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66 y/o male Dx: PR 22
» 1. Unstable angina with IHD, CHF, CAD
» 2. HTN & HCVD

» 3. Hyperlipidemia

Clopidogrel * Propranolol
Crestor, Ezetrol

v v V

Duodart (Dutasteride & Tamsulosin) ,

» 4. CKD, proteinuria Fronil (Imipramine)

> 5 BPW » Famotidine

» Erispan-S (Fludiazepam
» 6. Anxiety disorder P ( pam)

_ _ » Benzbromarone

» 7. Gout Hx & hyperuricemia - -

» B FORFLOW* 400mg(pentoxifylline)
> 8.GU Hx . » Canaglu (Canagliflozin) 100mg 1# QD/
2021/04 Creatinine 1.3 (eGFR 55.2), » Aprovel (Irbesartan)150mg 1# BID

Potassium 5.6
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» 2. Hbalc 5.3 - glucose ac 103 - EE 5 Canaglu Tablets 100mg
(SGLT2 |nh|b|torfor renal protection) - FBZ£18528PF2kg - Scr
%£1.6 (eGFR<45) - =A&[E ?’E_Zél 3
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Drug-induced Nephrotoxicity
Structure, MOA,

dose, metabolism,
Zon | excretory
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Comorbidity, /

genetic Filtration, tubular
determinants of secretion /
drug PK \ ' 4
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» Administration of nephr~ 0“ T\ B = HEEY))
» Urinary tract ob<” 6 %t WS EEES

» Decreased renal perfusion (&’ C\G
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Analgesics
NSAIDs
Selective COX-2 inhibitors
Phenacetin
Analgesic combinations
Immunosuppressives
Calcineurin inhibitors
Sirolimus, everolimus

Other
ACE inhibitors/ARBs/renin_inhibitors
SGLT-2 inhibitors (canagloflozin, dapagliflozin)
Methoxyflurane
Sucrose (1VI1gexcipient), hydroxyethyl starch, mannitol, dextran
Pamidronate, Zolendronate

Topiramate, Zonisamide
Orlistat

Statins

Mesalamine

Clin J Am Soc Nephrol 13: 1897-1908, 2018



Table 1. Nephrotoxic drugs and intoxicants

Therapeutic medications
Antimicrobial
Aminoglycosides
Antiviral agents
Amphotericin B
Colistin
Polymixin B
Sulfadiazine
Quinolones
Vancomycin
Chemotherapy
Platins
Ifosfamide
Mitomycin
Gemcitabine
Methotrexate
Pentostatin
Interleukin-2 (high dose)

Antianoinopriiecic aopnta

1897-1908, 2018



Alternative/health products
Herbal remedies
Aristolochic acid E 58
Ephedra sp. i
Glycyrrhiza sp. HE
Datura sp. EPpiE
Taxus celebica FEHALGH
Uno degatta (B E L
Cape aloes HEAES
Adulterants
Mefenamic acid
Dichromate
Cadmium
Phenylbutazone
Melamine

iagnostic agents
Radiocontrast
High osmolar
Low osmolar
I[so-osmolar
Other agents
Gadolinium (in high dose)
Oral NaP solution (colonoscopy prep)

Clin JJAm Soc Nephrol 13:
1897-1908, 2018



=M BB S (Acute Renal Injury)

» Prerenal azotemia

» Intrarenal toxicity
» Vascular injury
» Interstitial injury
» Glomerular injury

» Postrenal injury

Capsule
Interlobar artery &

Medulla

Arcuate artery Pyramid
Renal artery \§

il Medullary
il ray

Renal vein [ column

Renal pelvis i~ Cortex
Fat in renal sinus Major calyx
Ureter Minor

calyx

- - gl Renal  pegulialf |

allL Cortical
nephron

L Juxtamedullary
nephron
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Cortex. Image by Lecturio.




