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大綱

• 腎毒性藥品定義
• 藥物相關急性腎損傷

• 流行病學

• 危險因子

• 常見門診腎毒性藥品
• 血液動力學相關

• ACEI/ARB、NSAID、SGLT2 inhibitor、contrast
• 急性腎小管壞死與間質性腎炎

• Antiviral agent、cotrimoxazole
• 藥物相關腎結石

• 常見中藥相關腎毒性
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腎毒性藥品定義

• Nephrotoxicity is the development of functional or structural kidney damage
• Kidney dysfunction: systemic renal/glomerular hemodynamic effects

• impairment of blood pressure control
• systemic hypotension and/or altered intraglomerular hemodynamics 

• afferent arteriole constriction, efferent arteriole dilation
• renal endocrine function
• glomerular or tubular dysfunction

• Electrolyte imbalance

• kidney injury: tubular or structural damage
• glomerular and/or tubular abnormalities 
• morphologic lesions(small kidneys + chronic renal failure) 
• glomerular or tubular cell injury

• filtered toxins
• tubular obstruction
• endothelial dysfunction
• allergic reaction J Pediatr Hematol Oncol 2011;33:128–134

Kidney Int 2020;98(2):294-309.

AKI/CKD
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腎毒性藥品定義

• Second nephrotoxic classification (Broad)
• Directly harmful to kidney function
• Eliminated by the renal route

• harm from accumulation of parent drug or metabolites in the setting of AKI and AKD.

• New nephrotoxic definition(emerging)
• kidney dysfunction without direct glomerular or tubular cell damage??
• expression of physiologic effects of the drug

• serum creatinine rising →renoprotective→improved outcomes
• ACEI/ARB
• SGLT2 inhibitor in diabetic nephropathy

Kidney Int 2020;98(2):294-309.
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潛在腎毒性藥品分類

Duration of therapy
Drug burden
Hypotension

PK/PD interactions

Daily dynamic 
prescribing

Kidney monitoring
Patient/provider 

education

Kidney Int 2020;98(2):294-309.

Dehydration
volume depletion

advanced age
female gender

black race
chronic kidney disease 
chronic diseases of the

heart, lung, or liver 
diabetes mellitus

Cancer
anemia

NSAID

aminoglycoside, acyclovir

Drug related AKI
17‐26%

No sign/symptom
No evidence
Trimethoprim
Cimetidine

eGFR↓
Altered tubular 

function

ACEI/ARB, SGLT2i

Biomakers
Urine 

abnormalities

Acute kidney injury 
Scr↑

Urine output↓
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藥物相關急性腎損傷之流行病學

1%
6%

14%

17%

28%

28%

35%

52%

中毒 泌尿道阻塞 全身疾病與非腎腫瘤
肝臟疾病 腎毒藥品 其他
心臟疾病 敗血

Medicine (2016) 95:39(e4987)
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社區型AKI發生前腎毒性藥品分布

0.05%

2.99%

5.22%

8.08%

10.50%

10.63%

14.44%

25.55%

27.07%

30.09%

38.80%

0% 20% 40% 60% 80% 100%

Lithium
Contrast media

Immunosuppressants
Anticoagulants

Antihyperuricemia
Nitrates
Statins

Anticholinergic agents
NSAIDs

Antimicrobials
RASi/K-sparing diuretics

No CA-AKI n=186,834 CA-AKI n=17,230

•.

2010~2016, CGMH, ,3個月前門診廣義腎毒性藥品分布

JMIR2020;22(8):e16903.
Medicine (Baltimore). 2015;94(31):e1251.

