cause
causes calses

Double-blind

LA N

_ Empaglifiozin _
10mg/day

[:ET
gmn 6,609 patients

Ly G eGFR 20 - 45 mi/minf1.73m2 N AN &

t g!m;mm; of the level of v L ' . 0.86
{ albuminuria ; _ @. 0.78- 0,95
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Could dapagliflozin improve kidney and %p
cardiovascular outcomes in patients with CKD? #NephJC

Kidney 1 Cardiovascular
0 t m * Daclinain GFR t least 50 *  Hospitalization for heart fallure
utcomes +  ESKD Il e
*  Death from cardiovascular causes

Multicenter Daath from renal causes
! 1

v 386 sites in 21 Placebo
A

14.5% 11.3% 6.4%

T N= 4304

GFR 25-75
Glﬁ) mil/min
67.5%
diabetes type 2 @
ACR 200-

5000mg/g N= 2152 4.6% 4.7%

with Chronic Kidney Disease. N Engl | Med. 2020 Sep 4. (5
of any composite kidney or cardiovascular outcomes or death DO 10.1056/NE/M0a2024816 &

Visual abstract: Denisse Arellano, MD W @denise_sm \\-:,L_/‘/

Conclusion: Among patients with chronic kidney disease, the risk "o eersink KL et of Dapagificain i Puients @}@%
f]

was significantly lower with dapaglifiozin than with placebo.

Effects of GLP1A

Brain Liver
T Satiety - L Appetite 1 Glucose production
T Energy expenditure 1 Hepatic fat

L Neuroinflammation w
§ GLP-1 RA

\ " Pancma-s
B #e | =) T Insulin secretion
b ‘4 . qﬁ‘: _ 1 Glucagon secretion
. Heart and vasculature s % { T Somatostatin secretion
‘ 1 Blood pressure = L ' 1 d
. T Heartrate = : GLp-m
| 1 Myocardial contractility : %ﬁ‘ ) <
T Glucose uptake . . B
T Endothelial function > N Adipose tissue
1 T Lipogenesis
T Adipogenesis
T Glucose uptake
4 Inflammation
Kidneys Systemically
T Haemodynarmics & Body weight

(T natriuresis) T Glycaemic control sP-

. keletal muscle

i
| | |r:ﬂ£:mn?atmn T Glygogen synthesis
[[H | R | 1 Glucose oxidation ‘

Direct effecis on HF * Indirect effecis on HF *



Inflammation Oxidative Stress§
NF-xB NADPH oxidase

Natriuresis¥ Podocyte Loss
NHE3 Mesangial Dysfunction
ANP Endothelial Dysfunction

Tubular Injury

EMT§

Renal Fibrosis 3 Glomerulosclerosis §

l

Renoprotection

GLP-1RAs have been shown to
activate PKA and inerease the
production of cyclic adenosine
monophosphate (cAMP).

= NADPH oxidase and NF-xB activity
are inhibited, resulting in the
attenuation of oxidative stress and
inflammation.

= Prevent podocyte loss as well as
mesangial and endothelial
dysfunction.

* GLP-1RAs inactivate NHE3 and
promote atrial natriuretic peptide
(ANP) secretion, thereby inducing
natriuresis,

* GLP-1RAs inhibit tubular injury
and subsequent tubulointerstitial
fibrosis.

FLOW: the first dedicated kidney outcomes trial with a GLP-1RA

CKD is a common

A global kidney
complication of T1D and T2D

outcomes trial

Randarmized comtroled elinical thal

baselime eGFR; 46.9

OW SC semaglutide 1. mg + SOC (n=1767}

baseline eGFR: 47.1

@ 3.4-year follow-up

24%

Ll

536 milfion affected in 2021,
predicted ta rise to 783 million by 2045

@ 28 countries

lower nisk of Cansistent

composile reductions
primary for kidney
outcome disease

539 millian
inthe LS aiona

387 sites

oomponenis

1.16

@ 3,533 participants

BS000 deaths
avery yaar

mil/min.73m
pear yaar
Slower

reduction in

Primary outcome:
1 i 10 in the genersl population

time 1o first occurrence
of major kidney outcomes

apunjBewsas 10} sbuipull £ay \@ir
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Non-steroidal Mineralocorticoid Receptor Antagonists
(nsMRA)

omms The Dlscovery of Finerenone (BR-4628)

3, High in vitro & in vive MR potency
gff As pofent os spironolocione

v More potent than eplerancne

Mineralocorticoid receptor (MR) selective

ﬁ ¥ Weokanfogaonist of AR, GR & PR (ke sploranane & nitrercnal

v 160-fold more selective for MR than AR {spironolacions ks 3-fold more
setectivel

v Low L-type colcium channel binding activity

MNovel NS compounds derived from
O.@ dihydropyridine class®

Yy Identified through
BR-4628chemical optimization

Behaves as a bulky-passive antagonist
= V' Lorge branching BR-4628, impairs adoption of H12 hellx active
conformation

Fegart J etal A new mode of minerglocarticold receptar

Conclusion: ER-4828 is a bulky antagonist that inactivates MR
unh:laumsmhvnpu-fuﬂ ond selective nonstercidal

through a possive mechanism. It represents the prototype of a new
class of MR anfagonists. Jauf.?mznm Sep 24;285(39/20932-40 PMID:
20es08%2 WA by BSophin_kidney

Spironolactone Eplerenone Finerenone

Structural properties Flat (steroidal) Flat (steraidal) Bulky (non-steraidal)
Potency to MR i+ + 4+
Selectivity to MR + ++ -

CNS penetration + + .

Sexual side effects ++ (+) -

Half-life =20 h* 4-6 h** 2-3h*

Active metabolites ++ = =

Effect on BP +H+ ++ +




Mechanism of Finerenone

Finerenone and HFpEF pre-/clinical parameters

Finerenone

At

AP

Anty
infliammation Anti-Fibrosis

\

Vascular Protection

neph

2023

- Increased production of IL-

Metabolic changes

- Incragse in AGES

{intracabiular, svtracaliufar;

receptor and non-recepton
based)

-increase in NFxB and ROS

Inflammation and fibrosis

18 and IL-1f

/" Glomerular hyperfiktration
= vasodifatation of the
afferent artericle (reduced
NG, hyperi ia,

prostanol
-increased efferent areriole
ressiance (AT 1, endothedin-
1,RO%, TXA 2)
-dysfunctionof
| tubulogiomerudar feedback
L -

= S,

Other patential machanisms.
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What are the Long-term Effects of Spironolactone on Proteinuria and
Kidney Function in Patients with Chronic Kidney Disease?

eGFR (mi/min/1.73m?)

&
SN ]62.2

ﬁ (1:1)
="
Comventional Rx

da

Baseline

1year

+2.1 564123

+24

P<0.001 |8

Conclusion: This study has shown that spironolactone may
reduce proteinuria and decrease progression of chronic

kidney disease.

{ |

Proteinuria (mg/g)

586426 :2100380 890 160

510.(35

Adverse effecis
| Baseline 1year : Kmequat 1 year
I
12000570  2110:80 | 431005
I Mot significont 1
| I

|

|

[p<0001 |

I P0001 ]

b chinic: for at least 1 year and

Chtation: Bionchi 5. Bigozzi R, Campese VM. Long-tenm effects
of spiranolactone on profeinuio and kidney function in
patients with chronic kidney disease, Kidney inf, 2008

Dec.70{1212116-23.
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ﬂeﬁ Is Finerenone Effective in Improving Outcomes in CKD Patients
2023 with Diabetes?

Primary Composite outcome’
Fidnery foilure, =
shavie rre W deatty, nonfatal M o slrokes
o y 01f chon b ar HF hespitabization
i e

Saconda

Adverse evenls

HR: 0.86

P24 CLOTE- 099

£ - . Citatian : Bakris GL, 81 al . Effest o Finsanane an Chignie <idney DEeasse
Conelusian: In patients with CKD and type 2 diobetes, freatment with el ikt albynaind st by e )

finerencne resulted in lower risks of CKD progression and cardiovasculor el 10V HEEFNE I Mo EEAS,
evenis than plocebo

VA by o E@Pitagn

FIDELIO-DKD FIGAR
[Gla "‘-*—"-*“-‘-"-OOMﬂAr- Ev n—?—é—l—?ﬁ——
e “-H
iy Pavents Mainly Stage 3-4 CKD _J Mainly Stage 1-2 CKD
18% decrease in CKD progression . 13% decrease in CV mortaiity
ronci 3 )' (HR 0.82, 95% C1 0.73-0.93) { & ’ A wovdmy
(HR 0,87, %65 CI 0.76-0,08)
montality *%13 decrease in CKD progression
o S l“"m e ® 'l (HR 0.87, %85 C1 0.76-1.01)
(HR 0.86; 95% C! 0.75-0.99) (ot sigrificant)
A\ satery Favorable safety profile: small and manageable hyperialemia risk with minimal clinical effect
Ew’j FIDELITY FIDELIO-DKD plus FIGARO-DKD T2D patients with

da o

Stage 1-4 CKD moderals-{o-severs

14% reduction ‘{ 23% reduction in

in the CV morbidity and CKD progression
mortality risk L . (HR 0.77; %95 CI 0.67-0.88)
(HR 0.86; %95 C1 0.78-0.¢
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PREVENTION OF PROGRESSION OF DN

Diabetic kidney
disease prevention

. ]

Statins

SGLT2 inhibitars
GLP-1 receptor agonists

RAAS inhibitors (ACEis and ARBs) |

Non-steroidal mineralocorticoid antagonists I

/ Lifestyle (low salt diet, no smoking, exercise, weight loss) \

Back to Index »



POCUS
[POINT-OF-CARE
ULTRASONOGRAPHY]
IN NEPHROLOGY



Introduction

ePoint-Of-Care Ultrasonography (POCUS) consists of
limited Ultrasound examinations performed by the
clinician at the patient’s bedside to answer focused
questions to confirm a suspected diagnosis, narrow
the differential, or guide a procedure.

*Adjunct to physical examination, to arrive at the
diagnosis early and help management.

*Physical examination is important and irreplacable.

Expedited patient care with point-of-care
ultrasonography (POCUS).

This infographic illustrates how POCUS can provide answers to
focused clinical questions (pericardial effusion in this case)
within minutes as opposed to consultative imaging.



Guide dialysis cathater placement |
:

=3

Is there a thrombus in the arterovenous fistula?
Haw big ie the pseudoaneurysm?

I5 there a sienosis of the access?”

Guide cannudation

Daes this patient with heart failure have
congestive hepatic/portal vein flow?™

Dees this patient with AKI have hydronephrosis?
Are the kidney cycts growing?

How is the stone burden compared to last year?

What is tha resistive index/how is wanous flow?"

Guide renal biopsy

Any peri-nephric collections?
Guide renal allograft bicosy &

Is this patient retaining wrine?
I3 the Foley catheter obstructed?

Doas this patient with ypertensive urgency have
papiiledema?

./"

Dwas this patiernt with shoriness of braath have
pulmaonary edema?

Pleural effusion?

| Ara there any lesions suggestive of COMID-18%

Does this dialysis patient with unexpiained
hypatension have pericardial effusion?

How Is LV systolic function?

Droes my patient with hypertension have LYH?

Does the IVC suggest elevated right afrial pressure?
Are LV filling pressures elevated?"

15 the stroke volume reduced?”

What s the AV systalic plessure?*

2 "o | I there a paritoneal dialysis catheter tunnal
‘abscess?

infection

Does this patient with shoriness of
—+ | breath but no pulmonany edema have a
taep vain thrombosis?

Organ-specific focused guestions that can be answered by bedside ultrasonography

A No congastion B Predominant tissue congastion

PoCUS strategies to assess congestion: LUS {Lung
Ultrasound), VExUS (venous excess ultrasound grading

D Mixad congestion

Tissue congestion

system) and FoCUS (Focused Cardiac Ultrasound).




PNEUMOTHORAX

STEP 1. Patient position

STEP 4. Image Interpretation

YES hasg shaling
arelior

YES lung pubr
)

YES worticxl artifacty

MO lung shding
arnd
NO ko pubse
arvd
MNO vertical artifocts

|STEP 2. Probe selection

STEP 3. Image acquisition

phalo- caudal orientation

1 cholce
pssicyt (1348 MHMZ)

3™ cholcs

Identify Pleural line

— Lung Sliding Identified?
. l NO
YES Lung Pulse Identified?
o
Yes Vertical Artifacts Identified?
NO
! 1
[~ x| LT
ivr-;::.
PTX HIGHLY LIKELY"

® Beware of findinge ands/or conditions that may cause
alse positive or false negative results [see Tabile)

PLEURAL EFFUSION

S5TEP 1. Patient position STEP 2. Probe selection

1 chales

Seemi-sitling Position masimices
effect of gravity and sensitivity
of scan

2™ chaoloe
Supine position

STEP 4. Image Interpretation
PLEURAL EFFUSION

MO CURTAIN SIGHN & POSITIVE SPINE SIGMN

| 1. Anachaoic region above the
diaphragm between the visceral
and parietal pleura.

4. Lung consolidation/collapse
within effusion

A

STEP 3. Iimage acquisition

P T
« Proba at the mid-axillary ine In a cephalo-caudal
orentation with shight countorcinckwise rotation
Boam directed postericdy towards the vertebral column
acts. diaphiag
]

YES
- Low-frequency
curvilinasr (5.2 MHz)
Lowfrogquoncy
phased aay (5-1 MHzk

1=}
Higgh-frsse
lirsear

Y

CURTAIN SIGHN

NEGATIVE SPINE SIGN

2. Absent curtain sign
Lung artifacts and diaphragm do not
descend with inspiration and the
abdaminal organs remain visible
throughout

3. Positive spine sign
The spine iz visualized above as weall
as below the diaphragm bacause the
fluid conducts the ultrascund beam

Boware of Andings and/or conditions that may cause false pasitive
or false negative results (e.g. free Puld below the diaphragm) - see Table



INTERSTITIAL SYNDROME

STEP 3. Image acquisition

STEP 1. Patient Position and Protocols || STEP 2. Probe selection

8- rone protocol G-rone protocol

1= choice

Lower: frequency 2" choice
curvilinear Lower-frequancy
(5-2 MHZ phased aray
5-1 MHZ)

Interstitial Syndrome

¥ 1 Diffuse Focal
% % asseciated Aindings:
- Changes in lung sliding and pulse

- Gravity-dependent or —independent pattern

T - -

8 lines distribution o B2

Motmal Lung Interstitial Syndrome [Increased hung densiiy)
Laarvgy sl preed hate g g oeeae I Sl g s thrmer,
Ly

- Plewural line abnormalities

Subpleural abnormalities

-t wartical artifacts originating sbove the plawural line
Lareren s ermphiyrean) okl Aot be confuied with @ fine

Shavt v 2
Fermetly calieg §

IVC Diameter

IVC assessment in the POCUS setting can assist

with the following:-

eEvaluating volume status in hypovolemic shock
patients.

*Guiding fluid resuscitation.

*Assessing fluid responsiveness.

*Monitoring patients with heart failure.

LIMITATIONS:-
*Body habitus and increased intra-abdominal pressure.

*Respiratory effort and mechanical ventilation.
*The right heart function can impact IVC appearance
independent of volume status.



IVC Estimated RA

) IVC Diametar Variability Pressure {mm Hg)
Hepatic vein
<15cm >50% 05
=18 ¢cm =50% B8-10
=15cm <50% 1115
>2em Nane >16

Abbreviations: WC, inferior vena cavs; POCUS, point-of-care
ultrasound; RA, right atrial,

Bi-dimensional ultrasound recording of the inferior vena cava (IVC) generated using the sub-costal,
long-axis view. Measurement of I\VC diameters were carried out at five sites: at the IVC—right atrium
junction (site 0), then at 1 (site 1), 3 (site 3), 4 (site 4) and 5cm (site 5) caudal to the IVC—atrial junction

IVC DIAMETER TO ASSESS VOLUME STATUS

AVF ASSESSMENT USING POCUS

B-mode is used to identify the access and other

. surrounding structures such as blood vessels or

§ fluid collections.

- Color Doppler is used to assist and confirm findings
on the B-mode and to monitor the patency of the

access.
Doppler mode is used to measure blood flow.

Ultrasound modes used for vascular access examination.
A) B-mode (brightness);

B) B)D-mode (Doppler);

C) C) C-mode {color)



VExUS Ultrasound Score — Fluid Overload and
Venous Congestion Assessment

Venous Excess Ultrasound IVC Diameter: If >2cm, proceed to step 2
VExUS

Hepatic Vein Doppler

[[ Pulm o Puim | NORMAL Mildly Abnarmal Severely Abnormal
Arteries Veins ~ N N N\
F _,_ﬁ_‘.-l_ 5 wave i
h 3> / 5<D g T Reversal
\. lo
J [\ v

/
B

LY

f and any camba
[ Right Left Portal Vein Doppler ot
Heart Heart Pattarns
Aorta NORMAL Miidly Abnormal  Severely Abnormal
2"V ] | o
Liver
9 “Pusatilily indes. (Vman VevaiVmis

and
ONE Severely Abnl
Patan

Renal Vein Doppler
Gt C— NORMAL Mildly Abnormal ~ Severely Abnormal

= 2 Savoraly Abni
Patterns

F Kidneys
Pocus 101 oorm

Parasternal Long Axis (PLAX) Subcostal 4 Chamber {S4C)

Pocus- Cardiac

, Sonographic Windows

3 Windows
eParasternal

e Apical
e Subcostal



PERICARDIAL EFFUSION

Pleural vs Pericardial? Right Sided Collapse?

FoCUS

(Focused Cardiac Ultrasound)

PERICARDIAL
EFFUSION

Classification?

Large Effusion No RV collapse
Mo evidance of tamponade

Size 5
Moderate 10-20 mm
Large= 20 mm

Distribution | Cireomforential
Locutated

Compasition

- MV fully open during
= ventricular diastole

TAKE HOME MESSAGES

1. Improved Diagnostics and Faster Time to

Treatment:

*POCUS allows clinicians to rapidly assess patients at
the bedside, leading to quicker diagnoses and faster
initiation of appropriate treatment.

*POCUS can identify abnormalities that augment
consultation with local experts.

2. Enhanced Cost-Effectiveness:

*POCUS can reduce the need for more expensive
imaging modalities and supplemental exams, leading
to cost savings.

|t can also lead to shorter hospital stays and reduced
healthcare expenditures.



