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Acute Kidney Injury
Definition

 An Abrupt Decrease in Kidney Function
 Increase in Creatinine by 0.3 g/% within 48 hrs
 Increase in Creatinine of 1.5 x baseline within 7 days
 UOP < 0.5 ml/kg/hr x 6 hours

Stage
Cause

KDIGO Clinical Practice Guideline for Acute 
Kidney Injury March 2012







Drug Dosing
 eGFR only accurate if creatinine in steady state

 If creatinine rising eGFR overestimates true GFR – If 
rising briskly eGFR should be presumed 0 ml/min

 If creatinine  falling eGFR underestimates true GFR
 Renally cleared meds:

 Metformin
 Gabapentin
 Cefepime
 Morphine

https://www.uptodate.com/contents/overview-of-
the-management-of-acute-kidney-injury-aki-in-

adults



Cause – Differential Diagnosis
 Prerenal
 Intrinsic Renal

 Glomerular
 Tubulointerstitial
 Vascular

 Post Renal



Intrinsic Renal
 Glomerular

 Nephritic urine sediment
 ANCA – pauci immune
 Immune Complex (lupus; cryoglobulinemia; IgA)
 Anti GBM



Intrinsic Renal
 Tubulointerstitial

 Bland or variable UA
 ATN
 AIN
 Crystalline nephropathy



ATN AIN Crystalline

Ischemic Medications: Medications:

Myoglobin/Hemoglobin Antibiotics Methotrexate

Medications: PPI Acyclovir

Contrast Checkpoint Inhibitors Light Chain

Aminoglycoside Autoimmune: Calcium Oxalate

Vancomycin Sjogren/ Sarcoid Calcium Phosphate

Cisplatin TINU/IgG4 Uric Acid



Intrinsic Renal
 Vascular

 Microvascular
 TTP
 HUS



Abuelo, N Engl J Med 2007; 357: 789-805

Normotensive Ischemic AKI
 Increased Renal Susceptibility to modest reductions in 

perfusion pressure
 Impaired autoregulation

 GFR maintained throughout range of perfusion 
pressures via autoregulation

 Below autoregulatory range endogenous 
vasoconstrictors lead to increased afferent arteriolar 
pressure leading to decreased GFR

 If increased severity and/or duration can lead to ATNTN



Abuelo J. N Engl J Med 2007;357:797-805

Normal and Impaired Autoregulation of the Glomerular Filtration Rate during Reduction of Mean 
Arterial Pressure



Abuelo J. N Engl J Med 2007;357:797-805

Intrarenal Mechanisms for Autoregulation of the Glomerular Filtration Rate under Decreased 
Perfusion Pressure and Reduction of the Glomerular Filtration Rate by Drugs



 When creatinine 1st rises
 BP usually below typical BP although may be still in 

“normal range”
 May be signs of early sepsis (hypothermia; confusion; 

leukocytosis; cool extremities) but no fever or localizing 
infectious symptoms

 Diuretics continued in a patient with decreased intake



IVF - Normal Saline vs Physiologic 
Solutions

Association Between a Chloride-Liberal vs. Chloride-Restrictive 
Intravenous Fluid Administration Strategy and Kidney Injury in 

Critically Ill Adults
Yunus et al. JAMA 2012: 308 1566-1572

Balanced Crystalloids versus Saline in Non-critically ill Adults
SALT ED: Self W.H et al. N Engl J Med 2018; 378:819-828

Balanced Crystalloids versus Saline in Critically ill Adults
SMART: Semler M.W. et al. N Engl J Med 2018; 378:829-839

Balanced Multielectrolyte Solution versus Saline in Critically Ill 
Adults

PLUS: Simon Finfer et al. N Engl J Med 2022;386:815-826



Is Chloride Bad?
 Normal saline – 154 meq chloride
 Lactated Ringers – 109 meq chloride
 Plasma-lyte A – 98 meq chloride
 NS associated with

