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66 yr white male w/ DM, HTN, CAD admitted to an 
OSH w/ E Coli UTI on 7/24/16, developed E Coli 
bacteremia and Shock (on vaso + levo) transferred 
to BUMC 7/26/16 w/

- No UO x 12 hrs (despite IVF)
- Cr 2 (baseline 0.9)



What’s going on?

• Is this AKI?
• Could this have been diagnosed earlier?
• How does this change his outcome?
• What’s happening at the level of the nephrons? 

What would a biopsy show?
• Can this be treated medically?
• Does this patient need dialysis? 
• Will the patient survive after discharge?



Is this AKI?



What is AKI?

• abrupt (within 48 hours) 
• absolute increase in Cr of ≥0.3 mg/dL 
• increase in Cr of ≥50 percent
• oliguria of (< 0.5 mL/kg/hr) X >6 hrs

Caveats
1. only after volume status had been optimized 
2. Urinary tract obstruction to be excluded (if oliguria was sole diagnostic criterion)



What is 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, 

anuria x 12 hr
– 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 ΔSCr 0.3 mg/dL from baseline, 

within 48hr, based on 80% mortality risk (Chertow, JASN 
2005)



Bellomo, R, Ronco, C, Kellum, JA, et al. Acute renal failure-definition, outcome measures, animal models, fluid therapy and 
information technology needs: the Second International Consensus Conference of the Acute Dialysis Quality Initiative (ADQI) 
Group. Crit Care 2004; 8:B204. 



Could this have been 
diagnosed earlier?



All the definitions (including RIFLE) depend on a 
surrogate marker ie creatinine



functional versus biomarkers
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Hypoalbuminemia
Coagulopathy
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functional versus biomarkers

Functional 
Marker Biomarker

Liver damage
Hypoalbuminemia
Coagulopathy

SGOT
SGPT
GGT

Heart damage
Hypotension
Arrhythmia

Troponin I
Troponin T
CK-MB

Kidney damage
Creatinine
BUN
Cystatin C

KIM-1
NGAL



• Transmembrane 
protein expressed 
in the proximal 
tubule.

• Expression is 
increased following 
ischemic damage

• Can be found 12 
hours after renal 
insult

Han WH, Bailly V, Abichandani. Kidney Int 2002 62, 237–244.
Liangos O, Han WK, Wald R. Abstract J Am Soc Nephrol 16: 318A, 2005.

candidates for a renal troponin: 
kidney injury molecule-1 (kim-1)



candidates for a renal troponin: 
kidney injury molecule-1 (kim-1)

• Transmembrane 
protein expressed 
in the proximal 
tubule.

• Expression is inc-
reased following 
ischemic damage

• Can be found 12 
hours after renal 
insult

Time starts at aorta cross clamp. 

Han WH, Bailly V, Abichandani. Kidney Int 2002 62, 237–244.
Liangos O, Han WK, Wald R. Abstract J Am Soc Nephrol 16: 318A, 2005.





How does this change his 
outcome?



Mortality following Cardiac Surgery

Odds-Ratio for Death
• Unadjusted:  39 (95% 

CI: 32-48)
• Adjusted for co-

morbidities and 
postoperative 
complications:  7.9
(95% CI: 6-10)

Chertow,GM et al Am J Med 1998;104:343



Chertow et al, JASN 16:3365-70; 2005

AKI and Mortality(Brigham and Womens, 9210 adults)

Multivariable Odds Ratio for Death

• AKI (Δ in SCr >0.5)
•Age (per 10 yr)
•CKD
•CV dis.
•Respiratory dis
•GI dis.
•Cancer
•Infection

6.5
1.7
2.5
1.5
3

2.4
2.9
7.5

<0.0001
<0.0001
<0.0001

<0.04
<0.0001
<0.001

<0.0001
<0.0001



LEVY, EM, VISCOLI, CM, HORWITZ, RI: The effect of acute renal failure on mortality—A cohort analysis. 
JAMA 1996 275: 1489–1494 



Impact of ARF on Mortality in 
Critically Ill Patients

Metnitz,P et al Crit Care Med 2002;30:2051



What’s happening at the level 
of the nephrons?















DAMPs damage associated molecular pattern, PAMPs pathogen associated molecular pattern





Ischemia

Medulla
30% O2 requirement
10% Blood supply

Cortex
70% O2 requirement
90% Blood supply

Loss of 
Autoregulation

↑ Intracellular
Calcium

S3 segment of PT

↓ PG; NO from eNOS
↑ TNF-a, IL-18

Endothelial injury

↓ GFR

↑ Oxygen 
Demand

↓ Renal
Blood Flow

















Adapted with permission from: Sutton, TA, Fisher, CJ, Molitoris, BA, et al. Microvascular endothelial injury and dysfunction
during ischemic acute renal failure. Kidney Int 2002; 62:1539. 







Can this be treated 
medically?



Loop diuretics





Medulla
30% O2 requirement
10% Blood supply

Cortex
70% O2 requirement
90% Blood supply

Ischemia

Loss of 
Autoregulation

↑ Intracellular
Calcium

↓ PG; NO from eNOS
↑ TNF-a, IL-18

Endothelial injury

↓ GFR

↑ Oxygen 
Demand

↓ Renal
Blood Flow

The Na-K ATPase uses 80% of the 
ATP in the kidney (check)





furosemide

decreased activity of the ascending loop of Henle 

decreases renal oxygen demand by the kidney

better align supply/demand in ischemia



Mehta, R. L. et al. JAMA 2002;288:2547-2553.

