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Disclosures

Å None, just working for The Man



Definition of Acute Renal Failure/Acute Kidney 
Injury

ÅAn abrupt increase in the BUN and Creatinine with corresponding 
problems in handling of fluids, potassium, phosphorus, and acid-base 
balance. This is usually a greater than 25- 50% decline in the GFR.

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



Problems with the Definition

ÅSerum Creatinine may NOT reflect the degree of renal dysfunction or 
improvement

ÅUrine output or lack of may also not reflect the degree of dysfunction

ÅA better definition may be Acute Kidney Injury (AKI)



RIFLE Criteria

ÅRisk-1.5 fold increase in Creatinine or 25% decline in GFR or decrease urine 
output of <0.5 ml/kg/hr for 6 hours
ÅInjury-Two fold increase in Creatinine or 50% decline in GFR or decrease 

urine output of < 0.5 ml/kg/hr for 12 hours
ÅFailure-Three fold increase in Creatinine or 75% decline in GFR or decrease 

urine output of 0.5 ml/kg/hr for 24 hours or Anuria for 12 hours
ÅLoss- Complete loss of renal function, requiring dialysis for> 4 weeks
ÅESRD-Complete loss of renal function, requiring dialysis for >3 months

Bellomo, et al CritCare. 2004 Aug;8(4):R204-12 

Acute Dialysis Qualitative Initiative (ADQI)



AKI-KDIGO (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 Suppl. 2012;2(Suppl 1):8.





Epidemiology

Å1 % at time of admission, 2-5% duringthe time of admission 

Å67% of all critical care admissions

Å23.7% incidence of resulting in either CKD or worsening of CKD

ÅIn hospital mortality of AKI 40-50%

ÅICU mortality >50% even with dialysis

ÅPatients diewith AKI rather than from AKI
Anesthesia. 2009; 110(3):505-15.

Adv. Chronic Kidney Dos. 2008; 15(3): 297-307.

Clin J Am Soc. Nephrol. 2016; 11(2): 2123-2131.



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

categories.

Tariq Ali et al. JASN 2007;18:1292-1298

©2007 by American Society of Nephrology



RIFLE and Risk of Death

ÅRisk (1.5 fold increase)  2.4 relative mortality risk

ÅInjury (2 fold increase) 4.14 relative risk

ÅFailure (3 fold increase) 6.37 relative risk

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



Phases of Acute Kidney Injury

ÅInitiation Phase-drop in BP, nephrotoxins, early sepsisτrise in 
BUN/Cr, decreasing urine output

ÅOliguricPhase-usually less than 400 ml/da, may require dialysis

ÅRecovery/DiureticPhase-increasing urine output, decreasing BUN/Cr, 
Potassium, Phosphorus, and Magnesium



Differentiation of AKI

Acute Tubular Necrosis 45%

Pre-Renal 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

Kidney Int 1996; 50(3):811



Diagnosis of AKI

ÅIncrease of BUN/creatinine or increase from baseline (0.3 mg)

ÅDecreased urine output

ÅwŜƴŀƭ ǳƭǘǊŀǎƻǳƴŘ όǇƻƻǊ ƳŀƴΩǎ ōƛƻǇǎȅύ-can differentiate acute from 
chronic, obstruction, masses, symmetry, abdominal fluid

ÅBladder scan

ÅAngiography: polyarteritis nodosa, vasculitis

ÅIntraabdominal pressure: Hepatorenal syndrome, abdominal 
compartment syndrome



Laboratory Tests

ÅMulti-chemprofile

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

ÅSpecific test are dependent on the clinical presentation and 
suspicions



RBC Casts



WBC Casts



Supporting Laboratory Tests for ATN

ÅANCA (P, C, MPO, PR3), anti-GBM, ANA (anti-DS DNA specific for end 
organ damage, anti-Histone for drug induced SLE)

ÅC3, C4, CH50, ESR, CRP, uric acid*

ÅHepatitis B, C, HIV, RPR, cryoglobulins, SPEP, UPEP

ÅCBC, peripheral smear, reticulocyte count

ÅHaptoglobin, LDH, CPK

ÅCultures, blood, urine etc.

ÅRenal biopsy



Renal Biopsy

Indications

ÅUnexplained AKI

ÅHematuria, proteinuria

ÅEstablish a diagnosis

ÅGuide therapy and prognosis

Contraindications

ÅSmall contracted, echodense 
kidneys

ÅSolitary kidney (maybe)

ÅActive infection

ÅUncontrolled hypertension

ÅCoagulopathy or anticoagulants

ÅUncooperative patient



AKI vs CKD

Acute Kidney Injury

ÅWell defined precipitating event: 
sepsis, hypovolemia, drugs, 
obstruction, etc.