0%

0%

1%

16%

19%

23%

30%

32%

0% 20% 40% 60% 80% 100%

Calcineurin inhibitors

Antibiotics

Chemotherapeutic agents

NSAID

Atypical antipsychotics

Statin

Diuretics

ACEI/ARB

With AKI

Without AKI

每增加一類心血管用藥
OR 1.30 (95% CI 1.03–1.64)
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藥物相關腎毒性臨床表現

Sign 
• Decreased urine output

• progression to volume overload and hypertension.
• Proximal tubular injury

• Metabolic acidosis with bicarbonaturia
• glycosuria in the absence of hyperglycemia
• reductions in serum phosphate, uric acid, potassium, 

and magnesium due to increased urinary losses.
• Distal tubular injury:

• Polyuria from failure to maximally concentrate urine
• metabolic acidosis from impaired urinary acidification
• hyperkalemia from impaired potassium excretion.

Pharmacotherapy, a pathophysiologic approach 2019
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藥物腎毒性危險因子

病人

藥物 腎臟

尿液
PH

年紀≧
65歲

劑量
過多

GFR

腎血流

固有
腎毒性

女性

腎毒
併用

肝硬化

基因
過敏

暴露
時間

Clin J Am Soc Nephrol.2018;13(12):1897-1908.
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腎毒性藥品分類

Current Opinion in Toxicology 2017, 4:16–21
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Angiotensin-Converting Enzyme Inhibitors 
and Angiotensin II Receptor Blockers

• Incidence: 6-38% (LoE: B)
• renal artery stenosis, volume depletion, and congestive heart failure and those with pre-existing 

kidney disease, including diabetic nephropathy

• Pathogenesis
• reduced renal blood flow or effective arterial blood volume
• prerenal settings (congestive heart failure)

• Clinical presentation
• increase in Scr of up to 30% within 3 to 5 days of initiating therapy
• typically stabilizes within 1 to 2 weeks
• is usually reversible upon stopping the drug
• Scr threshold for discontinuation of ACEI or ARB therapy is unclear.

Pharmacotherapy, a pathophysiologic approach 2019
11

Angiotensin-Converting Enzyme Inhibitors 
and Angiotensin II Receptor Blockers

• Risk factor 
• bilateral renal artery stenosis or stenosis in a single kidney 
• decreased effective arterial blood volume 

• decompensated congestive heart failure
• volume depletion from excess diuresis or GI fluid loss
• hepatic cirrhosis with ascites

• nephrotic syndrome
• patients with pre-existing kidney disease
• nephrotoxic drugs (NSAID, Triple whammy)

• Prevention
• started on low doses of long-acting ACEIs→ dose titration every 2 to 4 weeks
• Use of concurrent hypotensive agents and other drugs that affect renal 

hemodynamics (NSAIDs, diuretics) should be discouraged and dehydration avoided
Pharmacotherapy, a pathophysiologic approach 2019
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Nonsteroidal Anti-Inflammatory Drugs
• Incidence: 1-7% (LoE: A)

• NSAID- and COX-2-induced AKI 
usually occurs within 2 to 7 days of 
initiating therapy

• Clinical Presentation
• diminished urine output, weight gain, 

and/or edema
• Urine sodium concentrations (<20 

mEq/L) and fractional excretion of 
sodium (<1%)

• BUN, Scr, potassium, and blood 
pressure are typically elevated.

• Risk factor
• age more than 60 years
• pre-existing kidney disease
• hepatic disease with ascites
• congestive heart failure
• intravascular volume 

depletion/dehydration
• systemic lupus erythematosus
• Triple whammy 

Pharmacotherapy, a pathophysiologic approach 2019
13

NSAID相關腎損傷機轉

Braz. J. Nephrol. (J. Bras. Nefrol.) 2019;41(1):124-130
14
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台灣急性腎損傷處置共識 2020

COX1 VS.. COX2 inhibitor

15

Am J Kidney Dis.76(4):546‐557

其
他
腎
毒
性
表
現

16
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• Incidence of AKI
• patients taking either an ACE inhibitor/ARB or a 

diuretic with a NSAID
• NNH over one year : >300

• all three classes of medicine were taken together
• NNH:158
• risk of AKI: ↑31%
• risk of AKI was highest (nearly two-fold increased risk) 

within the first 30 days
• counteract antihypertensive medicines and diuretics

• Symptoms and signs of AKI due to hypovolemia
• Reduced urine output, Thirst, Lethargy, Orthostatic 
hypotension, Tachycardia, Dry mucous membranes, 
Decreased skin turgor

