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Objectives

1. Define AKI – KDIGO Classification

2. Incidence and consequences of AKI

3. Causes of AKI and workup

4. Prevention of AKI

5. Treatment of AKI



AKI Case

67 yo woman admitted with community 
acquired pneumonia. She has a history 
of DM II, CKD Stage 3 and HTN. Her 
medical treatment consists of metformin  
and lisinopril. She has a MAP < 65 on 
presentation with a lactate level of 3.3 
and qSOFA of 2. She is treated with 30 
ml/kg isotonic fluid and appropriate 
antibiotics and admitted to the ICU
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Diagnostic criteria 
Acute Kidney Injury

An abrupt (within 48 hours) reduction in 
kidney function currently defined as an 
absolute increase in serum creatinine of 
more than or equal to 0.3 mg/dl (≥ 26.4 
μmol/l), a percentage increase in serum 
creatinine of more than or equal to 50% 
(1.5-fold from baseline), or a reduction in 
urine output (documented oliguria of less 
than 0.5 ml/kg per hour for more than 
six hours).

Sustained – prerenal resolves over 72 hours



Definition of Acute Renal Failure

Acute Renal Failure is a decline in renal 
function (UO and solute clearance) 
which is abrupt and sustained

Abrupt – over 48 hours

Sustained – for > 24 hours

Severity – AKI Staging







ARF AKI Staging

The presence of AKI ( even Stage 1) 
predicts increased mortality, LOS, 
hospital costs, and need for RRT

The AKI definition is both sensitive and 
specific to diagnose ARF 
(ascertainment bias)

The worse the stage, the worse the 
prognosis of the patient, longer 
hospital LOS, ICU LOS, higher cost and 
higher mortality



AKI Case

LABS:

BC grow Strep pneumonia

Creatinine: baseline       1.4

admission    1.8

day 1            
2.8 

Urine output 1000/24 hrs  (< 0.5 
ml/kg)
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AKI Incidence 

20% of hospitalized patients have AKI

50% of ICU patients have AKI

Incidence is increasing

Mortality is static at 33% for all and 
50% ICU





AKI Complications - Immediate 

Short term mortality 33% all and 50% 
ICU

Higher the AKI Stage the higher the 
mortality

Longer the course the higher the 
mortality

Patients with AKI are:

more likely to die of sepsis, develop 
respiratory failure and require long 

term and short term nursing care

Hospital days and costs are higher



ARF and Mortality – Chertow 
2005





AKI Complications – Long Term

There are long term effects from AKI

Higher total and CV mortality

Faster progression of CKD

Higher rates of ESRD



Association between AKI and cardiovascular mortality and cardiovascular events. 

Ayodele Odutayo et al. JASN 2017;28:377-387



One-year survival after percutaneous coronary intervention in patients with or without CKD and with or 
without CIN (4).

Rudnick M , Feldman H CJASN 2008;3:263-272





AKI Case

Patient developed respiratory failure 
requiring mechanical ventilation for 7 
days and NSTEMI

Her renal function worsened but she 
never required dialysis

She was discharge to rehabilitation and 
then home.

Her GFR is 20 ml/min after 90 days



Bagshaw, S. M. et al. Clin J Am Soc Nephrol 2007;2:431-439

Kaplan-Meier survival estimates by septic acute kidney injury
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Etiology of AKI
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Thadhani, R. et al. N Engl J Med 1996;334:1448-1460

Main Categories of Acute Renal Failure

















Furosemide Stress Test

Furosemide 1 mg/kg for naïve patients  
or 1.5 mg/kg in furosemide is given IV

+ test - UO is < 200 ml over 
subsequent 2 hours

+ test predicts AKI progression, need 
for RRT and mortality
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Primary prevention of AKIBaseline risks Acute clinical 

conditions

Nephrotoxic agents

Advanced age Sepsis Contrast media

Diabetes mellitus Hypotension/shock Antimicrobial agents

CKD Volume depletion Chemotherapeutic 

agents

Heart failure Rhabdomyolysis NSAIDs

Liver failure Cardiac/vascular surgery

Male gender Non-renal solid organ 

transplantation

Race & genetic variation Abdominal compartment 

syndrome

Hypoalbuminemia Mechanical ventilation

Arterial vascular disease



Forest plot for risk of peripheral edema and AKI per subgroup. 

Kenneth P. Chen et al. CJASN 2016;11:602-608





Contrast Induced Nephropathy

Traditionally IV contrast has been thought 
to cause AKI

Incidence unclear but seemed to be based 
on pre contrast risks (GFR etc), dose  and 
route of administration(IV VS IA)

Recent observational data suggests much 
less common than thought

Prophylaxis and discretion still 
recommended for now



The variable relationship between contrast administration and AKI across the examined 

disease states. 

