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Faces of Acute Kidney Injury



AKI CKD

Remember!!!

AKI CKD



Five Key Steps in Evaluating Acute 

Renal Failure

� Obtain a thorough 
history and physical;  
review the chart in 
detail

� Do everything you can � Do everything you can 
to accurately assess 
volume status

� Always order a renal 
ultrasound 

� Look at the urine!!!

� Review urinary indices



General Considerations
� Life-threatening disease

� Approximately 5% of all 
hospitalized patientshospitalized patients

� Reaches 30% of 
admissions to ICU’s

� Five- fold increased 
mortality rate



Pay Attention To…
� Creatinine baseline?

� Creatinine clearance?

� Glomerular  filtration 
rate?

� Educate the patient

Intrinsic renal disease 
rate?

� Age 

� Young 

� Elder 

� Comorbidities

� Intrinsic renal disease 
such as nephritis 

� Pre-renal azotemia and 
obstructive causes 

� Diabetes mellitus, HTN, 
CHF, infectious process, 
CA, MM, seizures



Pay Attention To…
� Signs and symptoms � Shortness of breath, 

nausea, vomiting, 
anorexia, edema, 
decreased output, 

� Labs

decreased output, 
retention, hematuria, 
livedo reticularis, 
ischemia, rash, fever, 
hypotension

� Elevated BUN and 
creatinine (ratio), 
Potassium, HCO3, PO4



Pay Attention To…

Medications 

� Urinalysis (sediment), 
proteinuria, hematuria, 
casts, pyuria

� NSAID’s, COX-2 
� Medications 

� Toxic Habits

� Interventions

� NSAID’s, COX-2 
inhibitors, ACEI/ARB, 
amynoglycosides, 
sulfonamides, PNC, 
herbal remedies, 
metotrexate, indinavir

� IVDA, Alcohol

� Surgeries, cath, contrast



Acute Kidney Injury

� Acute Renal Failure (ARF):

� Traditionally defined as the abrupt decrease of renal 
function sufficient to result in retention of nitrogenous 
waste products, as well as loss of regulation of waste products, as well as loss of regulation of 
extracellular volume and electrolytes

� While consensus historically exists in this definition, 
none exists regarding the quantification of this decline 
in function to fully denote as renal failure



False Positives

� Elevated creatinine

� Cimetidine 

� Elevated BUN

� Upper GI bleeding

Steroids� Septra � Steroids

� Catabolic state 

� Malnutrition



AKI Definition

� No definitive definition

� An initial rise in serum � An initial rise in serum 
creatinine of 0.5 mg/dl or 
a 25% increase in serum 
creatinine



Definitions
� Azotemia

� the accumulation of nitrogenous wastes

� Uremia� Uremia

� symptomatic renal failure

� Oliguria

� less than 400-500 ml of urine output in 24 hrs

� Anuria

� less than 100 ml of urine output in 24 hrs



Acute Kidney Injury

� Creatinine (SCr): not sensitive in detecting the early 
decline in GFR in early stages of ARF

� Non-steady-state  of GFR 

� Creatinine accumulation lags behindCreatinine accumulation lags behind

� Rise in SCr usually a post-facto finding

� Oliguria/anuria states may not exist even with 
significant decline in GFR

� Studies of AKI used different criteria for SCr
� Lack of consensus problematic also when studying the 
effects of intervention for ARF





Acute Kidney Injury
� 2001 : Acute Dialysis Quality Initiative (ADQI)

� Risk: 1.5x inc in SCr, GFR dec 25%, UOP<0.5 ml/kg/h x 6h

� Injury: 2x inc SCr, GFR dec 50%, UOP<0.5 ml/kg/h x 12h

� Failure: 3x inc SCr, GFR dec 75%, UOP<0.5/kg/h x 24h

� Also anuria x 12 hr

� Loss: complete loss (inc need for RRT) > 4 wks� Loss: complete loss (inc need for RRT) > 4 wks

� ESRD: complete loss (inc need for RRT) > 3 months

� 2007: Acute Kidney Injury Network (AKIN)
� Modified RIFLE to include ∆SCr o.3 mg/dL from baseline, 
within 48hr, based on 80% mortality risk (Chertow, JASN 
2005)

� 2007: Acute Kidney Injury proposed by AKIN





Acute Kidney Injury

� Despite these attempts, SCr trends and urinary 
output still suboptimal for outcomes and treatment

� Need “Troponin” analogue 





Acute Kidney Injury 

Etiologies

INTRINSICINTRINSIC





Nature Clinical Practice Nephrology (2006) 2,364-377



Key Points

� The absolute incidence of acute kidney injury has 
increased in the past two decades, while the 
mortality rate has remained relatively staticmortality rate has remained relatively static

� The lack of a standard definition complicates the 
process of identifying the factors that underlie 
changes in epidemiology of this condition.



