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What is this debate about?

Impending vs established AKI 
Oliguric vs non-oliguric AKI
Urine Output or GFR
Fluids or diuretics
Prevention or treatment
Fluid management with RRT



Fill and Spill!

Considerations

What makes you pee?

AKI: Pathophysiology
Nephron structure determines susceptibility of various nephron segments to injury

Schrier et al: The Journal of Clinical Investigation 2004 :114:3

Molitoris BA et al: Crit Care Med 2002 Vol. 30, No. 5 S235-S240.



Renal Compensatory Mechanisms

Badr and Ichikawa NEJM 1988

Renal Autoregulation

Mechanisms
Myogenic response with 
afferent arteriolar 
vasoconstriction in 
response to alterations in 
systolic pressure
Tubulo-glomerular 
feedback in response to 
chloride delivery to 
macula densa in DCT

Pathophysiology of AKI

Murray P Eds: Intensive Care Nephrology



Pre-Renal Failure

Pathophysiology of AKI

Abuelo  NEJM 2007

Deranged Autoregulation in AKI

Kelleher et al: Sympathetic nervous system in the loss of autoregulation in acute renal 
failure. Am J Physiol. 1984 Apr;246(4 Pt 2):F379-86.

The responsiveness of the renal vascular system was investigated in uninephrectomized Sprague-
Dawley rats in which acute renal failure had been induced by norepinephrine. The animals were 
studied at 1' and 3 wk after norepinephrine infusion. Uninephrectomized littermates served as 
controls. Compared with controls, there was an absence of renal blood flow 
autoregulation in 1-wk acute renal failure that returned in part by 3 wk. In 1-wk rats 
there was a marked increase, rather than decrease, in renovascular resistance as 
renal perfusion pressure was decreased. The renal vasculature was significantly 
less responsive in 1-wk rats than in control or 3-wk animals when acetylcholine, 
angiotensin II, or norepinephrine was infused into the renal artery at minimal 
vasoactive doses (all P less than 0.01). Paradoxically, renal vasoconstriction in 
response to renal nerve stimulation was greater in 1-wk than in 3-wk and control 
rats (P less than 0.01) and was not inhibited by renal artery infusion of 
phenoxybenzamine. Renal denervation significantly improved renal blood flow autoregulation in 1-wk 
animals (P less than 0.001) and completely abolished the increase in renovascular resistance as renal perfusion 
pressure was lowered. No effects of renal denervation on renal blood flow autoregulation were seen in control 
and 3-wk rats. It is concluded that renovascular responses to neurohumoral stimuli are aberrant in acute renal 
failure. The loss of renal blood flow autoregulation is related to an increased renovascular resistance that is due 
to increased activity of non-alpha-adrenergic mechanisms of the autonomic nervous system.



Deranged Renal Autoregulation

Normal Arteriole Post-Ischemic

Renal Perfusion Pressure Renal Perfusion Pressure

vasoconstrictors

unstimulated

vasodilators

•Dopamine
•Natriuretic peptides
•NO donors
•Calcium channel blockers
•Endothelin receptor

antagonists
•ACE inhibitors
•ROS scavengers
•Prostaglandins agonists

and antagonists
•Platelet activating factor
•IGF-1 and basic FGF

Bellomo et al: Septic Acute Kidney Injury: New Concepts Nephron Exp 
Nephrol 2008;109:e95–e100

Systemic Hemodynamics Renal Blood Flow

Bellomo et al: Septic Acute Kidney Injury: New Concepts Nephron Exp 
Nephrol 2008;109:e95–e100

Possible 
mechanisms behind 
the loss of GFR in 
hyperdynamic 
vasodilated sepsis 
despite increased 
renal blood. The 
septic glomerulus 
displays afferent 
and efferent 
arteriolar 
vasodilatation but 
greater efferent 
vasodilation as 
shown by the 
larger vertical 
arrow. RBF 
increases as shown 
by the larger red 
horizontal arrows, 
but GCP is low, 
GFR is also low 
and urine output 
falls (smaller 
yellow arrow).



