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Heung et. Al., NDT 2012

Degree of fluid overload at RRT initiation and mortality

Multi center prospective study (N=618)
Inclusion: AKI patients in ICU from 1999-2001
Definition of fluid overload (FO): Cumulative FO 10% > baseline BW 
Outcome: In-hospital mortality

✓ Calculation of cumulative fluid balance 
 %FO = [Σ daily (fluid intake (L)– total output (L)]/ body weight (in kilograms) X100

✓ % FO >10 at dialysis initiation was associated with 2.07 folds higher risk of death



Degree of fluid overload at RRT initiation and mortality



Degree of fluid overload at RRT initiation and kidney recovery

Definition Kidney outcome assessment time

CR: serum cr <20% above baseline
PR: dialysis independence 

At hospital discharge

Discontinue dialysis for >2 weeks 1yr after the initiation of AKI-RRT

- (not found in Pubmed)

- (found in Pubmed but Chinese) 28 day kidney recovery rate



Heung et. Al., NDT 2012

Degree of fluid overload at RRT initiation and kidney recovery

A single-center, retrospective analysis of 
170 hospitalized adult patients with AKI 
requiring dialysis 

✓Renal recovery within 1 year of RRT 
initiation in 35.9% (61/170)

✓Patients that recovered renal function 
had significantly less fluid overload at the 
time of RRT initiation compared to non-
recovering patients (3.5 versus 9.3%, P = 0.004)

The degree of FO at dialysis initiation was and independent predictor of non-recovery
Each 1% of FO was associated with 3% higher risk non-kidney recovery. 

Cox regression model of risk for renal recovery within 1 
year of dialysis initiation (n = 170)

Predictor Hazard Ratio 95% CI p-value

% FO at initiation (per 1%) 0.97 (0.95–1.00) 0.024

≥1 comorbidity 0.51 (0.30–0.89) 0.018

Baseline serum creatinine 
(per 1 mg/dL)

0.56 (0.37–0.87) 0.009

Use of vasopressors 0.49 (0.28–0.85) 0.011

Time between consult and 
initiation (per day)

0.84 (0.72–0.98) 0.025



Single center retrospective study (N=13,326)
Inclusion: All ICU admitted patients, 2014-2018
Definition of fluid accumulation (FA): Cumulative FA 5% > baseline BW 
Outcome: MAKE 30 (Death, need for new RRT, persistent renal dysfunction)
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How to handle fluid overload in critically ill patients?

• Prevent fluid overload, if possible

• Effective de-escalation 
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How to handle fluid overload in critically ill patients?

• Prevent fluid overload, if possible

 - Restrictive fluid management

• Effective de-escalation 





Rescue Phase



Optimization Phase



Titration of fluid : Fluid challenge test

ꜛCO≥ 10%

ꜛCO< 10%
Consider 
stop or 

reduce fluid 
infusion 



Continuous measurement of cardiac output



Optimization Phase : Fluid challenge test in PNUH  

Baseline CO
100 mL of normal saline infusion

CO increased by 13%



Optimization Phase : Fluid challenge test

Major advantages of fluid challenge test 

- Personalized quantification of the cardiovascular response during 
volume infusion

- Prompt correction of fluid infusion 

- Minimizing the risk of fluid overload and its potential adverse effect, 
especially on the lungs



Stabilization Phase



De-escalation Phase



Contents

How to handle fluid overload in critically ill patients?

• Effective de-escalation 

   : maximum decongestion without ischemic injury

 - Avoid unnecessary fluid 

 - Use diuretics

 - Dialysis 

    : Mode of dialysis- IHD VS CRRT

      Rate of fluid removal



Dialysis modality and Kidney recovery : Evidences from 
Observational studies

IHD VS CKRT
: Better in CKRT 



Dialysis modality and Kidney recovery : Evidences from RCTs

IHD VS CKRT
: no difference 



Dialysis modality and Kidney recovery : Evidences from 
Observational studies

IHD VS CKRT
: Better in CKRT 



Modality and Long-term Renal Recovery

retrospective cohort study

2,315 CRRT recipients and 2,004 (87%) propensity 
matched to IHD based on:

✓ history of chronic kidney disease

✓ mechanical ventilation

✓ propensity score for the likelihood of receiving 
CRRT

• followed over a median of 3 years

Wald et al., Crit Care Med. 2014 Apr;42(4):868-77

Cumulative risk of chronic dialysis among 
critically ill patients with AKI surviving to day 90 

after RRT initiation

IHD

CRRT

Compared with iHD, initiation of CRRT in was 
associated with 25% lower likelihood of 

chronic dialysis

hazard ratio, 0.75; 95% CI, 0.65–0.87



✓ Retrospective cohort: large US hospital discharge database (Premier PINC AI) linked to commercial claims data.