 Hyperchloremic metabolic acidosis
 May increase renal inflammation
 May impair renal perfusion via vasoconstriction



Renal Physiology
 Juxtaglomerular Apparatus

 Juxtaglomerular Cells 
(Afferent Arteriole)

 Macula Densa (Thick 
Ascending Limb)
 Increased Chloride 

delivery to Macula Densa
 Afferent Arteriole 

constriction (TGF) –
Decreased GFR

 Decreased Renin release 



Association Between a Chloride-Liberal vs. Chloride-Restrictive 
Intravenous Fluid Administration Strategy and Kidney Injury in 

Critically Ill Adults

 Sequential Observational Study
 6 months standard fluids
 6 months low chloride fluids ie. Balanced electrolyte 

solution (Plasma-Lyte)

Yunus et al. JAMA 2012: 308 1566-1572
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Balanced Crystalloids versus Saline in 
Noncritically ill Adults (SALT-ED)

Self W.H et al. N Engl J Med 2018; 378:819-828

ED patients hospitalized (non ICU) and received > 500 ml IVF in ER
Type of IVF varied by month

Normal Saline Balanced Crystalloid (LR or 
plasmalyte)

Primary Outcome – Hospital free days at day 28
No difference (median 25 days) p=0.41

Secondary Outcomes
Major adverse kidney events – Composite of death, new RRT, Creatinine >
200% baseline at discharge or 30 days

Favored balanced crystalloids (4.7% vs. 5.6% p=0.01)
Largest benefit in patients with renal dysfunction at presentation – Stage 
2 or greater AKI (28.0% vs. 37.6% p <0.001)

Stage 2 or greater AKI
No difference (8.0% vs. 8.6% p=0.19)



Balanced Crystalloids versus Saline in 
Critically ill Adults (SMART)

Semler M.W. et al. N Engl J Med 2018; 378:829-839

ICU patients

Normal Saline Balanced Crystalloid 

Primary Outcome – Major adverse kidney events – Composite of death, new 
RRT, Creatinine > 200% baseline at discharge or 30 days

Favored balanced crystalloids (10.7% vs. 11.5% p=0.04)

Stage 2 or greater AKI
No difference (10.7% vs. 11.5% p=0.09)



Balanced Multielectrolyte Solution versus 
Saline in Critically Ill Adults

PLUS: Simon Finfer et al. N Engl J Med 
2022;386:815-826

Double – Blind Randomized Controlled Trial Critically Ill Patients

Plasma-Lyte 148 NS

Primary Outcome – Death at 90 days

21.8% 22.0%

Secondary Outcome – New RRT

12.7% 12.9%

Secondary Outcome – Maximum Creatinine increase (mean)

0.41 + 1.06 0.41 + 1.02

Higher blood pH, Lower Chloride in Balanced IVF Group



PLUS: Simon Finfer et al. N Engl J Med 
2022;386:815-826



PLUS: Simon Finfer et al. N Engl J Med 
2022;386:815-826



IVF - Summary
 Meta analysis – (% relative reduction – 1% relative 

increase in mortality with balanced crystalloid
 Balanced solutions may be preferred in DKA
 Balanced solutions may be harmful (NS) improved in 

TBI



Contrast Nephropathy
Contrast Associated AKI Contrast Induced AKI

AKI within 48 hours of contrast AKI caused by contrast administration

Higher with coronary angiography than 
with IV contrast

Stable baseline eGFR > 45 – not 
nephrotoxic Stable baseline eGFR 30-44 
– not or rarely nephrotoxic

Higher incidence in cardiac 
angiography then with IV contrast



Contrast Nephropathy - Prevention
 Assess Risk for CI-AKI
 Type of Contrast
 Prophylaxis
 Hemodialysis/ Hemofiltration

