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Definition of Acute Renal Failure/Acute Kidney
Injury

AAnN abrupt increase in the BUN and Creatinine with corresponding
problems in handling of fluids, potassium, phosphorus, and-laas#
balance. This is usually a greater than 2%% decline in the GFR.

ADecreased urine output may or may not be an early manifestation of
AKI



Problems with the Definition

ASerum Creatinine may NOT reflect the degree of renal dysfunction or
Improvement

AUrine output or lack of may also not reflect the degree of dysfunction
AA better definition may be Acute Kidney Injury (AKI)



RIFLE Criteria

ARisk1.5 fold increase in Creatinine or 25% decline in GFR or decrease urine
output of <0.5 ml/kghr for 6 hours

Alnjury-Two fold increase in Creatinine or 50% decline in GFR or decrease
urine output of < 0.9nl/kg/hr for 12 hours

AFailureThree fold increase in Creatinine or 75% decline in GFR or decrease
urine output of 0.5ml/kg/hr for 24 hours or Anuria for 12 hours

ALoss Complete loss of renal function, requiring dialysis for> 4 weeks
AESRBComplete loss of renal function, requiring dialysis for >3 months

Bellomq et alCritCare 2004 Aug;8(4):R2e12
Acute Dialysis Qualitative Initiative (ADQI)



AKIKDIGO (AKIN) Guidelines 2012

1. Increase serum creatinine >0.3 mg/dl w/in 48 hours OR
2. Increase serum creatinine >1.5x>baseline w/in 7 days OR

3. Decreased urine volume <0.5ml/kg/hr over a 6 hour period or
greater

Kidney Int SuppR012;2(Suppl 1):8.



RIFLE VS AKIN

RIFLE

Cr/ GFR Criteria

Urine Output (UO) Criteria

ncreased Cr x1.5
or
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Increased Cr x 2
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AKIN

Cr Criteria

Urine Output (UO) Critena

Increased Crx1.5
or

Stage 1 0.3

Stage 2 Increasad Cr x 2

Incroased Crx 3
or
Cr = 4 mg/n
(with acute nse
of x 0.5 mgid)

Stage 3

UO <0.5 mifxghr
x 8 hr

VO <0.5 mifghr
x 12 M

VO <03 miikgihr
x 24 w

or
anurie x 12 hr

Patients who receive renal replacemant therapy

(RRT) are considerad 0 have me! the criteria for

stage 3 irrespective of the stage that they are n
ot the time of commencame of RRT

Critical Care 2007, 11:R31
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Epidemiology

Al %at time of admission, B%duringthe time of admission

A67% of all critical care admissions

A23.7% incidence of resulting in either CKD or worsening of CKD
Aln hospital mortality of AKI 480%

AICU mortality >50% even with dialysis

APatients diawith AKI rather tharfrom AKI
Anesthesia2009; 110(3):504.5.

Adv. Chronic Kidney D@€108; 15(3): 29-B807.

Clin 3 Am Soc. Nephr2016; 11(2): 2122131.




Percentage of mortality among patients with AKI by RIFLE (risk, injury, failure, loss, ESRD)
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RIFLE and Risk of Death

ARisk (1.5 fold increase) 2.4 relative mortality risk
Alnjury (2 fold increase) 4.14 relative risk
AFailure (3 fold increase) 6.37 relative risk

AFrom a review of 13 studies of Critical care patient with AKI vs.
without AKI



Phases of Acute Kidney Injury

Alnitiation Phasedrop in BP, nephrotoxins, early segsisse in
BUN/Cr, decreasing urine output

AOliguricPhaseusually less than 400 ml/da, may require dialysis

ARecovery/Diureti®haseincreasing urine output, decreasing BUN/Cr,
Potassium, Phosphorus, and Magnesium




Differentiation of AKI

Acute Tubular Necrosis 45%
PreRenal 21%

Acute on Chronic R.F. 13%
Obstruction 10%
Glomerulonephritis/vasculitis 4%
Acute Interstitial Nephritis 4%
Athroemboli 1%

Based on 748 cases from 13 tertiary care centers
Kidneyint 1996; 50(3):811



Diagnosis of AKI

Alncrease of BUN/creatinine or increase from baseline (0.3 mg)
ADecreased urine output

AwS vy | £ dzf 0 NJ & 2 dzy Randiffé2edtiste acltefrOm 0 A
chronic, obstruction, masses, symmetry, abdominal fluid

ABladder scan
AAngiography: polyarteritis nodosa, vasculitis

Alntraabdominal pressure: Hepatorenal syndrome, abdominal
compartment syndrome




Laboratory Tests

AMulti-chemprofile

AUrinalysis w/ micro, eosinophils, urine electrolytes, osmolarity,
creatinine, protein/creatinine ration

ASpecific test are dependent on the clinical presentation and
suspicions



RBC Casts




WBC Casts




Supporting Laboratory Tests for ATN

AANCA (P, C, MPO, PR3),-&BiM, ANAanti-DSDNA specific for end
organ damageanti-Histonefor drug induced SLE)

AC3, C4ACH50 ESRCRP, uric acid*

AHepatitis B, {1V, RPR, cryoglobulifSPERJPEP
ACBC, peripheral smear, reticulocyte count
AHaptoglobin, LDH, CPK

ACultures, blood, urine etc.