Triple whammy effect

https://bpac.org.nz/2018/triple‐whammy.aspx

NSAID
收縮入球小動脈

RASi
擴張出球小動脈

利尿劑
體液容積不足

17

指引建議

Gut 2020;0:1–13

亞太胃腸道學會/亞太風濕病學會聯盟/亞太消化道內視鏡學會/亞太高血壓學會/亞太腎臟學會/PoA

18
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SGLT2 inhibitor
Summary of the effects of SGLT2 

inhibition on major kidney outcomes

Lancet Diabetes Endocrinol 2019;7(11):845-854

SGLT2 inhibitors induce stabilization 
of eGFR trajectory

19

.

JACC Heart Fail 2019;7(2):169-172
20
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SGLT2 inhibitor機轉

Clin J Am Soc Nephrol 12: 700–710, 2017
Pharmacotherapy, a pathophysiologic approach 2019

volume depletion

+diuretics→volume depletion→ATN

+RAS blocker therapy

crystal-related tubular injury 
(crystal nephropathy)

21

SGLT2 inhibitor使用建議

• Management
• volume depletion on exam, holding the SGLT-2 inhibitor (and RAS blocker and 

diuretic if also prescribed) and giving intravenous fluids typically resolve AKI
• The SGLT-2 inhibitor can likely be restarted in patients where kidney function 

recovers to baseline and eGFR is above the FDA-recommended threshold.

J Nephrol . 2020 Feb 18. doi: 10.1007
Pharmacotherapy, a pathophysiologic approach 2019
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顯影劑腎病變
• Incidence (LoE: A)

• No diabetes or pre-existing chronic kidney disease: 0-10%(<2%)
• Diabetes:8-20%
• pre-existing chronic kidney disease: 15-55%
• pre-existing chronic kidney disease and diabetes: 27-81%

• Clinical presentation
• nonoliguria with kidney injury apparent within the first 24 to 48 hours
• Scr usually peaks between 3 and 4 days after exposure, with recovery after 7 to 10 days
• irreversible oliguric (urine volume less than 500 mL/day) AKI requiring dialysis

Pharmacotherapy, a pathophysiologic approach 2019
23

顯影劑相關腎病變機轉

Cardiovascular Intervention and Therapeutics (2020) 35:209–217
24
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哪些病人應該採取預防措施降低AKI發生
• 適用族群

• AKI or an eGFR <30 mL/min/1.73 m2 and are not undergoing maintenance dialysis
• The risks of prophylaxis (heart failure, other hypervolemic conditions)

• eGFR of 30–44+(numerous risk factors, recent AKI, borderline eGFR)
• at the discretion of the ordering clinician

常見預防方法-1
• N-acetylcysteine

• intra-arterial iodinated contrast: not shown to be effective versus placebo
• Intravenous contrast not recommended
• PRESERVE用法：血管攝影術前、後1小時分別給與口服N-acetylcysteine 1200 mg(2#)，之後每12小

時給與 1200 mg(2#) ，持續使用4天。

Radiology 2020; 294:660–668 
25

水要怎麼給

常見預防方法‐2

台灣急性腎損傷處置共識 2020
26
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常見預防方法-3 中斷不必要腎毒性藥品
• In patients with AKI or eGFRs<30 mL/min/1.73 m2 

• it may be prudent to withhold nonessential potentially nephrotoxic medications if clinically 
feasible for 24 to 48 hours before and 48 hours after exposure

• Nonsteroidal anti-inflammatory drugs (NSAID)
• Diuretics
• Aminoglycosides
• Amphotericin
• Platins
• Zoledronate
• Methotrexate

• If CA-AKI develops, then nonessential nephrotoxic medications should continue to be 
withheld until kidney function has recovered

• RAASi(-pril,-sartan結尾的藥品) 
• lack of strong evidence demonstrating that continuing RAASi is beneficial

