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D1: Definitions
• Fluid Balance: Daily fluid balance is the daily sum of all 

intakes and outputs, and the cumulative fluid balance is 
the sum total of fluid accumulation over a set period of 
time 

Malbrain M et al. Annals of Intensive Care 2018; 8:66
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• Fluid Balance: Daily fluid balance is the daily sum of all 
intakes and outputs, and the cumulative fluid balance is 
the sum total of fluid accumulation over a set period of 
time 

• Fluid overload: Dividing the cumulative fluid balance in 
litres by patient’s baseline body weight and multiplying by 
100% defines the percentage of fluid accumulation. 

Malbrain M et al. Annals of Intensive Care 2018; 8:66
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D1: Definitions



• Fluid Balance: Daily fluid balance is the daily sum of all 
intakes and outputs, and the cumulative fluid balance is 
the sum total of fluid accumulation over a set period of 
time 

• Fluid overload: Dividing the cumulative fluid balance in 
litres by patient’s baseline body weight (BW) and 
multiplying by 100% defines the percentage of fluid 
accumulation. 

• Fluid overload is defined by a cutoff value of 10% of fluid 
accumulation, as this is associated with worse outcomes 

Malbrain M et al. Annals of Intensive Care 2018; 8:66
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• Early adequate goal directed fluid management (EAFM):
– goal directed treatment 
– on average 30 ml/kg within first 1-3 hours (SSCG)

Malbrain M et al. Annals of Intensive Care 2018; 8:66
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D1: Definitions



• Early adequate goal directed fluid management (EAFM):
– goal directed treatment 
– on average 30 ml/kg within first 1-3 hours (SSCG)

• Late Conservative Fluid Management (LCFM): 
– 2 consecutive days of negative fluid balance within the 

first week of ICU stay 

Malbrain M et al. Annals of Intensive Care 2018; 8:66
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D1: Definitions



• Early adequate goal directed fluid management (EAFM):
– goal directed treatment 
– on average 30 ml/kg within first 1-3 hours (SSCG)

• Late Conservative Fluid Management (LCFM): 
– 2 consecutive days of negative fluid balance within the 

first week of ICU stay 
• Late Goal Directed Fluid Removal (LGFR): 

– active fluid removal by means of diuretics or renal 
replacement therapy with net ultrafiltration 

– This is referred to as de-escalation or de-resuscitation.
Malbrain M et al. Annals of Intensive Care 2018; 8:66
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WHAT: Definitions
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WHAT: Definitions

Malbrain M et al. Intensive Care Medicine 2022 https://doi.org/10.1007/s00134-022-06761-7
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• Fluid Accumulation:
– increase in BW relative to admission BW
– actual increase in BW
– relative increase in cumulative fluid balance 
– volume excess (BIA)

Malbrain M et al. Intensive Care Medicine 2022 https://doi.org/10.1007/s00134-022-06761-7
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• Fluid Accumulation:
– increase in BW relative to admission BW
– actual increase in BW
– relative increase in cumulative fluid balance 
– volume excess (BIA)

• Fluid Accumulation Syndrome (FAS):
– Term to describe the presence of any degree of fluid accumulation 

with negative impact on end-organ function which may or may not 
be associated with global increased permeability syndrome.

Malbrain M et al. Intensive Care Medicine 2022 https://doi.org/10.1007/s00134-022-06761-7
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Fluid Accumulation Index (FAI)

Fluid balance
Fluid intake

FAI=

Fluid intake
Fluid intake

=
Fluid output
Fluid intake

-

Fluid intake - output

Fluid intake
=

Fluid output
Fluid intake

-=  1



Liberation MV

X ✓



Stewardship Appropriateness Prescription

Resuscitation Maintenance Replacement

Nutrition Fluid loss Fluid gain Dehydration

Overhydration Hypervolemia Hyperhydration
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D7

Fluid challenge Fluid bolus Responsiveness

Prediction Preload Afterload Hypovolemia

TBW = ECW + ICW Ebb phase Flow phase
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HYPOVOLEMIA IS BAD…