ARenal biopsy



Renal Biopsy

Indications
AUnexplained AKI

AHematuria, proteinuria
AEstablish a diagnosis
AGuide therapy and prognosis

Contraindications

ASmall contracted, echodense
kidneys

ASolitary kidney (maybe)
AActive infection

AUncontrolled hypertension
ACoagulopathy or anticoagulants
AUncooperative patient




AKI vs CKD

Acute Kidney Injury Chronic Kidney Disease
AWell defined precipitating event: A Chronic underlying conditions: DM,
sepsis, hypovolemia, drugs, HTN, SLE, NSAID use, etc. or has not
obstruction, etc. seen a physician in decades

ANormal sized nonechodense kidneys ASmall echodense kidneys on US

on Us ANormocytic normochromic anemia
ACN;)ILTJ?YI] PTH, H/H, phosphorus, AElevated PTH, phosphorus, low

calcium
ARBC or WBC and/or Granular casts on
UA



Types of AKI

Oliguric vs Nooliguric Anatomic injury

A> or < 400 ml/da urine output APrerenat decreased in actual or

A400 ml/da minimal u/o/da to clear the (ega%\/e circulating blood volume

daily osmotic load

0 .
A50-60% Noroliguric Alntrinsic Direct injury to the vascular,
ANonroliguric has a better prognosis glomerular, interstitial or tubular

A Anuria<100 ml/da components

APostrenal: Obstruction to the flow of
urine




AKI

Acute Kidney Injury
Prerenal Intrinsic renal -Fos|

Vascular Glomerular Interstitial Tubular



Post renal/Obstructive

AMay be acute, chronic or acute on chronic
AFunctional renal recover depends on duration of the obstruction

APost obstructive diuresimay lead to AKI unless fluid and electrolyte
deficits are appropriately replaced

Aln a patient with tense ascites, check the intraabdominal pressure if
>13 mm Hg, get an US and paracentesis. Very high risk mhpa2fg

AThe nephrologists role is to contact the urologists or interventional
radiologists to relieve the obstruction or the nurse to place a Foley
catheter




Postrenal/Obstructive AKI

ARenal stones: Ca oxalate MCC, uric acid, struvite (infeeipn
proteus

AStrictures, retroperitoneal hematoma, fibrosis or tumor
AObstructing casts e.g. myeloma, rhabdomyolysis, ATN
ABPH, cancer, neurogenic bladder

Alntrarenal or extrarenal tumors

ARenal vein thrombosis

Alntra-abdominal pressure >~13 mmHg (tense ascites)



Postrenal/Obstructive




Prerenal AKI

AA decrease in total circulating volume or effective circulating blood

volume (ECBV) e.qg. CHF, sepsis.

AThis leads to activation of Sympathetic Nervous System (SNS), Renin

Angiotensin Aldosterone System (RAAS) and Antic
(ADH) in an attempt to restore the real or perceivec

luretic Hormone
volume loss. This

leads to enhances sodium and water reabsorption

oy the tubules.

AUrine Na will be <10 and Urine Osmolarity will be >500



Prerenal AKI

AWSOASSG LQa | YR hQa
ABlood pressure: even a transient drop in BP e.g. SEPOMnmHg

may be enough to cause AKI, especially in the face of other factors
e.g. nephrotoxins, sepsis CHF

Al 0KNRdzZAK SglfdzZ dAzy 2F GKS LI O
Skin turgor, axillary moisture, mucous membranes, orthostatics,
CVP
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Causes of Preenal AKI

ADehydration, hemorrhage, steroids, protein loading
AGI losses: vomiting, diarrhea, NG, fistulas, Gl bleed
ASepsis

AExcessive sweating, prolonged hyperventilation

ACHF, Cirrhosis, nephrotic syndrome/ cardiorenal, hepatorenal
syndromesdecreasedCBV

Adda Ll OS f2aasSac¢
ADiuretic phase of AKI, oveiuresis
ARapid correction of HTN




Fractional Excretion of Sodium (BHE

AMay be helpful in differentiating Preenal from
Intrinsic AKI

ANormal value 1%

ANot accurate in CKD, A on CKI, or after patient has
received diuretics

AIZExIa: (%reatininex l*Ia/ SNax UCreatining x 100



Urinary Indices in AKI

Prerenal Acute Tubular Necrosis
BUN/Cr >1520:1 -30
Spec grav >1.020 <1.010
U osm >500 ~300
U Na <10 -4630
FENa <1% -396>2
Sediment Nothing or a few Dirty brown/granular casts

hyaline casts



Dirty Brown or ATN Casts
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Sediment in ATH Urine sediment showing multiple,
rmuddy brown granular casts. These findings are highly
suggestive of acute tubular necrosis in a patient with
acute renal Tailure. Courtesy of Harvard Medical School.