ÅNormal sized non- echodense kidneys 
on US

ÅNormal PTH, H/H, phosphorus, 
calcium

ÅRBC or WBC and/or Granular casts on 
UA

Chronic Kidney Disease

ÅChronic underlying conditions: DM, 
HTN, SLE, NSAID use, etc. or has not 
seen a physician in decades

ÅSmall echodense kidneys on US

ÅNormocytic normochromic anemia

ÅElevated PTH, phosphorus, low 
calcium



Types of AKI

Oliguric vs Non-oliguric
Å>  or < 400 ml/da urine output

Å400 ml/da minimal u/o/da to clear the 
daily osmotic load

Å50-60% Non-oliguric

ÅNon-oliguric has a better prognosis

ÅAnuria<100 ml/da

Anatomic injury
ÅPre-renal: decreased in actual or 

effective circulating blood volume 
(CHF)

ÅIntrinsic: Direct injury to the vascular, 
glomerular, interstitial or tubular 
components

ÅPost-renal: Obstruction to the flow of 
urine



AKI

Acute Kidney Injury

Pre-renal              Intrinsic renal               Post-renal

Vascular   Glomerular    Interstitial   Tubular  



Post renal/Obstructive

ÅMay be acute, chronic or acute on chronic

ÅFunctional renal recover depends on duration of the obstruction

ÅPost obstructive diuresis may lead to AKI unless fluid and electrolyte 
deficits are appropriately replaced

ÅIn a patient with tense ascites, check the intraabdominal pressure if 
>13 mm Hg, get an US and paracentesis. Very high risk if >25 mmHg

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



Post-renal/Obstructive AKI

ÅRenal stones: Ca oxalate MCC, uric acid, struvite (infection-esp. 
proteus)

ÅStrictures, retroperitoneal hematoma, fibrosis or tumor

ÅObstructing casts e.g. myeloma, rhabdomyolysis, ATN

ÅBPH, cancer, neurogenic bladder

ÅIntrarenal or extra-renal tumors

ÅRenal vein thrombosis

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



Post-renal/Obstructive



Pre-renal AKI

ÅA decrease in total circulating volume or effective circulating blood 
volume (ECBV) e.g. CHF, sepsis.

ÅThis leads to activation of Sympathetic Nervous System (SNS), Renin 
Angiotensin Aldosterone System (RAAS) and Antidiuretic Hormone 
(ADH) in an attempt to restore the real or perceived volume loss. This 
leads to enhances sodium and water reabsorption by the tubules.

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



Pre-renal AKI

ÅwŜǾƛŜǿ LΩǎ ŀƴŘ hΩǎ

ÅBlood pressure: even a transient drop in BP e.g. SBP 90-100 mmHg 
may be enough to cause AKI, especially in the face of other factors 
e.g. nephrotoxins, sepsis CHF

Å! ǘƘǊƻǳƎƘ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ǾƻƭǳƳŜ ǎǘŀǘǳǎ ƛǎ ŜǎǎŜƴǘƛŀƭΥ

Skin turgor, axillary moisture, mucous membranes, orthostatics,  

CVP                  



tƻƻǊ aŀƴΩǎ {ǿŀƴ-Ganz Catheter



Causes of Pre-renal AKI

ÅDehydration, hemorrhage, steroids, protein loading

ÅGI losses: vomiting, diarrhea, NG, fistulas, GI bleed

ÅSepsis

ÅExcessive sweating, prolonged hyperventilation

ÅCHF, Cirrhosis, nephrotic syndrome/ cardiorenal, hepatorenal 
syndromes-decreased ECBV

ÅάоrdǎǇŀŎŜ ƭƻǎǎŜǎέ

ÅDiuretic phase of AKI, over-diuresis

ÅRapid correction of HTN



Fractional Excretion of Sodium (FENa)