• should consider withholding RAASi in  patients at risk for  at least 48 hours before elective 
contrast-enhanced CT (靜脈打顯影劑)

• RAASi may be restarted if CA-AKI does not occur or following the return of kidney function to baseline
Radiology 2020; 294:660–668 
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常見門診腎毒性藥品與追蹤
藥品 機轉 臨床表現 降低腎毒性方式 追蹤

ACEI/ARBs 出球小動脈擴張 開始使用2周內監測
血中肌酸酐與血鉀

Calcineurin inhibitors 引起入球與出球小動
脈收縮

當合併腎毒性藥品時
監測血清肌酸酐

Trimethoprim/
sulfamethoxazole

肌酸酐分泌受阻
形成結晶

急性間質性腎炎、
肌酸酐偽性上升
高血鉀

＊避免對該藥有過敏史
的病人
＊導致血清肌酸酐偽性
上升（25%）， 中斷後
回到正常值

當Clcr<15 ml/min時
監測血清肌酸酐與血
鉀

Acyclovir 腎小管內結晶沉積
直接腎小管細胞毒性

腎結石
急性間質性腎炎

＊給藥前維持適當水分
補充與尿量
＊降低輸注速率

三個月內監測血中肌
酸酐

Ganciclovir、
valganciclovir

腎小管內結晶沉積 ＊給藥期間維持適當水
分補充與尿量

Tenofovir disoproxil
fumarate

近端腎小管細胞毒性 Fanconi‐like 症候群
急性腎小管壞死
腎性尿崩症

＊ Tenofovir alafenamide
腎毒性較低

Prim Care Clin Office Pract 47 (2020) 691–702
28
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Trimethoprim/sulfamethoxazole
相關急性腎損傷

J Antimicrob Chemother 2012; 67: 1271 –1277

11.17%

結晶尿

29

Trimethoprim/sulfamethoxazole腎毒性表現

Clin Microbiol Infect.2020;26(12):1651-1657
J Antimicrob Chemother 2012; 67: 1271 –1277

AKI incidence: 11.2-19.6%
OR 3.65, 95% CI 1.73-7.41, p 0.001

Hyperkalemia incidence: 15.4%, 
OR 2.47, 95% CI 1.14-5.27, p 0.0236

30
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不同劑量cotrimoxazole與併用藥品影響

Annals of Pharmacotherapy47(12) 1618–1626
31

Acute kidney injury Hyerkalemia

抗病毒用藥相關腎毒性
Mechanisms Antiviral Drugs  Clinical Finding

Acute tubular necrosis (ATN) Cidofovir、Adefovir、Tenofovir FENa> 2% 
UOsm< 350 mOsmol/kg water 
Urinary sediment contains -granular casts -
renal epithelial cells

Allergic interstitial nephritis (AIN)
(Idiosyncratic or allergic reaction)

Atazanavir Rash ,Fever ,Eosinophilia, Eosinophiluria ,
Pyuria

Crystal nephropathy Acyclovir, Indinavir, Foscarnet Sediment might be benign despite 
obstruction

32
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Cidofovir(IV) Adefovir Tenofovir

5 mg/kg for Q2 weeks: 10 – 15% has an 
increased serum creatinine.

Post 3 years:3‐4%  Scr↑>0.5 mg/dl 4.9 years:1.4%  vs. 0.7% ARF/RRT

Co‐administration of nephrotoxic
agents are contraindicated, and at least 
days should elapse before initiation

1.adequately monitoring renal
function with proper adjustment of 
dosages
2. Tenofovir alafenamide fumarate (TAF)

apoptosis induction

33

藥物相關腎結石

• Drug-induced renal calculi
• Nephrolithiasis
• Acute renal failure

• crystalline obstruction of the urinary tract
• crystal infiltration of the renal tubules and interstitium
• direct (precipitation of the drug itself)
• indirect(promoting release and precipitation of tissue-degradation products or cellular casts)

• Prevention
• increased fluid intake

• maintaining a high urine output throughout the duration of treatments with drugs of known 
lithogenic potency

• modification of urine pH 
• when formation of calculi is pH dependent,.