PRERENAL AZOTEMIA (B gi % [MYE)

Decreased Renal Perfusion

» Diuretics v STFEYIER

» Vasodilators: ACEI/ARB v 2 R /
» NSAID/COX inhibitor v REkemomnk: &t - 88

» cyclosporine v MEABEAR: L#EL N~
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3. NSAIDs constrict blood .
flow into the glomerulus Afferent arteriole

via the afferent arteriole VCISOCI”CITOI’Y PG
and reduce GFR

NSAID: AEk/)\&f ik X 4 N
ACEI £ 3k/\& ixiEsR \ )
Diuretics: f2/ @8 E \ \
A
\ —

\
L . N
1. ACE inhibitor dilates ‘ ‘
the efferent arteriole, Z

and reduces GFR 2. Diuretics reduce

Efferent arteriole plasma volume

.

W

AN

d GFR
Vasoconstrictor Ang i =
The ‘triple whammy’ effect to reduce

glomerular filtration rate.



SGLT2 + ACEI/ARB
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INTRARENAL TOXICITY (BN Z=1H)

»Vascular injury (IE 4 EE)

» Tubular injury (B/NEEE) /
» Interstitial injury (BEEEES)
»Glomerular injury (B#IKEZE) /




TUBULAR INJURY

» Aminoglycosides, quinolones, amphotericin B

» cisplatin, foscarnet, zoledronate

» radiocontrast media /
» cidofovir, adefovir, tenofovir, /
» mannitol, dextran, hydroxyethylstarch



Intrinsic renal injury
(Immune-mediated interstitial inflammation)

» penicillin, cephalosporins
» rifampin, ciprofloxacin, clarithromycin

» sulfonamides /
» phenytoin, allopurinol
» pantoprazole, omeprazole

» atazanavir



Intrinsic renal injury
(vascular effects: thrombotic
microangiopathy)

Intrinsic renal injury (vascular
effects: cholesterol emboli)

Intrinsic renal injury (tubular
toxicity)

Intrinsic renal injury
(rhabdomyolysis)

Intrinsic renal injury (severe
hemolysis)

Intrinsic renal injury
(immune-mediated interstitial
inflammation)

Intrinsic renal injury
(glomerulopathy)

Ciclosporin, tacrolimus, mitomycin C,
conjugated estrogens, quinine,
5-fluorouracil, ticlopidine, clopidogrel,
interferon, valaciclovir, gemcitabine,
bleomycin

Heparin, warfarin, streptokinase

Aminoglycosides, radiocontrast media,
cisplatin, nedaplatin, methoxyflurane,
outdated tetracycline, amphotericin B,
cephaloridine, streptozocin, tacrolimus,
carbamazepine, mithramycin, quinolones,
foscarnet, pentamidine, intravenous
gammaglobulin, fosfamide, zoledronate,
cidofovir, adefovir, tenofovir, mannitol,
dextran, hydroxyethylstarch

Lovastatin, ethanol, codeine, barbiturates,
diazepam

Quinine, quinidine, sulfonamides,
hydralazine, triamterene, nitrofurantoin,
mephenytoin

Penicillin, methicillin ampicillin, rifampin,
sulfonamides, thiazides, cimetidine,
phenytoin, allopurinol, cephalosporins,
cytosine arabinoside, furosemide,
interferon, NSAIDs, ciprofloxacin,
clarithromycin, telithromycin, rofecoxib,
pantoprazole, omeprazole, atazanavir

Gold, penicillamine, captopril, NSAIDs,
lithium, mefenamate, fenoprofen, mercury,
interferon-a, pamidronate, fenclofenac,
tolmetin, foscarnet

Fever, microangiopathic,
hemolytic anemia,
thrombocytopenia

Fever, microangiopathic,
hemolytic anemia,
thrombocytopenia

FENa >2%, UOsm <350,
urinary sediment with granular
casts, tubular epithelial cells

Elevated CPK, ATN urine
sediment

High LDH, decreased
hemoglobin

Fever, rash, eosinophilia, urine
sediment showing pyuria,
white cell casts,
eosinophiluria

Edema, moderate to severe
proteinuria, red blood cells,
red blood cell casts possible

Discontinue medication,
supportive care,
plasmapheresis if indicated

Discontinue medication,
supportive care,
plasmapheresis if indicated

Drug discontinuation,
supportive care

Drug discontinuation,
supportive care

Drug discontinuation,
supportive care

Discontinue medication,
supportive care

Discontinue medication,
supportive care

Va

Drug-associated renal dysfunction and injury Nature Clinical Practice Nephrology volume 2, pages80-91(2006)