*POCUS is a cost-effective approach that directly and
indirectly saves healthcare expenses.

3. Safe and Versatile:

*POCUS uses non-ionizing radiation, making it a safe
imaging modality that can be repeated without posing
risks to patients.

e[t can be used for monitoring disease progression or
recovering injuries, as well as guiding procedures.

*POCUS is not confined to a single organ, allowing
clinicians to rapidly assess multiple organ systems.

4. Improved Patient Satisfaction and Therapeutic

Relationships:

*POCUS can improve patient satisfaction with their
hospital providers and care overall.

*POCUS can provide reassurance to patients by
interpreting images and explaining findings.

5. Enhanced Clinical Skills and Training:

*POCUS training can significantly improve diagnostic
accuracy and confidence among healthcare
professionals.

|t offers a unique opportunity to develop and research.
*POCUS can be used in various healthcare settings,

including emergency departments, ICUs, and primary
care.

Back to Index “



EMPHYSEMATOUS
PYELONEPHRITIS



Introduction

*Emphysematous pyelonephritis (EPN) is a
severe Necrotizing infection that affects the upper
Urinary tract, involving the Renal Parenchyma and the
Perirenal tissues of the Kidney.

*Organisms -Escherichia Coliand Klebsiella Pneumonia
[most common] Proteus, Enterococcus, Clostridium,
Aspergillus and rarely Candida.

*90% of cases, patients with EPN have Diabetes
Mellitus, Obstructive Uropathy, and Hypertensionas
the most common risk factors.

*Gas Accumulation observed in EPN is likely a
consequence of microbial fermentation of glucose and
lactate, producing gases such as Carbon Dioxide,
Hydrogen, and Nitrogen.

Symptoms and Labs

Symptoms:
eFevers, chills, dysuria, nausea, and vomiting are the
presenting symptoms and signs of EPN.

*Other physical signs include abdominal pain, Loin
tenderness, and Pneumaturia or Palpable Crepitus.

Laboratory findings:

*Pyuria, Leukocytosis, Hyperglycemia, and elevated
Serum Creatinine.



eBacteremia is also relatively common. CT imaging is
the most effective diagnostic tool to detect EPN.

Gas forming & Emphysematous
necrotizing infection Pvelone hritls
% CTScan KUB _y p e
Risk Factors @_J : “mz:m

Prognostic Classification

't.)' Urinary Tract ( “{ i
l.'lhl‘h'l.lll:ﬂlln

."'.r
(5
o

i

Class|  Classll  classilA Class il B Class V
Gas inthe Gas in the Extensioninto  Extension into Gas in both the
Microbiology Collecting Renal perinephric para renal kidneys or ina
System Parenchyma space space solitary functioning
ﬂ; E.coli [Betyveen (Beyond renal Kidney
Klebsiella capsule & Fasia) fascia)

#iephro Visuals  @DrPSVall

CT Findings of emphysematous Abdominal radiograph shows mottled
pyelonephritis with yellow lines appearance overlying right renal region
showing air pockets. (white arrow).

Curvilinear lucent lines are also seen con-
forming to the shape of right kidney.



Treatment

eClasses 1 and 2 EPN: Medical management alone or
combined with Percutaneous drainage can yield
favorable outcomes.

eClasses 3Aand 3B EPN:These are further divided into 2
categories:-

*1. In patients with fewer than2 risk factors: Medical
management plus Percutaneous drainage yieldsa
survival rate of 85%.

*2. Inpatients with more than2 risk factors: Medical
management plus Percutaneous drainage proved
unsuccessful in 92% of cases.

eHigher proportion of patients requiring nephrectomy in
this group

Risk factors with increased mortality:-

*1. Diabetes mellitus, 2. Thrombocytopenia, 3. Acute
Renal Failure, 4. Altered level of consciousness and 5.
shock.

*Class 4 EPN:The initial step remains medical
management plus percutaneous drainage.

°In any class of EPN, if Renal preservation with medical
management and Percutaneous drainage proves
unsuccessful, the subsequent step is Nephrectomy.



APPROACH TO PYELONEPHRITIS

St acute py phritis
- Fﬂw' M
= Flank pain, GVA tendemeass
= Lower uﬂnnry mwm
Chudi witialn
¥
Homodynamic » Fluid resusecitation, agmit to
instabifity ¥ - ICU, initiate sepsis workup
o
¥ :
« CBG, BMP, CAP e mnce i i e
= Urinalysis & urine culiure
r ! 1
Uncomplicated Complicated
pyelonephnitis pyelonaphritis
Indications for initial imaging?
= Mew eGFA decrease o = 40 Inpatient
management

= Known/suspected urolithiasis
= Recurrent pyelonephritis

— 3

Perorm GT

abdomen with &

Obtain blood cultures
(2 sets)
= Parform CT abdomen

Mo without contrast with & withou! contrast

Mo Abscess, obstrudtion,
i amphysemalous —l

tindings pyelonephritis
= Persistent nausea/vomiting
= Ongoing hypovolemia = |V fluids
= Mo suitable antibiotic Yas * » |V empitic antibiotics
= Poor adherence to medications/ = Analgesia, antiemetics
poor soclal su?porl
No 1
Outpatient Complications
management present?
Consider single dosa of
W eaftriaxona or gantamicin ‘ + * ‘
prior to PO antibiotics if
local rtes of drug-resistant Abscoss Obstruction m‘::quul b ”":I“ﬂ Shock HMone

E_coli are unknown or high

|
<3 eom & =3 em or Transfer lo ICU
O SeRSis aepsls
+ PO antibiotics f
(s.p.. fLcmoquinoions) Uralogy/R consult Ure L]
. b rgery Aggr ive fluld
Anaigesia, antiametics Percuthneous for ureteral stenting consult for possible resuscitation =

= Encouraga fluid intake drainage or nephrostomy nephroctomy VBSORIeSSOrs

[ | | |
+

= Adjust antibiotic therapy according 1o blood & urine culture sensitivities
= ldentity & reverse risk factors (e.g.. neurcgenic bladder, Foley cathater)

Afobrile for N glinical imprevemeni

| al least 48 he within 48 hr
Repeal renal imaging or consider MRI

= Swiltch to PO antibiotics and follow-up outpatient =

= Consider repeal urine culture In pregnant women 1o rule oul abscess, emphysemalous
& those with recurmrent pyelonephritis 24 days pyelonephritis, ohstruction
after completion of anlibiotic course = Treat accordingly

-
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PERI-AND POST-
OPERATIVE EVALUATION
AND MANAGEMENT OF
ATYPICAL HEMOLYTIC
UREMIC SYNDROME
(AHUS) IN KIDNEY
TRANSPLANTATION



Introduction

eAtypical hemolytic uremic syndrome (aHUS) is a
severe Thrombotic Microangiopathy characterized by
over-activation of the alternative complement
pathway.

*The etiology of the Dysregulated complement system
is commonly a genetic variant in one or more
complement proteins as identified in 60%-
70%patients.

*The risk of recurrence after a kidney transplantation is
high and depends on the underlying complement
abnormality.

*QOver the past decade, advancements in the
understanding of Etiopathogenesis of aHUS and
approval of the anti-complement drug, Eculizumab,
have allowed for successful Kidney transplantation in
these patients.

Complement Dysregulation

*The most common -heterozygous, loss-of-
functionmutation in Factor H (FH), Factor I (FI), or
Membrane cofactor protein (MCP; CD46)—all
regulators of the alternative pathway (AP).

eGain in function of Factor B and C3.
°In these cases, the protein is generally (a) not

synthesized and/or not secreted or (b) secreted into
the blood in normal amounts but is dysfunctional.



eDisease penetrance is 50%.

A
Three pathways of complement activation

Classical Lectin Alternative
I / coqrnphmt activation
(FH, MiCP, F1)
Inflammation — 03b —— Opsonization
C3a/Cbha
CSb—CQ
Membrane Attack Complex
(MT‘C] Platelet activation/aggregation; endothelial cell
Lysis injury, fibrin microthrombus formation
B Alternative Pathway
Cc3 C3bBbP (C3Nef stabilizes)
/ cib\
CR1+ FI

Complement Regulatory Proteins and Atypical
Hemolytic Syndrome

Complement Synthesis Site Frequencyin Risk of ESRD (%) Risk of Recurrence After Kidney
Protein {Distribution) aHUS (%) {Pre-Eculizumab) Transplantation (%) { Pre-Eculizumab)

FactorH Liver (serum) 20-30 50-70 75-90

MCP Cells (wide distribution) 10-20 0-6 <2

Factor | Liver (serum) 515 50 45-80

C3 Liver (serum) 515 60 50-60

Factor B Liver (serum) <h 5 40-70




Recommended Testing for Pre
transplantation Evaluation for aHUS

*Serum C3 C4 CH50 and ADAMTS13.
*[C4 levels high in factor H auto Ab variant.].

eNormal C3 levels do not exclude mutations in
complement regulatory proteins.

eSerum FH/Fl/anti factor H auto Ab levels.

*MCP expression on leukocytes by flow Cytometry
[detect 75%].

*Genetic testing : -
ADAMTS13, C3, CD46, CFB, CFH, CFHR1, CFHR2,
CFHR3, CFHR4, CFHR5, CFl, DGKE, THBD

Variants of uncertain clinical
significance

*Only 50%o0f variants have known clinical significance.

*Genetic labs produce recombinant proteins, assess
regulatory function and perform structural modeling of
the variant protein.

*Reported as benign and pathogenic.

*Helps in pre transplant work up and determining need
of prophylactic Eculizumab.



* Medical history/Physical examination
* Labs (Thrombocytopenia, MAHA + one or more of the following:
Renal failure/Neurological/ Gastrointestinal symptoms)

v

| Evaluate ADAMTS13 activity/STEC-toxin
(C3, C4, CH50)

>5% ADAMTS13 activity

i
___—laHus[—

| Genetic testing | Antigenic levels
(FH, FI, MCP, C3) (FH, Fl, C3); MCP expression
using flow cytometry

Variamtdentiﬁed / \

Low
ACMG Interpretation T Normal (aHUS)
Benign  Pathogenic o Lrehr‘ i
Prepare mutant in lab to study function
Combine Genetic and Protein data to define variant
Reclassify variants
Benign Pathogenic

Live related donor

eLiving-related donor Kidney transplant is relatively
contraindicated for patients with aHUS. This is
primarily for donor safety because Nephrectomy may
trigger TMA in the genetically susceptible donor.

*Some patients may have more than 1 mutation.

*1/3rd of patients with aHUS, genetic testing does not
reveal a variant in the complement gene.



eLiving-donor transplants could be considered with
caution on a case-by-case basis.

eDonor has to test negative for the pathogenic
mutation.

Risk assessment Pre-Transplant

| Kidney transplantation in a patient with history of aHUS ]

‘ Risk assessment |

High risk | ] Moderate risk ‘ l Low risk
* Previous recurrence * No pathogenic complement gene * |solated MCP mutation
* Complement gene mutation mutation identified * Persistent negative anti-CFH
{CFH, C3, CFB) * Isolated CFi

+ Persistently low anti-CFH titre

Prophylactic eculizumab Consider No prophylaxis
prophylactic eculizumab

Preparing the Child with End-Stage Renal Disease for a
Renal Transplant: the Pre-transplant Assessment
Chia Wei Teoh, Moira Korus, Armando Lorenzo & Valerie Langlois
Current Paediatrics reports volume8, pages134-146 JUNE (2020)

Eculizumab dosing

°|In patients who are receiving a living-unrelated donor
Kidney, we administer Eculizumab at 900mg
intravenously 24 hours before transplantation and on
days 7, 14, and 21 after transplantation, followed by
1200 mg on week 5 and then every 2 weeks
thereafter.

*|n patients who are receiving a deceased-donor
Kidney, we administer Eculizumab at 900mg
intravenously at the time of transplantation.



*Side effects:-
HTN/ headache/ URTI/ UTIl/ nausea/ vomiting/
Diarrhea/ Anemia/ Leukopenia.

Eculizumab use for kidney transplantation in patients

with a diagnosis of atypical hemolytic uremic syndrome

Patients receiving transplant and eculizumab Patients on dialysis Graft function
in GlobalaHUS Registry, N=188 post-transplant post-transplant
N Group 1 Median ¢GFR wilhin &
Diagnosis pror to ransplant, i months was
: eculizumab before ransplan il significantly better in:
£ " n=B8 (47%) Group 1
. H B0.8 miimin/d 73m?
Gty d Group. 28 Compared fo:
e i Diagnosis prior to transplant, n=12 {23%) i
— ecullzumab aher tran splant AHR=2.30 Group 2a
. n=52 (28%) 31.5miiminA T3m?
il — 3 . p=0.004
[rossd g G e Group 2b and
e || Lo . ; o Diagnos|s after transplant, n=23 (§0%) Group 2b
] . " " ] n ® " an it eculizumab after ran splant AHR=4.82 9.6 mifmini 73md
Ao e ] 0, n=48 (26%) p=0.0001

CONCLUSION:

Delayed diagnosis of aHUS and delayed
treatment with eculizumab post-transplant

R E PO R T s Siedleckietal. Kidney Inter Rep. 2019 leads to inferior outcomes
KiReparts ong

The use of highly individualized complement
blockade revolutionized post-transplant
outcomes and renal epidemiology of aHUS

METHODS Study 1: Post-transplant outcomes OUTCOME
Study 1: transplant outcomes “izm::&r?a:?g:;r::l:::t:::i:nd Studg! 2: Changes i‘:' the aHUS
‘Adult aHUS patients - y epidemiology at a nationwide level
- Complement work-up = : ==
- Kidney transplantation < High risk 2= 8o g
after 01/01/2007 g - with Ec. & E & . 4
¥ g - wio Ec. ® ; = - £ Ié
126 Kidney transplantations Ll Moderate risk 5 ; 58
- Risk stratification . S WIthEc. A 23 son 8 a
- Tailored eculizumab 3 - wioEc. ® B &
evephy e 8 Low risk £5 s 3%
=
. - wio Ec. ® ii T5
Study 2: population-based 3 _
Adult aHUS patients 20 o oo E - e Z&
- Complement work-up Time post-transplant (days) = 3 ,ﬂi‘l" ,ﬁ‘ﬂ 19'\" -
- Alive between 01/01/2007 .
and 01/01/2016 CONCLUSION
4 These studies support the use of eculizumab prophylaxis in those for
Renal status over time in 397 whom medical history and complement inmﬁgaﬂons predict a hiﬂl‘l

aHUS patients and moderate risk of post-transplant recurrence.

doi: 10.1681/ASN 2019040331 IA: ; N



Meningococcal Vaccine

eLife threatening Neisseria Meningitidis infection is of
concern.

*Meningococcal conjugate or MenACWY vaccines and
Serogroup B meningococcal or MenB vaccines to be
given two weeks before transplant.

*A booster dose of MenACWY given every five years till
duration of complement inhibitor.

Transplant Protocol without Eculizumab
[low risk cases]

*ATG > Basiliximab induction.
*Triple immunosuppression- TAC/MMF/PRED.

eLow dose tacrolimus is preferred to keep trough level
around 5-7.

e|Injectable methyl Prednisolone 500mg pre transplant.
eEculizumab only if recurrence.

*Five sessions of Plasmapheresis pre transplant and
two sessions of Plasmapheresis Post Transplant.

Case series from Netherlands

*17 pts of atypical HUS with 16 carrying genetic
variants-CFH/CFI/C3/C5.



*5 /17 patients had previous allograft loss due to
Recurrent aHUS.

eInduction -BASILIXIMAB.
*NO ECULIZUMAB.
eLow dose TAC/MMF/PRED. Strict monitoring of BP.

ePatients were trained to report HTN/ Hematuria/
Proteinuria/ Deranged Renal function at home.

*At 25 months follow up- average Cr was 1.2

*One graft loss due to recurrence which could be
salvaged with Eculizumab Therapy.

Post transplant Monitoring for Ahus

Daily, CH50/AHS0
Before Eculizumab

Immediate Posttransplant Administration for the
(During Hospitalization) 1st Four Doses

Upto 6 months Weekly

6-12 months Biweekly

After 12 months Monthly

Complete Blood Count, Renal Panel, Urinalysis, Lactate
Dehydrogenase, Haptoglobin.
A peripheral smear should be obtained in addition to the above if
there is any concern for recurrence.



Recurrence

ePatients with recurrent aHUS usually present within
1 year and often within days to weeks.

eTriggers for recurrence after transplant:- A] ischemia-
reperfusion injury.
B] Immunosuppressive drugs (calcineurin and mTOR
inhibitors),
C] Antibody-mediated rejection.
D] Infections (Cytomegalovirus, BK virus, upper
respiratory or Gastroenteritis).

*Risk of recurrence is high in patients carrying a
Pathogenic mutation in any of the complement
Proteins except MCP.

*The recurrence rate is low in patients with isolated
MCP mutations because the Allograft expresses
normal Membrane bound MCP

ePatients at moderate risk of recurrence include those
carrying a VUS in any protein and genetic variant has
not been identified.

eLow risk of recurrence also include those who have
been successfully treated for removal of FH
Autoantibodies.

Recurrence Treatment

eEculizumab 900 mg weekly for four weeks followed by
1200 mg at week 5 and thereafter every two weeks
and Plasmapheresis.



*Few reports of replacing tacrolimus with belatocept

eIn high risk cases give lifelong treatment.

eIn low risk cases give for 24 months and assess and
consider stopping Eculizumab.

De Nova a HUS after kidney transplant

*1-5% cases reported.

°In one series complement variants were identified in
29% patients.

ePatients may carrying a low risk of a-HUS, risk
multiplies after transplant due to multiple factors like
Reperfusion injury/ ABMR/ infections.

The long-acting C5 inhibitor, Ravulizumab, is effective and safe in adult patients

with atypical hemolytic uremic syndrome naive to complement inhibitor

treatment

Who was tested? ‘ What was done? ‘

Complete TMA response was achieved in 54% of patients and 59% of
patients on dialysis at baseline came off dialysis by Day 183

Reduced Platelers
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Safety
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identified
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treatment
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Ravulizumab provided immediate and complete inhibition of C5 {defined as free €5 <0.54g)

sustained over the S-week dosing interval
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Rondeau, 2019

function and no unexpected adverse events were identified

= Substantial Improvement was achleved In platelet count, LOH, serum ereatining and renal

* Th results of this study support the use of revulizumab at 8-weakly dosing intervals in adult
pathents with aHUS

Kidney InternationalVolume 97 Issue 6 Pages 1287-1296 (June

2020)
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ADENOVIRUS
NEPHROPATHY
[HAdVN]



Introduction

*HAdV in the healthy population to be associated with
self-limitedrespiratory, Gastroenteritis, and
conjunctivitis illness.

