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Topics to be covered

Lecture 1
• Definitions AKI

• Limitations serum creatinine
• Oliguria
• Alert systems
• Biomarkers
• DD prerenal vs renal

• General approach to patient with septic AKI
• Hemodynamic monitoring
• Fluid therapy – pro-con
• Diuretics
• Vasopressors

Lecture 2
• Renal replacement therapies

• selection of dialysis strategy
• When to start and stop

• Recovery of AKI
• Short and longterm prognosis



KDIGO definition and classification of AKI

0.3 mg/dl= 26.4 µmol/L



AKI-Acute Kidney Disease-
CKD Continuum

Days



Main Categories of Acute Kidney Injury

Acute Kidney Injury

Prerenal

Causes

Intrinsic/Renal
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necrosis

Interstitial
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(10% of cases)

Acute

Glomerulo/vasculitis
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Toxins/drugs
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30-day Mortality and Change in SCr (ΛCrea) 
within 48 h after Cardiac Surgery

Lassnigg A, et al.  J Am Soc Nephrol 2004;15:1597-1605.



A hypothetical example of real-time GFR and SCr
values before and during an episode of AKI.

Thomas et al, Kidney International (2015) 87, 62–73



Incidence of AKI stage 1 in 2 groups of patients with ARDS 
and who were randomized to different fluid management 

strategies- adjustment of SCr.

Liu et al, Crit Care Med 2011; 39: 2665-2671



The predicted effect of a 25% decrease in creatinine
generation rate on the rate of increase of SCr and 
the peak SCr following a decrease in GFR with 60%

Prowle, J. R. Nat. Rev. Nephrol. 2013 ;9(4):193-195.



Difficulties to detect persistent kidney dysfunction 
after AKI in critically ill patients. Serum creatinine 

(log scale) in 221 hospitalizations with 3-12 mth FU

Prowle et al, Clin J Am Soc Nephrol 9: 1015–1023, 2014



Defining oliguria by 6 hour blocks identified
a large number of high risk patients

Macedo et al, NDT, 26:509-515; 2011



Acute kidney injury according to RIFLE 
definitions – 107 septic patients admitted first day ICU

Van Massenhove et al, Crit Care. 2013,17(5):R234.

64.5 43.141.1



Significance of isolated oliguria
in critically ill patients

• Using oliguria in isolation as a trigger for intervention in ICU might lead 
to some patients receiving unnecessary intervention and other patients 
not receiving potentially helpful intervention. 
• Oliguria is relatively frequent in ICU patients and most episodes are 
not followed by AKI. 
• Oliguria has only a fair predictive ability for subsequent AKI and lacks 
clinical utility as a test at the observed frequencies of AKI in the ICU. 
• Oliguria accompanied by hemodynamic compromise or increasing 
vasopressor dose may represent a clinically useful trigger for other early 
biomarkers of renal injury with the goal of achieving a more accurate 
and timely identification of patients at risk of AKI.
• However, oliguric patients always need adequate assessment 
(hemodynamic evaluation, exclusion of obstruction, exposure to 
nephrotoxins)

Prowle et al. Critical Care 2011, 15:R172



Time course of sCr for different AKI types

THA-AKI: transient hospital associated AKI; 2HA-AKI transient hospital associated AKI that resolves
followed by a second episode of AKI 

Warnock et al, Nephron 2015;131:227–236

13%

4%

1,3% Hospital mortality



Principle of an electronic early alert system for AKI

Haase M, et al, Electronic alerts for acute kidney injury—a systematic review. Dtsch
Arztebl Int 2017; 114: 1–8.



Improvement in basic standard of care by 
implementing a care bundle (CB) with interruptive 
alert improved (?) outcomes in patients with AKI.

Kohle et al, PLoS ONE 10(7): 2015



Essential biological parameters in approach 
patient at risk of AKI



Perazella et al, Clin J Am Soc Nephrol
5: 402–408, 2010

High-powered view of 

urinary RTE cells

Low-powered view of

urinary granular casts

Urinary microscopy

in AKI



AKI- a continuum?

Vaidya et al,  Annu. Rev. 
Pharmacol. Toxicol.  2008, 
48:17.1–17.



Classes of biomarkers in AKI

Class of biomarker Biomarker

Inflammatory Proinflammatory cytokines (IL 6, IL 18),
Neutrophil gelatinase-associated lipocalin (NGAL)

Cell injury L-fatty acid binding protein (L-FABP), KIM-1, 
sodium/hydrogen exchanger-3 (NHE-3) and Netrin-1;

Cell cycle markers urinary tissue inhibitor of metalloproteinases-2 (TIMP-2) and 
insulinlike growth factor-binding protein 7 (IGFBP7)

Functional Cystatin C



Involvement of the cell cycle biomarkers in initial
tubular injury

Kashani et al. Critical Care 2013, 17:R25



Biomarker-guided Intervention to Prevent AKI 
After Major Noncardiac Surgery

48%

27%

20%

2%

Intervention group
KDIGO care bundle

Usual care

All AKI AKI Stage 2-3 

Göcze, et al, Annals of Surgery  Volume XX, Number XX, Month 2017



Differential diagnosis between prerenal
AKI and acute tubular necrosis (ATN)
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Carvounis et al, Kidney Int 2002, 62:2223-2229.



