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 Septic AKI is the most common form of severe AKI in 
developed countries

 It makes up about 50% of all cases of severe AKI in ICU

 If combined with the need to deliver RRT, it carries a close to 
50% mortality

 There is no specific therapy. Only treatment of septic focus 
and supportive care.

 A major problem in developing therapies arises from our 
limited understanding of it pathogenesis

 Let’s start by understanding what we can measure in man



 Urinary output

 Serum creatinine

 Plasma urea

 Urinary electrolytes

 Urinary protein excretion

 Urinary microscopy

 Urinary biomarkers



 Renal blood flow while in ICU 

 Medullary and/or cortical microvascular perfusion

 Renal oxygenation

 Medullary and/or cortical oxygenation

 Tissue characteristics/histology

 Tissue inflammation

 Tissue injury and/or repair



 We can’t measure global renal blood flow

 We can’t measure renal microvascular flow

 We can’t measure renal tissue oxygenation

 We can’t look at tissue

 We can only measure function at very gross levels

 WE HAVE TO RESORT TO ANIMAL EXPERIMENTS TO TRY 

AND UNDERSTAND. 



 Small animals: can’t measure systemic 

hemodynamics and global renal hemodynamics 

continuously – Big problem!

 Large animals: much better. We can measure much 

more! Either sheep or pigs are potentially useful. 

 However, we do not have smoking, hypertensive, 

obese, diabetic, and alcoholic sheep.

 Models of sepsis do not fully replicate human sepsis



Intravenous

Haemodynamic measurements in conscious sheep
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••Systolic, diastolic, mean arterial pressureSystolic, diastolic, mean arterial pressure

••Central venous pressureCentral venous pressure

••Cardiac output, heart rate, stroke volume,Cardiac output, heart rate, stroke volume,

  maximum aortic flow, dF/dt.  maximum aortic flow, dF/dt.

••Regional flows and conductancesRegional flows and conductances

••urinary flowurinary flow
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Induce sepsis with E. Coli Study period

Example of induction of sepsis: systemic hemodynamics

CVP 0 to 2 mmHg



Intensive Care Med 2003; 31: 2509-13

Global renal hyperemia

Global renal vasodilatation



Hyperdynamic sepsis

1. Low MAP

2. Fast heart rate

3. High cardiac output

4. CVP around 8 to 10 cm H2O



AKI with hyperemia continues for  a long time….



 In experimental gram negative bacteremia with 
AKI, RBF is increased and renal vascular 
resistance is decreased with simultaneous oliguria 
and loss of GFR

 In early (first 72 hours) of experimental 
hyperdynamic sepsis loss of GFR occurs with renal 
hyperemia and vasodilatation

 The theory that mammalian septic AKI must 
always be due to ischemia has been falsified



The belief in Europe was that swans are invariably 

white. 

Like purple cows and flying pigs, the black swan was a 

symbol of what was impossible. 

In medieval Europe, unicorns had more credibility. 

Dutch navigator Willem de Vlamingh, by finding black 

swans in Western Australia in 1697, showed how risky 

it is to declare something impossible.

The philosopher John Stuart Mill, writing in A System 

of Logic in 1843, used the statement “all swans are 

white” to show how large numbers of consistent 

observations can encourage a wrong induction. Karl 

Popper used the “black swan fallacy” to show that 

scientific ideas can never be proven true, only 

falsified.



How can this be? Lots of blood blow and little GFR!



 Like other vascular beds the renal bed vasodilates
in severe sepsis

 Afferent and even greater efferent arteriolar 
vasodilatation may cause such loss of GFR

 In this model, septic ARF is at least initially a 
hyperemic not an ischemic form of AKI

 Loss of function (loss of GFR) is due to decreased 
filtration pressure



If the efferent vasodilation hypothesis were 
true….pharmacologic efferent vasoconstriction 
should improve function



RBF goes down





The angiotensin RBF vs. renal function paradox



The angiotensin RBF vs. renal function paradox



 In early hyperdynamic mammalian sepsis or 

septic shock function (GFR) can be lost in the 

presence of increased RBF and renal 

vasodilatation. 

 Ang II induced vasoconstriction and reduced 

blood flow increases GFR.

Does this happens in humans?



 Only one series in the last 40 years!

 11 patients with intra-abdominal sepsis 
using para-amino hippurate and inulin 

clearance (renal vein sampling 

needed for accurate calculation of 

true renal plasma flow-TRPF- in sepsis) 

(Lucas et al. Arch Surg 1973; 106: 444-

449)



 TRPF = 154% of normal

 TPRF tightly correlated with CO

 Similar findings in humans given 

“pyrogen” (Combos et al. Circulation 

1967; 36: 555-569)



All this was already described by Homer Smith
J Clin Invest 1945; 24: 749-758

“Derivatives of bacterial protein…lead to…a 
marked increase in renal blood flow, reduction 
in arterial pressure and an increase in cardiac 
index……renal hyperemia occurred in each 
instance studied....”



Diodrast
Clearance
(RPF equivalent)



Could angiotensin II help in septic humans?
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Ang I /Ang II ratio < 1.63 Ang I /Ang II ratio ≥ 1.63

Ang I, angiotensin I; Ang II, angiotensin II.

HR = 0.91 
(95% CI: 0.55 –

1.51) p=0.717

HR = 0.64 
(95% CI: 0.41 –
1.00) p=0.047





Cessation of renal replacement at one week





 What is the mechanism for such dissociation? 

 Is it really just efferent arteriolar vasodilatation?

 What is happening inside the kidney?

 Could it be that we are also looking at intra-

renal shunting?

 But, how could this be when the glomerulus is 

the terminus of the renal circulation?



Maybe the renal

vasculature is not

what we think it is



Microcirculatory changes as the cause of loss of function ?



The septic kidney: global renal blood flow







Intra-renal oxygenation

Cortico-medullary dissociation

Knowing global 
or even intra-renal blood 
flow says little about 
medullary oxygenation

Is flow dissociated from 
function in humans septic 
AKI?

Findings in septic AKI animals







Oops…renal blood flow
is dissociated from function
(GFR)!



What about structure?







The impact of model and perfusion





Human histology













 Global renal blood flow in sepsis may initially be high
driven by decreased vascular resistance

 What drives such vasodilatation remains unknown but may 
include shunting and efferent arteriolar vasodilatation

 Human data suggest that global blood flow and function 
are dissociated and both renal blood flow and function are 
dissociated from histology and that  ATN is uncommon

 Knowing about the macro-circulation may not be enough 
and AKI may mostly be a disease of the micro-circulation.

 We cannot currently manipulate the microcirculation and 
we do not know the mechanism behind the 
microcirculatory changes in septic AKI

 The septic-AKI journey ahead is long and complicated 