Volume status
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HypervolemiaHypovolemia

Diffusion
problem

Convective
problem

Bellamy MC. Br J Anaesth 2006;97:755–757
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Hypoperfusion
•Hypotension
•Tachycardia

•Shock
•Oliguria/AKI

•Organ hypoperfusion



Interstitial Edema
•diffusion distance
•Pulmonary edema

•IAP 
•wound healing

•recovery gut function
•Mortality
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HYPERVOLEMIA IS EVEN WORSE

Volume status
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HypervolemiaHypovolemia

Diffusion
problem

Convective
problem

Bellamy MC. Br J Anaesth 2006;97:755–757
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Cardiac preload

Stroke
volume

Passive leg raising test

Mini-fluid challenge

End-expiratory occlusion

Tidal volume challenge

Sigh manoeuvre

Pulse pressure variation

Vena cava collapsibility

2006

2000

2009

2017

2017

2004

2011

Mimicking a 
fluid 
challenge

Using heart-
lung 
interactions

↗CO ≥10%

≥15%

↗CO ≥5%

↗PPV ≥1 to 3.5%

↘CO ≥30%

≥15%

↗CO ≥5%
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Very Low

Intermediate 

Very High

Intermediate Low

Intermediate High

Fluid Responsiveness

Fluid Unresponsiveness

Fluid Underload

Fluid Accumulation Syndrome

Fluid Overload/Accumulation

Very Low

Intermediate 

Very High

Intermediate Low

Intermediate High

PRELOAD/VOLEMIA

EDEMA/CAPILLARY LEAK
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GIPS

FLUID TOLERANCE



Risk Fluid Accumulation

Fluid responsive Fluid unresponsive
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Intermediate high

Intermediate low

Risk for fluid
accumulation
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Monnet, Malbrain, Pinsky. Intensive Care Med 2022 https://doi.org/10.1007/s00134-022-06900-0
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Septic patients
=

hypovolemic
/



Surgical patients
=

hypovolemic
/



Sepsis
=

Insensible loss
/



Edema
=

Give diuretics
/





Low preload
=

Give fluids
/
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TBW
2/3

ECW 
1/3

ICW
2/3

IVF 1/4

ISF 3/4

TBW = ECW + ICW
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1

When
to start 

fluids

When
to stop 
fluids

When
to start fluid

removal

2 3

When
to stop 
removal
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4 Indications
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Resuscitation

R1

SSCG: 30ml/kg/hr
Bolus: 4ml/kg/15min

Challenge: 1ml/kg/1min

R2

Routine
Maintenance

1 ml/kg/hr or 25 ml/kg/d
Na: 1-1.5 mmol/kg/d

Cl/K: 1 mmol/kg/d
Gluc: 1-1.5 g/kg/d

R3

Replacement

Should mimic the 
fluid that is lost…

GI losses: NaCl 0.9%

R4

Re-energy
Nutrition

Should cover daily 
caloric needs

If the gut works 
use it!

Switch from IV to 
PO



Resuscitation

R1

SSCG: 30ml/kg/hr
Bolus: 4ml/kg/15min

Challenge: 1ml/kg/1min

R2

Routine
Maintenance

1 ml/kg/hr or 25 ml/kg/d
Na: 1-1.5 mmol/kg/d

Cl/K: 1 mmol/kg/d
Gluc: 1-1.5 g/kg/d

R3

Replacement

Should mimic the 
fluid that is lost…

GI losses: NaCl 0.9%

R4

Re-energy
Nutrition

Should cover daily 
caloric needs

If the gut works 
use it!

Switch from IV to 
PO

R5

Redistribution

R6

Re-assessment
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SPLIT 
(2015)

SALT 
(2017)

SALT-ED 
(2018)

SMART 
(2018)

SSC 
COVID 
(2020)

The Big Fluid trials …………….