Wan al: Angiotensin II in experimental hyperdynamic sepsis Critical Care 
2009, 13:R190

Renal Blood Flow Renal Conductance

Effect of intravenous angiotensin II or vehicle on renal blood flow (RBF) 
and renal conductance (RC). Phase I = control period, two hours before 
Escherichia coli administration; Phase II = sepsis control period, two 
hours before treatment; Phase III = six hours of treatment with 
angiotensin (Ang) II or vehicle. Means (standard deviation), n = 6.

Wan al: Angiotensin II in experimental hyperdynamic sepsis Critical Care 
2009, 13:R190

Urine Output Creatinine Clearance

Effect of intravenous angiotensin II or vehicle on renal blood flow (RBF) 
and renal conductance (RC). Phase I = control period, two hours before 
Escherichia coli administration; Phase II = sepsis control period, two 
hours before treatment; Phase III = six hours of treatment with 
angiotensin (Ang) II or vehicle. Means (standard deviation), n = 6.
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Pathophysiology of HRS: Compensated State
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Renal Blood Flow 
Autoregulation is disturbed 

in Cirrhosis

Stadlbauer and Jalan et al. Gastroenterology, 2008

‘Resetting’ of Renal Blood Flow 
autoregulation by TIPSS

Gastroenterology, 2008

Pathophysiology of Pre-Renal States

Abuelo  NEJM 2007



Pathophysiologic Mechanisms in AKI

Prowle, J. R. et al. 
Nat. Rev. Nephrol. 
6, 107–115 (2010);

Determinants of Renal Perfusion and GFR
Summary 

Kidney is a highly adaptive organ designed to maintain 
renal perfusion and GFR over a wide range of blood 
pressures
Autoregulatory mechanisms are first line of defense 
however maybe significantly impaired as a 
consequence of: 

underlying kidney disease
As a consequence of AKI
Secondary to drug therapy

Mantaining an adequate filtration  pressure gradient is 
key to maintaining GFR

Considerations

What makes you pee?
Fluids and pee



Composition of Body Compartments

The distribution of total body 
water divided into the 
intracellular (ICV) and 
extracellular (ECV) spaces. For 
an adult man weighing 70 kg, 
the body water is equivalent to 
60% of total body weight. 

This amounts to approximately 
42 L, distributed as 40% 
intracellular volume (28 L) and 
20% extracellular volume (14 
L), of which10.5 L is interstitial 
and 3.5 L is plasma volume 
(red cell volume is a component 
of intracellular volume).

Body Compartment Alterations

Third Space: Fact or Fiction?

Intracellular fluid comprises two-
thirds of the body water. The 
remaining one-third – about 15 l 
in the normal weighted adult –
comprises the extra-cellular 
volume (ECV, namely 20% of the 
total body mass) consisting of the 
plasma (about 3 l), the interstitial 
space (about 12 l) and small 
amounts of the so-called trans-
cellular fluids such as GI 
secretions, CSF and ocular fluid. 
The latter are considered to be 
anatomically separated and not 
in dynamic equilibrium with the 
interstitial space and the plasma, 
in which water and small solutes 
can easily be exchanged. 

The ‘third space’, nothing more 
than a perception so far, has 
functionally been allocated to this 
trans-cellular compartment.

Jacob et al: Best Practice & Research Clinical Anaesthesiology 23 (2009) 145–157



Albumin Pharmacokinetics

Normal Critical Illness

Response to Fluid Administration

Distribution of infused fluids (dextrose (50 g/l), saline (9 g NaCl/l) and colloids) in the body water 
compartments. ECF, extracellular fluid; ICF, intracellular fluid.