*|n Kidney transplant recipients: ranges from
Asymptomatic Viremia to Hemorrhagic Cystitis to
Allograft loss and mortality

*HAdVin Kidney Transplant recipients may be
secondary to reactivation of Latent disease, De Novo
from environmental sources or from endogenous
transmission through a donor organ.

*Clinically symptomatic patients with HAdV viremia and
2 or more organ systems involved is considered
disseminated disease.



Signs and symptoms

*The most frequent signs and symptoms at
presentation include Dysuria, Fever, Hematuria,
Sterile (bacterial) Pyuria, Hemorrhagic Cystitis,
obstructive Uropathy and acute kidney injury.

eCommon extrarenal manifestations among Kidney
transplant recipients with disseminated disease
include Orchitis, Lymphopenia, Gastroenteritis, and
Pneumonitis.

*A 10-year review of 170 kidney transplant recipients
reported an incidence of 4.7% for Hemorrhagic cystitis
with median time to onset of 1 year.

Investigation

*HAdV PCR quantification.
eAllograft biopsy.

*The most common histologic manifestations included
Granulomas (82%), Tubulocentric inflammation (73%),
and Tubular degenerative changes consistent with
Acute Tubular Necrosis (73%).

*Viral inclusions -smudgy Basophilic Intranuclear
inclusions with enlarged nuclei of infected cells. Distal
tubules are more commonly involved than proximal
tubules

eViral culture [In some cases]



*PCR is sensitive to all known serotypes of HAdV, and
has the benefit of serial monitoring for response to
treatment.

Renal biopsy

ance, associated tubular rupture, and nuclear viral inclusions {(arrows) (400x; Jones Silver Stain). (B)
Adenovirus immunchistochemical stain (200x). (C) Electron micrograph demonstrating adenovirus
virions (59,500 % ).

The Pathologic Spectrum of Adenovirus Nephritis in the kidney L.i:‘ |s N
-

Kidney Allograft nivs o2k

ADVN showed increased expression of proinflammatony
transcripts (several refated to innate immumnity) ary

few anti-inflammatory transcripts




TREATMENT

*First step :- Reduction of the Immunosuppressive
regimen.

*A PCR quantification of 1 log reduction within 2 to 3
weeks is considered a Therapeutic response.

Antiviral therapies in kidney transplant recipients
include:

eCidofovir [s/e-Hematological and nephrotoxicity],
eGanciclovir

*Ribavirin

*Brincidofovir and

°i.v. Iq.

eIntravenous Ig is proposed to promote antiviral activity
and to provide passive Immunotherapy.

eIntravenous Ig has been used in combination with
Cidofovir.

eBrincidofovir (formally CMX101) is a new lipid
derivative of Cidofovir [AdVise Study].

*The lipid formulation allows increased Intracellular

penetration that minimizes Proximal Tubular
Accumulation, and reduce the risk of Nephrotoxicity.

Back to Index “



DONOR
SPECIFIC
ANTIBODIES
[DSA]



Introduction

*Donor-specific antibodies [DSA] - biomarker predicting
antibody-mediated rejection [ABMR].

*Preformed DSA in sensitized patients can trigger
hyperacute rejection, accelerated acute rejection and
early acute ABMR.

*De novo DSA are associated with late acute ABMR,
chronic ABMR and transplant glomerulopathy.

e “Benign” DSAs that may not be clinically relevant,
because they are not associated with ABMR or graft
failure.

Sensitization

*Presence of DSA in recipient's serum to HLA antigens
from the donor pool.

*Panel Reactive Antibody test [PRA] test is a marker of
sensitization.

*PRA <20 % low risk and >80% is high risk for ABMR.

*Pregnancy, blood transfusion and previous transplant
triggers sensitization.



Pathogenesis

eDonor Antigen-presenting cells include Macrophages,
Dendritic cells, and B cells.

eComplement binding DSAs target the class 1 HLA on
endothelial cells, activate the classic complement
cascade, and deliver complement-dependent
Cytotoxicity in ABMR.

eComplement nonbinding DSAs recruit innate immune
cells (NK cells, Macrophages, and neutrophils) through
Fc Receptors and lead to Antibody-dependent cellular
Toxicity.

°|n addition, complement nonbinding DSAs have direct
stimulation and Pleotropic effects that cause tissue
injury, Cellular Recruitment, and endothelial
proliferation.

*The latter two mechanisms play an important role in
ABMR with negative C4d deposit in peritubular
capillaries as well as Chronic ABMR, Transplant
Glomerulopathy, and Vasculopathy.



The three proposed pathogenesis of donor specific
antibodies (DSAs) in antibody-mediated rejection.
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Comparison of the dominant characteristics of classes 1 and 2 DSA s

HLA
Antigens
Epitopes location
Expression

Preformed donor-specific antibodies

Important
Positive crossmatch
Transplant decislon
De novo donor-specific antibodies
Detection
12G subclasses
Complement binding
Freguency
Antibody-mediated rejection
Phenotypes
Presentation
Graft dysfunction
C4d deposit
Treatment

Graft loss

Class 1 Donor-5pecific Antibodies Class 2 Donor-Specific Antibodies

A, B, and C DR, DQ, and DP

d-chaifn a- and B-chains

All nueleated cells Antigen-presenting calls

Very Less

T cells E cells

Mo transplant Permissible
Sooner Later

IgG1, IeG3 I2G2, IgG4

Strong Wealu'no

Fewer Commeon, especially DG
Acute Chronic, subclinical
Early Later

Rapidly Showly

Positive Megative

More responsive

Early

Less responsive

Later




DSA Class and Specificity

*Preformed DSAs in sensitized patients can be class 1,
class 2, or both.

ePositive T cell crossmatch secondary to Cytotoxic IgG
Antibody, which is usually complement binding 1gG1
or IgG3 subclass - not to proceed with transplant.

*The majority of de novo DSAs are class 2 antibodies,
especially DQ.

*Class 1 de novo DSAs are usually detected sooner
after transplant and more likely 1IgG1 and IgG3
subclasses. They are associated with acute ABMR and
early Graft loss.

*Class 2 de novo DSAs appear later - non complement
binding 1IgG2 or 1gG4 subclass , associated with
chronic ABMR and transplant Glomerulopathy.

*Eliminate class 2 DSA, especially the DQ, may not be
successful and it can put patients at great risk of
excessive immunosuppression without much benefit.

*Clqg binding DSAs are associated with significantly
higher risk of

eAntibody-mediated rejection, severe tissue injury and
Graft loss.



C4d

*C4d is a degradation product of the classic
complement pathway.

*C4d binds covalently to the endothelial basement
membrane, thereby avoiding removal during tissue
processing.

ePositive C4d deposit in peritubular capillaries serves
as an Immunologic footprint of ABMR.

elt is in a linear pattern and best shown by
immunofluorescence in frozen tissue section.

ePositive DSA but negative C4d staining:- 1.Technique
error (false negative)
2. Non complement-activating DSA.

ePositive C4d deposit without DSA against HLA:- ABMR
caused by non-HLA Antibodies.

De Novo DSA

*Risk factors that develop de Novo DSA :-

1. Female sex of the recipient.

2. Young age of the recipient.

3. Viral infection (especially Cytomegalovirus and
Epstein-Barr Virus)

4. Class Il HLA mismatching,

5. Prior cellular rejection.

6. Sensitizing events (blood transfusion,
Retransplantation, Pregnancy, etc.) and

7. Non-adherence to Immunosuppressant medication.



8. Nephrectomy is considered as a factor that facilitates
production of DSA.

*De novo DSA Post-Transplant has been reported to be
associated with AMR, increased risk of Graft loss and
poor Transplant outcomes.
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Interpretation of Crossmaitch result
[+wve, positive; —ve, negative, DSAb: donor-specific anti-HLA
antibody; HLA, human leucocyte antigen, XM: crossmatch.]

T-Cell xm
-ve

+ve

e

tve

| B &l Av]
—\ve

+ve

+ve

INterpretanon

No DSADb to HLA class | or 11
OR

DSAbDb titre too low to cause
positive reaction OR

(DSAb that is not
complement-fixing -
relevance unclear).

DSAb/s to HLA class | OR
MMultiple DSADs to HLA class
I +/— 1.

DSAbL/s to HLA class |1 OR
Low level DSADb/s to HLA
class 1.

Technical error (paossibly
related to B-cell viability).
The test should be
repeated.
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HLA antibodies
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Lian Complement
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No donor-specific
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in recipient serum:
No antibody binds
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A Recipient
Serum

2.

May contain

100 beads. Each has a unique
dye signature and a unique
HLA antigen on its surface

HLA antibodies

~ 7

L HLA antibody in
recipient serum binds

to specific bead. C}

VIRTUAL

N CROSSMATCH

Detection antibody (=" )
binds which then captures
fluorescent reporter dye (3¢ )

D

Dual beam laser.
One laser detects
bound reporter dye
the other identifies
the specific bead.

MFI -MEAN FLUORESCENCE INTENSITY

1. MFlis a measure of the fluorescence emitted by a bead, indicating the amount of

antibody bound to it.

2. Don't necessarily represent antibody strength or predict clinical outcomes.

MFI Range
< 1,000

1,000 - 3,000
3,000 - 5,000

5,000 - 10,000

> 10,000

Interpretation

Negative or very low; usually considered
insignificant

Low-level antibodies; may warrant
monitoring

Moderate antibodies; potential clinical
impact

High-level antibodies; increased risk of
rejection

Very strong antibodies; often
contraindication for transplant or requires
desensitization
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Introduction

e Full Title: Hydrochlorothiazide for the Prevention of
Kidney Stone Recurrence.

e Published In: The New England Journal of Medicine
(NEJM), 2023.

e Location: Conducted in Switzerland.

e Duration: Median follow-up ~3 years.

e Objective: To assess whether low- or moderate-dose
hydrochlorothiazide reduces the risk of recurrent

calcium kidney stones compared with placebo.

Study Design

e Design: Multicenter, double-blind, randomized,
placebo-controlled trial.
e Population: - Patients: 416 adults.
e Inclusion criteria:
= History of recurrent calcium-containing
kidney stones (=2 episodes in the last 10
years).
= Age: 18-75 years.
e Exclusion criteria:

= Non-calcium stones



= Secondary causes of stones (e.qg.,
hyperparathyroidism).

Study Groups

Intervention Groups:
e Participants were randomized into four groups:
1. Placebo
2.HCTZ 12.5 mg/day
3.HCTZ 25 mg/day
4.HCTZ 50 mg/day
e All participants received standard dietary counselling
for stone prevention.
e Primary Outcome:
e Composite of symptomatic or radiologic recurrence of

kidney stones.
Results

e No significant difference in stone recurrence among
the placebo and HCTZ groups.
e Recurrence rates over ~3 years:
1. Placebo: ~59%
2.HCTZ 12.5 mg: ~59%
3.HCTZ 25 mg: ~60%
4.HCTZ 50 mg: ~49%
e Trend toward benefit with the highest dose, but not

statistically significant.



e Adverse Events:- More common with higher doses of
HCTZ:
e Hypokalemia, Hyperuricemia, Gout, New-onset

diabetes.

Conclusion

Hydrochlorothiazide did not significantly reduce the risk
of recurrent calcium kidney stones compared to

placebo, even at higher doses.

NOSTONE Trial: Limitations and Implications

Limitation

Short Follow-up

Composite Outcome

Unconfirmed Stone
Composition

Medication
Adherence

Low Baseline Risk

Generalizability

Adverse Effects at
Higher Doses

Description

Median ~3 vears

Includes asymptomatic
radiologic recurrence

Not all patients had
recent confirmed calcium
stones

Dropouts, dose changes,
and side effects affected
drug exposure

General dietary
counseling provided;
patients not selected for
hypercalciuria

Swiss cohort, mostly
White

Increased risk of
hypokalemia, gout,
hyperglycemia

Clinical Implication
May miss long-term
benefits of HCTZ in stone
prevention

Could overestimate
clinical recurrence; less
meaningful for patients
Potential
misclassification;
thiazides may not work
on non-Ca stones

Could dilute true effect of
HCTZ

Reduced ability to detect
mecremental benefit of
HCTZ

May not apply to diverse
populations or settings
Challenges the risk-
benefit ratio of HCTZ for
primary prevention



NOSTONE: Is Hydrochlorothiazide (HCT) Beneficial in
Recurrent Kidney Stone Prevention?

METHODS RESULTS

g Randomized Primary Outcome Safety Outcomes
(11:1:1) | I Adverse Events
| )_\ I i New-onset Diabetes, Hypokalemia, gout,
Double Blind HCT I J | p— sl:n: -alfe-rﬁy- plasma creatinine elevation
125mg | |! p—| L Ijtisher |
H = 12 Centers in Mg I 1 with HCT Tl
=] Switzerland : [N " S
= I
Age>18 + HCT | Stone Rgcurnfenpe | Serious Adverse Events
7210 A (Symptomatic or Radiokgic) & © cydiac G, Kidney, CNS, Kidne
S 25mg V HCTZ vs Placebo ! waigmaney !
& kidney stones | : | pmmsmmnien
IS = a1 I No Difference JiNo :
HCT | (Rateratio 0.98 |,D|fference:
G5og| 2.9 year median | 95%CL087t0109) || W
gaag follow-up 50mg T, | HCT “.T:EE 4
CONCLUSION: Among patients with recurrent kidney stones, the D N, o 0, U, o . oot st

e : 3 - Prevention of Kidney-Stone Re N EnglJ Med. 2023;
incidence of recurrence did not appear to differ substantially between 3;::;:7;?731 it mediiiasan

HCT o placebo. Visual Abstract by: RenzPasilan ¥ @RenzPasiian
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ESA
HYPORESPONSIVENESS



Introduction

*People with ESA Hyporesponsiveness are at increased
risk for cardiovascular events, kidney failure, and
death.

*ESA hyporesponsiveness can be Acute or Chronic
(>4 months).

*|ts prevalence varies by geographical region ranging
from 12.5% to 30.3% as reported in recent studies.

*The most common causes of ESA Hyporesponsiveness

are inflammation and iron deficiency.

ERBG 2004 Increase in erythropoietin dose 225% to maintain the same Hb level or < 1 mg/dL gain in
Hb after 2—4 weeks
KDIGO 2012 Initial ESA resistance: No increase in Hb concentration from baseline after the first

month of ESA treatment on appropriate weight-based dosing

Subsequent ESA resistance: If after treatment with stable doses of ESA, they require 2
increases in ESA doses up to 50% beyond the dose at which they had been stable in an
effort to maintain a stable HgB concentration

KDOQI/NKF guidelines on  As per KDIGO 2012 (refer to KDOQI US commentary on KDIGO 2012 Clinical Practice

anemia in CKD Guideline for Anemia in CKD)

NICE 2021 and BRA 2017  An aspirational Hb range is not achieved despite treatment with 300 1U/kg/week or more

of subcutaneous epoetin or 450 |U/kg/week or more of intravenous epoetin or
1.5ug/kg/week of darbepoetin.
Or, There is a continued need for the administration of high doses of

ESAs to maintain the aspirational Hb range




KDIGO 2025

*3.7.1: In people with Anemia and CKD G5D and CKD
not receiving Dialysis with initial orsubsequent ESA
Hyporesponsiveness, identify and treat the underlying

causes of ESA Hyporesponsiveness, if possible.

*Practice Point 3.7.2: In people with CKD, Anemia, and
ESA Hyporesponsiveness, if there is a desire to raise
the Hb to avoid a transfusion or improve symptoms
attributable to Anemia, a trial of HIF PHI may be
considered after discussion of potential risks and

benefits prior to treatment.

*Practice Point 3.7.4: In patients with CKD, anemia, and
ESA hyporesponsiveness, if a desired Erythropoietic
response has not been achieved after 3-4 months of

initiating a trial of HIF-PHI, discontinue treatment.



Approach to ESA Hyporesponsiveness

|

Review ESA
Administration

" '
H No }% Compliance
L "

v
Hypoproliferative
state

Y

Hyperproliferative
state

Iron deficiency. Ferritin, TSAT, HRC%
Inflammation/infectionfinadequate dialysis: CRP. kv

Vitamin deficiency
Hormonal disorders
ACEI

Hb electrophoresis
Pure red cell aplasia

» Bleeding: Gl endoscopy
« Hemoilysis: biood film

[ Coomb’s, and LDH

|

Tests

Finding and action

1

. Check adherence

2. Reticulocyte count

3. Bone marrow biopsy

Serum vitamin By,
folate

Iron status

Serum PTH

Serum CRP

Underdialysis
ACEi/ARB use

If poor, attempt to improve (if self-injection)
If >130,000/ul, look for blood loss or
hemolysis: endoscopy, colonoscopy,
hemolysis screen

If low, replenish

If low, replenish iron

If elevated, manage hyperparathyroidism

If elevated, check for and treat infection or
inflammation

If underdialyzed, improve dialysis efficiency
If yes, consider reducing dose or
discontinuing drug

Manage condition diagnosed e.g., dyscrasia,
infiltration, fibrosis

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin-receptor blocker;

CRP, C-reactive protein; PTH, parathyroid hormone.



HIF PHI in ESA Hyporesponsiveness

*HIF-stabilizers suppresses hepcidin and other
pro-inflammatory Cytokine production.

*Regulating iron homeostasis: increase transferrin,
transferrin Receptor concentration, Duodenal
Cytochrome B, divalent metal transporter-1, and
Ceruloplasmin levels.

*DREAM ND and DREAM D trials prove efficacy similar
to EPO in increasing Hb levels and also positive
reduction in Hepcidin levels and LDL levels.

*Avoid drug in patients with proliferative Diabetic
Retinopathy, ADPKD, suspected Malignancy and

having Thrombotic events.

eAdminister drug on empty stomach or 2 hours after
food.