BASICS 
(2021)

SKOPE 
DKA 
(2021)

SSCG 
(2021)

PLUS 
(2022)

META-
ANALYSIS 
(2022)

vs.
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Hyper
Na

Hyper
Cl

Hyper
K

FAS

Renal 
perfu-
sion

AKIAcido-
sis

Vaso-
pressor

RRT

X
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Hyper
Na

Van Regenmortel N, Langer T, Malbrain M et al. Journal Crit Care 2022;67:157-165. doi: 10.1016/j.jcrc.2021.10.022
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Effect of Na load on Na Balance

+150mmol

+300mmol

healthy

ICU

Saline
Isotonic

Balanced
Hypotonic

Van Regenmortel N, Langer T, Malbrain M et al. Journal Crit Care 2022;67:157-165. doi: 10.1016/j.jcrc.2021.10.022
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Effect of Na load on Fluid Balance

+600ml

+900ml

healthy

ICU

Saline
Isotonic

Balanced
Hypotonic

Van Regenmortel N, Langer T, Malbrain M et al. Journal Crit Care 2022;67:157-165. doi: 10.1016/j.jcrc.2021.10.022

Saline Balanced





Results

X✓

SEPSIS TBI





b.          Results: Chloride

ICU only ER + ICU

Saline

Balanced

Saline

Balanced

✓



Results: HOS mortality

ICU only ER + ICU
Saline

Balanced

✓





Results: HOS mortality

Saline

Balanced

Balanced only (no saline)

Planned

Unplanned
no sepsis

Unplanned
sepsis

ODDS RATIO

Favours balanced – favours saline

OVERALL: 92% probability that balan-
ced crystalloids decrease mortality

SEPSIS: 96% probability that balanced 
crystalloids decrease mortality

✓



Summary Conclusions

from -9% to +1%

The probability that balanced 
solutions reduce mortality is high:

90%
6 randomized trials
34.450 ICU patients



Summary Conclusions

from -9% to +1%

The probability that balanced 
solutions reduce mortality is high:

90%
SMART-ICU
SALT-ED

6 randomized trials
34.450 ICU patients



Summary Conclusions

from -9% to +1%

The probability that balanced 
solutions reduce mortality is high:

90%
SMART-ICU
SALT-ED

A greater impact of balanced 
solutions in reducing mortalityJackson et al. 2021

Zampieri et al. 2022

6 randomized trials
34.450 ICU patients



Summary Conclusions

from -9% to +1%

The probability that balanced 
solutions reduce mortality is high:

90%
SMART-ICU
SALT-ED

A greater impact of balanced 
solutions in reducing mortality

X✓ Sepsis, burns
Diabetic KA

TBI: traumatic 
brain injury

Jackson et al. 2021
Zampieri et al. 2022

6 randomized trials
34.450 ICU patients
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Fluids in Sepsis + ICU
No starches

No gelatines
No saline
No gluc 5%

Balanced
Blood

Albumin 20%
Shelf

Fluid strategy more important than fluid
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Resuscitation fluids

…received most attention

D1

D2

D3

D4

D5

D6

D7

…largest part = other type
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3%
Data from the 45-bed ‘fluid-
aware’ ICU of the Antwerp 

University Hospital
2007-2016

14,654 patients during the 
cumulative 103,098 days

We queried
all sources of fluids

given to every patient
without oral intake and excl. cardiac surgery

during every day of ICU stay

Van Regenmortel N et al. Intensive Care Med 2018;44(4):409-417.

6%

25%

33%

33%
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BLOOD

RESUSCITATION

MAINTENANCE
REPLACEMENT

NUTRITION

FLUID CREEP

!!!
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Philippus Aureolus Theophrastus Bombastus von Hohenheim, 1493 – 1541

Alle Ding' sind Gift, 
und nichts ohn' Gift; 

allein die Dosis 
macht, daß ein Ding 

kein Gift istdose
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Key Concept: Dose (AB)

PK
Distribution volume Clearance 

Albumin level 
Tissue penetration ... 