Common Findings For Fluid Status In Critically ill 
Patients

Overhydration with increased interstitial 
compartment fluid and decreased 
intravascular compartment
Decreased albumin and intravascular colloid 
osmotic pressure
Increased vascular permeability 



Considerations

What makes Pee?
Fluid management and Pee
Maintaining pee

Preservation and optimization of renal 
function

Goals:
Identify and correct any reversible factors such as 
volume depletion and obstruction

Restore effective renal perfusion and urine output

Preservation and optimization of renal 
function: Techniques

Manipulate Renal 
Response

Physiologic Targets
Renal Perfusion
Renal auto-regulation
Medullary 
oxygenation
Reduce demand on 
kidney



Preservation and optimization of renal function:  
Maintain renal perfusion

Strategies:
Optimize Systemic Hemodynamics

Maintenance of mean blood pressure > 70 mmHg,
Optimal circulating blood volume (central venous pressure > 
5 mm Hg), Pulmonary capillary wedge pressure ~ 15 
mmHg, Hematocrit ~ 30%.)
Cardiac output > 4.5 l/min/m2,  
Systemic oxygen delivery > 550 ml/min,
Adequate oxygenation at “best” PEEP

Maintaining Pee: Evidence Appraisal
Primary Prevention: Cardiac Surgery

Fill and Spill Squeeze and Diurese

Haase et al: Crit Care Med 2009; 37:39–47) Lassnig A et al: J Am Soc Nephrol 2000 Jan;11(1):97-104

Maintaining Pee: Evidence Appraisal
Secondary Prevention: Hemodynamic  Optimization

Brienza et al: (Crit Care Med 2009; 37:2079 –2090)



Bourgoin et al: Increasing mean arterial pressure in patients with septic 
shock: effects on oxygen variables and renal function Crit Care Med 2005; 
33:780 –786) 

Patients: Twenty-eight patients 
with a diagnosis of septic shock 
who required fluid 
resuscitation and pressor 
agents to increase and 
maintain mean arterial 
pressure >60 mm Hg.

Interventions: Patients were 
treated with fluid and 
norepinephrine  to achieve and 
maintain a mean arterial 
pressure of 65 mm Hg. Then 
they were randomized in two 
groups: In the first group 
(control group, n  14), mean 
arterial pressure was 
maintained at 65 mm Hg, 
and in the second group (n  
14), mean arterial pressure 
was increased to 85 mm Hg 
by increasing the dose of 
norepinephrine. g. 

Bourgoin et al: Increasing mean arterial pressure in patients with septic 
shock: effects on oxygen variables and renal function Crit Care Med 2005; 
33:780 –786) 

Patients: Twenty-eight patients 
with a diagnosis of septic shock 
who required fluid 
resuscitation and pressor 
agents to increase and 
maintain mean arterial 
pressure >60 mm Hg.

Interventions: Patients were 
treated with fluid and 
norepinephrine  to achieve and 
maintain a mean arterial 
pressure of 65 mm Hg. Then 
they were randomized in two 
groups: In the first group 
(control group, n  14), mean 
arterial pressure was 
maintained at 65 mm Hg, 
and in the second group (n  
14), mean arterial pressure 
was increased to 85 mm Hg 
by increasing the dose of 
norepinephrine. g. 

Dubin et al: Increasing arterial blood pressure with norepinephrine does 
not improve microcirculatory blood flow: a prospective study Crit Care. 
2009; 13(3): R92 

Twenty septic shock patients 
were prospectively studied in 
two teaching intensive care 
units. The patients were 
mechanically ventilated and 
required norepinephrine to 
maintain a mean arterial 
pressure (MAP) of 65 mmHg. 
We measured systemic 
hemodynamics, oxygen 
transport and consumption 
(DO2 and VO2), lactate, 
albumin-corrected anion gap, 
and gastric intramucosal-
arterial PCO2 difference 
(ΔPCO2).  Sublingual 
microcirculation was evaluated 
by sidestream darkfield (SDF) 
imaging. After basal 
measurements at a MAP of 65 
mmHg, norepinephrine was 
titrated to reach a MAP of 75 
mmHg, and then to 85 mmHg.