*No desired response after 3-4 months - discontinue
HIF-PHI

Back to Index *



PROTON PUMP
INHIBHITORS
[PPI]

AND KIDNEY



Introduction

*PPl use is associated with increased risk for
Hypomagnesemia,AKl, AIN, incident CKD, CKD
progression.

eAcute interstitial nephritis (AIN) is the most well-
documented PPl associated kidney injury.

*CKD mechanism: - Undiagnosed/recurrent AIN leading
to fibrosis, altered magnesium and calcium absorption
contributing to renal injury and potential effects on gut
microbiota and inflammation.

*Risk factors: - long term use, high dose of PPI, elderly
and patients with renal disease.

Adverse effects associated with Proton Pump
Inhibitors

Central Nervous System
Headache

.Rﬂspfrﬂ.fﬂ!}' Dementia
Mosecomial Pneunionia Hepatic Encephalopathy
COVID-19

gy Cardiovascular
Stroke

Kidney Myocardial Infarction

Acute interstitial nephritis
Acute kidney injury

Chronic kidney disease Gastrointestinal

WNausea
Wormniting
Abdominal pain

Constipation
Liver B

Hepatocellular carcinonia
Infections

. difficile,

Non-typhoid Salmonsla
Campylobacter spp
Spontaneous bacterial peritonitis

Musculoskeletai

Fracture (hip fracture) Blood
0*:;3;0:’;:‘* )T L Vitamin B12 deficiency
yopatiy Iron deficiency
Hypomagnesenia
Calcinm deficiency



Deprescription Protocol For PPI

Severe esophagitis

Mild/moderate e
Peptic ul .
(Nﬂindinaﬁan'fnf PPl usa} [u-nmownind_imﬁan} [esnphagrﬁse'r.smu } (e g \\

treated for 4-8 wk from NSAIDs or . pylori | | Barrett's esophagus
SR RN treated for 2-12 wk History of bleeding
asymptomatic following | | Chronic NSAID users with
treatment bleeding risk
ICU stress ulcer
prophylaxis
Uncomplicated and
asymptomatic H. pylori
infection treated for 2
wlv:

Lower dose Continue PPl
or In case of adverse
Stapand use on demand event, deprescription
trial in consultation
witha
gastroenterologist may
be considered

Monitor for recurrence of
rebound hyperse

Treatment

eDeprescribe PPl in suspected case of kidney
involvement due to PPl and when not indicated.

eUse short course of PPl when prescribed for mild
symptomatic dyspepsia.

*H2 blockers can be considered as an alternative.



ePotassium-Competitive Acid Blockers (P-CABs) -
Vonaprazan, reversibly blocks the H*/K+ ATPase (proton
pump) in parietal cells, but at the potassium-binding
site (unlike PPIs that block the proton binding site
irreversibly).

eMonitor patients on PPI for renal involvement.
*Acid peptic disease: Lifestyle changes, exercise, diet
modification and eating 2 hours before sleep to avoid

symptoms and reduce use of PPI.

eAcute Interstitial Nephritis - BIOPSY and treat with
steroids

Back to Index *



NEWER
ANTIBIOTIC
PLAZOMICIN



Beta lactamase classification

Class A:

*KPCs that confer resistance to cephalosporins and to
all Carbapenems, and extended-spectrum
Beta-lactamases (ESBLs) that confer resistance to
Cephalosporins.

Class B

eMetallo-beta-lactamases (MBLs), such as NDM, VIM,
and IMP, which can lead to resistance to all

Carbapenems except monobactam.

Class C

*AmpC (mostly chromosomal but can also be
Plasmidal), which confer resistance to cephalosporins.

Class D

*OXAs that confer resistance mostly to carbapenems.

Carbapenem | Carbapenem
ESBL and AmpC KPC OXA-48 | MBL |Nonsusceptible |Nonsusceptible
A. baumanii | P. aeruginosa
Plazomicin ++ ++ ++ t-a
Eravacycline L2 ++ + +b ++
Temocilln + (grine + (grine
breakpoint only) | breakpoint only)
Cefiderocol ++ ++ -t ++ ++ +
Ceftazidime/avibactam ++ + + +[-
Ceftolozane/tazobactam ++ . t-¢
Meropenem/vaborbactam ++ ++ ? ?
Imipenem/relebaciam ++ ++ 4-d

Table 1- Possible applications of new antibiotics against Gram-negative bacleria based on resistant mechanisms.




Plazomicin

Plazomicin injection

500 mg/10 mL (50

mg/ m!.) =8 sm.gl.e- Therapeutic class:
dose vial containing Semisynthetic
plazomicin sulfate aminoglycoside derived
equivalent to 500 mg from Sisomicin

plazomicin free base

. . Indication: In patients 18
Mechanism of Action: years of age or older for

Plazomicin acts by treatment of cUTI,
§ binding to bacterial 305 including pyelonephritis
ribosomal subunit, caused by the following

thereby inhibiting susceptible
protein synthesis microorganism(s): E. coli,
K. pneumoniae, P.

mirabilis, and E. cloacae.
Ther Adv Infect Dis. 2020 Sep 4,7:2049936120952604. doi: 10.1177/2049936120952604

Potential Activity against PBP3 inserts

Antibiotic Target; Mechanism of Action

PBP/B-lactamase enzyme;

Ceftazidime Avibactam Cell wall synthesis inhibition

PBP/B-lactamase enzyme;
Cell wall synthesis inhibition

PBP; Cell wall synthesis
inhibition

Meropenem- Vaborbactam

Cefiderocol

PBP/B-lactamase enzyme;

Imipenem + Cilistatin/ Cell wall synthesis

Relebactam

inhibition
Aztreonam PBP/B-lactamase enzyme; Cell
—Avibactam wall synthesis inhibition
30S ribosomal subunit;
Plazomicin Protein

Medicina 2024, 60, 214. https://doi.org/10.3390/medicinssoozozzs  SYNthesis inhibition



Spectrum of Activity

Enterobacteriaceae family, such as E. coli, K.
Gram pneumoniae, Enterobacter spp., and
negative Proteus spp

S. aureus, including MRSA, VRSA,
heteroresistant vancomycin-intermediate S.
aureus and coagulase-negative staphylococci

Gram-
positive

v" AME producing Enterobacteriaceae,

v" CRE (MBL, Oxa 48, KPC), ESBL producing
Enterobacteriaceae

range of v" Colistin resistant Enterobacteriaceae
r—— v Aminoglycoside resistant

MIC (mcg/mL) Disk Diffusion

CLSI 2023 Reiulb:Cy
Breakpoints

(zone diameter in mm)

Enterobacteriace
ae

Plazomicin Dosing

Plazomicin has once-daily dosing, administered through a 30-
minute IV infusion?

Dosage regimen in adults with CrCl 290 mL/min

cUTI Infection Dosage Regimen® Duration of Treatment

cUTl including 15 mg/kg every 24
Pyelonephritis hours

Dosage adjustments may be required based on change in renal function in
adults with CrCl <80 mL/min;

Estimated CLcr Recommended Dosage Dosing Interval

4 to 7 days®

>60 mL/min 15 mg/kg q24h
>30 to 60 mL/min 10 mg/kg q24h
>15 to 30 mL/min 10 mg/kg q48h

Plazomicin is substantially excreted by kidneys, care should be taken in dose
selection, and renal function should be monitored.




Synergistic Bactericidal Activity vs CRE

Key Results
* Plazomicin (0.5 x MIC) in combination with colistin or fosfomycin,

synergy was observed as well as a >3 log10 decrease in CFU/mL at
24 h

*  When 1 x MIC of plazomicin was combined with colistin,
meropenem or fosfomycin, bactericidal and synergistic activity was
observed by 24 h for both isolates

* Plazomicin alone at 2 x MIC was rapidly bactericidal, achieving a 3
log decrease in CFU/mL by 3 h of exposure, and the bactericidal
activity was sustained up to the 6 h and 24 h time points against the
two isolates tested

Combination of plazomicin with colistin, meropenem or fosfomycin
showed in-vitro synergistic activity against carbapenemase-

producing K. pneumoniae isolates despite high MICs to comparator
antibiotics

Summary

*Once Daily Dosing unlike other AGs

eActivity against resistant Pathogens (PBP3
inserts, AME producers, ESBL, CRE, Colistin
resistant Enterobacteriaceae)

eBetter activity against CRE & Colistin resistant
Enterobacteriaceae than other AGs



*Proven efficacy in phase Ill trial - Noninferior to

Meropenem

eAcceptable tolerability profile (Less nephrotoxicity

than colistin)

*Synergy with meropenem, fosfomycin and colistin in
CRE isolates

*WHO has categorized it as Reserve Antibiotic

*Useful targeted therapy for cUTI and Acute
Pyelonephritis caused by resistant Pathogen

Back to Index “



ANTICOAGULATION
IN CKD



Introduction

eThe risk for venous thromboembolism (VTE) is two to

three times greater in patients with CKD.

*The risk for atrial fibrillation (AF) is also 10 to 20 times
greater in patients with CKD and ESKD.

eParadoxically, patients with CKD, and especially those
with ESKD are not only at a higher risk of thrombosis,
they are also at increased risk of bleeding even

without anticoagulant treatment.

*The pathophysiological mechanisms of the increased
bleeding risk associated with uremia are diverse and
include increased vascular Prostaglandin Iz, decreased
Von Willebrand factor, Hyperparathyroidism, Chronic
inflammation, decreased Nitric Oxide Bioavailability,
Anaemia and Platelet Abnormalities leading to

abnormal adhesion and aggregation.



Factors contributing toward a pro-hemorrhagic state in chronic kidney disease

1. Alterations in platelet
synthesis, composition

and activation

neboisnind
o,

2. Dysfunctional
platelet - vessel wall
interactions

ACT

At conpostion

1 platelet-vessel wall interaction
L ADP release

4inactivation of PG,
L NO scavenging

Invasive procedures

3, Reduced platelet aggregation

Wihoirn
ateeps

¢ L

o Fibrinogen

fragment

o functonl

G g




Virchow's

Blood viscosity

Hypercoagulability

« T Thrombin-antithrombin complex
—- T Fibrinogen
W D-dimer
'» T Plasma tissue factor
« 7 Prothrombin 1 & 2
» 7 Plasminogen activator inhibitor 1
« T von Willebrand factor
« |nhibition of tissue plasminogen
activator _
* Inhibition of urokinase

| Endothelial microparticles

+ T Soluble tissue factor release
» T Surface tissue factor

Platelet dysfunction
» T Platelet production

» T Platelet reactivity
» 7 Platelet aggregation

/) RAAS
\ activation

Blood flow

L5

T :
Inflammation

+TIL-6

_,[

Atrial fibrosi
* Myocyte hypertrophy
» Fibroelastosis

+ Endocardial fibrosis and
infiltration

Ventricular hypertrophy

+ Myocardial fibrosis

» Arteriosclerosis

+ Accelerated atherosclerosis
+ Arterial wall calcification

« T arterial wall stiffness

Vascular remadeling

* Tissue fibrosis

Endothelial dysfunction

» Impaired arterial vasodilatation




Normal renal function or  Stage 3 Stage 4 Stage 5
stage |-2 CKD (eGFR 30-59 mUmin/  (eGFR |5-29 mUmin/  (eGFR <15 mUmin/
(eGFR 260 mUmin/1.73 m?)  1.73 m?) 1.73 mY) 1.73 m? OR dialysis)
P2Y,, inhibitors
Clopidogrel  300-600 mg orally, then 75  No dose adjustment No dose adjustment Use only for selected
mg a day indications (e.g. stent
thrombosis prevention)
Prasugrel 60 mg orally then 10 mga day No dose adjustment No dose adjustment NOT recommended
Ticagrelor 180 mg orally then 90 mg No dose adjustment No dose adjustment NOT recommended
twice a day
Cangrelor 30 pglkg bolus and 4 pg/kg/min No dose adjustment No dose adjustment No dose adjustment
infusion
Anticoagulants
Unfractionated Prior to coronary angiography: No dose adjustment No dose adjustment No dose adjustment
heparin 60-70 IU/kg iv (max 5000 IU)
and infusion (12-15 IU/kg/
hour) (max 1000 IU/hour),
target aPTT 1.5-2.5% control
During PCI: 70-100 IU/kg iv
(50-70 1U/kg if concomitant
with GPl)
Enoxaparin | mg/kg sc twice a day No dose adjustment | mg/kg sc once a day NOT recommended
Bivalirudin Bolus 0.75 mg/kg iv, infusion No adjustment of bolus, ~ On dialysis, no
1.75 mg/kg/hour reduce infusion rate to | adjustment of bolus,
mg/kg/hour reduce infusion rate to
0.25 mg/kg/hour
Fondaparinux 2.5 mg sc daily No dose adjustment NOT recommended if ~ NOT recommended
¢GFR <20 mUmin/1.73 m?
Glycoprotein IIB/IIIA inhibitors
Eptifibatide  Bolus 180 pg/kg iv, infusion 2 No adjustment of bolus, ~ NOT recommended NOT recommended
pglkg/min reduce infusion rate to
| pg/kg/min if eGFR <50
ml/min/1.73 m?
Tirofiban Bolus 25 pg/kg or 10 pg/kgiv, No dose adjustment No adjustment of bolus,  NOT recommended
infusion 0.15 pg/kg/min reduce infusion to 0.05 pg/
min
Abciximab Bolus 0.25 mg/kg iv, infusion  No specific recommendation?ffor the use of abciximab or for dose adjustment

0.125 pg/kg/min (max 10 pg/

min)

in the case of renal failure. Careful evaluation of haemorrhagic risk is needed



Warfarin Dabigatran Apixaban Edoxaban Rivaroxaban
Routine dose Adjustedto INR 150 mg, 2x/d 5mg, 1x/d 60 mg, 1x/d 20mg, 1x/d
CKD dose Adjusted 1o INR ~ None 25mg, 2x/d, it 30mg, 1x/d, if CLe, 15mg, 1X/d, if Cley
adjustment Scr>1.5mg 15-50 mL/min 15-50 mL/min
dl + age =80y
or weight < 60 kg
Mechanisms of  Inhibits synthesis of Direct thrombin Direct factor Xa Direct factor Xa  Direct factor Xa
action vitamin K- inhibitor inhibitor inhibitor inhibitor
dependent clotting
factors (11, VII, IX,
X)
4-h dialysis removal <1% 50%-60% 7% 9% <1%
Volume of 8 50-70 21 107 50
distribution, L
Excretion Nonrenal 50%:60% renal CYP3A4/5 (P- CVP3A4 (liver CYP3A4/5 and
glycoprotein liver  enzyme); 50% CYP2J2 (liver
enzyme); 27% renal; 40% bile  enzymes); 36%
renal renal
Reversal agents  Vitamin K, fresh  Idarucizumab 4-factor prothrombin 4-factor prothrombin 4-factor prothrombin
frozen plasma, 4- complexes complexes complexes
factor prothrombin
complexes
FDA approved for  Yes No Yes No No
CKD-5D
Concems for use in Requires frequent  Reversal agent may Reversal agent may Reversal agent may Reversal agent may
CKD-5D" monitoring, high ot be readily not be readily not be readily not be readily
interindividual avallable, lack of  available, dosingin  available, lack of  available, dosing
variability in drug  data for safe dosing CKD-50 basedon  data for safe recommendations in
response, may in CKD-5D pharmacokinetic  dosing in CKD-50  CKD-5D based on
increase risk for data only pharmacokinetic
calciphylaxis and data only
vascular
calcification

Note: Data in table based on references 83-91, 93-95, 97, 98.



ATRIAL FIBRILLATION

Assess CHADS, VASC score
Anticoagulation recommended if score is 1+ (males| or 2+ (females)
CORms/min  COSOM GO COIS2misfmin GOl mifmin, o
SRS | msfmin  migfmn dalysisdependent ™
Agitaban ]mm Smg 80 SngB)  Consder2SmgB0  Consider
et Amg0d gD 1smg0D  15mg0D Contraindicated
Hoan  Gmgd g0 g0 g0 Contanated

Dabigatran  150mg BD 150mg B0 110mg BD***  Consider 75mg BD Contraindcated

WA ]mnze 23 23 !'muz-a Consier

|[.mmmnmmofmmwmmmbmmmmmmmhpﬁmmm&mmm
|orotherCItuDOACs

** consider altenativ options g, LA losure antilatelet,orno antihrombotic agent

4% 110mg BD dabiatran used n urope; 75mg BD or CrC115:30 mlmin approved n US




VENOUS THROMBOEMBOLISM

Crdl 80+ CrCl 50-79 CrCl 30-49 CrCl 15-29 mis/min  CrCl <15 mis/min,
mls/min mils/min mls/min or dialysis-
_ _ _ dependent **
Apixaban Loading then Loading then Loading then Loading then 5mg  Consider
Smg BD 5mg BD 5mg BD BD
Rivaroxaban . Loading then Loading then Loading then | Loading then 20mg = Contraindicated
_ 20mg OD 20mg 0D 20mg OD 0D
Edoxaban* 60mg 0D 60mg 0D 30mg OD | 30mg OD Contraindicated
Dabigatran*  150mg BD 150mgBD  150mgor110mg Contraindicated  Contraindicated
BD
VKA 'INR2-3 'INR2:3 INR2-3 INR2:3 ' Consider

| * At least 5 days of parenteral anticoagulation required prior to commencement of Dabigatran and Edoxaban in VTE;
i When commencing VKA, parenteral anticoagulation is required until the INR is >2 for 2 consecutive days, or for 5

days,whidlemrisbrgef.