AKI: Diagnostic Studies

� Urinalysis for sediment, casts

� Response to volume repletion with return to baseline 
SCr 24-72 hr in case of prerenal event

� Urine Na; FENa

FENa (%) = UNa x SCr x 100FENa (%) = UNa x SCr x 100

SNa x UCr

� FENa < 1%: Prerenal

� FENa 1-2%: Mixed

� FENa > 2%: ATN

� Hansel’s stain



AKI: Diagnostic Studies

Fe Urea

� Low FE urea <=35%  is a more sensitive and specific 
index than FE Na in differentiating between ARF due 
to prerenal azotemia and that due to ATN, especially to prerenal azotemia and that due to ATN, especially 
if diuretics have been administered.



Acute Kidney Injury 

Urinalysis 

Hematuria WBC Eosinophils RTE cells Crystalluria Non-

Abnormal sedimentNormal/bland

Prerenal
Postrenal
Oncotic
AKI

Glomerulopathy
Vasculitis

Thrombotic MA

Pyelonephritis
Interstitial 
nephritis

AIN
Athero-
embolic 
AKI

ATN
Myoglobin
Hemoglobin

Uric acid
Toxins
Drugs

Plasma cell 
dyscrasia

Hematuria
RBC casts
proteinuria

WBC
WBC casts

Eosinophils RTE cells
Pigmented

casts

Crystalluria Non-
albumin

proteinuria



Urinary 

Sediment



Acute Kidney Injury

Laboratory Data

� Creatinine; also BUN/Cr ratio

� CBC: anemia, thrombocytopenia

� HCO3¯: anion gap, lactic acid, ketones

� Potassium� Potassium

� CPK/LDH/Uric acid/liver panel

� Serologies:
� Complements

� ESR, RF, ANA, ANCA, Anti-GBM

� Electrophoresis in serum and urine

� Toxicology studies





Acute Kidney Injury

Imaging Studies

� Ultrasound: evaluates renal size, able to detect 
masses, obstruction, stones

� CT: detects masses, stones; obstruction � CT: detects masses, stones; obstruction 

� MRI/MRA: can detect renal artery stenosis (RAS)

In the AKI setting, U/S provides most information



Acute Kidney Injury

� PRERENAL: 40-80%

� Volume loss/Sequestration

� Impaired Cardiac OutputImpaired Cardiac Output

� Hypotension (and potentially hypo-oncotic states)

� Net result: glomerular hypoperfusion









Acute Kidney Injury

� Prerenal Azotemia: fall in GFR secondary to renal 
hypoperfusion that potentially has rapid reversible 
componentcomponent

� Restoration of effective intravascular volume, 
perfusion pressure

� By current detectable methods, AKI reverses with 
minimal evidence of tubular ischemia



Pharmacologic Agents 

ACE inhibitors
ARB’s

NSAID’sNSAID’s
COX-2 Inhibitors





AKI: ACE Inhibitors and Angiotensin 

Receptor Blockers
� Serum creatinine and electrolyte concentrations 
should be measured before and 1 wk after initiating 
or changing the dose of therapy

� An increase in serum creatinine of >0.5 mg/dl if the 
initial serum creatinine is <2.0 mg/dl, or a rise of 
>1.0 mg/dl if the baseline serum creatinine is >2.0 
mg/dl, has been suggested as a threshold for 
discontinuation of therapy; or > 30% of baseline 
creatinine.



AKI: ACE Inhibitors and 

Angiotensin Receptor Blockers

� The development of ARF should prompt an evaluation for 
cardiac failure, hypotension, volume depletion, use of a 
concomitant vasoconstrictive agent, or renovascularconcomitant vasoconstrictive agent, or renovascular
disease





AKI: NSAID’s
� Nonsteroidal anti-inflammatory drugs (NSAID) agents 
inhibit the synthesis of vasodilatory prostaglandins in the 
kidney.