Maintaining Pee: Evidence Appraisal
Secondary Prevention: Diuretics

Squeeze and Diurese

Mehta RL et al for the PICARD Study Group: Diuretics, Mortality, and Nonrecovery of 
Renal Function in Acute Renal Failure JAMA. 2002;288:2547-2553

Preservation and optimization of renal function:  
Maintain renal perfusion

Strategies:
Goal Directed Hemodynamic management



Rivers et al: N Engl J Med 2001 Nov 8;345(19):1368-77

Early goal-directed therapy in the treatment of severe 
sepsis and septic shock

Murphy et al: The Importance of Fluid Management in Acute Lung Injury 
Secondary to Septic Shock. CHEST 2009; 136:102–109

Design: Single Center 
retrospective analysis of ICU 
patients

Patients: 212 pts with Acute lung 
injury (ALI) within 72 hrs of sepsis

Comparisons: Adequate initial 
fluid resuscitation (AIFR) 
administration of an initial fluid 
bolus of > 20 mL/kg prior to and 
achievement of a central venous 
pressure of > 8 mm Hg within 6 h 
after the onset of therapy with 
vasopressors.  Conservative late 
fluid management (CLFM) was 
defined as even-to negative fluid 
balance measured on at least 2 
consecutive days during the first 7 
days after septic shock onset.

Outcomes: Hospital Mortality

Rivers NEJM 2006



Murphy et al: The Importance of Fluid Management in Acute Lung Injury 
Secondary to Septic Shock. CHEST 2009; 136:102–109

Daily Fluid Balance Cumulative Fluid Balance

Murphy et al: The Importance of Fluid Management in Acute Lung Injury 
Secondary to Septic Shock. CHEST 2009; 136:102–109

Design: Single Center 
retrospective analysis of ICU 
patients

Patients: 212 pts with Acute lung 
injury (ALI) within 72 hrs of sepsis

Comparisons: Adequate initial 
fluid resuscitation (AIFR) 
administration of an initial fluid 
bolus of > 20 mL/kg prior to and 
achievement of a central venous 
pressure of > 8 mm Hg within 6 h 
after the onset of therapy with 
vasopressors.  Conservative late 
fluid management (CLFM) was 
defined as even-to negative fluid 
balance measured on at least 2 
consecutive days during the first 7 
days after septic shock onset.

Outcomes: Hospital Mortality

Murphy et al: The Importance of Fluid Management in Acute Lung Injury 
Secondary to Septic Shock. CHEST 2009; 136:102–109

Design: Single Center 
retrospective analysis of ICU 
patients

Patients: 212 pts with Acute lung 
injury (ALI) within 72 hrs of sepsis

Comparisons: Adequate initial 
fluid resuscitation (AIFR) 
administration of an initial fluid 
bolus of > 20 mL/kg prior to and 
achievement of a central venous 
pressure of > 8 mm Hg within 6 h 
after the onset of therapy with 
vasopressors.  Conservative late 
fluid management (CLFM) was 
defined as even-to negative fluid 
balance measured on at least 2 
consecutive days during the first 7 
days after septic shock onset.

Outcomes: Hospital Mortality



Considerations

Optimizing Fluid management 
Assess patient need and establish goals of 
therapy (short and long term)

Desired fluid balance
Fluid management strategy ( removal, even, 
positive balance)
Adjustments: Frequency

Develop strategy to match fluid goals

Hypothetical curve of the risk of fluid therapy-related 
complications versus volume of fluid infused

Hilton et al: MJA 2008; 189: 509–513

Hypothetical risk versus volume replacement curves for an 
individual patient in different clinical scenarios

Curve A: Low-risk clinical context, 
such as elective colonoscopy, where 
optimal fluid requirements are 
minimal, and the patient can tolerate 
significant variations in volume 
replacement.

Curve B: The same patient in a 
slightly higher-risk context, such as 
elective colectomy. The volume for 
optimal fluid replacement is likely to 
be higher than in Scenario A, and the 
tolerance for error slightly lower, 
given the larger volume and 
pathophysiological changes 
associated with surgery.