Vascular injury

Tubular injury

Interstitial injury

Glomerular injury

Cyclosporine,
tarcolimus

Aminoglocosides,
radiocontrast media
zoledronate
adefovir, tenofovir

Penicillin,
cephalosporines,
sulfonamides, thiazide,
cimetidine, phenytoin,
allopurinol, NSAID,
ciprofloxacin, PPI

Captopril, NSAID,
lithium, pamidronate

Discontinue medication,
supportive care

AR N



POSTRENAL INJURY (B Z[HEMEZE

» Intratubular obstruction: renal colic with flank pain
Acyclovir, ganciclovir, methotrexate, sulfanilamide,

iIndinavir, foscarnet /
» Ureteral obstruction: hydronephrosis
Methysergide, ergotamine, dihydroergotamine,

methyldopa, hydralazine, atenolol




HE RSB S (Chronic use)

Al

» Analgestics: NSAID, acetaminophen
» Calcineurin inhibitors
» Lithium: nephrogenic diabetes insipidus
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EBCRTTHAR"GESE (2020 #ELTH G AL £ 3)

Drug Incidence LOE Drug Incidence LOE
5-Aminosalicylic acid- C NSAID 1-7% A
ACEi and ARB 6-38% B Phenytoin - C
Allopurinol - B PPI - C
Cyclosporine 25-38% A Propylthiouracil - C
Furosemide 14% B Radiocontrast

. 0-81% A
H2-receptor ] c Mmedia
antagonist Tacrolimus - A
Hydralazine - C Thiazide diuretic - C
Lithium 11.6-15% B Topiramate 1-3% A
Loop diuretic - C Valproic acid - C
Methotrexate 19% A Zonisamide 1.9-4% B

(>500 mg/m2)




Drug

Incidence

LOE

Ampicillin

Beta-lactam antibiotic

Ciprofloxacin

Erythromycin

Rifampin

Sulfamethoxazole + Trimethoprim

11-22%

Sulfadiazine

29%

Acyclovir

Valacyclovir

OO0OWomowmOOO0O0n

N\

Valganciclovir

Tenofovir

12%

Atazanavir

Indinavir

12-21%

J>J>J>Q
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HERPES ZOSTER/VARICELLA

NN

From IBM Micromedex ®

Acyclovir (po) Valacyclovir Famciclovir
CrCL Dose CrCl Dose CrCL Dose
> 25 800 mg g4h >=50 1 g gq8h >60 500 mg g8h
(5 times dailly) | 557529 11 g q12h 4010 59 500 mg q12h
10to 25 800 mg q8h
10to 29 |1 24h 20to 39 500 mg g24h
0fo 10 800 mg qi2h © 99 24
<10 500 mg q24h |<20 250 mg q24h
HD 250 mg following
each dialysis
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_ephrotoxicity

» Competition with creatinine
for tubular secretion
v trimethoprim
v cimetidine

Drug-associated renal dysfunction and injury
Nature Clinical Practice Nephrology volume 2, pages80-91(2006)

Box 1 Drugs that cause pseudo-elevation of
blood urea nitrogen and creatinine.

Competitive tubular secretion of creatinine
Trimethoprim

= Cimetidine

- Probenecid

= Triamterene

= Amiloride

=  Spironolactone

Interference with laboratory determination
of creatinine

= Ascorbic acid

= Cephalosporins (cefoxitin and cephalothin)
=  Flucytosine

- Levodopa

= Methyldopa

Hypercatabolic effect
=  Steroids
= Tetracycline
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t | AKI B #3: AKI & &4 11023
Post H ¥4 R o Ser fa 5w gor fd o a i [ 12 13 [
AKI | YY/MM/DD RRT
N 0 RAS inhibitor off4e#] k& oH &
TR oh A B o0#a % %|(14 R ) oNSAID oAcyclovir oCyclosporin  oLithium oProtease
% B &7 AKI 3% | inhibitor (Atazanavir ~ Indinavir) oSulfamethoxazole-trimethoprim oTacrolimus
p