Emilee Wilhelm-Leen et al. JASN 2017;28:653-659



Remote Ischemic 
Preconditioning

Transient ischemia protects cells from 
later ischemic events locally (heart, 
brain, kidney)

Transient local ischemia also has remote 
protective effects

Inducing brachial (local) ischemia has 
been shown to prevent CIN. Data for CV 
surgery is mixed





AKI Prevention

Identification of patients at risk

Protocolized comprehensive 
management plans for sepsis, CV and 
vascular surgery etc (ASA postop CPB)

Avoidance of nephrotoxins or potentially 
nephrotoxic events





Date of download:  10/6/2014
Copyright © 2014 American Medical 

Association. All rights reserved.

From: Association Between a Chloride-Liberal vs Chloride-Restrictive Intravenous Fluid Administration 

Strategy and Kidney Injury in Critically Ill Adults

JAMA. 2012;308(15):1566-1572. doi:10.1001/jama.2012.13356

Stage 2 or 3 defined according to the Kidney Disease: Improving Global Outcomes clinical practice guideline.

Figure Legend:
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Management of AKI

1. Remove or treat offending agent

2. Dx – US, UA, Urinary indices 

3. Improve hemodynamics – if wet –
dry, if not wet – wet

4. Make non-oliguric. Fix electrolytes

5. Avoid nephrotoxins

6. Adjust meds for eGFR

7. RRT





Fig 2. Odd ratios and 95% confidence interval of death for AKI episodes which had 
AKI Care Bundle completed within 24 hours.

Kolhe NV, Staples D, Reilly T, Merrison D, Mcintyre CW, et al. (2015) Impact of Compliance with a Care Bundle on 
Acute Kidney Injury Outcomes: A Prospective Observational Study. PLOS ONE 10(7): e0132279. 
https://doi.org/10.1371/journal.pone.0132279
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0132279

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0132279


Fig 3. Adjusted survival curve stratified by timing of completion of AKI Care 
Bundle.

Kolhe NV, Staples D, Reilly T, Merrison D, Mcintyre CW, et al. (2015) Impact of Compliance with a Care Bundle on 
Acute Kidney Injury Outcomes: A Prospective Observational Study. PLOS ONE 10(7): e0132279. 
https://doi.org/10.1371/journal.pone.0132279
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0132279

http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0132279


Assessment of Volume

Bedside – 50% of ICU patients are volume 
responsive. 

Dynamic vs. Static
Static

CVP and PAOP
Dynamic 

IVC collapse
Pulse pressure and SBP variation
Passive straight leg raise
Lactate clearance



Assessment of Volume 
Responsiveness

Our clinical exam predicts volume 
responsiveness 50% of the time

Adding CVP measurements -50%

Adding IVC assessment – 60%

Dynamic measurements – PPV, PSLR or 
stroke volume variation predictive value 
> 80%

To avoid volume overload – use dynamic 
measurements







Indications for RRT in AKI

Volume overload unresponsive to diuretics

Metabolic acidosis refractory to medical management

Intoxication with dialyzable drug or toxin

Uremic symptoms

Encephalopathy

Pericarditis

Uremic bleeding 

Progressive azotemia in the absence of specific 
symptoms



Indications are open to interpretations

How volume overloaded?

What should potassium level be?

How severe for metabolic acidosis?

What is the definition of diuretic resistance?



Types of Renal Replacement 
Therapy









AKI Treatment Summary

Perfusion – IVF, diuretics, inotropes

Underlying cause – remove, reverse, 

treat

Monitor – volume status, electrolytes, 

urine

Prevent complications – volume 

overload, electrolytes, medication 
adjustment
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Case Cardio-Renal Syndrome

65 yo gentleman with long standing 
HTN admitted for ADHFpEF and 10 kg 
weight gain. Creatinine 1.8 and eGFR 
49. He is treated with high dose loop 
diuretics with a loss of 5 kg and stable 
eGFR. On day 4 his creatinine was noted 
to be 2.5 and diuretics were 
discontinued. The next day his 
creatinine was 3.0



Cardiorenal Syndromes

Definition – Negative effects of  heart or kidney 
dysfunction on the other organ

CRS 1  - rapid worsening of cardiac function 
leading to AKI

CRS 2 – chronic cardiac dysfunction leads to CKD

CRS 3 – AKI leads to cardiac dysfunction

CRS 4 – CKD and  cardiovascular disease

CRS 5 – Systemic illness affecting heart and 
kidney



Dual hemodynamic pathways for acute cardiorenal syndrome. 

House A A CJASN 2013;8:1808-1815



Case CRS

High percentage of CKD with ADHF (30-
40%)

AKI is called worsening renal function 
(WRF) in CHF literature and uses same 
KDIGO criteria and associated with 
increased mortality

Most patients with ADHF are under 
diuresed



Change in body weight at discharge based on Acute Decompensated Heart Failure National 

Registry database. 