� Risk factors:� Risk factors:

� Severe CHF

� Advanced liver disease

� Severe atherosclerotic vascular disease

� CKD

� Elderly patients are at increased risk due to the increased 
prevalence of cardiac dysfunction, occult renal vascular 
disease, and subclinical chronic kidney disease. 





POSTRENAL: 5-15%

Extrarenal
Pelvis/Ureter

Bladder/UrethraBladder/Urethra









Urine Output?
The obstruction:

Complete

Normal

Anuria

Incomplete

Polyuria

Fluctuating

Normal









Hydronephrosis







Glomerulus



Acute Kidney Injury

� RENAL/INTRINSIC: 10-30%

� Vascular disorders: 

� small vessel

� large vessel

� Glomerulonephritis

� Interstitial disorders: 

� Inflammation

� Tubular necrosis:

� Ischemia

� Toxin

� Pigmenturia



AKI: Acute Tubular Necrosis

� Non-oliguric vs. Oliguric
� Prognosis worse with oliguric ATN in most series

� Ischemic insult: medulla most susceptible to hypoxic 
event, cellular ATP depletion, oxidative injury

� AKI phase of ATN: 7-21 days on average

� Associated with high FENa





Pathogenesis of ATN



AKI: Acute Tubular Necrosis
Treatment Key Points

� Saline loading effective in 
lowering ATN risk 

� Mantainance of CO, BP, 

� Keep MAP >65 mmHg

� Keep systolic BP between 
130-160 mmHg � Mantainance of CO, BP, 

avoid new insults 

� Preventative agents 
Dopamine, fenoldopam, 
mannitol, statins, loop 
diuetics

� Identification of high risk 
patients

130-160 mmHg 

� Keep Hgb > 10g/dl 





ATN Prognosis
Short- term Outcomes

� Dependent on the severity of 
comorbid conditions. 

� Uncomplicated ATN 

Long-term Outcomes

� Long-term outcomes of 
patients who survive are 
good. 

Am J Kidney Dis.2002.

� Uncomplicated ATN 
associated mortality rates of 
7 to 23%

� Mortality of ATN in 
postoperative or critically ill 
patients with MOF high as 
50 to 80%.

� Mortality rates increases 
with the number of failed 
organ systems

good. 

� Critically ill patients who 
required RRT in-hospital 
mortality was 69%.

� Patients who survived to 
hospital discharge, 6-mo 
survival was 77%, 1-yr - 69%, 
and 5-yr- 50% 

� 59% of surviving patients 
had no renal insufficiency



AKI: Rhabdomyolysis

� Precipitated by trauma/crush injury, extreme exertion, 
statins, cocaine, hypoK, hypoPO4

� Multifold injury, with volume depletion, direct tubular 
toxicity, and obstructing pigment casts

� UA: granular casts, (+) blood on dipstick but (-) 
microscopy due to myoglobin pigment

� CK levels not always consistent in predicting AKI, but 
general consensus is that low likelihood exists with CK 
levels less than 5k-10k



Rhabdomyolysis

Endotoxin
cascade

Activation 
of ET NO 
scavenging

Muscular 
vasodilatation 
and uptake of 

ECF in damaged 
muscles

Increased 
load of PO4 
and urate

Myoglobinemia
Hyperuricemia

Hypovolemia, CV 
suppression due 
to  hi K, lo Ca, Met 

Myoglobinuria
Uricosuria

Zager RA, Kidney Int 1996; 49: 314-326

to  hi K, lo Ca, Met 
Acidosis

Renal vasoconstriction,
ischemia

Pigment nephrotoxicity

Tubular cast formation and stasis

Depletion of ATP stores,
synergistic tubular damage

ATN



AKI: Rhabdomyolysis

� Treatment is via forced saline diuresis: goal of UOP > 
200-300 mL/hr; until reaching levels of cpk <5k

� Early hydration: in crush victims, IV begun in field, 
advised even before full extrication (Turkey advised even before full extrication (Turkey 
earthquake, 1999)

� Treatment for symptomatic hypocalcemia only: 
watch for hyperkalemia which is life threatening



Atheroembolic AKI
� Clinical Manifestations

� AKI days to weeks after manipulation, anticoagulation 

� Systemic signs, signals of inflammation

� Rash

� Livedo reticularis

� Decreased complement due to activation by exposed � Decreased complement due to activation by exposed 
atheromata

