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Disclosures

None relevant to this presentations



Objectives: AKI in Sepsis

01 Scope of the Problem

● Incidence & Impact: Effect on morbidity and 

mortality in septic patients.

02 Pathophysiologic Process

● Vascular Alterations: Macro- and 

microcirculatory dysfunction mechanisms.

03 Supportive Therapies

● Hemodynamics: Vasopressors vs. fluid 

resuscitation

● Fluid Selection: Balanced solutions

● Acid-Base: Alkali therapy

● Nutrition: Metabolic & nutritional support

04
Renal Replacement Therapy 

(RRT)
● Timing Strategy: Early vs. late start evaluation

● Modality Selection: Choosing the optimal RRT 
modality



Scope of the Problem



The Immediate Stakes: In-Hospital Mortality

Systemic Failure Impact

Mortality is not explained solely by loss of kidney function; it amplifies systemic failure.



Long-Term Impact: Major Adverse Kidney Events

38% of SA-AKI survivors experience long-term sequelae

Even a single episode of SA-AKI significantly increases the 

subsequent risk of CKD or even ESRD



SA-AKI vs. Non-Septic AKI

Non-Septic AKI

Phenotype

Usually isolated organ failure

Severity

Usually KDIGO AKI Stages 1 and 2

Duration

Typically of short duration

Complexity

Usually low and transient

Sepsis-Associated AKI

Distinct Phenotype

Unique pathophysiology

Severity

Usually KDIGO AKI Stages 2 and 3 (severe)

Duration

Significantly longer duration

Complexity

Concurrent with multi-organ failure, drastically 

complicating the clinical trajectory.



SA-AKI Pathophysiology: A Paradigm Shift
Re-evaluating sepsis-associated acute kidney injury mechanisms

THE OLD MODEL | ISCHEMIC ATN ONLY

Historical Assumption

Ischemic injury due to systemic hypotension leading to 

Acute Tubular Necrosis (ischemia only).

The Flaw in the Old Model

Global renal blood flow is typically preserved or even 

increased in early sepsis

THE NEW REALITY | UNIFIED MULTI-MODAL THEORY

1. Microcirculatory Dysfunction
Intra-renal blood flow redistribution, localized capillary 
shunting, and patchy perfusion loss.

Complex cascade extending beyond hypoperfusion, 

driven by three synergistic pathways:

2. Dysregulated Inflammation
Systemic inflammatory cascade, cytokine storm, and 
immune-cell-mediated microvascular damage.

3. Metabolic Reprogramming
Adaptive down-regulation of oxidative metabolism 
preserving tubular cell viability under stress.



Microcirculatory Mismatch
Renal hemodynamic alterations and localized capillary perfusion breakdown

01 | MACRO VS. MICRO CIRCULATION

Decoupled Circulation

Macro-circulation (systemic) and micro-circulation 

(renal) decouple entirely.

Result: Loss of glomerular filtration despite 

preserved or elevated total organ blood flow.

02 | CAPILLARY OBSTRUCTION

Microthrombi Formation

Inflammatory cascades promote localized 

microvascular thrombosis within the renal capillaries.

Impact: Blocks localized capillary perfusion, inducing 

patchy focal ischemia and cell stress.

Functional loss, w/o systemic hypoperfusion

Unlike classic ischemic ATN, acute GFR failure in sepsis 

is driven by altered intra-renal vascular resistance and 

microthrombi rather than global renal ischemia.

GLOMERULAR HEMODYNAMICS & FILTRATION GRADIENT

GLOMERULAR PRESSURE ↓

Afferent Arteriole: Constricts via sympathetic tone.

Efferent Arteriole: Dilates due to systemic vasodilation.

→ Loss of intraglomerular driving pressure drops GFR.





Pathophysiology: Organ Crosstalk

Heart-Kidney Axis 

Right heart strain with congestion 

and increased intra-thoracic 

pressure impede renal venous 

outflow → AKI

Lung-Kidney Axis

Ventilator-induced lung injury 

releases systemic inflammatory 

cytokines → AKI

Gut-Kidney Axis

Systemic inflammation erodes 

intestinal barrier → allowing 

bacterial translocation → AKI

A Vicious Cycle

Loss of renal function leads to 

fluid accumulation → lung and 

gut edema.



MAKE: Major Adverse Kidney Events

(There are exceptions)

(? - new data)



Treatment Paradigm: Four Pillars of Renal Support

Hemodynamics 

Vasopressor strategies 
& perfusion targets

Fluid Stewardship

Balanced crystalloids, 
active de-resuscitation

Acid-Base

Targeted sodium 
bicarbonate therapy

Metabolic Support

Protein dosing, and 
fluid minimization

PILLAR 1 PILLAR 2 PILLAR 3 PILLAR 4



Pillar 1: Hemodynamic Targets & First-Line Support

• Early NE initiation is preferred over excessive fluid loading if fluid-unresponsive

• Protocoled early peripheral vasopressor reduces cardiogenic pulmonary edema

• Goal is to restore adequate organ perfusion without precipitating venous congestion



Pillar 1: Vasopressor Escalation

Renal Perfusion in Sepsis



Fluid Resuscitation vs Vasopressors: Key Clinical Trials 





Pillar 1: Hemodynamic Timing & Renal Protection

Avoid: Fluid-Driven Resuscitation

• Risk of capsular organ edema (kidneys).