Therapeutic Drug Monitoring 
Correct dosing in AKI

PD
MIC

PIC/MIC
AUIC

... 
Kill characteristics

(time vs. conc dep AB) 
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D3

D4

D5

D6

D7

FLUIDOVERLOAD SHOCK
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Don’t use 
fluids to treat 
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Use fluids to 
treat shock
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de-escalation

D6
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80

2nd 
HIT

3rd 
HIT

4th 
HIT

R. O. S. E.

TimeResuscitation

Organ SupportVo
lu

m
e 

St
at

us
Evacuation
Removal

Maintenance
Homeostasis

De-resuscitation

Hypo-
perfusion

Stabilisation

1st 
HIT
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2nd 
HIT

3rd 
HIT

4th 
HIT

R. O. S. E.

Time

Vo
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St
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1st 
HIT

This is a DRY 
rose not a 
dead one
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Minutes       Hours Days             Weeks

PAL

RIVERS

FEAST

FIRST

6S CHEST CRYSTMAS VISEP

FACTT

SAFE

CRISTAL

PROCESS

SEPSISPAM

ARISE

ProMise
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Minutes       Hours Days             Weeks

Rescue

Optimize Stabilize

SAVE

Evacuate

MAP

PPV

PLR

GEDVI
Nl lactate Nl PPV Nl MAPNo FR

Low PPV

EVLWI

POCUS

ICG-PDR

ScvO2

Nl GEDVI
P/F ratio
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GIPS



87

Time

Vo
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m
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PERSISTENT POSITIVE CUMULATIVE FB

ORGAN FAILURE
+ = GIPS

P/F – EVLWI – PVPI – IAP 
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Why?



Malbrain M., Marik P.  et al. Anaesthesiol Intensive Ther 2014; 46(5): 361-380

Restrictive
2007/8135 = 24.7%

Liberal
2596/7812 = 33.3%



Respiratory
Pulmonary edema
Pleural effusion 
Altered pulmonary and 
chest wall elastance (cfr IAP )
paO2  paCO2  PaO2/FiO2 
Extra vascular lung water 
Lung volumes  (cfr IAP )
Prolonged ventilation 
Difficult weaning 
Work of breathing

Cerebral edema, impaired
cognition, delirium
ICP CPP IOP
ICH, ICS, OCS

Ascites formation  Gut edema
Malabsorption Ileus 
Bowel contractility 
IAP  and APP (=MAP-IAP) 
Success enteral feeding 
Intestinal permeability 
Bacterial translocation 
Splanchnic microcirculatory flow 
ICG-PDR , pHi

Tissue edema
Poor wound healing
Wound infection
Pressure ulcers 
Abdominal compliance 

Myocardial edema
Conduction disturbance
Impaired contractility
Diastolic dysfunction
CVP  and PAOP 
Venous return 
SV  and CO 
Myocardial depression
Pericardial effusion 
GEF  GEDVI  CARS 

Hepatic congestion 
Impaired synthetic function
Cholestatis
Cytochrome P 450 activity 
Hepatic CS

Fluid 
Overload

Hepatic

Gastrointestinal/visceral

Central NS

Cardiovascular

Renal

Abdominal Wall

Renal interstitial edema
Renal venous pressure 
Renal blood flow 
Interstitial pressure 
Salt + water retention
Uremia GFR RVR
Renal CS

Prowle J. Nat Rev 2010
Malbrain M. AIT 2014

GIPS



Anasarca is NOT Cosmetic 

Anasarca is BAD medicine



WHEN ?
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Ebb Flow



Persistent
GIPS



Assessment 
Fluid Overload
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One more thing….