O Tenofovir

oValaciclovir

oValganciclovir
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Afatinib, Dasatinib, Erlotinib
Amiodarone, Dronedarone
Deferasirox, Deferoxamine
Dexlansoprazole
Exenatide, Liraglutide
Fenofibrate
Isoniazid/Rifampin
Memantine

Paroxetine

Pravastatin, Rosuvastatin
Rivastigmine

Sitagliptin, Saxagliptin
Sirolimus

Tretinoin

Diltiazem, Verapamil
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HIVEAR R ZBEE %Y

e Tenofovir disoproxil fumarate (TDF) —A newer prodrug,
tenofovir alafenamide (TAF)

e Protease inhibitors — Indinavir and atazanavir: crystalluria,
nephrolithiasis, and AKI. (alternative: darunavir)

e Other antiviral agents — Acyclovir, foscarnet, and cidofovir are
drugs used to treat HSV or CMV Iinfection.

‘N

e Anti-Pneumocystis drugs — Trimethoprim-sulfamethoxazole:
Interstitial nephritis
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AE ST 3 | HEHG S T 2

» Contrast-associated AKI (CA-AKI)

» Contrast-induced AKI (CI-AKI)=contrast-induced nephropathy
(CIN)

> Scrie AH T — KRR EZEDESH - K&/ ~ 10 XE2IEE
> SEMiREF - BBERTE20%

EiakE+: B8 KE(eGFR<60mI/m|m) - EBRE  BERAE
RER - alERIEMER - EME0RIB - FEELIRBREESR

3T 3

BEX >1.5 18 baseline

)4]\

BARCHI24 ~ 48/\RFAA - ScrE7120.3 mg/dL / 0.5 mg/dL 825% / 7 KA L



Y ERL]: MEERE
Contrast-Induced Acute Kid ney Injury (CI-AKI)
» Use nonionic low-osmolal agents. FFEE F €25 R
» = B 25w A (At-risk patients)BREXFEFL1E T eGFR <60

mL/min/1.73 m2, proteinuria, diabetes, heart failure, liver
failure, or multiple myeloma.

v Avoid volume depletion and NSAIDs.

v Isotonic saline hydration

v ? bicarbonate/acetylcysteine/mannitol or other di

etics

Prevention of contrast-induced acute kidney injury associated with angiography



M T B RS2 WhgiwHE(CT)

> = JE P A B BN TR RS fE I
- Stable eGFR <30 mL/min/1.73 mZ and not on dialysis.

- Ongoing episode of AKL /
v'intravenous fluid administration/oral hydration
v'Use low- or iso-osmolar contrast agents. /
v'Metformin ~ JENZERBREESHZY) - 1FR48/)M\

- 2B IR E R BEMER

Prevention of contrast-induced acute kidney injury associated with computed tomography
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» 28l ( Gd3+ ) #ZEE | ( Gadolinium-based contrast
agents - GBCA)

» =X féE¢ % f’“{iﬂﬂzﬁ&{b ( Nephrogenic systemic fibrosis,
NSF ) : T&E’]F/\E@; GBCA MIEEHEEE @ &
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» AKI 2% eGFR <30 mL/min/1.73 m2 ZyiEE A
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jgadolinium-based contrast agent (GBCA)

1Group II GBCA — Associated with few or
no verified unconfounded NSF cases (gadobenate,
gadobutrol, gadoteridol, gadoterate meglumine).
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BRI » /KD 7 E FalEFUEA N-acetyl-
cysteine - (B NEEEBE BN AL A= EI B RE -
SHEEE T SN BREENEER S EEBIEN
£ (eGFR<60 ml/mim/1.73m?) ~ $EFRIA - iTH1ES
RAE ~EE AR 755% “FREB ~SINEESHEINER -
Z[MFIN=RIE ~ FHE L5 BRIEIRES -

EBMIEIREZR < 30 mimin/1.73m* VR AFER S
gadolinium BV S REE B B EENBRIEEE
(L (nephrogenic system fibrosis) » f£F FE:E(E o
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