� Eosinophilia/eosinophiluria

� Occlusion of distal arteriolar beds

� AKI

� Visual field deficits

� Gangrenous digits, palpable pulses

� Pancreatitis

� GI bleeding



Atheroembolic (AE) AKI

� Renal and systemic AE occur in patients with diffuse 
atheroscerotic disease

� Risk factors include manipulation of the aorta or other 
large arteries during angiography or CV surgery in large arteries during angiography or CV surgery in 
atherosclerotic patient

� Also can occur spontaneously with ulcerated plaques

� Destabilization of plaque may be enhanced in the setting 
of anticoagulation or thrombolytic therapy







Atheroembolic

Disease

Medscape.org



Medscape.org







AKI: Radiocontrast Nephrotoxicity

� Well-recognized adverse outcome

� Improved with iso-osmolar agents

� Onset of rise in SCr occurs within 24 hr; peak/fall within 
3-5 days3-5 days

� Many studies with diuretics, osmolar agents, 
dopaminergic agents without good promises 

� Treatment: hydration, hydration and hydration with 
saline/HCO3 pre/post at 1mL/kg/hr

� Acetylcysteine has recent equivocal benefit, but harmless

� Routine hemofiltration or hemodialysis for the 
prevention is not recommended.



Nephrotoxins
Antibiotics

Aminoglycosides

� Ocurs in 10-20% of patients 
receiving aminglycosides

� Mantaining blood levels in � Mantaining blood levels in 
the therapeutic range does 
not eliminate the risk of 
nephrotoxicity

� Presents ocassionally after 
one week of treatment

� Usually non oliguric

� Preventive measure is to use 
once-daily dosing



Acute Kidney Injury

Acute Interstitial Nephritis

� Onset usually 3-5 days with most drugs or  later with 
NSAIDS

� Rising SCr which resolves upon d/c of offending drug

� Fever, hematuria, pyuria: Urine eosinophils� Fever, hematuria, pyuria: Urine eosinophils

� Mild to moderate proteinuria; much higher to NS in 
NSAIDS

� Eosinophilia and morbilliform rash 

� Bx not usually necessary for dx

� Prednisone 1 mg/kg/d PO x 4 wks sometimes utilized to 
shorten AKI interval



Acute Interstitial Nephritis

Classic Triad: 

Fever

Rash 

Eosinophilia



Acute Kidney Injury: AIN causes

DRUGS
� ACEI

� Allopurinol

� Cephalosporins

� Cimetidine

INFECTION
� Bacterial

� Agents causing  pyelonephritis

� Legionella

� Brucella
� Cimetidine

� Fluoroquinolones

� Loop diuetics

� NSAIDS

� PCN

� Phenytoin

� Rifampin

� Sulfonamides

� Tegretol

� Thiazides

� Omeprazole

� Yersinia

� Leptospirosis

� Viral

� Hantavirus

� HIV

� CMV,EBV,HSV



Medscape.org



Hansel’s Stain

Eosinophils in urine

Medscape.org





AKI: Glomerulonephritis 

(RPGN)/Systemic Vasculitis

� Immune-Complex 
Mediated

� SLE

� Cryoglobulinemic vasculitis

Henoch-Schönlein purpura

� Pauci-immune vasculitis
� Microscopic polyangiitis

� Wegener’s granulomatosis

� Churg-Strauss syndrome

� Henoch-Schönlein purpura

� Post-strep GN

� Direct Ab attack

� Anti-GBM disease

� Goodpasture’s syndrome

� Thrombotic 
Microangiopathy

� TTP

� HUS

� Scleroderma renal crisis

� Preeclampsia

� Malignant hypertension





Acute Kidney injury

Crystal-induced AKI:

� Common factors include high excretion in urine, and 
low solubility in acidic urine; exacerbated by 
hypovolemia; examination of urine critical to Dx

� Common agents� Common agents
� Uric acid

� Acyclovir

� Sulfa

� Methotrexate

� Ethylene glycol

� Pre-exposure hydration, Urinary alkalinization



Acute Kidney Injury
Indications for Renal Biopsy in AKI:

� Tissue examination via LM/EM/IF

� Acute nephritic syndrome

� Hematuria, cellular casts, proteinuria  in setting of new-
onset or exacerbation of HTN, rising SCr

� May also have serologic (+) i.e. ANA, ANCA, aGBM that � May also have serologic (+) i.e. ANA, ANCA, aGBM that 
tissue dx also provides treatment options and prognosis