KDIGO Clinical Practice Guideline for Acute 
Kidney Injury March 2012



Contrast Nephropathy - Risk

CKD CA - AKI CI - AKI

eGFR > 60 5% Near 0%

eGFR 45-59 10% Near 0%

eGFR 30-44 15% 0-2%

eGFR < 30 30% 0-17%

Use of Intravenous Iodinated Contrast Media in 
Patients with Kidney Disease:  Consensus 

Statements from the ACR and NKF  Radiology 
2020; 294:660-668



Assess Risk
 ACR Manual on Contrast Media 2023

 “In fact, since each contrast medium administration always implies 
a risk-benefit analysis for the patient, contrast medium 
administration for all patients should always be taken in the clinical 
context, considering all risks, benefits and alternatives”

 “…there are now two large propensity score-adjusted studies that 
stratify CI-AKI risk by eGFR. One showed no risk of CI-AKI from IV 
iodinated contrast material, regardless of baseline eGFR, while 
another identified patients with an eGFR < 30 mL / min/1.73m2 to 
be at significant risk (patients with eGFR 30-44 mL / min/1.73m2 
were at borderline but not statistically significant risk)”



 ACR Manual on Contrast Media 2023
 “no serum creatinine or eGFR threshold is adequate to 

stratify risk for patients with AKI because serum 
creatinine in this setting is unreliable. However, in 
patients with AKI, the administration of iodinated 
contrast medium should only be undertaken with 
appropriate caution, and only if the benefit to the 
patient outweighs the risk”

 “patients with AKI are particularly susceptible to 
nephrotoxin exposure and therefore it is probably 
prudent to avoid intravascular iodinated contrast 
medium in these patients when possible.”



Type of Contrast
High Osmolar Low Osmolar Iso-osmolar

> 1400 @ 600 @ 290

Not used Difference in CA-AKI risk not clinically meaningful



Prophylaxis
Volume Expansion

Isotonic Normal Saline: 1 hour before; 3-12 hours post

LVEDP guided strategy: Poseidon trial Lancet 383: 1814-1823 2014

NS – Pre-contrast:  3ml/kg  over 1 hour Post-contrast: 4 hours 

LVEDP - low (<13) 5 ml/kg/hr

CI – AKI 6.7 vs 16.3% LVEDP - medium (13-18)  3 ml/kg/hr

LVEDP - high(>18)  1.5 ml/kg/hr

Control - 1.5 ml/kg/hr

AKI or CKD with eGFR < 30

Consider with eGFR 30-44

Use of Intravenous Iodinated Contrast Media in 
Patients with Kidney Disease:  Consensus 

Statements from the ACR and NKF  Radiology 
2020; 294:660-668



Prophylaxis
 Sodium Bicarbonate
 N acetylcysteine

PRESERVE Trial
NEJM 2018 378: 603-614

Primary Endpoint: 
Death; Dialysis; Creatinine 
increase 50% at 90 days

Secondary Endpoint:
CA-AKI

NaHCO3  vs. NS
4.4 % vs. 4.7% - p = 0.62

NaHCO3  vs. NS
9.5 % vs. 8.3% - p = 0.13

Acetylcysteine vs. Placebo
4.6%  vs 4.5% - p = 0.88

Acetylcysteine vs. Placebo 
9.1% vs. 8.7% - p = 0.58



Hemodialysis/ Hemofiltration
 No
 Should not be initiated or have schedule changed 

solely based on contrast administration
 Demonstrated lack of benefit

Use of Intravenous Iodinated Contrast Media in 
Patients with Kidney Disease:  Consensus 

Statements from the ACR and NKF  Radiology 
2020; 294:660-668



An Aside
 What About Dialysis After Contrast in a Patient with 

ESRD?
 “Patients should not have acute dialysis nor continuous 

renal replacement therapy initiated or alter their 
schedule solely based on iodinated contrast media 
regardless of renal function due to risks, costs, and lack 
of benefit”

 Consider residual kidney function
 “…there is a theoretical risk of converting an oliguric 

patient on dialysis to an anuric patient”