Drugs 2018:78:163201
34
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Kidney Dis (Basel). 2018;4(2):49-57

Crystalline nephropathy Renal Disease Source Medication
Type 1 AKI cholesterol embolism cholesterol

CKD atherosclerotic renal artery 
stenosis

cholesterol, 
apatite, CaP

Type 2
Intratubular Crystal 

formation

AKI drug-induced crystal nephropathy
drug-induced crystalluria drug crystal sulfamethoxazole, 

indinavir, acyclovir….
acute phosphate nephropathy 

(Nephrocalcinosis )
incidence:1 in 1,000~5,000

Ca*P Sodium phosphate

tumor lysis syndrome Uric acid Chemotherapy
Anticoagulant nephropathy

(CKD 33% vs. nonCKD 16.5%)
RBC case warfarin

CKD drug-induced crystal nephropathy Uric acid
Type 3:

Urolithiasis(1-2%) 
Colic

(GFR is 
usually not 
decreased)

drug-induced crystalluria drug crystal antiretroviral agents
Drug induced crystal nephropathy CaOx, CaP Massive ascorbic acid

Hyperuricosuric syndromes uric acid Uricosuric drugs 
(benzbromarone、

losartan)35

Am J Kidney Dis. 73(2): 258-272
Infectious Disorders ‐ Drug Targets, 2019, 19, 1‐8

Urinary pH Crystal-Induced Kidney Injury Risk factor Prevention
sulfamethoxazole, 
sulfasalazine, 
Acetazolamide

5.5 crystalluria and crystalline 
nephropathy

insoluble in acidic urine. Intravenous fluids 
and urinary 
alkalization

Acyclovir/valacyclovir(rare) 5.5-7.0
relatively 
insoluble at 
physiologic 
urine pH

crystalline-induced AKI
(within 24 to 48 hr)

high doses (>1,500 mg/m2/d), 
bolus intravenous 
administration, preexisting 
kidney disease, and volume 
depletion(dehydrated oliguric)

establishing urinary 
output of 100 to 
150 mL/h, 
avoiding rapid 
infusions, and large 
doses

Indnavir
(7-15%)

5.5-7.0 Crystalluria, crystal nephropathy, 
nephrolithiasis, interstitial 
nephritis
AKI(mild and reversible) or CKD

PK interacton with 
Trimethoprim-
sulfamethoxazole, underlying 
liver diseases

Mandates ingest at 
least 2 – 3 liters of 
fluid per day.

Atazanavir 6.0-7.0
maximally
soluble at pH 
of 1.9

crystalluria, nephrolithiasis,
crystalline nephropathy, and 
acute and chronic
interstitial nephritis.

prolonged duration of therapy 
(2-3 years), ritonavir boosting, 
previous nephrolithiasis with 
indinavir, and elevated bilirubin 
levels. pH becomes more 
alkaline.

adequate hydration 
to obtain a urinary 
output of at least 
1,500 mL/day

Methotrexate(high-dose) 5.4-6.0
precipitate in 
acidic urine

AKI (2%) from crystalline 
nephropathy and direct toxic 
effects oligoanuric kidney injury

limited solubility in acidic urine
Urine pH ↑6.0~7.0→6- to 8-fold 
more soluble

Intravenous fluids 
and urinary 
alkalization

36
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中草藥腎病變的危險因子

37

Clin J Am Soc Nephrol 13: 1605–1611, 2018

中草藥相關因素
1.中草藥本身的內在毒性
2.分辨不清種類
3.錯誤加工
4.錯誤儲存
5.摻雜其他物質
6.包含重金屬

用藥因素
1.過量，使用時間過長
2.中西藥交互作用

病人因素
1.慢性腎病
2.藥物過敏

腎損傷

馬兜鈴酸事件(馬兜鈴酸腎病變)

38

2003年公告全面禁止使用
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Clin J Am Soc Nephrol 13: 1605–1611, 2018
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