Curve C: The same patient in a high-
risk clinical context, such as urgent 
laparotomy for intra-abdominal 
sepsis and hypotension. Fluid 
requirements are likely to be high, 
and the patient is unlikely to tolerate 
significant deviations from this 
amount. 

Hilton et al: MJA 2008; 189: 509–513



BUNDGAARD-NIELSEN  et al: ‘Liberal’ vs. ‘restrictive’ perioperative fluid therapy – a 
critical assessment of the evidence Acta Anaesthesiol Scand 2009; 53: 843–851

Influence of Fluid Accumulation on Mortality

Cuthberson DP Lancet 1942 
Rivers EP NEJM 2001
Wiedeman NEJM 2006
Rivers EP NEJM 2006Acute Inflammatory Insult

Sepsis, pneumonia
Aspiration, pneumonia
Transfusion, or other

Ebb Phase
Sodium and water conservation;

Hypovolemia, vasodilation
Myocardial suppression; 

increased
Metabolic demands; and 

impaired
Tissue use of oxygen

Organ dysfunction
Acute lung injury

Established Acute Lung Injury
Shock reversal and volume-
Replete intravascular space;
Avidity for water and sodium;
Low plasma oncotic pressure’

Increased lung water

Coexisting Conditions and 
Considerations

Unresolved shock and
Inflammation
Renal failure

Myocardial dysfunction
Endocrinopathies, hypo

Thyroidism, adrenal
dysfunction

Prolonged need for mecha-
nical ventilation (increased

Antidiuretic hormone)
Preexisting hypertension

(increased retention of sodium 
and water)

Impaired fluid mobilization
and increased lung water

Identification and treatment
Of coexisting conditions

Flow Phase
Conservation of fluids,
Diuresis, or both; close

Monitoring of  electrolytes
And volume status

Fluid mobilization and
DiscontinuatIon of 

Mechanical ventilation

FACTORS INFLUENCING  FLUID MANAGEMENT IN ACUTE LUNG INJURY

EARLY GOAL-
DIRECTED 

RESUSCITATION 
STRATEGIES
First 6 hours

CONSERVATIVE
VS. 

LIBERAL
FLUID STRATEGIES

36-72 hours

ULTRAFILTRATION
HEMOFILTRATION

Cerda et al Blood purification 2010



Fluid Management in AKI: Fill and Spill or Squeeze 
and Diurese? 

Summary
Development of AKI reflects the interplay of baseline 
kidney capacity, adaptive mechanisms, nature and severity 
of injury and time
Fluid management in AKI needs to recognize underlying 
kidney autoregulatory mechanisms and be targeted to 
achieve and maintain an adequate filtration pressure 
gradient  of 10-15 mm Hg based on the clinical situation
Volume status should be assessed frequently and fluid 
management adjusted to achieve optimal fluid balance  
and prevent fluid accumulation and overload

Fluid Management in AKI: Fill and Spill or Squeeze 
and Diurese? 

Need to Fill before you can 
Squeeze and Diurese!

Squeeze and Diurese!

Mehta

Bellomo



Impact of ↑CVP on glomerular hemodynamics

J Am Coll Cardiol 2009;53:597–9

Tubuloglomerular Feedback 

The tubuloglomerular 
feedback mechanism 
reduces the GFR to a level 
compatible with the 
decreased reabsorptive 
capacity.

The glomeruli  takes over 
the volume-conserving 
function normally  
exercised by the tubules.

Hypovolemia is averted at 
the expense of the 
regulation of body fluid 
composition. 

It provides time to repair 
structure and function of 
the damaged tubules.