ÅMay be helpful in differentiating Pre-renal from 
Intrinsic AKI

ÅNormal value 1%

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

ÅFENa= (SCreatininex UNa/ SNa x UCreatinine) x 100



Urinary Indices in AKI

Pre-renal Acute Tubular Necrosis

BUN/Cr >15-20:1                                  <10-15:1

Spec grav >1.020                                      <1.010

U osm >500                                          ~300

U Na <10                                             >30-40

FENa <1%                                             >2-3%

Sediment Nothing or a few                      Dirty brown/granular casts

hyaline casts 



Dirty Brown or ATN Casts



Intrinsic Renal AKI

ÅVascular

ÅGlomerular

ÅInterstitial

ÅTubular

ÅUsually intrinsic AKI will involve multiple segment of the 
nephron

e.g. RPGN with ATN



Pulmonary Renal Syndromes

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

ÅSLE

ÅDƻƻŘǇŀǎǘǳǊŜΩǎ ǎȅƴŘǊƻƳŜ

ÅLƎ! .ŜǊƎŜǊΩǎΣ I{t

ÅANCA mediated, systemic vasculitis

ÅPost streptococcal GN

ÅImmune complex GN



Drug induced AKI

ÅCan be directly toxic to the tubules:  Aminoglycosides

ÅCan induce Acute Interstitial Nephritis: TMB/STX, methicillin

ÅCan induce renal vascular vasoconstriction: NSAIDs, 
cyclosporine

ÅCan be multi-factorial: contrast media



Common Medication in AKI

ÅNSAIDs

ÅContrast

ÅVancomycin/Zosyn

ÅPenicillin, cephalosporins

ÅSulfas

ÅACE-I, ARB, statins

ÅAminoglycosides

ÅFoscarnet

ÅIndivir

ÅCyclosporine

ÅCOX-2 inhibitors

ÅttLΩǎ

ÅHetastarch

ÅIV IG

ÅSpice K-2

ÅAny drug can potentially induce 
AKI



Vascular Intrinsic AKI

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

ÅRenal vein thrombosis: may be asymptomatic

ÅMalignant hypertension, scleroderma renal crisis

ÅSevere and sustained hypotension (sepsis, dehydration)

ÅPost heart surgery (increased cross clamp, pump time)

ÅAthroembolic disease/cholesterol emboli

ÅMicroangiopathy: DIC, Hemolytic uremic syndrome/TTP, preeclampsia

ÅTransplant rejection



Glomerular Intrinsic AKI

ÅRapidly progressive glomerulonephritis (RPGN): ANCA 
ƳŜŘƛŀǘŜŘΥ DǊŀƴǳƭƻƳŀǘƻǎƛǎ ǿƛǘƘ ǇƻƭȅŀƴƎƛƛǘƛǎό²ŜƎƴŜǊΩǎύΣ 
Eosinophilic granulomatosis w/ polyangiitis (Chrug-Strauss), 
microscopic polyangiitis, anti-D.a ŘƛǎŜŀǎŜ όDƻƻŘǇŀǎǘǳǊŜΩǎ 
syndrome), SLE, post-infectious GN, 

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

ÅLƎ! ƳŜŘƛŀǘŜŘΥ .ŜǊƎŜǊΩǎ ŘƛǎŜŀǎŜΣ IŜƴƻŎƘ-Schoenlein Purpura



Interstitial Intrinsic AKI

ÅAcute Interstitial Nephritis
ÅMedications: Sulfas (TMP/STX), penicillin/methicillin, 
NSAIDs, PPIs, cephalosporins,  allopurinol, indivar, 
rifampin, mesalimine, any medication should be 
suspected
ÅInfectious: pyelonephritis, viral, fungal/protozoan
ÅSystemic illness: lymphoma, leukemia, sarcoid, 
{ƧƻǊƎǊŜƴ ǎȅƴŘǊƻƳŜΣ wŜƛǘŜǊΩǎ ǎȅƴŘǊƻƳŜ



Tubular Intrinsic AKI

ÅCan be ischemic or cytotoxic

ÅAcute Tubular Necrosis: ischemic

Cytotoxic:

ÅDrugs: aminoglycosides, lithium, acyclovir, ampho B, pentamidine, 
cisplatin, foscarnet, vancomycin, radiocontrast media, effects of drugs 
ALWAYS magnified in the face of volume depletion and hypotension

ÅCrystals: tumor lysis syndrome, hyperuricemia, hypercalcemia, 
ethylene glycol, acyclovir, megadose Vit. C, indovir, sulfas, 
methotrexate

ÅTubular obstruction: Rhabdomyolysis, intravascular hemolysis



Acute Tubular Necrosis

ÅThrombosis of the vasa recta/tubular microvasculature 
leading to ischemia of the tubular cells, which causes cellular 
edema, rupture and intra-tubular obstruction

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

ÅThe final common pathway of all untreated pre-renal or 
post-renal causes



Mechanism of ATN
ÅAfferent and efferent vasoconstriction

ÅMesangial contraction

ÅDirect cellular injury leading to a sequence of:

-Cellular edema

-Destruction of the cytoskeleton

-Release of compartmentalized enzymes, reactive oxygen 
ǎǇŜŎƛŜǎ όwh{ύΣ !¢LLΣ tDΩǎ 

-Cellular rupture

-wŜǇŜǊŦǳǎƛƻƴ ƛƴƧǳǊȅ ŦǊƻƳ wh{Σ ²./ΩǎΣ ŎƻƳǇƭŜƳŜƴǘ ŀƴŘ 
cytokines 



ATN 



ATN


