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The Cause and Treatment of Acute Kidney Injury

Se Won Oh
Division of Nephrology, Department of Internal Medicine, Korea University College of Medicine, Seoul, Korea

Acute kidney injury (AKI), characterized by an acute decline in renal function, commonly develops in hospitalized patients and
is associated with increased morbidity and mortality. Recent studies have identified new therapeutic strategies for its management.
In this review, we will discuss the definition, etiology, and general treatment of AKI. (Korean J Med 2019;94:315-321)
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Table 1. Stage of acute kidney injury

Aglof A AR GFRE H7}sl= Al(Cockcroft-Gault, mod-
ification of diet in renal disease [MDRD], and CKD-EPT)©| 417]
58 e WrlekeAlol thajA A} Rtk wjeb
AKIA] 9715 7F5He o GRRicH 814 Sdjobede e
it a4 sjoteld et ekl Atk 84 Aelobele
Aldto] WAl 3 9 Algko] Ak 5 A7) uhol A
A 7158 vkedslA] Sate) T3t T4 9wk Asto & 0lF
o] 2% P47k Gl A, A F7RY Solg Folsis 5
8% adoteld w7} thasle] AA| A7l Hck et
g % 9tk o] wekely] Sistel Tga} B0 P oy
tatin CE AREE = Qo) erA = AFe o] 5o dHkinetics)
9 Bz 2 Z(volume of distribution)of] thgt A7} H=E35ch=

Hol Uei7]. €3 FeotedET 27]of Alkete] &de
Htdsl 4= Q1= 3| XHbiomarker) 2 neutrophil gelatinase asso-
ciated lipocalin (NGAL), kidney injury molecule 1 (KIM-1), inter-
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Urine output KDIGO AKIN RIFLE
stage
1 <0.5mL/kg/hfor6-12h  Scrto 1.5-1.9x baselineover 7d ~ Scr to 1.5-2x baseline or > 0.3  Risk: Scrto > 1.5% increase within
or > 0.3 mg/dL absolute in-  mg/dL absolute Scr increase 7 d, sustained for > 24h
crease over 48 h within 48 h
2 <0.5mL/kg/hfor>12h  Scrto 2.0-2.9% baseline Scr to > 2-3% baseline Injury: Scr to > 2x increase

<0.3mL/kg/hfor>24h  Scrto>3.0x baseline, or Scr in-
crease to > 4.0 mg/dL, or ini-

or anuria for>12 h
tiation of RRT

Scr to > 3.0x baseline, or Scrin-  Failure: Scr to >3.0x increase, or

crease to >4.0 mg/dL (within-  Scr increase to >4.0 mg/dL (with
crease of 0.5 mg/dL), or ini- increase of 0.5 mg/dL), or ini-
tiation of RRT tiation of RRT

Loss: complete loss of kidney
function for > 4 weeks

ESRD: ESRD for > 3 mo

AKI, acute kidney injury; KDIGO, kidney disease: improving global outcome; AKIN, acute kidney injury network; RIFLE, risk, injury failure,
loss, end-stage kidney disease; Scr, serum creatinine; RRT, renal replacement therapy; ESRD, end stage renal disease.
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Table 2. Causes of acute kidney injury
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Category Abnormality Specific cause
Prerenal  Hypovolemia Hemorrhage, volume depletion, third space loss (burns, peritonitis, etc.)
Reduced cardiac output ~ Heart failure, acute myocardial infarction, cardiac tamponade, massive pulmonary embolism
Systemic vasodilation Sepsis, SIRS, hepatorenal syndrome, anaphylaxis
Renal vasomodulation/  Medications (NSAID, ACEi/ARB, cyclosporine, iodinated contrast), hypercalcemia, hepatorenal
shunting syndrome, abdominal compartment syndrome
Intrinsic ~ Vascular Renal artery stenosis, renal vein thrombosis
Microvascular Thrombotic microangiopathies (TTP, HUS, aHUS, DIC, APS, malignant hypertension, scle-
roderma renal crisis, preeclampsia/HELLP syndrome, drug-induced), cholesterol emboli
Glomerular Rapidly progressive (crescentic) GN: anti-glomerular basement membrane; IgA nephropathy,
postinfectious; lupus; mixed cryoglobuminemia with MPGN; ANCA-associated vasculitides:
GPA, MPA, EGPA (Churg-Strauss); ANCA-negative
Nephrotic-range proteinuria with associated AKI: HIV-associated nephropathy (secondary FSGS);
minimal change disease with ATN/AIN; membranous nephropathy + crescentic GN or renal
vein thrombosis; myeloma + multiple different pathologies
Tubulointerstitial AIN: medications, infection, lymphoproliferative disease