TUBULOGLOMERULAR 
FEEDBACK 

Circulatory Disorders
Renal 
Vasoconstriction
Renal Ischemia

Nephrotoxic 
Substances

Tubular Injury

Reduced  Na Reabsorption

↑ NaCl Macula 
DensaIntravascular 

Volume 
Contraction

↑ Juxta Glomerular   
Renin Activity

Vasoconstriction

GFR Reduced

Volume and NaCl 
Conservation

GFR Normal

Volume and NaCl 
Depletion

Low Urine Volume Elevated BUN

Low Urine 
Volume

Elevated 
BUN

WITHOUT
TUBULOGLOMERULA
R FEEDBACK 



Deruddre et al: Renal arterial resistance in septic shock: effects of 
increasing mean arterial pressure with norepinephrine on the renal 
resistive index assessed with Doppler ultrasonography Intensive Care Med 
(2007) 33:1557–1562

Patients and participants: 11 patients with septic shock who required 
fluid resuscitation and norepinephrine to increase and maintain MAP 
at or above 65 mmHg.
Interventions: Norepinephrine was titrated in 11 patients in septic 
shock during three consecutive not  randomized periods of 2 h to
achieve a MAP at successively 65, 75, and 85 mmHg. 
Measurements and results: At the end of each period  hemodynamic 
parameters and renal function variables (urinary output, creatinine, 
clearance) were measured, and Doppler ultrasonography was 
performed on interlobar arteries to assess the renal resistive index. 
When increasing MAP from 65 to 75 mmHg, urinary output 
increased significantly from 76± 64 to 93± 68 ml/h and the 
resistive index  significantly decreased from 0.75± 0.07 to 0.71±
0.06. No difference was found between 75 and 85 mmHg.

Deruddre et al: Renal arterial resistance in septic shock: effects of 
increasing mean arterial pressure with norepinephrine on the renal 
resistive index assessed with Doppler ultrasonography Intensive Care 
Med (2007) 33:1557–1562

Patients and participants: 11 
patients with septic shock who 
required fluid resuscitation and 
norepinephrine to increase and 
maintain MAP at or above 65 
mmHg.

Interventions: Norepinephrine 
was titrated in 11 patients in 
septic shock during three 
consecutive not  randomized 
periods of 2 h to achieve a MAP 
at successively 65, 75, and 85 
mmHg. 

Measurements and results: At the 
end of each period  
hemodynamic parameters and 
renal function variables (urinary 
output, creatinine, clearance) 
were measured, and Doppler 
ultrasonography was performed 
on interlobar arteries to assess 
the renal resistive index. 

Deruddre et al: Renal arterial resistance in septic shock: effects of 
increasing mean arterial pressure with norepinephrine on the renal 
resistive index assessed with Doppler ultrasonography Intensive Care 
Med (2007) 33:1557–1562

Patients and participants: 11 
patients with septic shock who 
required fluid resuscitation and 
norepinephrine to increase and 
maintain MAP at or above 65 
mmHg.

Interventions: Norepinephrine 
was titrated in 11 patients in 
septic shock during three 
consecutive not  randomized 
periods of 2 h to achieve a MAP 
at successively 65, 75, and 85 
mmHg. 

Results: When increasing 
MAP from 65 to 75 mmHg, 
urinary output increased 
significantly from 76± 64 to 
93± 68 ml/h and the 
resistive index  significantly 
decreased from 0.75± 0.07 to 
0.71± 0.06. No difference 
was found between 75 and 
85 mmHg.



Summary of clinical studies showing an association 
between fluid balance and clinical outcome

Foland J et al Fluid overload before continuous 
hemofiltration and survival in critically ill children: 
a retrospective analysis. Crit Care Med. 2004 
Aug;32(8):1771-6.

%FO was defined as total fluid input minus output (up to 7 days before 
CVVH for both hospital stay and ICU stay) divided by body weight. 

Foland J et al. Crit Care Med. 2004 Aug;32(8):1771-6.

%FO was defined as total fluid input minus output (up to 7 
days before CVVH for both hospital stay and ICU stay) 
divided by body weight. 

Pediatric Patients: Higher percentages of fluid overload (FO) 
at dialysis initiation linked with increased mortality

Goldstein, 
Pediatrics 
2001

Foland, Crit 
Care Med 
2004

Gillespie, 
Pediatr 
Nephrol 
2004

Goldstein, KI 
2005



Sutherland et al: AJKD  2010, 55: 316 

%FO was defined as a percentage equal to (fluid in [L]  fluid 
out [L])/(ICU admit weight [kg])  100%.