Intrinsic Renal AKI

AVascular
AGlomerular
Alnterstitial
ATubular

AUsually intrinsic AKI will involve multiple segment of the
nephron

e.g. RPGN with ATN



Pulmonary Renal Syndromes

APatients will frequently present with pulmonary
hemorrhage, hematuria and AKI (Crescentic RPGN)

ASLE

AD22RLI a0dzNBEQa aéyRNRYS
AL3! . SNASNXasz | {t

AANCA mediated, systemic vasculitis

APost streptococcal GN

Almmune complex GN




Drug induced AKI

ACan be directly toxic to the tubules: Aminoglycosides
ACan induce Acute Interstitial Nephritis: TMB/STX, methicillin

ACan induce renal vascular vasoconstriction: NSAIDs,
cyclosporine

ACan be multfactorial: contrast media



Common Medication in AKI

ANSAIDs

AContrast
AVancomycinZosyn
APenicillin, cephalosporins
ASulfas

AACH, ARB, statins
AAminoglycosides
AFoscarnet

Alndivir

ACyclosporine
ACOX2 inhibitors
At t L Q&
AHetastarch
AV 1G

ASpice K2

AAny drug can potentially induce
AKI



Vascular Intrinsic AKI

ARenal artery obstruction: Vasculitis, polyarteritis nodosa, embolism,
thrombosis, dissection

ARenal vein thrombosis: may be asymptomatic

AMalignant hypertension, scleroderma renal crisis

ASevere and sustained hypotension (sepsis, dehydration)

APost heart surgery (increased cross clamp, pump time)
AAthroembolic disease/cholesterol emboli

AMicroangiopathy: DIC, Hemolytic uremic syndrome/TTP, preeclampsia
ATransplant rejection



Glomerular Intrinsic AKI

ARapldIy progressive glomerulonephritis (RPGN): ANCA
YSRAIFUSRY DNYydz 2YlG2aAaa GAl
Eosinophilic granulomatosis w/ polyangutls (Chﬁigauss)
microscopic polyangiitis,arb. a RA &Sl a4aS oD2:
syndrome), SLE, pestfectious GN,

Almmune complex mediated: SLE, cryoglobulinemia (Hepatitis
C), membranoproliferative GN

AL3! YSRAFGSRY . S peEhSadE@PuiRura S |



Interstitial Intrinsic AKI

AAcute Interstitial Nephritis

AMedications Qulfas (TMP/STX), penicillin/methicillin,
NSAIDs, PPIs, cephalosporins, allopurinol, indivar,
rifampin, mesalimine, any medication should be
suspected

Alnfectious pyelonephritis, viral, fungal/protozoan

ASystemic illnessymphoma, leukemia, sarcoid,
{ 22 NHNBY aeYRNEYSZ wSAGSI




Tubular Intrinsic AKI

ACan be ischemic or cytotoxic
AAcute Tubular Necrosis: ischemic
Cytotoxic:

ADrugs aminoglycosides, lithium, acycloampho B, pentamidine,
cisplatin, foscarnet, vancomycin, radiocontrast media, effects of drugs
ALWAYS magnified in the face of volume depletion and hypotension

ACrystals: tumor lysis syndrome, hyperuricemia, hypercalcemia,
ethylene glycol, acyclovir, megadose Vitindovir, sulfas,
methotrexate

ATubular obstructionRhabdomyolysis, intravascular hemolysis




Acute Tubular Necrosis

AThrombosis of the vasa recta/tubular microvasculature
leading to iIschemia of the tubular cells, which causes cellular
edema, rupture and intrdubular obstruction

AMay be from a variety of causes such as sepsis, immune
mediated, drugs

AThe final common pathway of all untreated prenal or
postrenal causes



Mechanism of ATN

AAfferent and efferent vasoconstriction
AMesangial contraction

ADirect cellular injury leading to a sequence of:
-Cellular edema

-Destruction of the cytoskeleton

-Release of compartmentalized enzymes, reactive oxygen
alJSOASa owh{uvx !'¢LLX tDQa

-Cellular rupture

WSLISNFdzaA2y AyedzaNE FTNRY wh{:
cytokines
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