** Data favours the use of DOACs over VKA regarding bleeding risk. Very limited data in ESRD

Future considerations may include FXI inhibitors

RE-LY ROCKET AF ARISTOTLE EMGAGE AF-TIMI 48

Trial Characteristics

Drug Dabigatran Rivaroxaban Apixaban Edoxaban

Year of publication 2008 2011 2011 2013

Study doses 110 mg, 2x/d; 20 mg daily (15 mg 5 mg, 2x/d° B0 mg daily (30 mg
150 mg, 2=/d daily for eCL.. 30-49 daily for eCL. =50

miL/min} mL/min)

N 18,113 14,264 18,201 21,105

Patients With CKD

No. with moderate CKD 3,554 (20%) 2050 (21%) 3,017 (17%) 2,740 (19.5%)

Definition/cutoff for eCL., 31-49 mL/min

moderate CKD

eCL., 30-49 mL/min

eCL.. 25-50 mL/min

eCL. 30-50 mL/min

Age, y 76 (median) 79 {median) 78 (mean) 79 (median)
Female sex 47% 56% 53% 54%
GCHADS, score® 45% had score 2 3 3.7+10 26+1.2 a1z
Primary Outcome Measure: Stroke and Systemic Embolism
Study arm 110 ma: 2.3%/y; 2.3%/100 pt-y 21%/ly 2 3%y
150 mg: 1.5%/y
Contral arm 2.7%ly 2.B8%/100 pt-y 2. 7%y 2.7%ly
HR (95% CI) 110 mg: 0.85 0.84 (0.57-1.23) 0.79 (0.55-1.14) 087 (0.64-1.19)

(0.59-1.24); 150 mg:
0.56 (0.37-0.85)

Primary Safety Outcome: Major Bleeding

Study arm 110 mg: 5.5%/y:
150 mg: 5.5%/y

Control arm 5.5%

HR {95% CI) 110 mg: 0.89

{0.77-1.28); 150 mg:
1.02 {0.79-1.30)

4.5%/100 pt-y

4,7%/100 pty
0.95 (0.72-1.286)

3.2%/fy

6.4%/y
0.50 (0.38-0.66)

4%y

5.3%/y
0.76 (0.58-0.98)

Abbraviations: ARTISTOTLE. Apixaban for Reduction in Siroke and Othar Thromboambolic Events in Afrial Fibrillation; Gl confidence interval; CKD, chronic kidnay
disease; eClg, estimated creatinine clearance {calculated by Cockoroft-Gault formulal; ENGAGE AF-TIMI 48, Effective Anticoagulation With Factor Xa Next Generation
i Atral Fibrillation—Thrombolyes in Myocardial infarction; HR, hazand ratio; NOAC, non—vitamin K—dependent oral anticoagulant; pt-y, patient-years: RE-LY, Randomized
Evaluation of Long Term Anticoagulant Tharapy; ROCKET AF, Rivaroxaban Once Daily Oral Dhrect Factor Xa Inhibitien Compared With Vitamin K Antagonism for

Preventon of Stroke and Embolism Tral v Alral Fibeillation.

"Dosa adjustment for apixaban occumed i 2 of 3 factors were met: serum creatinine =1.5 migldL, age =80 years, or weight = 80 kg,

"Mean + standard deviation unlass indicated othorwise.
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TYPE 4 RTA
IN DIABETES
MELLITUS



Introduction

eDiabetes mellitus—especially long-standing type 1 or
type 2—can cause: Hyporeninemic hypoaldosteronism-
! Renin » | Aldosterone -» impaired Potassium &
Hydrogen ion excretion.

eAutonomic neuropathy - | Renin release.

*Diabetic nephropathy — affects juxtaglomerular
apparatus = | renin-angiotensin-aldosterone system
(RAAS) activation.

£
\s) RENAL TUBULAR ACIDOSIS NONGAP METABOLIC ACIDOSIS WITH HYPERCHLOREMIA

@ @
PROXIMAL RTA (T2) @ HYPERKALEMIC RTA (T4)

DISTAL RTA(T1)

DeFECT Decreasen oistal He eeerenion.
S No new HCO3- is generated,

CAUSES Amphotencin B tox, Anzlgesic nephropathy

Autolmmune disease (SLE, Sjégren's|
Urinary tract obst

§/5x Palydipsia, polyuria
Muscle weakness
MNephrolithiasis
|hypercalciutia, hypocitraturia)
Growth retardation, Rickets

URINE BH »55
SERUM HE03-= 10-15 wwotfL

HCO3-
& K+ Kew

DiaGNosis  MH&+ koading test -» positive

urinary anicn gap.

TREATMENT  Socium HCO3- or Potassiurmn citrate
Thiazide diuretics

Decreasen snouimar HCO3- eeassomprion,

Fanconi syndrome
Carbonic anhydsase inhibs,
Multiple myeloma

Muscle weakness
Growth retardation, Rickets

»7 15 puagua HCO3- 16 wormaL
5.5 7 piagma HCO3- 15 okeiren

HE03-= 16 <20 wuouL
Ke

HCO3- loading test -»
FE HCO3- > 15%, ufing pH » 75

Sedium HCO3- of Potassiumn citrate
Thiazide diuretics

ALDOSTERONE DEFICIENCY/RESISTANCE

'*Hyperkalemia. Reduced NH&+ excretion

Cuabetic or obstructve nephropathy,
Chronic interstitial nephritls, Adrenal insufficiency

ACE inhiba/ARBS, K+-sparing diuretics, TMP-SMX

Poss. muscle weakness, cardiac armythmias =
[if hyperkalormia is severe) ‘\M,

<55

H003-=>17 muoy/L

F{l‘.‘

Wrinary K+< 40 mmol/Lor FE K+< 20%
Abnormal serum aldosterone

Volurme expansion. dietarny K+ restriction
Ke-ysasting diuretics



Typical biochemical features TYPE 4 RTA

Parameter Finding

Serum K+ T (hyperkalemia)

! (mild metabolic acidosis,

Serum HCOs~
usually 15-20 mmol/L)
_ Normal (non-anion gap
Anion gap . . .
metabolic acidosis)
_ < 5.5 (kidneys can acidify
Urine pH _ _
urine, unlike type 1 RTA)
Urinary ammonium excretion Low (despite acidosis)

Trans tubular potassium gradient | Low (inappropriately low in
(TTKG) hyperkalemia)

TTKG- Trans-tubular Potassium Gradient

eFormula for TTKG

Kurine X osmserum

TTKG =

Os Muyrine X I(ser'um

eUrine K+ = Urinary Potassium Concentration (mmol/L).

*Plasma K* = Plasma potassium concentration
(mmol/L)

eUrine osmolality = Urine Osmolality (mOsm/kg).


Nithin
Stamp


*Plasma osmolality = plasma osmolality (mOsm/kg).

TTKG Interpretation
eNormal TTKG values:

°In hyperkalemia: TTKG should be >7-10 - indicates
appropriate renal K+ excretion.
°In hypokalemia: TTKG should be <3 - indicates
appropriate Renal
K+ conservation.
In Type 4 RTA, despite hyperkalemia:
*The TTKG is low (<7), showing impaired K+ secretion.
*This suggests either: -

¢ Low aldosterone levels (hypoaldosteronism)

¢ Aldosterone resistance (Tubular Dysfunction)
Treatment

eDietary Potassium restriction.

eLoop or Thiazide Diuretics (enhance K+ excretion).

eFludrocortisone (Mineralocorticoid replacement, if no
contraindications like Hypertension or fluid overload).

eSodium Bicarbonate to correct Acidosis

Back to Index “



CAR-T CELL
THERAPY AND
AKI



Introduction

eChimeric antigen receptor T (CAR-T) cell therapy,
personalized immunotherapy for various hematologic
malignancies, autoimmune diseases and other
conditions, involves the modification of patients
'T cells to express a chimeric antigen receptor that
recognizes tumour or autoimmune cell antigens,
allowing CAR-T cells to destroy cancerous and other
target cells selectively.

eStudies report AKI incidence following CAR T-cell
therapy ranging from 5% to 46% - cumulative
incidence of any grade AKI around 30% within 100
days post-infusion.

Risk Factors

Cytokine release syndrome
(grade 3 or higher) Lower baseline eGFR

/\/ . -
Risk factors for the i

development of AKI

Elevated E Higher rates of allopurinol
baseline LDH following CAR-T therapy or rasburicase use
W f‘zﬁi-‘
—'@r-#i' e 1 r
Inf " licati Renal toxicity of
nfectious compiications conditioning regimens
(e.g. sepsis) LF and other medications

IV contrast material
exposure



CAR T Cell Therapy -Preparation and Common
Side Effects

Neurotoxicity : Cytokine Release Syndrome
@ Confusion _— . e Dyspnea -
Pulmonary edema

Respiratory failure
Tachycardia
Hypotension
Myocardial injury
Troponin leak
Shock

Transaminitis

Viral vector

Nausea

Isolation & stimulation

of patient T-cells \

Acute kidney injury

Fever
Rash
Myalgias

Mechanism of AKI with CAR T Cell Therapy




AKI and Electrolyte abnormalities after CAR-T Therapy

Setting & Participants Findings
Case Series (2017-2019 =)
as e = } l\’_j\ Acute kidney injury 19%
i
Hinl i )
78 hospitalized patients in 2 cancer centers 6 Cytokine release syndrome 85%
¥ Na (<135 mequ) 75%
Diffuse large B-cell lymphoma
@ . $K (<35 mEq) 56%
@7 2> B
Chima‘l.'l.c anﬂs;n r&captor. T-éell th.ara-py " PO“' (<2.5 mg/dL) 51 %

. CONCLUSION: Cytokine release syndrome, AKI, hyponatremia,
hypokalemia, and hypophosphatemia are common after CAR-T therapy |

Shruti Gupta, Harish Seethapathy, lan Strohbehn, et al (2020)

@AJKDonline | DOI; 10.1053].ajkd.2019.10.011

Electrolyte disorders seen with CAR T cell therapy -The
most common was Hypokalemia (47%), followed by
Hypophosphatemia (37%), and finally Hyponatremia
(5%).

Treatment

Cytokine storm-related toxicities:
1.Anti-cytokine therapy such as anti-IL-6 agent

Tocilizumab. It can quickly reverse the Cytokine storm
in most patients.

2.Methylprednisolone 1-2 mg/kg intravenous every 12
hours can be tried in Cytokine release Syndrome that
is refractory to tocilizumab.

3.Pretreatment with chemotherapy to reduce Tumor
burden and steroids is also considered to be

important



in the prevention of cytokine release syndrome.

eTumor lysis related AKI: aggressive hydration,
Rasburicase , dialysis in refractory and severe cases.

eSepsis: antibiotics, fluids and Vasopressors.
eDiscontinue Nephrotoxic drugs. Electrolyte correction.

*Renal replacement therapy [RRT] whenever indicated.

CAR-T Cell Therapy in other Condition

Multiple myeloma

Renal malignancies
7 ™\
| Targeted CAR Combinates } . BCMA CAR-T
oy S 3. =)= corcarT
" cp7g * EGFRinhibitor: e * 50 sSequential infusion
Axitinib Bl e R e
n_#
S Q BCMA/CD12
‘%‘ HLA-A: = TKI f" . ‘2 dual-target CAR-T
) x A L

A\ DNAJBS Sumitinib
Triple classes
RRMM

NEMM oxposure
— y
=

]
= £
h@ Resistance ...
- gl
W 1=

%] BCMA CAR-T 1Ps, IMiDs,
W anti-CD38 mAb...

= Acquired immunodeficiency syndrome

Systemic lupus erythematosus 4
Before : After
(JC B2\ cDZy ) Pt )('“: C34-CXCRA
co27 ) ey, I. cozZo c{ =7 fusion protein
_ == Ch27- ) ~ cérs ¥ e
cp2ie ' - o3 o
\CD1 1c‘_.| Seroconversion ;:{ cis o
== ' b N i .
lgc & : 10 Vi cp4 A AffyeeRs 4 AP ' Ja8B/CD2B
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PREGNANCY
— AKI
[PRAKI]



Introduction

*Pregnancy-related acute kidney injury (Pr-AKl) is a
Heterogeneous disease entity due to varying

underlying Etiologies.

*P-AKI in developing countries accounts for 5%-20% of

total AKI population.

*Pr-AKI commonly occur in postpartum rather than the
post- abortal period, reflecting a decline in septic

abortions.

24 hr creatinine clearance is closest estimate of GFR

in pregnancy.

eDiagnosis of AKI in pregnant women (any one of the
three)
1. Sudden increase in serum creatinine >1 mg/dl,
2. 0Oliguria/anuria
3. Need for dialysis.



Physiological Changes in Pregnancy

Anatomical and structural changes

4 Size of the kidneys

Pelvicalyceal dilatation R>L
Hydranephrosis R>L

Tglomerular basement membrane (GBM)
pore size and electrical charges

Afferent and efferent artericles dilatation
Urinary stasis

Renal haemodynamics
+JRVR
A PRBF by 50 - 85%

VFF

Glomerular function

TGFR by 50%

Jrplasma creatinine
Pproteinuria (“physiologic”
proteinuria)

(less than 260 mg/24H)

Tubular function

Lsensitivity to RAAS

Josmaostat threshold for ADH release
Twater retention

Jplasma osmolality by 10mOsm/kg
Hyponatremia (mild)

TCalciuria

TGlycosuria

sbserum levels of urea and uric acid
Tbicarbonaturia (metabolic acidosis)

Endocrine function
TRAAS activity
ARenin activation
JAT1R and sensitivity to ANG I
Tvasodilatory peptides (Ang 1-7) of RAAS
THO production
Terythropoietin
Mitamin D (active form, Calcitriol)




Causes of P-AKI

PRERENAL

Transient decrease in renal perfusion-» ¥GFR
¥ Intravascular volume depletion = hypovolemia
+ Hyperemesis gravidarum
+ OHSS
+ Diarhea
ks exrarena loss
Mescamage
Anfepartum haemorhage
Postpartum hasmonage
« Diuretics (renal loss from overuse)
» Decreased anenal pressurefDecrease effective circulaling volume:
Sepsis postabortal, puerperal, urosepsis

Hear taiure
¥ Impaired renal auloreguiabon/intrarenal vasoconsinclion
NSAIDS
ACE inhiblors, ARB
Cyciosporn, Tacrolimus
| Glomerulonepheitis
» Atute glomendonephitis
INTRARENAL/ } intorstitial
INTRINSIC | Sepsi/infection postabortal, puerperal, uiosepsis,
prelonephiitis
» Ischemba
« miscarmiage/abortion
« anfeparum haemorhage-placenta praevia

Bilateral ebstruetion and hydronephrosis due 1 ulerine compression of urelersbiadder

Unilateral ureter obstruction due fo nephrolithiasis
Bladder outiet obstruction (lumor, ithiasis)

atypical haemolytic uremic syndrome (aHUS)
disseminated intravascular coaguiation (DIC)

Medication - nephrotoxicity, acule inferstitial nephitis
antibiotic aminoghycosides, lodnated contrast

Acute fatty liver of pregnancy (AFLP)

Lupus nephritis

Antiphospholipid symdroms (APS)

Pulmonary embolism

Amniotic fiuid embolism

latrogenic injury of the bladder/ureteriurethra during caesarean secton of vagnal delvery

. Spontaneous injury of the urethra/bladder during vaginal delivery




¥ trimester 2 trimester 3% trimester D Postpartum

Septic Ahortion Preeclampsia/ HELLP
Clinical Features Clinical Features

» Prerenal azotemia or ATN »Hypertension and proteinuria® after 20 weeks of gestation
Treatment JHeadache, visual disturbance, seizures, abdominal pain

¥ Volume resuscitation, #Hemolytic anemia, transaminitis, thrombocytopenia, hgh LDH

antibiotics Treatment

FDelivery, i.v. magnesium for seizure prevention
Hyperemesis Gravidarum

Clinical Features TTP/aHUS

¥ Prerenal azotemia of ATN Clinical Features

S i e nehr s > TTP more common in 273 trimester, aHUS more common ix postpartumn period
Treatment »Neurological involvement is more commeon in TTP than aHUS

B Volume resuscitation #Hemolytic anemia, thrombocyiopenia, elevated LDH and bilirubin

Laboratory testing

#TTP: ADAMTS-13 activity <10%

»aHUS: genetic testing for complement cascade geng mutations
Treatment

#TTP: plasma exchange

#aHUS: plasma exchange + eculizumib

Acute Fatty Liver of Pregnancy

Clinical Features

#Mausea, vomiting, abdominal pain, jaundice, ascites

¥ Transaminitis, low platelets, hypoghycemia, lactic acidosis
Lahoratory Testing

»# Maternal and fetal testing for LCHAD gene mutation
Treatment

> Delivery. plasmapheresis and/or liver transplant in severe cases

Lupus nephritis and/or Antiphospholipid antibody syndrome

Clinical Features

FDysmorphic red blood cells on urine sediment, extra-renal lupus manifestations

FLow complements, positive anti-0sDNA, anti-cardiolipin antibodies, and/or anti-f2 glycopratein antibodies

rKidney biopsy is only recommended if pathology will change management
Treatment

#Lupus nephritis; steraids + hydroxychloroguine + azathioprine/tacrolimus

» Antiphospholipid antibody syndrome; aspinn +- low molecolar weight heparin




Preeclampsia

eDefinition: Characterized by
v New-onset hypertension (blood pressure
>140/90 mmHg)
v Proteinuria (>300 mg/dl) after 20 weeks of

gestation.

eEclampsia is defined as preeclampsia with the

presence of seizure.

Table 5: Severe feature of preeclampsia (one or more of
these findings)

Systolic blood pressure >160 mmHg or diastolic blood pressure
>110 mmHg on two occasions at >4 h apart while the patient is on
bed rest

Platelet count <100,000/mm?

Elevated liver enzymes (twice normal concentrations)

Renal insufficiency (serum creatinine concentration >1.1 mg/dl or
doubling of serum creatinine concentration) or oliguria (<500 ml
in 24 h)

Pulmonary edema or cyanosis

New-onset cerebral or visual disturbances

Severe persistent right upper quadrant or epigastric pain




Clinical feature HELLP* AFTP** aHUS=#* T

Time of onset T 3T Postpartum 2TAT

Hypertension 80%-100% 25%-50% + 0+

AKT Mild/moderare Moderate Severe Mild/moderate

Renal prognesis Recovery Recovery 76% ESRD Fair

CNS findings + Absent Absent Dominant

Hemolytic anenua + 0+ + ++

Thrombocytopenia + i+ ++ ++

Coagulopathy 0+ + 0 0

Liver fransminases inerease =+ + 0 0

LDH (IUL) 5 m 5 a

Ammonia Normal High Normal Normal

ADAMTS-13 activity <10% 0 ] + +

Alternative complement pathway 0+ 0+ ++ 0

Management Support measures/ Suppott measures/ Plasma infusion/ Plasma infusion/
delivery delivery exchange exchange

Effect of delivery on diszases Recovery Recavery None None

#Urine sediment is bland in preeclampsia/ HELLP syndrome, **Coagulopathy, hepatic injury, and hypoglyeemia are the key feature of
AFLP, **¥[solated LDH increase with normal hepatic transaminase is characteristies of HUS/TTP (P-TMA). 0; Absence, 0+ Occasionally
present. +: Sometinies present, — Always present, HELLP: Hemolysis, elevated liver enzymes. and low platelet count, AFLP: Acute fatty
liver of pregnancy, aHUS: Atypical hemolytic-uremic syndrome, TTP: Thrombotic thrombocytopenie purpura, AKL: Acute kidriey injury.
CNS: Central nervous system, LDH: Lactate dehydrogenase, ESRD: End-stage renal disease, P-TMA: Thrombotic microangiopathy of
preguancy

Renal Cortical Necrosis

eRare condition resulting from severe reduction of renal
perfusion caused by vascular spasm, microvascular

injury, or intravascular coagulation.