Pigment nephropathy: rhabdomyolysis, massive hemolysis

Crystal nephropathy: uric acid (tumor lysis), acyclovir, sulfonamides, protease inhibitors
(indinavir, azatanavir), methotrexate, ethylene glycol, acute phosphate nephropathy, oxalate

nephropathy

Cast nephropathy: myeloma-associated AKI

ATN: ischemia (shock, sepsis), inflammatory (sepsis, burns), medications

Postrenal  External obstruction

Intrinsic obstruction

Benign prostate hypertrophy, malignancy, retroperitoneal fibrosis
Stone, blood clot, malignancy, stricture, papillary necrosis (NSAIDs)

SIRS, systemic inflammatory response syndrome; NSAID, nonsteroidal anti-inflammatory drug; ACEFEi, angiotensin-converting enzyme
inhibitor; ARB, angiotensin receptor blocker; TTP, thrombotic thrombocytopenic purpura; (a)HUS, (atypical) hemolytic uremic syn-
drome; DIC, disseminated intravascular coagulation; APS, antiphospholipid syndrome; HELLP, hemolysis, elevated liver enzymes, low
platelet count syndrome; GN, glomerulonephritis; IgA, immunoglobulin A; MPGN, membranoproliferative glomerulonephritis; ANCA,
antineutrophil cytoplasmic antibody; GPA, granulomatosis with polyangiitis; MPA, microscopic polyangiitis; EGPA, eosinophilic gran-
ulomatosis with polyangiitis; AKI, acute kidney injury; HIV, human immunodeficiency virus; FSGS, focal segmental glomerulosclerosis;

ATN, acute tubular necrosis; AIN, acute interstitial nephritis.
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9] F3E3Kvacuolization) 2! FES Ao A Al=Alo] Qo=
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Table 3. Medications requiring dose adjustment or cession in patients with acute kidney injury [7]

* Analgesics (morphine, meperidine, gabapentin, pregabalin)
* Antiepileptics (lamotrigine)

* Antivirals (acyclovir, ganciclovir, valganciclovir)

* Antifungals (fluconazole)

* Antimicrobials (almost all antimicrobials need dose adjustment in AKI, with the important exceptions of azithromycin, ceftriaxone,

doxycycline, linezolid, moxifloxacin, nafcillin, and rifampin)
* Diabetic agents (sulfonylureas, metformin)
* Allopurinol
* Baclofen
* Colchicine
* Digoxin
* Lithium
* Low-molecular-weight heparin
* NOACs

AKI, acute kidney injury; NOACs, novel anticoagulants.
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o] 2 L w]qto]gf= Aof|A] A|ghgo] Lt} Isotonic Solutions
and Major Adverse Renal Events Trial (SMART) 141+ 15,802
9] FR}IE 0.9% salineX} buffered crystalloid solutionS- H]| L
3o 30 o] major adverse kidney event (renal replace-
ment therapy, death, and/or final serum creatinine > 200% of
the baseline value)7} &]u] A FA3FATH14.3% vs. 15.4%;
p = 0.04) [20]. SAol WSt 13,3477 ] A5 22
o7 vwst AufoAE 309 o] major adverse kidney
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fluid resuscitationA] AKI €& %7} Q)= 3Fx}ol|A] buffered
solutionS ARE-SF= Zo| B =1, 0.9% saline2 #|oH 7
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Table 4. Composition of commonly used intravenous fluid

Sepsis and mean arterial pressure (SEPSISPAM) trialof| 4] o
2 237} = RS dATC. 2 low mean arterial pressure
(MAP) target (65-70 mmHg)3} high MAP target (80-85 mmHg)
& vlagh Ak AUEOlE Aol7t glgont vy nEtel
U= FHAFol A= high MAP targetwof| A AKISF AIThA] 2.7

o] Zr2=5k3itk. Z12fu high MAPEoll 4] AWAls0] ofn] ¢l
] Z715FtH22]. whekA blood pressure?] target> 5HE A
a0 el A= % A
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Furosemide 52 £ o]eA|7} P} = AKI ER}of
A aHom B3] AgEL 23 ojuAl oj2dom
Na'/K'2CIE JA|3}o] Aba7l A& 22210 metabolic de-
mandS EQTHL LA ot o7 YA AtollA AKIA|
olkA|e] eju] gl kS Wolx] Fakirt. weka] KDIGO
IgollMe 84 ot Sl A5 Al9stals AKIE A
2ot o ol AE AHgSH S A& AT k)
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o A% A1 B o} 20}
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Parameter (mmol/L) Normal saline  Half saline Hartmcfmn’s solution  Ringer’s Ringer’s Plasma Dextrose
(0.9%) (0.45%) (sodium lactate) lactate acetate Lyte water 5%

Na' 154 77 131 130 130 140

K 5 4 5 5

Cl- 154 77 111 109 112 98

HCO3

Lactate 29 28

Acetate 27 27

Gluconate 23

Ca2’ 2 L5 1

Mg2" 1 1.5

Phosphate

Glucose 252

pH 5.5 4.5-7.0 5.0-7.0 6.0-7.5 6.0-8.0 4.0-6.5 3.2-6.5

Osmolarity (mosmol/L) 308 154 278 273 276 294 252
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