✓ Adult ICU patients receiving first RRT (CRRT or IHD) for AKI, between January 1, 2018, and June 30, 2021, 

✓ N = 3804 patients (CRRT n = 1064; IHD n = 2740) 

Journal of Critical Care Volume 82, August 2024, 154764

Weighted OR
 (95% CI); p-value

Adjusted Weighted OR 
(95% CI); p-value*

0.69 
(0.48–0.98); 0.04

0.68 
(0.48–0.98); 0.04

RRT dependence at 90 days post-discharge for patients 
with CRRT vs. IHD 

After adjusting for patient, hospital, and illness severity factors using inverse 
probability of treatment weighting (IPTW)

3804 patients (CRRT n = 1064; IHD n = 2740) survivors 90-day post-discharge 
- Compared % of RRT dependence 
4.9% of CRRT-treated
7.4% of IHD-treated

were younger; lower prevalence of comorbidities, but higher severity of illness 

✓CRRT-treated patients had a 30% 
lower odds of being RRT-dependent at 
90 days post-discharge



Kidney recovery and dialysis modality

• Multiple observational studies showed better kidney recovery rate 
with CKRT than with IHD.

     : KRT dependence at 30 or 90 day after hospital discharge 

• These were not consistently shown in RCTs : no differences in KRT 
dependence or complete kidney recovery rate at hospital discharge

• Based on the longer follow-up and the larger population based 
retrospective data, slower, more continuous fluid/solute removal 
with CRRT may support a higher rate of independence from dialysis.
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How to handle fluid overload in critically ill patients?

• Effective de-escalation

 - Avoid unnecessary fluid 

 - Use diuretics

 - Dialysis 

    : Mode of dialysis

      Rate of fluid removal



Lessons from the previous studies 

JAMA Netw Open. 2019;2(6):e195418

What would be the most tolerated UF rate during CKRT?



Lessons from the previous studies 
What would be the most tolerated UF rate during CKRT?

Nat Rev Nephrol 17, 262–276 (2021)



Challenges…

NUF volume (mL) = Ultrafiltrate volume − [replacement fluid + dialysate volume]
NUF rate (mL/kg/hr) = cumulative NUF volume (mL) / (weight at study enrollment [in kilograms] ×  
treatment duration [in hours])

=> Fluid directly infused into patients was not considered

What would be the most tolerated UF rate during CKRT?

1. Fluid balance VS Machine balance

2. Special considerations for individual capillary refill rate



Principles of mechanical 
fluid removal

Capillary refill

✓Ultrafiltration rate exceeding capillary 
refill rate results in circulatory shock and 

organ ischemia



Determinants of plasma refill rate – Maintenance HD patients

What would be the most tolerated UF rate during CKRT?

Disruption of cell-cell junction 



Special considerations in Septic patients

What would be the most tolerated UF rate during CKRT?

Degradation of glycocalyx Disruption of cell-cell junction 

Hypoalbuminemia 



Single center retrospective study (N=793)
Inclusion: Critically ill patients with AKI required CRRT 
Comparisons : Changes in serum albumin within 48hrs
Outcome: In-hospital mortality 

Difficulties in CRRT-fluid removal in patients with low serum albumin

Inhospital Mortality Total fluid removal during CRRT
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How to handle fluid overload in critically ill patients?

• Effective de-escalation

 - Avoid unnecessary fluid 

 - Use diuretics

 - Dialysis 

    : Mode of dialysis

      Rate of fluid removal 

           : needs to be personalized based on the patient responsiveness



Perfusion-based de-resuscitation strategy 

Journal of Critical Care 72 (2022) 



Restrictive versus Liberal Rate of Extracorporeal Volume 
Removal Evaluation in AKI (RELIEVE-AKI):
 a pilot clinical trial protocol 

A web-based net fluid removal rate 
calculator provides decision support for 
critical care clinicians to deliver the 
study intervention precisely. 

Murugan R, et al. BMJ Open 2023 

Multicenter study – 10 ICUs , 2 centers in the US

Evaluating UF Net – as patient balance and 
not machine balance
Liberal UF Net: 2-5ml/kg/h
Restrictive UF Net: 0.5-1.5ml/kg/h

Predicted body weight (PBW):
Females:

Males:







Conclusion
How to handle fluid overload in critically ill patients?

• If possible, prevent fluid overload.

After initial fluid resuscitation, fluid therapy needs to be titrated based on the fluid 
responsiveness.

       Fluid challenge test is helpful for the optimal infusion of intravenous fluid.

• Timing and intensity of fluid removal, as well as modality choice (CRRT vs. IHD), 
influence long-term dialysis independence and the degree of kidney recovery.

• Given the differences in patients' tolerances to fluid removal, a perfusion-based, 
dynamically adjusted UF strategy can optimize decongestion while minimizing 
hemodynamic instability.

• We need RCTs and new frameworks aim to optimize UF strategies that balance FO 
correction against the risk of hypoperfusion, aiming to improved kidney recover after 
AKI



Thank you for your attention

Questions?

rheeharin@pusan.ac.kr
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