*Abrupt onset of Oliguria, gross Hematuria, flank pain

and Hypotension.

eCauses: Placental abruption, Placenta previa, Septic
abortion. Prolonged intrauterine fetal death and

Amniotic fluid embolism.



eHypercoagulable state with increased level of
coagulation factors with repressed fibrinolytic state.

ePrognostic factors: extent of necrosis, duration of
oliguria, and severity of associated conditions.

eUltrasound: Hypoechoic Rim and Renal Cortical Rim
Sign: The hypoechoic rim seen on ultrasound,
potentially with an echogenic (brighter) layer outside
the rim.

*CT scan: Lack of Cortical Enhancement and Reverse
Rim Sign: A specific CT finding where the cortex
appears hypo attenuating (darker) and non-enhancing,
while the medulla enhances.

eDialysis as indicated and treatment of the underlying
diseases.

HD Prescription during Pregnancy

Frequency 5-6 time/ week

Duration of dialysis >36 h/week (>6 h/day)

Dry weight Increase by 0.5 kg /week during the second and third trimesters
UF rate 6-§ mL/kg/h

Dialysate K=3mmol/L, Ca=15mmol/L, HCO3 = 28-32 mmol/L
Anticoagulation Low-dose unfractionated heparin

HD: hemodialysis; UF: ultrafiltration.

Back to Index &



RENAL
ABSCESS



Introduction

*Renal abscesses are collections of walled-off, infected,
and Purulent fluid in the Renal Parenchyma that are
commonly associated with underlying Pyelonephritis.

*Risk factors: Diabetes Mellitus, Anatomical
Abnormalities such as Vesicoureteral Reflux,
Neurogenic Bladder, Polycystic Kidney disease, and
Ureteral calculi.

eClinical manifestations of renal abscesses include
fever and chills, flank pain with radiation to the
abdomen and costovertebral tenderness.

Investigations

eLaboratory findings: Leukocytosis with elevation of
Erythrocyte sedimentation rate and C-reactive protein.

eContrast enhanced CT is gold standard.

*CT findings of renal abscesses are a focal collection of
fluid with a thickened, irregular enhancing wall.

*Other findings: gas within the central fluid, Fascial and
Septal changes, and Perinephric fat Plane Dissipation.

eUltrasound findings show a Hypoechoic or Cystic mass
with lack of vascular flow indicating an infectious
process rather than Neoplasm.



Approach To Renal Abscess

Fever/Abdominal pain/Flank pain

Risk factors: stones, diabetes,
trauma, UTI, immunosuppression

Urinalysis, urine and blood cultures
serum creatinine, CBC

Abdominal CT/ultrasound

Intravenous antibiotics*

Repeat imaging
Resolution Persistence —® Percutaneous drainage
Repeat imaging
Exploration/nephrectomy/ Resolution
drain manipulation

*consider urinary drainage if obstruction present



Percutaneous Renal Abscess Drainage

S—

. Renal abscess

— -._,_Hﬁfcess needle

§ Drainage Drainage
& catheter T catheter

ﬁ/

Axial CT images of the abdomen with contrast
highlighting right renal abscess with subsequent
drainage. A. Right Renal Abscess (white arrow) with ring
of Hyperdensity surrounding the fluid collection. B.
Percutaneous access needle entering the Renal Abscess
(white arrow). C. Insertion of drainage catheter into the
abscess (white arrow). D. Drainage catheter coiled in the
abscess (white arrow)
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VASCULAR
CALCIFICATION
[VC]



Introduction

eVascular calcification (VC) is a common Pathological
condition in patients with chronic kidney disease (CKD),
characterized by the accumulation of Calcium and
Phosphate deposits in the walls of blood vessels.

*CKD patients exhibit a significantly higher risk of
Cardiovascular mortality compared to the general
population, primarily due to their increased
predisposition to vascular calcification.

*Risk Factors: Age, Sex, Smoking, Hypertension,
Diabetes, Dyslipedemia, Dialysis vintage, Disordered
Mineral Metabolism, Calcium, Phosphate, Oxidative
stress and inflammation.

eOther risk factors: FGF-23 soluble Klotho, Osteopontin,
Calprotectin, Sclerostin, Osteoprotegerin, Bone
morphogenic proteins, Matrix Gla protein gene,
Fetuin-A, Calciprotein particles (CPP), Magnesium, Zinc,
Microbiome, Uremic toxin, and Advanced glycation end-
products.



Intimal Calcification

VVessel stenosis
Atherosclerosis
Occlusive arterial disease

Medial Calcification

Tunica Externa

Tunica Media

Intimal Calcification

Tunica Intima

Lamina Elastica

Medial Calcification

Vessel wall stiffness
Hypertension
Ventricle Hypertrophy

Types of Cascular Calcification

Intimal Medial
calcification calcification

Distribution

Mechanism

Deposits

Type of
ossification

Pathogenic
mechanism

Risk factors

Focal

Associated with
lipid deposition
and
inflammatory
infiltration

Cholesterol

Endochondral

Atherosclerosis
Plague rupture

Hypertension
DM
Hypercholester
emia

Smoking.

Diffuse

Can occur
without lipid
deposition and
immune cell
infiltration

Hydroxyapatite

Intramembrano
us

Arteriosclerosis
Increased
Cardiac after
load

More prevalent
in patients with
CKD



Mechanism of Vascular Calcification

Ostao-/chondroblast markers:OFN MBPZ Col |, Osteocalcin ALP
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AGEs
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Healthy artery Calcific artery

Soxd, Osterix
Contractile VSMCs Osteo-/chondroblast-like
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Pathogenic mechanisms of vascular calcification (VC) in
chronic kidney disease (CKD). Hyperphosphatemia and
hypercalcemia with loss of calcification inhibitors such as
fetuin A, Osteoprotegerin, and matrix GLA protein (MGP)
promote Osteochondrogenic differentiation of vascular
cells. VC is, furthermore, influenced by traditional risk
factors (e.qg., aging, smoking) and non-traditional factors
related to calcium-phosphorus metabolism dysfunction
and increased FGF23. The accumulation of minerals in
the arterial walls and the degradation of elastin lead to

progressive vascular stiffness.
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subjects subjects l
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Clinical management of vascular calcifications in CKD
patients and intervention strategies to delay the
progression.

Investigations

Coronary Calcium Test Scores

* Plain Xray- lateral
abdominal Xray.

* Coronary Artery
Calcification scoring
using CT (Agatson,
Adragao, Kaupilla)

1-100 101-289 300+ . E h
Mitdly increased Moderately Moderately to cho

risk of increased risk ~ severely

heart disease of heart disease increased risk
of heart disedse

Mo calcium
is datected

Role of micro- and macro calcifications in the large
vessels, heart valves, and cardiac conduction system.

T

Microcalkcifications Macrocalcifications
\ (<5 pm) (>50 pm)
AORTIC A
VALVE  TUNICA TUNICA  TUNICA TUNICA
‘ INTIMA TA m‘rim Miom
A ARTERIAL

P‘I.AQUE | STIFFNESS




Role of micro- and macro calcifications in the large
vessels, heart valves, and cardiac conduction system.

Treatment

*No specific therapy to reverse vascular calcification in
Chronic Kidney Disease.

eControlling hyperphosphatemia and optimising CKD-
MBD therapies.

eTenapanor - Reduces intestinal phosphate absorption
by inhibiting sodium/hydrogen exchanger 3 (NHE3).
Lowers serum phosphate - potentially slows VC.

*Micro RNA therapies and gene therapies [experimental]

*Denosumab - Inhibits osteoclast activity and may
reduce vascular osteogenic signalling. [investigational
for VC].

e|ntensification of dialysis

eFor Calciphylaxis:

*Wound care- antibiotics for infected wound,
Debridement of necrotic wounds.

*Replace warfarin with LMWH or DOACs.

*Stop vit D analogues

eSodium Thiosulphate.

eHyperbaric oxygen therapy



Newer therapies

*Vitamin K- Cofactor for Matrix Gla Protein (MGP)
activation, an endogenous inhibitor of vascular
calcification. Vitamin K2 (menaquinone) is most
effective. Trials ongoing (VitaVasK, VIKTORY).

*SNF472 (Myo-inositol hexaphosphate / Phytate): Direct
inhibitor of hydroxyapatite crystal growth (a key step in
calcification) without interfering with calcium and
phosphorus metabolism. CaLIPSO trial (in hemodialysis
patients) showed reduced coronary artery calcification
progression. Phase 3 trials ongoing with promising
results.

eMagnesium: Competes with calcium; inhibits
phosphate-induced calcification of VSMCs. [ongoing trial
-DIALMAG- Canadal].

eEtelcalcetide: Suppress PTH - reduce
Calcium/Phosphate release from bone. May slow
progression of VC in dialysis patients (EVOLVE trial -
secondary outcomes)
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ATHEROEMBOLIC
RENAL DISEASE
[AERDI



Introduction

e Cholesterol crystal embolism (CCE) is an under
recognized multisystemic disease caused by the
displacement of cholesterol <crystals from
atheromatous aortic plaques to distal vascular beds,
leading to ischemic injury of target organs,
particularly the kidneys, i.e., atheroembolic renal
disease.

e AERD- Renal failure secondary to occlusion of renal
arteries, arterioles, and glomerular capillaries with
cholesterol crystals originating from atheromatous
plaques of the aorta and other major arteries.

e Atheromatous material can be dislodged
spontaneously or after intravascular trauma or
anticoagulation.

e The exact prevalence of atheroembolic renal
disease is unknown- an under-diagnosed condition.

e AERD is often associated with irreversible organ
damage with a poor prognosis



Risk Factors and Patterns of Injury

CCE risk factors CCE precipitating factors
= Male sex
= Age > 60 years = Endowvascular procedures
- Dyslip!ldernla 9 (e.g. angiography)
= Smoking = Anticoagulation
= Diabetes = Polytrauma
= Hyperglycemia
= Hypertension

L

e

[Fic ¥ ] ®*=. [Fec & 1 \
|

L1

K
== ML= 3

B ™
S = wee

MUCLEUS

[ Apopicsis | [Fecropioning s a
=

Pathogenesis

. 6=
A [

Organ-related
manifestations

|

Mechanical obstruction
of small and medium-
sized arteries

CCs become
Atherosclerotic dislodged from the ——— End-organ damage
plaques in large- atherosclerotic
caliber arteries plagues, often due to
plaque rupture

Leukocyte infiltration
Activation of NLRP3 inflammasome
Activation of complement system



Clinical And Biopsy Indicators

BICONVEX ,NEEDLE SHAPED CHOLESTEROL

e Gl CLEFTS IN RENAL ARTERIES

HOLLENHORST PLAQUES

Renal Involvement

e Acute kidney injury - acute onset, arising within 1
week of a clear causal event, affects 20-30% of
patients.

e Sub-acute kidney injury- most common form in
which progressive kidney dysfunction occurs 3-8
weeks after the inciting event in staggered

e steps, separated by periods of stable kidney
function resembling a staircase pattern.

e Chronic stable renal failure -May mimic ischemic
nephropathy and often coexists with it.



e Dialysis is needed in 28-61% of patients with acute
or subacute disease, with 20-30% partly recovering
kidney function after a variable period of dialytic
support.

Lab Tests

e Anemia, leukocytosis, thrombocytopenia, and
raised concentrations of inflammatory markers (ESR
or C-reactive protein).

e Results of urinalysis are typically benign, with few
cells and a minimum amount of proteinuria,
occasionally microscopic hematuria.

e Proteinuria and urinary sediment abnormalities are
more likely to occur in patients who have glomerular
capillary embolization than the more typical arterial
involvement.

e Eosinophilia, Eosinophiluria and
Hypocomplementemia.

Treatment

e No definitive treatment has been established.

e Therapeutic measures are mostly preventive and
supportive.

e Restriction of exposure to precipitating factors.

e Withdrawal of anticoagulant therapy and avoidance
of any additional radiological or aortic surgery
procedure.



Steroid use is still controversial, although it could
have a role in patients with multi-system
involvement, recurrent and progressive disease, and
systemic inflammation.

Statin therapy was independently associated with
decreased risk of ESRD.

During endovascular procedures, use of proper and
cautious techniques, including a so-called no touch
technique avoiding direct trauma of the catheter tip.
Renal replacement therapy when indicated.

The most important predictors of end-stage renal
disease needing permanent dialysis therapy were
pre-existing chronic renal insufficiency and
longstanding hypertension.
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DARATUMUMASB



Introduction

e CD38 is a transmembrane glycoprotein expressed
at high levels on plasma cells and NK cells.

e Daratumumab, a humanized Ilg Gl-kappa, targets
CD38 on plasma and NK cells, is an approved
treatment for multiple myeloma and for
autoimmune diseases.

e New role in desensitization and chronic active
ABMR.[needs more RCTs].

e Daratumumab reduced total and activated NK cells,
which play a role in ABMR

Mechanism of Action

The therapeutic effects of daratumumab in multiple
myeloma are mainly based on the mechanism that
daratumumab binds to CD38 expressed on the surface
of multiple myeloma cells to induce rapid cell death
of multiple myeloma cells through complement
dependent cytotoxicity (CDC), antibody dependent cell-
mediated cytotoxicity (ADCC), antibody-dependent
cellular phagocytosis (ADCP), apoptosis upon
secondary crosslinking, and immunomodulatory
effects via a decrease in immune suppressive cells.



coc | ADCC |

@... )
. i *
o

Daratumumab
CD:38 Isatuximab

Crosslinking
PCD
----- MAC
Comrrélgglpetgz Coﬁ‘tplement

Abbreviations

ADCC: antibody-dependent cellular cytotoxicity
ADCP: antibody-dependent cellular phagocytosis
CDC: complement-dependent cytotoxicity

MAC: membrane attack complex

MM: muitiple myeloma

PCD: programmed cell death



Daratumumab Reduces Risk of Progres-
sion in High-Risk Smoldering Multiple My-
eloma

SMOLDERING MUL- Randomized Controlled Trial

TIPLE MYELOMA:: Active monitoring Daratumumab
1800 Bt
does daratumumab | Sominued for 36 montrs ‘i“ 'i“ Ronoltverans for 30 opciee
g slow PTDQ TBSSIOH to e sl ool 390 patients with high-risk smolder- ')k‘
active disease? ing multiple myeloma randomized

ina i:1 ratic

PRIMARY OUTCOMES SECONDARY OUTCOMES
'Progression-frea survival at 5 years I [Overall survival at 5 years'
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Daratumumab Active monitoring Draraumumaby Active monitoring

—

Hazard ratio 4 s “. i Hazard ratio

' Subcutaneous daratumumab monotherapy led to significantly
lower risk of progression to active multiple myeloma or death
among patients with smoldering multiple myeloma.
@Zminmed
@2 Minute Medicine, Inc.

gt gminulemedicife. SO

Dimopoulos, et al. NEJM. December 9, 2024

Anti-CD38 Daratumumab Treatment of Chronic
Active Antibody-mediated Kidney Allograft Rejection

Study Design & Cohort Intervention Findings
" e [ ::41:5 with KTR diagnosed with CABMR
S ‘- Median time transplant to treatment = 9 years

@ Adult KTR
£%%  Feb2022 - Aug 2023

Subcutaneous

Blopsy Histology, 10 months After Treatment
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Lye WC et al, 2025 Conclusion Subcutaneous daratumumab may be an effective treatment for chronic active
K I R E Po R '[ s Vesoal @eact by antibody-mediated rejection (cABMRY; larger randomized trials are warranted to study its
Rideig InkuiwiNicnat Rasictia Jade Teakell. MD PhD rolein the treatment for CABMR in kidney transplant recipients (KTR). Donor-derived cell-
W MW-;H free (dd-cfDNA) may be a useful monitoring tool to predict and detect relapses.



Table 1 Daratumqma_lb Pre_medication Protocol Used at
Cedars-Sinai Medical Center Before This Study

Administer the following medications 1-3 hours before every
infusion of daratumumab:

Acetaminophen 650 mg, orally
Diphenhydramine 50 mg, via intravenous push

Dexamethasone 20 mg, given intravenously before first infusion,
then orally for subsequent infusions, if tolerated

Montelukast 10 mg, orally, before the first infusion only
Famotidine 20 mg, intravenously, before the first infusion only

Patients newly diagnosed with MM

Patients eligible for SCT Patients not eligible for SCT
Induction therapy High-dose therapy
* Proteasome inhibitors + Immunomodulators
o Bortezomib o Lenalidomide, thalidomide

« Corticosteroids . meﬂasnran: inhibitors
o Dexamethasone Comom stem?::omlb
L]
+  Alkylating agents

o Melphalan, cyclophosphamide, % Alky[‘;lingpamggﬁzone
bendamustine o Melphalan, bendamustine

* Anthracyclines * Anthracyclines
o Doxorubicin o Doxorubicin

Patients with relapsed and/or refractory MM
. Imnoundl.ﬂalors_
. Promasoﬁae inhibitors
»  Corticosteroids
+ Monoclonal antibodies



Emerging therapies in ABMR

AntILB/IL -8R inhibitorn. Il umaty Allograft Endolthelial Cell
e Tocitizumab, Satralirumals, s.vlhnrnl.h
: Clarak by, Sitlunimab, 5i
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1V
IMMUNOGLOBULIN
IN NEPHROLOGY



Introduction

e First commercial immunoglobulin product for IVIG

was approved in 1980.

Uses in nephrology:- Desensitization, ABMR, ABOi

kidney transplantation, Post transplant infections

[BKV].