• Renal venous congestion and intra-
abdominal pressure (drop in GFR)

Adopt: Early Vasopressor Strategy

• Helps restore perfusion pressure.

• Allows for a more fluid-restrictive 
approach.

• Prevents transcapillary fluid leak

Individualize Approach – Patient-driven Decision Making 



Mitigate “Fluid Creep”

The Problem:

• Fluids given with medications and flushes, nutrition, 
account for > 60% of total fluid input.

• Nutrition alone accounts for 25–33% of daily fluid intake.

The Solution:

• Mandate high-density enteral formulas (e.g., 2 kcal/mL) 

• Concentrated medication administration



Pillar 2: Fluid Selection Matrix

0.9% Normal Saline

• High chloride concentration.

• Induces afferent arteriole vasoconstriction.

• Reduces renal blood flow and GFR.

Balanced Crystalloids

• Physiological chloride levels.

• Reduces hyperchloremic metabolic acidosis.

• Benefits on kidney function and MAKE, mortality?

GFR ↓



The Physiologic Rationale
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Mortality vs Renal Protection

No significant mortality benefit 

in general ICU populations

Kidney protection at 30 days 

and reduced RRT

Sepsis subgroup in SMART: MAKE30 

favored balanced fluids



FLUID CHOICE in clinical settings

Favors 0.9% Saline Equipoise Favors Balanced Fluids



Causes of Low Serum Albumin in Acute Illness

80%

Capillary leak

Albumin redistributes into 
the interstitium via VEGF-

mediated permeability.

15%
Reduced hepatic 

synthesis

IL-6 and TNF-α down-
regulate albumin gene 

transcription.

5%

Catabolism / loss

Renal, GI, or wound-bed 
losses; hyper-catabolism.

Causes of Low Serum Albumin in Chronic Illness

Reduced hepatic 
synthesis

80%

IL-6 and TNF-α down-
regulate albumin gene 

transcription.

Capillary leak

Albumin redistributes into 
the interstitium via VEGF-

mediated permeability.

5%

Catabolism / loss

15%

Renal, GI, or wound-bed 
losses; hyper-catabolism.



Capillary Leak of Serum Albumin

1 Trigger

Sepsis or surgery releases IL-6 
and TNF-α.

2 Permeability

VEGF widens endothelial 
gaps; glycocalyx degrades.

3 Transcap. Escape

Albumin shifts from plasma 
into the interstitium.

4 Dilution
Interstitial volume expands, 
lowering serum 
concentration.



Loss of Endothelial Glycocalyx Barrier

Healthy State Sepsis and Inflammation

Albumin floats AND is structurally embedded in the glycocalyx barrier

“A microscopic, slippery web of hair-like sugars and proteins coating the 
endothelial layer like the ultimate non-stick Teflon coating and a physical shield”

Sepsis / Inflammation → Degradation of barrier → extravasation of albumin into interstitial space



Clinical Consequence: Why IV Albumin Doesn't Fix Edema

The leaking-bucket problem in capillary disruption
Edema does not reflect intravascular volume

Filling a Leaking Bucket

In inflammatory states, the endothelial barrier is 
compromised.

Transcapillary Escape

Infused albumin rapidly redistributes from the 
vascular space into the interstitium.

Reverse Effect

Interstitial albumin raises tissue oncotic pressure –
progressive edema without volume benefit.

Your critically ill patient with generalized edema will still need crystalloids to fill the intravascular space



SAFE Trial N = 6,997

4% albumin vs. 0.9% saline : No difference in 28-day mortality

ALBIOS Trial N = 1,818

Target albumin >30 g/L in sepsis yielded no survival benefit.

CRYSTALLOIDS :  Strong ly recommended as f irst - l ine  therapy



JAMA Clinical Guideline Synopsis 2024: 

Use of Intravenous Albumin



Pillar 3: Acid-Base Management



Subgroup Analysis: NaHCO3 in the ICU

Meta-analysis: 4 RCTs, total of 1,111 patients

Chen, J.J. et al:  Acute Metabolic Acidosis in Critically Ill Adults: A Meta-Analysis of Randomized Clinical Trials. 

Critical Care Medicine, 54(8), 1870–1877, 2026



Norepinephrine remains first-line vasopressor over vasopressin or angiotensin II.

Crystalloid fluid bolus ≥ 30 mL/kg within 3 hours for sepsis-induced hypoperfusion/septic shock 

(but not for all patients – exceptions apply!). Crystalloids alone (without albumin)

Active fluid removal following the acute resuscitation phase

Dynamic measures to guide fluid resuscitation over physical examination or static measures

May use Na-Bicarbonate in septic shock with severe acidosis (pH <7.2) and AKI



Pillar 4: Nutritional Strategies

 Phase-specific approach:

 Shift from aggressive feeding to cautious nutrition for 
critically ill adults.