ACR Manual on Contrast Media 2023



Gadolinium
Nephrogenic Systemic Fibrosis

Associated with Group I Gadolinium Based Contrast Agents (GBCA)

Risk:
ESRD, CKD 5, CKD4 – risk 1-7% 
AKI

Group II agents recommended:
Gadobenate (MultiHance)
Gadobutrol (Gadovist)
Gadoteric Acid (Dotarem)
Gadoteridol (ProHance)

Coordinate prior to regularly scheduled dialysis (in ESRD) if feasible

Dialysis initiation or alteration of schedule not recommended

ACR Manual on Contrast Media 2023



Timing of RRT in AKI
Initiation Strategies for Renal-Replacement Therapy in the Intensive Care 
Unit  (AKIKI – Artificial Kidney Initiation in Kidney Injury)

Gaudry S. et al. N Eng J Med 2016; 375: 122-133
Timing of Renal-Replacement Therapy in Patients with Acute Kidney Injury and 
Sepsis (IDEAL-ICU)

Barber S.D. et al: N Eng J Med 2018; 379: 1431-1442

Timing of Initiation of Renal-Replacement Therapy in Acute Kidney Injury
The STARRT-AKI Investigators. N Eng J Med 2020; 383: 240-251

Comparison of Two Delayed Strategies for Renal Replacement Therapy Initiation 
for Severe Acute Kidney Injury (AKIKI 2)

Gaudry S. et al: Lancet 2021; 397 – 1293-1300



AKIKI
AKI stage 3 with VDRF and/or pressor requirement

Early Initiation Delayed initiation

Within 6 hours of AKI 3 diagnosis Severe hyperkalemia (K > 6 or > 5.5 
despite medical Rx)

Metabolic acidosis (pH < 7.15 with 
pCO2 < 35 or > 50 and inability to 
increase mechanical ventilation)

Pulmonary edema (O2 > 5 L/min or 
Fio2 > 50% to maintain SaO2 > 95% 
despite diuretics)

BUN > 112

Oliguria > 72 hrs

Gaudry S. et al. N Eng J Med 2016; 375: 122-133



AKIKI- Outcomes
No difference in 60-day mortality (48.5 vs 49.7%)

Delayed Dialysis group

49% did not require RRT

Diuresis returned earlier

Less catheter blood stream infections ( 5 vs 10%)

Less hypophosphatemia

Gaudry S. et al. N Eng J Med 2016; 375: 122-133



Gaudry S et al. N Engl J Med 2016;375:122-133.

Probability of Survival and Timing of Renal-Replacement Therapy.



Gaudry S. et al. N Eng J Med 2016; 375: 122-133



Timing of Renal-Replacement Therapy in Patients 
with Acute Kidney Injury and Sepsis (IDEAL-ICU)

Early-stage Septic Shock (within 48 hrs of vasopressors) and Severe AKI 
(RIFLE – Failure stage)

Early RRT Delayed RRT

Within 12 hrs Emergent Indication: 
Hyperkalemia (K > 6.5)
Metabolic acidosis (pH < 7.15)
Fluid overload/pulmonary edema
refractory to diuretics

No recovery after 48 hrs

Barber S.D. et al: N Eng J Med 2018; 379: 1431-1442



Timing of Renal-Replacement Therapy in Patients 
with Acute Kidney Injury and Sepsis (IDEAL-ICU)

Early RRT Delayed RRT

Primary Outcome – Death at 90 days

58% 54%

38% did not require RR
29% recovery
8% death
2% other

17% required emergent HD prior to 48 hrs

Barber S.D. et al: N Eng J Med 2018; 379: 1431-1442



Barber S.D. et al: N Eng J Med 2018; 379: 1431-1442





Timing of Initiation of Renal-Replacement 
Therapy in Acute Kidney Injury (STARRT-AKI)

Accelerated RRT Standard RRT 

Within 12 hrs Conventional Indications: clinical equipoise
(dialysis discouraged unless)