• Retrospective review of 
ICU patients

• Diuretic responsiveness 
determined survival



• 338 with dialysis dependent ARF
• Randomized to high dose furosemide (2,000 

mg/day) vs placebo
• End-point length of dialysis
• No improvement of survival, length of 

dialysis, number of dialysis sessions
• Shorter time to 2 liters/day of urine output

Cantarovich F, Rangoonwala B, Et al. Am J Kidney Dis 2004; 44: 402-9.



• In healthy volunteers low 
dose dopamine increases 
RBF and induces diuresis

• Patients in the intensive 
care unit do not respond 
this way.

ANZICS Clinical Trials Group. Lancet 2000;356:2139-47.
Kellum JA, Decker JM.Crit Care 2001; 29:1526-31.



• RCT of 380 ICU patients

ANZICS Clinical Trials Group. Lancet 2000;356:2139-47.
Kellum JA, Decker JM.Crit Care 2001; 29:1526-31.



Dopamine



dopamine: the RCT

• 328 ICU patients with SIRS
• Early signs of renal failure

– < 0.5 cc/kg/hr
– Cr > 1.7 mg/dL without a prior history of renal 

disease
– A rise in serum Cr of 0.9 mg/dL in less than 24 

hours
• The primary outcome was peak serum 

creatinine

ANZICS Clinical Trials Group. Lancet 2000;356:2139-47.



• Secondary end points:
– Furosemide dose 192 mg vs 268 mg p=0.39
– Duration of mechanical ventilation 10 vs 11 p=0.63
– Duration of ICU stay 13 vs 14 p=0.67
– Survival to hospital discharge 92 vs 97 p=0.66



Kellum JA, Decker JM.Crit Care 2001; 29:1526-31.

meta-analysis

• Kellum and Decker searched MedLine 
(English and non-English literature) for every 
article on human trials with dopamine for the 
treatment or prevention of ARF from 1966 to 
1999.

• They included 58 studies with 2149 patients



A. Exclude radiocontrast 
studies

B. Limited to heart studies
C. Excludes studies in 

which had abnormal 
control groups or 
increased variance



Dopamine 
• increases cortical blood 
• cortical blood flow increases GFR
• increases renal oxygen demand 

Medulla
30% O2 requirement
10% Blood supply

Cortex
70% O2 requirement
90% Blood supply

S3 segment of PT



complications of low-dose dopamine

• Increase arrhythmias
• Increased myocardial oxygen demand
• Gut ischemia
• Suppressed respiratory drive
• Increased sensitivity to radiocontrast agents
• Decreases in T-cell activity



Fenoldapam



dopamine 2.0: fenoldapam

• Isolated DA-1 activity
• Licensed as an IV anti-hypertensive
• Increases medullary blood flow more than 

cortical blood flow
– Improved oxygenation
– Does not increase renal work



• 155 patients randomized within 24 hours of 
50% increase in Cr

• Primary end-point incidence of need-for-
dialysis and/or survival at 21 days

• Fenoldapam or half normal saline for 72 
hours

• Protocolized definition of need-for-dialysis

Tumlin JA, Finkel KW, Murray PT, Et al. Am J Kidney Dis. 2005; 46:26-34.



Tumlin JA, Finkel KW, Murray PT, Et al. Am J Kidney Dis. 2005; 46:26-34.



• 300 patients with SEPSIS and no signs of 
AKI
– Non-oliguric
– Cr < 1.7

• Randomized to prophylactic fenoldapam vs 
placebo

Morelli et al. Prophylactic Fenoldopam for Renal Protection in Sepsis: A Randomized, Double-Blind, 
Placebo-Controlled Pilot Trial.Crit Care Med. 2005;33(11):2451-2456.



Prophylaxis is a way to get 
around the problem of late 

diagnosis due to the lack of an 
established biomarker.





fenoldopam

placebo







Does this patient need 
dialysis? 



Accepted indications

• Refractory fluid overload
• Hyperkalemia (plasma potassium concentration 

>6.5 meq/L) or rapidly rising potassium levels
• Signs of uremia, eg pericarditis, neuropathy, or 

an otherwise unexplained AMS
• Metabolic acidosis (pH less than 7.1)
• Certain alcohol and drug intoxications
• Volume overload?
• BUN?



Chertow GM, et al. Fluid accumulation, survival and recovery of kidney function in critically ill patients with AKI. KI 2009; 76:422.

>10% from baseline at initiation of RRT

OR 2.07 (95% CI 1.27–3.37).



Chertow GM, et al. Fluid accumulation, survival and recovery of kidney function in critically ill patients with AKI. KI 2009; 76:422.



When should we start RRT?



• non-randomization of groups, 
• differences in indications for initiation
• lack of inclusion in the analysis of patients with AKI 
who did not receive RRT because they recovered renal 
function or died



Karvellas, Constantine J., et al. "A comparison of early versus late initiation of renal replacement therapy in critically ill patients with 
acute kidney injury: a systematic review and meta-analysis." Crit Care 15.1 (2011): R72.



So, when DO you start CRRT?

• No evidence based criteria
• Accepted criteria (hyperkalemia etc)
• Definitely before “overt” uremic signs and 

symptoms
• BUN 80-100….no hard data
• Fluid overload < 10%....no hard data



Will the patient survive after discharge?



Wu et al, acute on chronic kidney injury at hospital discharge is associated with 
long-term dialysis and mortality, KI, Aug 2011



Amandeep Khurana

Clinical Assistant Professor, University of Arizona 
Transplant Nephrologist, Southwest Kidney Institute
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