� Unexplained AKI

� Uncertain or multiple competing ddx, of which treatment 
differs greatly with definitive dx; AIN vs ATN considerations 
are seen not uncommonly in hospitalized pts

� Young pts with AKI often are considered based on long-term 
renal survival outcomes maximized with definitive dx

� Renal TPL: Acute Rejection





Acute Kidney Injury

INDICATIONS FOR RENAL REPLACEMENT THERAPY

� Despite modalities available (IHD, CRRT) mortality remains 50% for 
AKI in critically ill patients

� Clinicians will generally opt for RRT induction prior to development 
of the above symptoms; BUN of 80-100 in absence of other of the above symptoms; BUN of 80-100 in absence of other 
symptoms sometimes is a indication, but practices vary

� While concept of prophylactic RRT has been around since 1950-60’s, 
its benefit remains uncertain, whether due to dose, timing, modality

No benefit proven of IHD vs CRRT



Other AKI…
Abdominal 
Compartment Syndrome

� Presence of IAP >20 that is 
associated with a single or associated with a single or 
multiple organ system 
failure.   Causes severe 
oliguric or anuric renal 
failure.   Tx: surgical 
decompression. 



Other AKI…
Acute Phosphate 
Nephropathy

� AKI from Nephrocalcinosis� AKI from Nephrocalcinosis
after use of oral sodium 
phosphate (phospho soda) 
for colonoscopy.  



Other AKI…

Orlistat associated AKI

� AKI from Oxalate 
nephropathy due to nephropathy due to 
enhancing oxalate 
absorption with increased 
urinary excretion.



AKI/Herbal Medicine 
� Herbalism 

� Phytomedicine, phytotherapy or botanical medicine

� The medicinal use of plants or plant constituents

� >120 current pharmaceuticals are derived from plant � >120 current pharmaceuticals are derived from plant 
products

� Lidocaine (coca plant Erythroxylum coca)

� Opioids

� Aspirin (meadosweet Spirea ulmaria)



Herbal Therapy: Beliefs

� “herbs cannot harm, 
only cure”

� “natural is better than � “natural is better than 
synthetic”

� “plants were created 
and placed on this Earth 
specifically to cure 
disease”



Herbal Therapy
� All herbal products sold in the US must contain the 
following statement (disclaimer)

“this product is not intended to diagnose, treat, cure or 
prevent any disease”

� Companies have no legal requirement to provide 
documentation of scientific testing/purity of 
ingredients

� 37% of physicians and 50% of the public are unaware 
that the FDA does not assess pre-market safety or 
efficacy of Herbal therapy

prevent any disease”



Herbal Therapy 

� Chinese Herb Nephropathy 

� New entity associated to nephrotoxicity with 
Aristolochic acid present in chinese preparationsAristolochic acid present in chinese preparations

� Tubular injury and oncogenic 

� Toxic ATN and urothelial CA 

� The US has banned all sales of 

� aristolochia containing supplements 

� Available over the internet



Herbal Therapy



Acute Kidney Injury

Natural Remedies
� Star Fruit: Carambola

� Oxalidacacceau family

� High concentration of 
oxalateoxalate

� Acute Oxalate 
Nephropathy 

� CKD patients are a 
higher risk 



Acute Kidney Injury

Ephedra:Ma Huang

� Alpha adrenergic used as 
energy supplement, weight 
loss, and asthmaloss, and asthma

� Causes renal stones

� Hypertension 



Acute Kidney Injury

Noni Juice: Morinda
Citrofolia

� Derived from the fruit of 
Noni tree 

� India, Tahiti, Asia, Australia� India, Tahiti, Asia, Australia

� Used for hypertension, 
dysmenorrhea, arthritis, 
sexual dysfunction

� Hyperkalemia 



Acute Kidney Injury: Take Home 

Message

� Major advances in understanding AKI, but no clear 
definition that guides research on prophylaxis and earlier 
diagnosis 

� AKI still carries high M/M risk, especially in ICU setting

� Improving volume status, hemodynamics rapidly aids in 
minimizing ischemic AKI risk; volume resuscitation, 
relief of urinary obstruction can be done concurrently

� Patient history, hosp chart review, PEx coupled with 
routine labs, UA may establish cause in 40-60% of AKI



Take Home Message 

� Think about who might be vulnerable to acute renal 
failure

� Think twice before initiating therapy that may cause 
AKI

� Think about it as a diagnosis – don’t look/won’t find



Questions????