Pediatric Patients: Higher percentages of fluid overload (FO) 
at dialysis initiation linked with increased mortality

Setting & Participants: 297 children 
from 13 centers across the United 
States participating in the 
Prospective Pediatric CRRT Registry. 

Predictor: Fluid overload from 
intensive care unit (ICU) admission 
to CRRT initiation, 

Outcome & Measurements: The 
primary outcome was survival to 
pediatric ICU discharge. 

Results:  The association between 
degree of fluid overload and 
mortality remained after adjusting 
for intergroup differences and 
severity of illness. The adjusted 
mortality OR was 1.03 (95% CI, 
1.01-1.05), suggesting a 3% 
increase in mortality for each 1% 
increase in severity of fluid 
overload. When fluid overload 
was dichotomized to  20% and  
20%, patients with  20% fluid 
overload had an adjusted 
mortality OR of 8.5 (95% CI, 
2.8-25.7).

N=153 N= 51 N= 93

Payen et al. Critical Care 2008, 12:R74 

In septic patients with AKI, fluid overload was associated with 
decreased survival at 60 days

In septic patients with AKI, fluid overload was associated with 
decreased survival at 60 days

Of the 1,120 patients with ARF, 842 (75%) had early-onset ARF 
(occurring within 2 days of ICU admission) and 278 (25%) had late-
onset ARF (occurring more than 2 days after ICU admission).

Kaplan-Meier survival curves

Payen et al. Critical Care 2008, 12:R74 



Influence of Fluid Accumulation on Mortality

Kaplan-Meier survival estimates by fluid overload status at dialysis 
initiation  (dialyzed) and AKI diagnosis (non-dialyzed).

Dialyzed Patients Non-Dialyzed Patients

Duration of Fluid Overload



Effect of Correction of Fluid Overload

Effect of fluid overload correction on survival when 
%FO >10% at dialysis initiation :

%FO ≤ 10%
at dialysis end

%FO > 10%
at dialysis end

p

Survival rate 65% 44% 0.004

Survivors Non-
survivors

P

Mean % FO 
at dialysis  
cessation

13.0% 22.1% 0.004

Adjusted OR for death with %FO >10% at dialysis cessation:   
2.52 (95% CI 1.55-4.08) 

PICARD Data Bouchard et al 2009 

Influence of Modality on Fluid Overload 
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Summary of results

%FO >10% at dialysis initiation:
2 fold increase in mortality

• Duration and correction of fluid overload      
influences mortality rates

%FO >10% at dialysis cessation:
2.5 fold increase in mortality

Modality choice influences fluid management



Issues

What is the relationship of fluid 
accumulation and mortality

Marker for severity of illness and AKI 
dysfunction
Risk factor for mortality
Direct mediator of adverse outcomes

Fluid accumulation and AKI

Consequence Cause

Fluid 
overload

Fluid 
overload

AKI

Mortality

MortalityAKI

Fluid Balance and AKI

Prowle, J. R. et al. Nat. Rev. Nephrol. 6, 107–115 
(2010);



Fluid Balance and AKI

Prowle, J. R. et al. 
Nat. Rev. Nephrol. 
6, 107–115 (2010);

Fluid Balance and AKI

Prowle, J. R. et al. Nat. Rev. Nephrol. 6, 107–115 (2010);

Considerations

In AKI renal autoregulation is impaired and normal mechanisms 
to maintain glomerular pressure become supply dependent 
In critically ill patients compartmental distribution of fluids 
compromises ability of fluids to stay in intravascular 
compartment
In impending renal failure this combination requires that 
adequate volume be used to maintain renal perfusion
In preventing AKI increasing urine flow with volume more 
beneficial that diuretics
In established AKI neitehr diuretics or fluid work so early RRT 
would be goal
In any case preventing fluid accumulation and managing 
consequences of AKI is essential. 



Pathophysiology of AKI

Abuelo  NEJM 2007