Late Conservative Fluid Therapy
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EALC EALL ECLC ECLL
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Murphy Cordemans Hjortrup

Murphy et al. Chest 2009;136;102-109
Cordemans, Malbrain et al. Annals of Intensive Care 2012; 2(Suppl 1):S1 and S15
Hjortrup et al. Intensive Care Med 2016 Nov;42(11):1695-1705
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Risk for Adverse OutcomesD1

D2

D3

D4

D5

D6

D7

Early Liberal Early Restrictive
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ric
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e 

Very high

Intermediate 

Very low

Intermediate high

Intermediate low

Risk for adverse 
outcomes

ELLR

ELLL

ERLR

ERLL

Early Adequate

EALR



documentation D7
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Too much Na Too little K

943% 60%
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Too much Na Too little K

378% 32%
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3000
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Month

Fluid use NHS Fife 2009-2016

SODIUM CHLORIDE 0.9%
INFUSION Viaflo

SODIUM LACTATE COMPOUND
INFUSION (Hartmans)

Plasmalyte

SODIUM CHL 0.18%/ GLU 4%

Start of fluid work

Guidelines introduced

Move to new hospital

Fluid nurse
Charts
introduced

One aim was to reduce 0.9% saline 
use  as it can be harmful

Plasmalyte substituted
for Hartmanns in Jan 2013

0.18%NaCl.4%Glucose with KCl is 
standard maintenance fluid.

Presentations  to staff

Slide by courtesy of Marcia McDougall

EXAMPLED1
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D6

D7



0,00

0,10

0,20

0,30

0,40

0,50

0,60

0,70

L/
O

B
D

Month

L/OBD = Litres/Occupied Bed Day
Presentations  
to staff

Spending on fluids now £80000 less per year cf 2009.

Start of Fluid work

Guidelines

New hospital

Fluid Nurse Charts introduced

Slide by courtesy of Marcia McDougall

0.65
L/d 0.40

L/d

0.65
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Drop in IV Fluid use in Fife

3.7 L/stay5 L/stay

D1
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D4
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D6

D7

EXAMPLE
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The total amount = 1,487,144 L 
(67.4% saline, 25.9% acetate-

and 6.7% lactate-buffered 
solutions) 

2.1 L per hospitalised patient

D1

D2

D3

D4

D5

D6

D7



Medical departments used saline more 
frequently (85.3%) than 

emergency departments (71.5%), 
surgical departments (70.6%) and 

anaesthesiological departments including 
intensive care units (43.0%).

D1

D2

D3

D4

D5

D6

D7
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Example: Fluid Stewardship Dashboard

MEDAMAN

RESUSCITATION

NUTRITION

MEDICATION

MAINTENANCE

DILUTION
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National data (Belgium) 

7.15 L/stay !!! 0.99 L/day !!!
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National data (without medication) 

4.4 L/stay

0.6 L/day
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4,3

6,7

0,0

2,0

4,0

6,0

8,0

10,0

12,0
Litres of IV infusion per hospital admission

mean 6,51
SD 1,27
median 6,31
Min 4,30
Q1 5,75
Q3 6,98
Max 11,17

EXAMPLE
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Wrap it up



IV fluids
=

Innocent
/
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IV fluids
=

Bags of water
/
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IV fluids
=

DRUGS
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Personalized Fluid Therapy

D1
DEFINITIONS

D2
DIAGNOSIS

Fluid Team

Fluid
Overload

BIA Body 
Composition

Clinical Laboratory

D3
DRUG

Organ
Function

Radiological

(Contra)
Indications

Adverse 
effects

4 Questions 4 Indications (In) appropriate
therapy

Timing

Hypervolemia

Edema

Hypovolemia?

Monitoring

Combination 
therapy

Start IVF

Stop IVF

Start FR

Stop FR

Resuscitation

Maintenance

Replacement

Nutrition

4 D’s…

4 Compartments



Personalized Fluid Therapy

D4
DOSE

D5
DURATION

Fluid Team

Pharmaco-
kinetics

D6
DE-ESCALATION

4 Phases 4 HITS

SnapshotPharmaco-
dynamics

Toxicity

Appropriate
duration

Treat to
response

Survey
Resuscitation

Optimization
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