Kazory A CJASN 2013;8:1816-1828



CRS Patterns of AKI

1. AKI on admission improving with 
treatment

2. AKI which worsens daily from 
admission Flash pulmonary edema

3. Stable GFR which worsens as 
diuresis progresses



CRS Case

Our patient has pattern 3. 

75% of these patient have high RAP and 
may also have low MAP

The venous congestion leads to AKI and 
treatment is decongestion (diuresis)

Typically eGFR improves as patient is 
diuresed



Case HRS

31 yo man with a hx of “psychiatric 
disease” is admitted for recent onset of 
jaundice, weakness and swelling

Hx of heavy ETOH use over the past 
several years. + peripheral edema. Liver 
large and tender. No abdominal 
tenderness

Last drink 1 week ago



Case HRS

Labs: ALT and AST 5X nl ALT/AST ratio 
2, bilirubin 49, albumin 2.5, and INR 
1.4. WBC 20K

Creatinine 1.4 on admission rising to 3 
over several days. UA – negative except 
bilirubin 

He makes < 0.3 ml/kg/hr urine

US ABD – minimal ascites, no 
hydronephrosis



Journal of Hepatology 2015 62, 968-974DOI: (10.1016/j.jhep.2014.12.029) 
Copyright © 2015 BMJ Publishing Group Ltd, British Society of Gastroenterology and European 

Association for the Study of the Liver





Assessing kidney function in pts 
with cirrhosis

Serum creatinine levels should be used to 
estimate GFR in cirrhosis with the following 
conditions:
There is decreased muscle and hepatic 
production of creatinine. Malnutrition 
The edematous state that complicates end-
stage liver disease leads to large distribution of 
Cr in the body and lower serum Cr 
concentration
Formula that use creatinine to estimate GFR 
will overestimate
Cystatin C has same problems

Proulx et al. Nephrology Dialysis Transplantation 2005





Munoz S. Medical Clinics of North America July 2008



Martin-Llahi et al, Gastroenterology 2011

Causes & Outcomes of Renal Failure



Martin-Llahi et al, Gastroenterology 2011

Causes & Outcomes of Renal Failure



Fig. 1 

Journal of Hepatology 2015 62, 968-974DOI: (10.1016/j.jhep.2014.12.029) 



Acute Kidney Injury in 
Cirrhosis

Nearly 50% of patients with cirrhosis 
develop AKI

Causes

Pre-renal

Renal

Post-renal



Martin-Llahi et al, Gastroenterology 2011

Causes & Outcomes of Renal Failure



Wong F. Nat Rev. Gastoenterol 2012
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ICU Management of HRS

1. Norepinephrine titrated to raise MAP 
>15

2. Octreotide and albumin used as 
adjuncts

3. Vasopressin has been used but in 
doses 10X septic shock doses. 
(Associated with complications)



Floor Management of HRS
1. Midodrine 7.5 mg PO TID, up to 15 mg 

PO TID 

2. Octreotide 100 μg SC TID, up to 200 μg 
SC TID

3. Rapidly titrate to obtain increase in MAP 
≥15 mmHg

4. Albumin (maintenance)  1 gm/kg/d X 48 
hrs then 25-50 g/day

 Discontinue if serum albumin >4.0 g/dL



Management of HRS
1. Stop treatment if no reduction in sCRE 

after 3 days or not <50% by day 7 of 
highest dose

– ?Norepinephrine infusion if floor protocol 
fails

2. If response, continue until Cr <1.5 mg/dL 
or 14 days



HRS Prevention

Avoidance of nephrotoxins

IV diuretics only with peripheral edema 
+ ascites

High volume paracentesis with SPA 
(8gm/liter removed)

Prophylactic antibiotics (quinolone) in 
high risk (low Na, increased 
creatinine, increased bilirubin with 
ascites albumin of < 1.5 gm/dl

Treatment of SBP



Summary

HRS1 is a disease that has a high 
mortality
If a liver transplant candidate, treatment 
is warranted (does not worsen outcomes)
If not a transplant candidate, evaluate for 
reversible liver disease
If no reversible liver disease, shared 
decision making regarding level of care
Therapy is directed toward the 
pathophysiology of the syndrome



Case

Our patient developed progressive AKI 

He was not a liver transplant candidate 
due to lack of abstinence – no RRT

He did not have acute hepatitis B – no 
RRT

He did have acute alcoholic hepatitis 
with a chance of reversibility – trial of 
RRT



Summary

HRS1 is a disease that has a high 
mortality
If a liver transplant candidate, treatment 
is warranted (does not worsen outcomes)
If not a transplant candidate, evaluate for 
reversible liver disease
If no reversible liver disease, shared 
decision making regarding level of care
Therapy is directed toward the 
pathophysiology of the syndrome



AKI Summary

Using a standard definition improves 
recognition

AKI leads to worse short term and long 
term outcomes

AKI is a predictor of severity of illness



ATN, H&E.