Components IV 1G:

- Immunoglobulin G (IgG)

constitutes 95-98% of the preparation. Mainly 1gG1

IgA and IgM - present in

and soluble receptors

Actions and Effects
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Desensitization using IVIG alone for living-donor kidney NEPHROLOGY

transplant: impact on donor-specific antibodies - e
METHODS AND RESULTS
Median 6
@ g infusions
Retrospective 4. sical record data Monthly IVIG infusions (2 g/kg)
study only until they had a negative
Single From January, 2003 \i
center To December, 2014 66.7% 121%
i 222 ikl e
patients  continued in the study :

e e Referéncia: Ulisses LRS, et al, Braz J Nephrol, 2022, DO
CC R R s TR TR EEN R hittps:idoi org/10.1590/2175-8239-JBN-2021-0200.
inthese highl}' sensitized patients. Visual abstract by Jenyffer Ribeiro Bandeira

A randomized controlled trial of intravenous immunoglobulin vs ®
standard of care for the treatment of chronic active antibody- kldney CI ‘I
mediated rejection in kidney transplant recipients INTERNATIONAL
+  Kidney transplant recipients with chronic active antibody s T
mediated rejection were randomized 1:1 to intravenous == f—
immunoglobulin [IVIG) or standard of care. : B { i. J'
‘ e ot |
| m = T
e L5 IV 150mg Methylprod k3 2t
£ Qand 3 mosths o I
I $50mg Mthylpred 3 3¢ T - o regt [ ra. e o v ,
2 0 el months " el oo some
§ ' 3 ¢ izreats 1. [Vigstabilized histological damage 2.IVIg stabilized eGFR
vesnigations (clnical bapsy, seiclgy) performed af 004,12 months I
. 3, IVIG did not reduce donor specific antibodies or proteinuria
Endpoints: 4. Patient and allograft survival was similar at 12 months
*  Primary - chronic allograft damage index (CADI) . ﬁSmﬁdeathslanGaMSdeaﬂ’shmMGmup

*+  Secondary- estimated glomerular filtration rate (eGFR), donor 5. 1Vig sta raft gem transcripts -,parli:uhrly Bﬂ‘l T-cell,

specific anti-HLA antibodies (DSA), 2llograft & patient survival Nmﬂ. aﬂd mmm W
and intragraft mRANA expression.

CONCLUSION: In kidney transplant recipients with chronic active
antibody mediated rejection, IVIG therapy stabilized allograft histology,

Mulley et of, 2025

function and intragraft gene transcripts.




IV IG in post-transplant infections

e Treating Parvovirus B19, Polyoma BK virus and
Cytomegalovirus (CMV).
e Mechanisms:
= Broad-spectrum neutralizing antibodies
against viruses.
= Complement inhibition (I MAC, | C3
convertase activity).
= Anti-inflammatory modulation of immune
responses in infected tissues.
= In BKVN: - Combining immunosuppression
reduction with IVIG therapy showed the most
significant benefit for viral clearance.
e Parvo -B19:- IVIG therapy contains neutralizing
antibodies against HPV-B19. Dose: IVIG 2 g/kg over

2-5 days
Complications of IVIG
Adverse effect Predisposing factors
Flu-like symptoms High dose, rapid infusion rate, accompanying infection, previous adverse effects

Dermatological adverse effects

Arrhythmia and hypotension

High dose, rapid infusion rate, accompanying infection, male patients with chronic
inflammatory demyelinating polyneuropathy

History of heart disease

Transfusion-related acute lung injury Rapid infusion rate

Thrombotic events

Aseptic meningits

Renal impairment

Hemolysis

High dose, rapid infusion rate, advanced age, being bedridden, diabetes mellitus,
hypertension, dyslipidemia, prior/current thrombosis, preexisting atherosclerotic disease,
elevated serum viscosity, oral contraceptive use, hereditary hypercoagulable state, idiopathic

thrombocytopenic purpura
High dose

Rapid infusion rate, advanced age, renal insufficiency, nephrotic syndrome, diabetes mellitus,
dehydration, sepsis paraproteinemia, nephrotoxic drugs, hemolysis, sucrose-containing

preparations

High dose, rapid infusion rate, non-O blood group, underlying inflammatory state
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CONTINUOUS
GLUCOSE
MONITORING



Use of CGM

Indications

e HbAlc unreliable in CKD due to altered RBC
lifespan, ESA/transfusions.
e Glycemic variability and hypoglycemia under-
recognized in dialysis.
e Use CGM when:
¢ Recurrent hypo/hyperglycemia.
¢ Insulin-treated CKD or transplant patients.
¢ Suspected “glycemic blindness” in dialysis.
¢ Research or audit of glycemic trends.

Clinical Goals -

e Identify hidden dysglycemia.
e Optimize insulin/diet/dialysis timing.
e Reduce hypoglycemia and variability

CGM Systems Available in India

CGM Systems Available in India

Device Type Wear Time Alarms Calibration
Professional & Real- Optional (Lib
Freestyle Libre Pro /2 o esspna ca 14 days ptional {Libre None
time 2)
Medtronic Guardian
Connect Real-time 7 days Yes 2/day
Factory-
Dexcom G7 10 days Yes a.c ory
calibrated

Eversense (Implantable) Long-term 90 days Yes Yes


Nithin
Stamp


Procedure, Key Metrics, and

Interpretation

Clinic protocol

e |dentify patient & explain CGM purpose.
e Apply sensor (arm/abdomen); record start

date/time.

e Advise normal diet & activity; note dialysis days.
e Retrieve data after 14 days — generate AGP

(Ambulatory Glucose Profile).

e Review with team — adjust insulin/diet.

Key Metrics
Metric Target Clinical Implication
TIR (70-180 mg/dL) >70% Optimal control
Time<70mg/dL <4% Avoid Hypoglycemia
GV (CV%) <36% Minimize oxidative
stress
GMI - HbAlc equivalent




Benefits and Practical Insights

Advantages Limitations

e Sensor site reactions,
data gaps with
hypotension.

e (Cost and data
interpretation training
needed.

e Accuracy may drop with
fluid overload or poor
perfusion.

e Accurate glycemic
assessment when HbA1lc
unreliable.

e Detects intradialytic and
nocturnal hypoglycemia.

e Enables fine-tuning
insulin, diet, and dialysis
protocols.

e Improves patient safety
and confidence.

CGM bridges the gap le by HbAlcin CKD — a prac cal, data-driven tool to personalize
diabetes care in nephrology prac ce.

Back to Index *



GLP-1
RECEPTOR
AGONISTS IN
NEPHROLOGY
PRACTICE



GLP-1 Receptor Agonists — Overview

*Incretin-based therapy acting via GLP-1 receptor
stimulation
*Proven cardio-renal-metabolic benefits beyond
glycaemic control
*Agents: Liraglutide, Semaglutide, Dulaglutide,

Exenatide, Lixisenatide, Tirzepatide

*Major outcome trials: LEADER, SUSTAIN-6, REWIND,
FLOW (2024), SURPASS series (Tirzepatide)

* Now emerging as 4th pillar in diabetic kidney disease
(DKD) management

Trials in GLP 1 analogues

T2DM and CVD

Liraglutide
LEADER

n=03d]

eGFR > 10"

W Or who
altsiminiiria
Primary MACE3
Secondary: MAKE

T2DM and CKD

Semaglutide
FLOW

n=3508

oGFR 25-75

UACR 100-5000 mafg

T20M and CKD

Semaglutide
SUSTAIN &
n=3297

eGFR: nol on KRT

Sacondary. MAKE

Primary: MAKE, CVD death

Secondary: MACE3

Srinuria

Overweight/obesity and T2DM

Tirzepatide

SURPASS-CVOT (va. dulagiutide)
(2024

=1l
elsFF

T2DM

<. Overweightiobose
with CKD

\

Overweight/obesity and CVD, no DM

Semaglutide

SELECT

n=17609

eGFR 215

UACR ND

BMI = 27.0 and CVD, not DM
Primary; MACE3

Secondary. UACH, MAKE

Tirzepatide

SURMOUNT-MMO (NCTOS556512)
n=15374 (2027}

eGFR ND

UACR ND

BMI 227 .0, CVD o hagh CVD Al no DM
Primary, MACE +

Epcoraary. MAKE

REDEFINE 3
sgriSema, NCTOS6¢

ay: MALCES

orvdlanry . WUAMCE
ey phase 3 RCT with major kidney
or card scular primary oulcomes




Mechanism of Action

T Glucose-dependent insulin secretion

control

! Glucagon secretion
Delayed gastric emptying = improved post prandial

Promotes satiety - weight loss
Renal effects:
1. | Intraglomerular pressure

2. 1 Albuminuria
3. Anti-inflammatory and anti-oxidative actions

Dosing & Titration

Dose Schedule

Liraglutide

Dulaglutide

Semaglutide
(inj.)

Oral
Semaglutide

Exenatide

Lixisenatide

Tirzepatide

0.6 » 1.8 mg SC
daily

0.75 - 1.5 mg SC
weekly

0.25 -1 mg SC
weekly

3 = 14 mg daily
5-10 ug SC BID
10-20 pg SC daily

2.5 - 15 mg SC
weekly (increase
every 4 weeks)

Use with caution in
CKD

Use with caution

Safe in mild-mod
CKD

Avoid if eGFR < 30

Avoid if eGFR < 30

No dose change
needed in CKD



Practical points:

* Not first-line for hyperglycaemia.

* Do not combine with DPP-4 inhibitors.

» Slow titration in patients with diabetic retinopathy
(monitor within 6 months).

Contraindications

o Personal/family history of medullary thyroid
carcinoma

« MEN 2A/2Bsyndromes

* Prior pancreatitis

 Severe gastrointestinal disease (gastroparesis,
obstruction)

* Renal impairment:

» Exenatide, Lixisenatide contraindicated if eGFR <30
ml/min

» Liraglutide, Dulaglutide, Semaglutide, Tirzepatide-
use with caution

Adverse Effects & Use in Transplant

Adverse Effects

* Nausea, vomiting, diarrhea, constipation
 Tachycardia, mild injection-site reactions- Usually
transient; improve with gradual up-titration

Use in Transplant Recipients

» Useful in post-transplant diabetes and obesity
 May lower insulin requirement and body weight



* No known direct nephrotoxicity

« Monitor tacrolimus/cyclosporine levels if Gl absorption
issues occur

Take-Home Message

* GLP-1 RAs and Tirzepatide target multiple pathways:
glycaemic, renal, cardiovascular, metabolic

 4th pillar of DKD management alongside RAAS
blockade, SGLT2 inhibitors, and MRAs

» Adverse effects manageable with slow titration and
patient education

« Cost and access remain major limitations for routine
nephrology practice

Back to Index *



TYPE IV
RENAL TUBULAR
ACIDOSIS



Overview: Type IV RTA

e Most common form of RTA

e Normal anion gap metabolic acidosis with
hyperkalemia.

e Urine pH < 5.5, mild renal insufficiency = Impaired
ammonia synthesis - | NHa* excretion — Positive
UAG.

e Tubular disorder (Chronic tubulointerstitial
disease).

e New term: Hyperkalemic RTA / Tubular
Hyperkalemia

Etiology
Chronic Tubulointerstitial Causes

e Analgesic nephropathy
Obstructive nephropathy
Sickle cell nephropathy
Lead nephropathy
Diabetes mellitus

~50% of Type IV RTA occurs in diabetic patients
Other Associations

* Chronic kidney disease
* Primary adrenal insufficiency

Genetic causes:

« Congenital hypoaldosteronism (21-hydroxylase
deficiency)

* Pseudo hypoaldosteronism type 2 (Gordon’s
syndrome)



Pathophysiology

 Hyporeninemic hypoaldosteronism (commonest
mechanism)

* | Renin and/or aldosterone - | distal Na*
reabsorption - | K+ and H* secretion

o | Cortical collecting tubule responsiveness

 Impaired NHa4* synthesis —» | acid excretion

* Result: Hyperkalemia + normal anion gap
metabolic acidosis.

Urine Indices

e Urine Anion Gap (UAG):

« (UNa* + UK*)-UCI-

« Normal: =50 to —20 mEq/L

e Indirect measure of urinary NHa* excretion
« GI HCOs~loss » T NHa* -» UAG negative

e RTA -» | NHa* - UAG positive

» Transtubular K+ Gradient (TTKG):

 Low in Type IV RTA (! distal K* secretion)

Drug-Related Causes

ACE inhibitors

ARBs

Mineralocorticoid receptor antagonists (spironolactone, eplerenone)

B-blockers

NSAIDs

Calcineurin inhibitors (cyclosporine, tacrolimus)

[
[
|
Il)irc-:i renin inhibitors
[
I
{

(l leparin & analogues

['I'rimc{huprim. herbal preparations




1.Management
» General Measures
» Stop or reduce offending drugs (NSAIDs, ACEIi/ARB,
MRAs, etc.)
« Manage hyperkalemia: Calcium gluconate, insulin,
newer K+ binders
» Treat hyperglycemia
* Monitor ECG; temporary HD if severe
» Specific Measures
» Fludrocortisone 0.1-0.2 mg/day (selected cases)
1. Watch for HTN, edema, alkalosis
2. Avoid in volume overload or heart failure
« Before RAASI initiation: °
1. Check eGFR, S. Cr, S. K*
2. Review every 2 weeks initially

Type IV RTA is common in diabetics, potentiated by RAAS
blockade, and diagnosed via UAG/TTKG — respond well
to drug withdrawal, K* correction, and cautious
fludrocortisone use

Back to Index %



CYTOMEGALOVIRUS
NEPHROPATHY
IN A TRANSPLANT
SETTING



Overview of Cytomegalovirus (CMV) in
Transplantation

The Pathogen

e Beta -Herpes virus with the largest genome in the
herpes family.

e Double-stranded linear DNA virus that replicates
only in human cells.

Clinical Spectrum

e CMV Syndrome: Viral replication + constitutional
symptoms (fever, malaise, leukopenia) without
tissue invasion.

e Tissue-lnvasive Disease: Evidence of end-organ
damage (e.g., Nephritis, Colitis, Pneumonitis,
Retinitis).

Indirect Effects

e Increased risk of bacterial/fungal infections and
Post-Transplant Lymphoproliferative Disorder
(PTLD).

e Associated with cardiovascular events and new-
onset diabetes.

Epidemiology & Risk Stratification for
CMV Nephritis
Prevalence

e Rare complication: Identified in ~0.2% of kidney
transplant biopsies.

o Typical Onset: 1-7 months post-transplant,



High-Risk Factors

e Serology: Donor Positive / Recipient Negative
(D+/R-) is the highest risk group.
e Immunosuppression:
1. Induction with Antithymocyte Globulin (ATG).
2. Maintenance with Mycophenolate Mofetil
(MMEF).
e Clinical History: Sepsis, neutropenia, and previous
acute rejection episodes.

Diagnosis: The Gold Standard

Laboratory Testing

e PCR (Quantitative NAT): First-line systemic test.
High viral load supports diagnosis but is not
confirmatory for nephritis.

Renal Biopsy (Gold Standard)

e Pathognomonic Feature: "Owl’s eye" intranuclear
and intracytoplasmic viral inclusion bodies.
e Location: Primarily tubular epithelial cells;
occasionally endothelial cells or podocytes.
e Histological Pattern:
1. Patchy lymphoplasmacytic infiltrate with
tubulitis.
2. Cytopathic changes: Enlarged tubular
epithelial cells with enlarged nuclei.
3. Most common lesion: Tubulointerstitial
nephritis



Differential Diagnosis: CMV vs. Acute
Rejection
The Diagnostic Challenge

 CMVtriggers acute cellular rejection (ACR) via HLA
upregulation and innate immune activation.

» Differentiation is critical as treatments are
opposing (reducing IS for CMV vs increasing IS for
Rejection).

Histological Clues

» Favoring CMV Nephritis: Viral inclusions, plasma
cell-rich infiltrate, focal necrosis, patchy
inflammation.

* Favoring Acute Cellular Rejection: Moderate to
severe tubulitis (without inclusions), Endothelitis,
Arteritis (Banff v-lesions).

Co-Infection:

* Polyomavirus (BK Virus) can coexist and may
induce CMV gene expression.

Antiviral Management Strategies
First-Line Therapy

* |V Ganciclovir: 5 mg/kg every 12 hours. Preferred
for severe iliness or high viral loads.

» Oral Valganciclovir: Equally effective as IV
ganciclovir for solid organ transplants; well-
tolerated.



Second-Line / Alternative Agents

» Foscarnet: For resistant strains; highly nephrotoxic
(requires hydration).

« Maribavir: Oral agent inhibiting UL97; no kidney
toxicity.

» Cidofovir: Nephrotoxic; usually last-line.

Duration of Therapy

» Treat until symptoms resolve AND two consecutive
PCRs (1 week apart) are undetectable.
o Typical minimum duration: 21 days

Immunosuppression & Drug Resistance

Modifying Immunosuppression

« Strategy: Stop or reduce antimetabolites
(Mycophenolate) depending on severity/drug
levels.

« mMTOR Inhibitors: Switching to mTORs (e.q.,
everolimus) reduces CMV incidence due to
improved T-cell functionality.

Genotypic Resistance Testing

* Indications: Persistent viremia >2 weeks despite
therapy, rising viral load, or breakthrough disease
on prophylaxis.

» Resistance Profiles:

1. UL97Mutation: Ganciclovir resistance
—-Switch to Foscarnet or Maribavir.

2. UL54Mutation: DNA Polymerase mutation;
may confer multi-drug resistance »Foscarnet
or combination therapy.



Summarising..

 CMV nephritis is a rare but significant complication,
with profound implications on allograft function and
outcomes

 CMV nephritis can coexist with rejection/ other viral
infections and can be a diagnostic dilemma

« Early identification and treatment is imperative in
ensuring graft survival

Back to Index *



NEW
POTASSIUM
BINDER



Sodium Zirconium cyclosilicate (SZC)

Crystal Structure

Average Binding-Site
Width: 3 A

o oxygen atom; 5 silicon atom; SZC = sodium zirconium cyclosilicate; Zr Zirconiuwm atom.