 Early enteral nutrition (?supplemental parenteral)

 Preferred for gut health, short-term parenteral as a safe 
backup.

 Avoid early full-doses:

 Early high-calorie or high-protein feeding offers no 
benefit ( ? measuring protein catabolic rate)

 Potential for metabolic harm, especially in acute kidney 
injury.

 Restrictive strategy:

 Manage energy delivery, control blood glucose, prevent 
refeeding syndrome.

Patel J et al : N Engl J Med 395:162-74, 2026





Other Support

A Quiz: Green Urine

 42 year old AA woman

 SLE with baseline CKD

 Chronic immunosuppression

 Admitted with fever and abdominal pain

 Progressed to septic shock

 Renal failure

 Hypotension

 On 3 pressors

The answer?



Methylene Blue in Sepsis (?)

Ballarin, R et al: Frontiers in Medicine, 11, 2024



IV iron in Sepsis (?)

Blood 146; 1129: The 67th ASH Annual Meeting Abstracts POSTER, 2025

 Historical Concerns: IV iron during sepsis has historically been viewed as risky due to fears that it could fuel 

microbial growth and impair immune function.

 This large retrospective cohort study of patients with sepsis and iron deficiency anemia, early IV iron 

administration significantly reduced mortality at 14, 30, 60, and 90 days

 Prospective studies are still required but this study challenges longstanding assumptions



Clinical Dashboard Summary:

Pillar 1: Initiate norepinephrine early (MAP > 65); consider 

angiotensin II / vasopressin to spare fluids.

Pillar 2: Preference for balanced crystalloids; actively de-resuscitate 

(furosemide/UF) once stable to avoid fluid accumulation 

Pillar 3: Administer IV sodium bicarbonate for severe metabolic
acidosis (pH < 7.20) with acute kidney injury (AKI)

Pillar 4: Utilize early trophic enteral feeds; restrict protein to ≤ 1.2 

g/kg/day; use 2 kcal/mL formulas to stop fluid creep.



Renal Preservation – Avoiding RRT

Hemodynamics: 

Early vasopressors allow for restrictive 

fluid use, preventing renal congestion.

Acid-Base

Targeted bicarbonate improves 

catecholamine (vasopressor) 

responsiveness in severe acidemia.

Fluids

Balanced Fluids vs crystalloids.

Core Outcome: 

Synergistic approach to stabilize endothelial glycocalyx, restore GFR, prevent progression to dialysis.

Nutrition: 

Concentrated nutrition limits fluid 

creep, enabling successful de-

resuscitation.



RENAL REPLACEMENT: iHD – PRRT - CRRT

Dialysate



RRT Initiation: The Timing Dilemma

The Clinical Question: Start RRT early upon AKI diagnosis or wait until 
life-threatening indications arise (Late/Delayed)?

Early Initiation (Preventative)

• Aims to proactively control volume.

• Attempts to clear detrimental inflammatory 
mediators early in the cascade

• Goal is to prevent severe, downstream 
complications.

Late / Delayed Initiation (Watchful Waiting)

• Avoids the risks of an invasive extracorporeal 
circuit (bleeding, hemodynamic instability).

• Allows time for patients who might recover renal 
function spontaneously.

• Reserves intervention for absolute necessity.



Criteria for RRT Initiation in Sepsis

Primary indications for urgent renal replacement therapy

BUN > 100 mg/dL

Or > 40 mmol/L (BUN 112 mg/dL)

K > 6.0 mmol/L

Or > 5.5 mmol/L after max medical Rx 

pH < 7.15 Diuretic-resistant fluid overload requiring:

Azotemia Hyperkalemia

Severe Acidemia

Pure Metabolic
 pCO2 < 35 mmHg

Mixed Acidosis
 pCO2 > 50 mmHg (max vent)

Pulmonary Edema

O2 flow > 5 L/min (to keep SpO2 > 95%)

FiO2 > 50% (mechanically ventilated)





Evidence on RRT Timing: Trial Synthesis

The Data (AKIKI, IDEAL-ICU, STARRT-AKI): 

Large-scale randomized trials show NO survival benefit to early initiation.

• Spontaneous Recovery: A significant percentage of patients in the delayed groups recovered renal 
function without ever needing RRT.

• Adverse Events: Early initiation is consistently associated with higher rates of circuit-related adverse 
events and worsened hypotension.

• No Mortality Benefit: Proactive initiation does not alter the underlying disease trajectory.

The Consensus Verdict: 

A “watch and wait” (delayed) strategy is preferred, reserving RRT for absolute, life-threatening 
indications (e.g., severe hyperkalemia, profound academia, pulmonary edema).

But often a less dogmatic approach – there are exceptions to the rule!



Saritas T et al: Protecting the stressed kidney: Prevention, dialysis and recovery in AKI. Nephrol Dial Transplant 0:1-4, 2026 

Minimize/withdraw RRT)



ICRAKI: INTERMITTENT VS CONTINUOUS DIALYSIS



iHD vs CRRT

Forest Plot Analysis of Primary Outcome



The gang



Lake Lugano, Switzerland/Italy, Jan 2026 

Questions
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