Urinary parameters as predictor of fluid responsiveness in 
oliguria

Cardiac responder: increase in SV >15 % at the end of the fluid challenge; 
Renal responder: post-fluid challenge UO >0.5 ml/kg/h for > 3h 

Legrand et al.
Critical Care (2016) 20:165

The AUROC curves for predicting renal fluid 
responsiveness were 0.65 for uNa+ , 0.57 for FENa+ , 
and 0.61 for FEUrea



Clinical DD between

prerenal AKI and

ATN-
Adjudication of diagnosis made by 3 
experienced nephrologists

Total agreement: 13/67: 19%

2/3 agreement :   44/67: 66%

Koyner et al. BMC Nephrology 
2014, 15:105

19% !



Passive leg raising

Marik et al. Annals of Intensive Care 2011, 1:1-9



Accuracy of leg-raised change in stroke

volume, radial pulse pressure, and peak

velocity of femoral artery flow

Préau et al, Crit Care Med 2010; 38:819–825



Furosemide urinary response tests tubular 
integrity -Chawla et al, Crit Care, 17R207, 2013 

Chawla, Ronco Kidney International Reports (2016) 1, 57–63

2-h urine output response to a 1.0mg/kg (in the furosemide naïve) and 1.5 mg/kg (in 
those with prior loop-exposure)
A cut-off of 200 ml at that same 2-h timepoint provided a sensitivity and specificity of 
87.1 and 84.1% for the progression to stage III AKI.



Progression to AKIN III according the 
diuretic response to furosemide

Chawla et al, Crit Care, 2013, R207 

Best sensitivity & specificity for
predicing progression to AKIN III 
:threshold of 200ml diuresis after
2 hrs-sensitivity: 87%

specifity : 84%



Faubel et al, cJASN, 9: 382-394; 2014 

The ultrasound image in obstructive AKI



Current terminology and clinical criteria for

sepsis and septic shock -The 3th Int Consensus Definitions for 

Sepsis and Septic Shock (Sepsis-3)

The quick SOFA (Sequential Organ Failure Assessment) 

JAMA. 2016;315(8):801-810.



Legrand et al. Critical Care 2013, 17:R278

Survival according the

occurrence of AKI in 

septic shock 



Early Goal Directed
Therapy in septic shock

Rivers et al, N Engl JMed 
2001; 345:1368–1377.



Dellinger et al, Critical Care Med, 41: 580-637, 2013 



Vasopressor therapy



Angiotensin II for the Treatment
of Vasodilatory Shock- primary and seondary endpoints

Khanna et al N Engl J Med 2017, 377:419-430



What fluid to choose?

Colloids
Less for more IV volume

Faster effect

Less oedema

Albumin: its human!

AKI

Pruritus

More expensive

Crystalloids
Water and salt : its 

human!
Cheap

Volume overload
Hyperchloremic

metabolic acidosis



http://www.survivingsepsis.org/



Zarychanski et al, JAMA, 309: 678-688, 2013



Chloride-liberal vs. chloride-restrictive 
intravenous fluid administration and AKI: 

an extended analysis

Cumulative incidence of KDIGO-defined AKI 
stages 2 and 3

Cumulative incidence of renal 
replacement therapy

Yunos et al, Intensive Care Med (2015) 41:257–264



Effect of a Buffered Crystalloid Solution vs 
Saline on AKI Among Patients in the ICU

Cumulative Incidence of Patients Requiring RRT Until 
Day 90 After Enrollment in the SPLIT Trial

Young et al , JAMA. 2015;314:1701-1710



“Trial and error” fluid challenge-

”TROL”

Vincent, De Backer, Kidney Int , 2012



Conservative Liberal P

7 d volume balance (mL) -136 mL ± 491 +6992 ± 502 <0.001

Death at 60 days 25.5% 28.4% 0.30

Ventilator free days 14.6 ± 0.5 12.1 ± 0.5 <0.001

ICU free days:

Day 1-7 0.9 ± 0.1 0.6 ± 0.1 <0.001

Day 1-28 13.4 ± 0.4 11.2 ± 0.4 <0.001

Wiedemann, N Engl J Med 2006



Mean fluid balance in survivors and non-
survivors over 7 days after onset of sepsis

Angela Acheampong and Jean-Louis Vincent, Crit Care, Critical Care (2015) 19:251 



Fluid resuscitation strategy during the stress 
response of sepsis

Godin, Murray, Mehta Semin Nephrol35:12-22 ,2015 



CHAPTER 3.4:  THE USE OF DIURETICS IN AKI

• 3.4.1:  We recommend not using diuretics to prevent AKI. (1B)

• 3.4.2:  We suggest not using diuretics to treat AKI, except in 
the management of volume overload. (2C)



Inidividualized goal-directed hemodynamic therapy of 
the macro-and microcirculation in sepsis

Saugel et al, SHOCK, 43 : 522-529, 2015



Management of septic shock should be based on both global 
hemodynamic parameters and tools that reflect tissue perfusion

Ait-Oufella et al, 
Curr Opin Crit Care 2015, 
21:271–275

SDF: side stream dark
field 



Sublingual microperfusion in 
sepsis

Trzeciak et al, Ann Emerg Med. 2007;49:88-98