K > 6.0
pH < 7.20/ HCO3 < 12
PaO2/FiO2 < 200

AKI > 72 hours

The STARRT-AKI Investigators. N Eng J Med 2020; 
383: 240-251



Timing of Initiation of Renal-Replacement 
Therapy in Acute Kidney Injury (STARRT-AKI)

Accelerated RRT Standard RRT

Primary Outcome – Death at 90 days

43.9% 43.7%

Secondary Outcome – Dependence on RRT

10.4% 6.0%

No Meaningful Difference in Other Secondary Outcomes

Adverse Events

23% (hypotension; hypophosphatemia)

Serious Adverse Events
No Significant Difference

The STARRT-AKI Investigators. N Eng J Med 2020; 
383: 240-251



The STARRT-AKI Investigators. N Engl J Med 2020;383:240-251.

Subgroup Analyses.



The STARRT-AKI Investigators. N Engl J Med 2020;383:240-251.

Adverse Events.*



Comparison of Two Delayed Strategies for Renal Replacement 
Therapy Initiation for Severe Acute Kidney Injury (AKIKI 2)

Gaudry S. et al: Lancet 2021; 397 – 1293-1300

Critically ill patients with AKI stage 3 and oliguria > 72 hours or BUN > 112

Delayed Strategy More Delayed Strategy

Initiate Dialysis Initiate HD if 
Mandatory Indication (Hyperkalemia; 
metabolic acidosis; pulmonary edema)

Or BUN > 140

Primary Outcome # days alive without RRT at day 28
98% vs 78% required HD (p < 0.0001)

12 days 10 days

60 day mortality
44% - delayed vs 55% - more delayed (p = 0.071)

Hazard ratio for death (multivariable analysis) – more delayed
1.65 (1.09-2.50) p = 0.018



Modality of RRT in AKI
Intermittent Hemodialysis (IHD) BFR: 300 – 500 

ml/ min
DFR: 500 – 800
Ml/ min

Continuous Renal Replacement 
Therapy (CRRT)

CVVH
CVVHD
CVVHDF

BFR: 100 – 250 
ml/min

2-6 liters/ hr

Slow Low Efficiency Dialysis (SLED) BFR: 100-300 ml/ 
min

DFR: 100-300 ml/ 
min

Prolonged Intermittent Renal 
Replacement Therapy (PIRRT) 

BFR: 100-300 ml/ 
min

DFR: 100-300 ml/ 
min

Acute Peritoneal Dialysis (PD)



 5.6.1: Use continuous and intermittent RRT as 
complementary therapies in AKI patients.

 No difference in outcome (mortality or renal recovery)
 Rabindranath K et al. Cochrane Database Sys Rev 2007: 

CD003773

KDIGO Clinical Practice Guideline for Acute 
Kidney Injury March 2012



 5.6.2: We suggest using CRRT, rather than 
standard intermittent RRT, for hemodynamically
unstable patients.

 5.6.3: We suggest using CRRT, rather than 
intermittent RRT, for AKI patients with acute 
brain injury or other causes of increased 
intracranial pressure or generalized brain edema.

KDIGO Clinical Practice Guideline for Acute 
Kidney Injury March 2012



Dose of RRT in AKI
 IHD: 6 vs 3 days a week

 VA/NIH ATN study: No difference  (if each treatment 
dose adequate Kt/V > 1.2)
Pavlesky PM et al N Eng J Med 2008: 359; 7-20

 CRRT: effluent volume
 Target 20-25 ml/kg/hr





Follow Up
 2.3.4: Evaluate patients 3 months after AKI for 

resolution, new onset, or worsening of pre-
existing CKD.
 If patients have CKD, manage these patients as 

detailed in the KDOQI CKD Guideline
 If patients do not have CKD, consider them to be at 

increased risk for CKD and care for them as 
detailed in the KDOQI CKD Guideline for patients 
at increased risk for CKD.

KDIGO Clinical Practice Guideline for Acute 
Kidney Injury March 2012
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