Stavros F et al. PloS One. 2014:9:¢1 14686.

e Inorganic crystalline potassium binder; not a
polymer.

e Exchanges H+ and Na+ for K+

e Highly selective for K+; binding site width and K+
ionic diameter are similar.

e Insoluble, highly stable, and does not expand in
water.

e Not systemically absorbed



Traditional Potassium
Binder

Calcium polystyrene sulfonate
(CPS)

MNonspecific calcium cation-

Novel Potassium Binder | Novel Potassium Binder

Sodium zirconium cyclosilicate Patiromer
(SZC)w

Selective potassium binding in Potassium binding in exchange for

Mechanism o exchange for sodium and -
exchange resin hydrogen’ calcium
Onset Action linz' gz:#:ia‘wed for 1 hour® 7 hours
10 g orally 3 times daily fora
15 g orally 3 to 4 times daily® maximum of 72 hours (starting
Dosing dosajth 8.4gm QD, titrate upto 16.8gm or
30 g given as retention enema 5 g orally once daily 25.2gm
once daily® (recommended starting
maintenance dose)?
Treatment of HEK associated with Treatment of HK in adults; there is
[nclication anuria or severe oliguria and limited experience in patients with Treatment of HK in adults and
treatment of HK in patients serum K* levels greater than 6.5 paediatrics
requiring dialysis> mmol/L#
Location Colan* Entire intestinal tract? Colon

Adverse events

Drug Interactions

Cases of intestinal necrosis, which
may be fatal, and other serious Gl
adverse avents have been
reported®

Antacids, laxatives, digitalis,
sorbitol, lithium, levothyroxine®
Administer at least 3 hours before
or 3 hours after other oral
medications®

Hypokalaemia and cedema-related

Hypomagnesemia, Gl adverse
avants? aff

ects

Administer at least 2 hours before
or 2 hours after oral medications
with clinically meaningful gastric

pH-dependent bioavailability®

None

GG s PO apprved proe i tha Kaliyar-Hams Daig Arandmants in 162, which requinnd daig mamniaesenrs 1o ficin slectvenass of Bar produdt '
¥ Thia medicinal prodoct m subject 1o B tonal mondnnrg. This wil allow quick dentficaton of new saity iomston. Meatfcar peolnstionals are asaed 1o repon oy suspected ovora mactions. See
s

mactinn 4 8 ol P SmPO for hiw 5 regont adverse roactene * s differs faf palinnls sn hasenadisyes- mise & SmPC o s el

i sbitte rtes

Hyperkalaemia associated with use of RAAS inhibitors can often be
managed by measures to reduce the serum potassium levels rather

than decreasing the dose or stopping RAAS inhibitors

[ Initiate ACE inhibitor or ARB

]

> potassium
l (within 2—4 weeks after starting or I
* _rhangiﬁ;. dnse] 3
Normokalaemia Hyperkalaemia [ >30% decrease in eGFR ]
]

| <30% decrease ineGFR |

¥

or continue on maximum

Increase dose of ACE inhibitor or

* Review concurrent drugs
* Moderate potassium intake
ARB, * Consider:

- Diuretics

- Sodium bicarbonate
- Potassium binders

tolerated dose

F

* Review causes of AKI
* Correct volume depletion
* Reassess concomitant
medications
(e.g. diuretics, NSAIDs)
+ Consider renal artery stenosis
3

Reduce dose or stop ACE inhibitor or ARB as last resort

Mota: ACE inhibiter of ARS ahould enly be reducad of slepped aflar massires sullinad abiove hive fadlod
ACE, angiolense-convering anzyme, AKI, acuba kidoay injury, ARB, angiolensin recepior blocker, CKD, chioe kidney dseass; sGFR, asteated glomarular

ivaten rate,

KDIGO, Kagnoy Disease: Improving Gisbal Outcomes, NSAID, nen-siendal and-nfiernmatory diug,

FAAS, tenin-angebansn-aldasioronn sysiem, T20, Typa 2 dubales
Widrery Desese. iigroying Dol Dulcomes. 2024 Guidalini



HARMONIZE Trial

N=237 patients

Treatment Arm

Patients with persistent hyperkalemia entered a 48-hour open-label run-in during
which they received Saodium Zirconium Cyclosilicate 10g 3 times daily

K >5.1
69% had CKD
= 70% per taking RAASI

* documented hyperkalemia that led to D/C of RAASI or beta-blocker within 6 months.

Results: Sodium Zirconium Cyclosilicate is safe and efficacious in the
treatment of asymptomatic hyperkalemia. A dose-dependent relationship was

_’ observed, with higher doses achieving greater normalization of hyperkalemia,
but with a greater propensity for side effects including hypokalemia.

The recent Delphi consensus resulted in the following

recommendations regarding Hyperkalemia

L
“ Hyperkalaemia should be
recognised as a predictable.
treatable and manageable side
effect of optimal HF / CKD
therapy in people with a history
or at high risk
for hyperkalaemia

RAASI use should not be
de-escalated or
discontinued due

to hyperkalaemia unless
alternative measures of
hyperkalaemia

optimised
Novel potassium binders
should be

the preferred agent to manage
hyperkalaemia and should be

U
For high-risk individuals that ”

are currently not

hyperkalaemic, a thorough

history is critical to inform
revemalw& measures

i
| Closer cross-specialty Q

| collaboration would help
optimise outcomes for
individuals with cardiorenal
disease. Clinical teams should
be encouraged and supported
. to identify suitable methods to
' achieve this within their

care setfing

)
Consistent treatment approach ™ *
should be the goal of new and
updated guidelines that support

used people with cardiorenal disease,
to enable and maintain and cross-specialty support
optimised should be sought for these to
RAASI therapy ensure aligned clinical practice
CED, chrome kidmey diseaye; HF, Dol Tidure, RAAS], semin-angolensin-aldouerone syste i inhilbiog

Burton JO, et al. v Mears Falf 202208 AGT-147 7
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POST
TRANSPLANT
DIABETES
MELLITUS
[PTDM]



Introduction

 15-20% of non-diabetic kidney transplant recipients
develop PTDM by 6 months.

e PTDM - Includes all post-transplant diabetes first
recognised after transplant regardless of prediabetic pre
transplant, but excludes transient post-transplant
hyperglycemia in 1st 6-week post-transplant.

* HbAlc should not be used for 3-month post Tx (False
low HDbAlc levels due to anaemia (erythropoietin
treatment or blood cell transfusions).

* Fasting glucose has a low sensitivity for diagnosing
PTDM.

* OGTT is considered gold standard for diagnosis of
PTDM and for screening preTx (2024 international
consensus).

Time posttransplantation (days)*

Day 0-45 Day 46-365 > 365 days
ROUTINE BLOOD TESTS SCREENING TESTS SCREENING TESTS
Presence of hyperglycemia 1. OGTT! . OGTT
(Do not diagnose as PTDM) 2. Fasting/random glucose 2. AlC?
3. AlIC?3 3. Fastingrandom ghucose
Management of posttransplantation Management of
hyperglycemia Posttransplantation Diabetes Mellitus (PTDM)
+ Day 0-7: insulin + Lifestyle modification
* Day 8-45: insulin. oral anti- * Oral anti-hyperglycemic agents*
hyperglycemic agents + Insulin

Pham PT , Sindhu HS et al. PTDM after SOT 2019



Risk Factors

Non-modifiable Yol

African American,
Hispanic

Age > 45 years

Male recipient

Family history of
diabetes mellitus
Human Leukocyte
Antigen (HLA)
mismatches

HLA A30, B27. B42
Acute rejection history
Deceased donor

Male donor

Genetic polymorphism
[e.g. TCFTL2 variant
(1s7903146). PPAR-a
variant (rs4253728),

Hepatitis C virus!
Cytomegalovirus®
Pretransplant IGT/IFG
Proteinuria
Hypomagnesemia®

je | Modifiable?

Obesity

{(body mass index > 30)
LDL cholesterol
Steroids, tacrolimus.
cyclosporine. sirolimus
Vitamin D deficiency

End-organ specific
diagnosis

End stage kidney disease
due to polycystic kidney
disease

End stage liver disease
due to HCV infection or
non-alcoholic
steatohepatitis (NASH)®

End stage lung disease
due to cystic fibrosis

Pham PT, Sindhu HS et al. PTDM after SOT 2019

Trials/meta analysis
* 2004 meta-analysis showed PTDM in 9.8% with tac vs

CsA (DIRECT study).

* In ELITE study at one-year higher rates of PTDM in low
dose tacrolimus (8.4%) compared to std. dose of CSA

(6%), low dose CSA (4.2 %) and low dose sirolimus.

* Recent meta-analysis of 56 randomized controlled
trials demonstrated less PTDM and better overall graft
survival with CNI minimisation strategies using new

agents such as Belatacept or Tofacitinib



Immunosuppressants -PTDM

Cyclosporine vs tacrolimus
* Tacrolimus 2-3 times more diabetogenic.

* Marked beta cell toxicity, calcineurin inhibition, insulin
hyposecretion.

* Trough level > 15 ng/ml first month high risk for PTDM.

* PTDM incidence with CNIs: 10-25% in 36 months post-
transplant.

Prednisone

* >10mg/day dose -- 1.8-fold increased risk (increases
with further increase in dose).

e 5 percent per 0.01 mg/kg per day increase in
prednisolone dose - PTDM risk increases.

Adjusting Immunosupression

Steroids
» Steroid minimisation as early as possible.

* Prednisolone dose reduction to 5 mg at one year (PTDM
from 55 to 34%). * Few studies have found that there is
no significant difference between 5mg prednisolone
compared to complete steroid withdrawal at 5 years
posttransplant (CSWD 22.5% vs. CCS 21.5%).

* No controlled data on the effect of late withdrawal of
low dose steroids in patients with established PTDM.
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CNI

* Dose reduction without increasing risk for rejection.

* Change from tacro to Cyclosporin for PTDM is not
recommended

» Effect of tacrolimus on glucose may be reversible even
if agent is not discontinued

* Conversion to sirolimus may worsen insulin resistance,
not recommended.

Newer onset diabetes after transplantation, 2003 International consensus guidelines

Glucose-lowering treatment in KTRs:
suggested algorithm

Glucose-Lowering Treatment
| postoperatne ypergycemia | ovpatient Hypergiycemia |
> Personalize glucose-
Insulin - 1 i bt
[NPH +/- short acting insulin) ¥
Daily glucose measurements:
afternoon/evening for detection . A _
of maximal hyperglycemia | General recommendation Metformin® / SGLT2I* / GLP-1RA® [ DPPA) |
fasting/noon for safety ] 4
>+ " +lnsulin
DPPai 1 B2 . ' |
{currently no studies for other O et e %§ lSGLT.’.l v nm{1[ )
glucose-lowering agents, T E ' :
although potentially possible) - 5 - —
_ mm,cur established i‘ BT S
= i3
| 58
Persistent hyperghycermia and Instability (graft function, T
stable immunosuppressive T ownlicondtion) ||| Insulin / (DPP4)

*Standard "sick day’ rules apply: advise patients to temporarily stop therapy in acute intercurrent iliness until medical consult

Nephrol Dial Transplont, Volume 39, Issue 3, March 2024, Pages 531-549.
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ONCE DAILY
TACROLIMUS



Introduction

*Once daily tacrolimus is designed to deliver the same
24-hour immunosuppressive effect with OD dosing and
more stable exposure — but conversion requires brand-
specific knowledge and close therapeutic drug
monitoring.

*The pharmacokinetic differences between the two
formulations come from the difference in excipients.

*Replacing croscarmellose by ethyl cellulose slows down
the diffusion rate of tacrolimus, leading to a prolonged
release.

*Tacrolimus OD compared to BD provides - lower intra
patient variability, improved compliance, similar rates of
patient survival, graft survival, renal function, and
adverse effects.

Mechanism of action of CNis

Antigen- }l
Activation of the presenting Cell-mediated ] -2
T-cell receptor 1 nmwatmn of L immune response | receptor
results in increas att bieu rin,
intracellular Ca?+ aCa*"-dependent
phusphatase ‘ Hefease
_________ I L ] of IL-2
| || gBelatacept |
IL-; 2 u\- IL-2
—\\ g I/ -1 T-cell co8 u 399
Caz2+ receptor . P
= I As a result of ;
==l . dephosphorylation
TCELL H - by calcineurin
= iy, i e NFAT moves from

Cyclopltiﬂn -+ the cytoplasm to |
@ the nucleus
P- ., 729
[ | 7® $0g 3
5 & ¢

FK-binding
proteins

CYTOPLASM E——— —‘-l—' = —V% — _/__"“_2._-: S

MNFAT associates
with other nuclear é e Ll
G A Wk

i

components, leading
to activation of genes | IL-2 gene
encoding cytokines

NUCLEUS

RS A Wi
\' IL-2 mRNA

IL-2 mRNA




Targets of Select Imnmunosuppressants

Basingmab

T-cell recaplor
IL-2 receptor
Azathioprine
Helper T-cell = = Tacrofimus
- )
: FKBP Sirolimus
E Camneunn/ R F— P

NFAT-P NFAT

B-MP
Mycophenolat
ks =
X pPRP
amidotransferase
Corticosteroids IMPDH
s 1
Inflammatory NFeB NFAT A s"lmm
DO i
= © Lineage

Pharmacokinetics of Tacrolimus

*The rate of absorption of tacrolimus is variable with
peak blood or plasma concentrations being reached in
0.5 to 1 hours; approximately 25% of the oral dose is
bioavailable.

*Tacrolimus is extensively bound to red blood cells, with
a mean blood to plasma ratio of about 15; albumin and
al-acid glycoprotein appear to primarily bind tacrolimus
in plasma.

 Tacrolimus is completely metabolised prior to elimination.
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*The mean disposition half-life is 12 hours and the total
body clearance based on blood concentration is
approximately 0.06 L/h/kg.

*The elimination of tacrolimus is decreased in the
presence of liver impairment and in the presence of
several drugs.

TACROLIMUS METABOLISM IN TRANSPLANTATION

¢ [tis a potent immunosuppressant for solid organ transplantation
-} = Prevents organ rejection by inhibiting calcineurin
“~“ s Challenge: Narrow therapeutic window + high variability —= Requires individualized dosing

'ABSORPTION DISTRIBUTION METABOLISM ELIMINATION
Oral bioavailability: ~25%  Highly bound to CYP3A isoenzymes in 95% Biliary elimination
(range 5-93%) erythrocytes & plasma liver & intestine
Absorbed mainly in proteins (~99%) 2.4% Urinary elimination
duodenum & jejunum CYP3A4: Major
Poor water solubility Crosses placenta, enzyme in adults, high
Presystemic present in breast milk variability e )
metabolism: CYP3A4/ = W e
CYP3AS5 in intestinal wall L CYP3AS5: Polymorphic; {
+ P-glycoprotein efflux J expressers need / A
L, higher doses L ]
- (i if’-” g
0 _
=
INTRINSIC FACTORS EXTRINSIC FACTORS
Genetics: CYP3A5*1 T  Race: African Americans — Drug interactions: Food: Fatty meals — |
clearance T drug need CYP3A/P-gp absorption
Age: Kids need 2-4x Liver: Dysfunction - 1 Gl issues: Diarrhea—» T  Steroids: High dose —» 1
dose clearance absorption metabolism
Staatz CE, Tett SE. Clinical pharmacokinetics and pharmacodynamics of tacrolimus in solid organ pl ion. Chin PH okinet @roxnonna23

2004;43(10):623-653, doi:10.2165/00003088-200443100-00001



Issues with CN1s

Tacrolimus

Cyclosporin

* Alopecia

Hirsutism

* Neurotoxicity

Gingival Hyperplasia + Pancreatic islet cell
toxicity leading to

glucose in tolerance

o  GI disturbance

Hypercholesterolemia

CNI Nephrotoxicity

¥ [)
Prostaglandins | 5
flarle !?'Fldn__;i

Acute CNI nephrotoxicity

Glomerulli

Chronic CNI nephrotoxicity

Glormerulli Artericies Tubulo-interstitium

Cyclosporiné - tacrolimus




Genes and Tacrolimus dosing
1) CYP3A5 —primary determinant

* Enzyme: metabolizes tacrolimus in liver & intestine
* Variants:

- CYP3A5*1 (expressor) — fast metabolism -
needs higher doses

- *CYP3A5*3, 6, 7 (non-expressor) — slow
metabolism -

standard / lower doses

« Common in many Asian and African populations; less
common in

Europeans.

* Clinical impact: CYP3A5 expressors often need
~1.5-2% higher starting

dose (but always titrate to trough levels).
2) CYP3A4 —secondary contributor

* Also metabolizes tacrolimus, especially when CYP3A5
is absent.

* Variants:
- CYP3A4*22— | activity —» T tacrolimus levels

-CYP3A4*1G (common in Asians) » may 1
clearance in some studies



3) ABCB1 (MDR1 / P-glycoprotein)
» Affects absorption (gut) and distribution (Kidney,
Brain).

* Polymorphisms (like 3435C>T, 2677G>T/A) may
modestly influence dose needs and nephrotoxicity,
but findings are inconsistent.

4) POR (P450 oxidoreductase)

» Transfers electrons to CYP3A enzymes - influences
activity.
* Some variants modify tacrolimus dose requirements

(often subtle).
5) PXR (NR1l2 — Pregnane X Receptor)
* Regulates CYP3A4/5 expression.

* Variants can change induction response (e.g.,
Rifampicin, Phenytoin).
6) CAR (NR1I3 — Constitutive Androstane Receptor)

* Another regulator of CYP3A expression and induction
Tacrolimus — BID —» OD Conversion

Formulation Conversion Rules

Prograf® / Advagraf® = Envarsus® XR
(0oD)

Prograf® (IR, BID) = Advagraf® (OD)

= 1:1 total daily dose
* Monitor troughs and adjust
» Keep timing consistent vs meals

= Start ~70% of total daily dose
* Higher bioavailability
* Recheck levels within 3—5 days

*Dose to target trough + clinical context (do not rely
on trough alone).



*CYP3A5 expressers may need higher OD doses.

* Avoid unsupervised formulation switching.

* Consider AUC in unstable/high-risk patients.

Release Fast

Absorption site Proximal small

bowel
CYP3A exposure High
Bioavailability Variable
Dose change
Technology Conventional
capsule, rapid
dissolution
Absorbed

mainly in the
proximal small
intestine

Slow

Proximal = mid

Moderate-high

Similar to IR

~1:1

Extended-release
granules inside the
capsule

Slower dissolution =
prolonged absorption
along intestine

Very slow, distal
Distal intestine
Lower

‘M Higher

Jr ~30%

LCPT / MeltDose

Tacrolimus is micronized and
dispersed on carriers =
dramatically increases surface
area

Releases distally in the intestine
(where there is less CYP3A)
Slower, more controlled
absorption
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