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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.
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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 _of fluid

accumulation, as this is associated with worse outcomes

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



D1 D1: Definitions

* Farly 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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* FEarly adequate goal directed fluid management (EAFM):
— goal directed treatment
— on average 30 ml/kg within first 1-3 hours (SSCG)
e [ate Conservative Fluid Management (LCFM):
— 2 consecutive days of negative fluid balance within the
first week of ICU stay
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D1 D1: Definitions

* FEarly adequate goal directed fluid management (EAFM):
— goal directed treatment
— on average 30 ml/kg within first 1-3 hours (SSCG)
e [ate Conservative Fluid Management (LCFM):
— 2 consecutive days of negative fluid balance within the
first week of ICU stay
 [ate Goal Directed Fluid Removal (LGFR):
— active fluid removal by means of diuretics or renal
replacement therapy with net ultrafiltration

— This is referred to as _ or _

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




HYPER
HYDRATION

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



al Care (2018) 22214

Vincent and Pinsky Critic
13054-01 8-2141-7

https:// doi.org/10.11 86/s

“fluid overload”

id the term

We should avo

and Michae! R. Pinsky’

Jean-Louis Vincent' €

per\/o\em'\a, Blood volum

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

@ CrossMark




Intensive Care Med
https://doi.org/ 10.1007/500134-022-0676 1-7

LASTING LEGACY IN INTENSIVE CARE MEDICINE

Everything you need to know
about deresuscitation

Manu L. N. G. Malbrain'23* » Greg Martin* and Marlies Ostermann®

\ ©2022The Author(s)

®

Check for
updates



D1 D1: Definitions (2022)

* 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



D1 D1: Definitions (2022)

e 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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Shen et al. Critical Care (2022) 26:352
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Fluid intake, fluid output or fluid balance, s
which one matters in ARDS

Yanfei Shen', Guolong Cai' and Jing Yan'™"

Patient A : . Patient B — ,
Stay in vessel Stay in vessel
25%* 25%*
Fluid intake Capillary leak Fluid intake Capillary leak
6000ml| 15% 3000ml 55%
Fluid balance Fluid output Fluid balance Fluid output
2400ml* 60% 2400ml* 20%
fluid balance/fluid intake =0.4 fluid balance/fluid intake =0.8




Fluid Accumulation Index (FAI)

FAI=

Fluid balance Fluid intake - output
Fluid intake i Fluid intake
Fluid intake Fluid output
Fluid intake  Fluid intake

Fluid output

Fluid intake
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D1 Stewardship Appropriateness Prescriptionl

Resuscitation Replacement |
Nutrition ® Fluid loss 8 Fluid gain @ Dehydration
L= U : R

Overhydration f Hypervolemia § Hyperhydration

Fluid challenge | F uid bolus Responsivenessl

- N P R _

Prediction I Preloadeterload Hypovolemia
aq_ L *

TBW = ECW + ICW Ebb phase I Flow phase I







Convective
problem

Diffusion
problem

Hypoperfusion
*Hypotension
*Tachycardia
*Shock
*Oliguria/AKI
*Organ hypoperfusion

mMmrOoO<O0O<Z=™mOZ=2

Hypovolemia Hypervolemia

HYPOVOLEMIA IS BAD...

Bellamy MC. Br J Anaesth 2006;97:755-757

> Volume status



28 HYPERVOLEMIA IS EVEN WORSE
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Convective
problem

Hypoperfusion
*Hypotension
*Tachycardia
*Shock
*Oliguria/AKI
*Organ hypoperfusion

mMmrOoO<O0O<Z=™mOZ=2

Hypovolemia !

V
—

>_

Bellamy MC. Br J Anaesth 2006;97:755-757

I
|
I
I
:
I
!
!
!

Diffusion
problem

Hypervolemia

Interstitial Edema
ediffusion distance

*Pulmonary edemaP
*|AP P

swound healingW
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*Mortality P
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FLUID TOLERANCE
Fluid Underload ‘

Fluid Overload/Accumulatici ‘

Intermediate High

Very High

Very Low

Intermediate Low

Intermediate

Fluid Accumulation Syndrome Intermediate High

Very High

GIPS (i) EDEMA/CAPILLARY LEAK
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1 2 3 4

When
to start fluid
removal

When
to stop
removal

When
to stop
fluids

When
to start
fluids
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Routine Re-energy

Resuscitation . Replacemen
Maintenance eplacement

Nutrition

SSCG: 30m|/kg/hr 1 ml/kg/hr or 25 ml/kg/d Should mimic the Should FOVGF da|Iy
: Na: 1-1.5 mmol/kg/d fluid that is lost caloric needs
Bolus: 4ml/kg/15min
Challenge: 1ml/kg/1min Cl/K: 1 mmol/kg/d Gl losses: NaCl 0.9% If the gut works
' Gluc: 1-1.5 g/kg/d use it!
Balanced Crystalloids ' saline switch from IV to

e
GLUCION
5%

— v ’ PO




Routine Re-energy

Resuscitation . Replacemen
Maintenance eplacement

Nutrition

$SCG: 30ml/kg/hr 1 ml/kg/hr or 25 ml/kg/d Should mimic the Should coffer daily
: Na: 1-1.5 mmol/kg/d fluid that is lost... caloric fleeds
Bolus: 4ml/kg/15min
Challenge: 1mi/kg/1min Cl/K: 1 mmol/kg/d Gl losses: NaCl 0.9% If the guflworks
' Gluc: 1-1.5 g/kg/d use fit!

Re-assessment Redistribution
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Balanced Crystalloids Saline

1 O

~t -ot""'"“‘

LAcrarep mimcen S
Injection. USPF -

N\ 4 \ N /|
/
° ® -, : «
1

plasma-Lyte 3 -

In jon pH 7,4 ! ~  0.9% Sodium
B P e ~ Chloride
- ~ Injection USp
= . .
’; > ks

Na* Cl K* Ca’ Mg? Lactate Acetate  Gluconate
0.9% saline 154 154
Lactated Ringer's 130 109 4.0 2.7 28
Plasma-Lyte A® 140 98 5.0 3.0 27 23




The Big Fluid trials ..... ®.. @

ANALYSIS
Balanced Crystalloids Saline
‘SSCG (2022) (2022)
(2021)
‘SKOPE
DKA
(2021)
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SEPSIS

Balanced Crystalloids vs Saline in 6,754
patients with Sepsis

Results

RR

with 95% Cl

TBI

Balanced Crystalloids vs Saline in 1,896
patients with traumatic brain injury

Young P, 2015

Semler M, 2017
Semler M, 2018
Zampieri F, 2021

_0+-+

0.83[0.39
0.82[0.52
0.86[0.75
0.85[0.87
1.00[0.87

0.83[0.86

Favors Balanced

RR
with 95% CI

Young P, 2015
Semler M, 2018
Zampieri F, 2021

1.14[0.08, 17.11]
1.10[0.85, 1.43]
1.48[1.09, 2.02]

1.26[0.98, 1.60)

Favors Balanced
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Summary Conclusions
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renal dysfunction
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Summary Conclusions

The probability that balanced
6 randomized trials e : I 0/ Reduction in solutions reduce mortality is high:

34.450 ICU patients mortality 90(y
(0]
from -9% to +1%

SMART-ICU In-hospital mortality,

SALT-ED BS associated with \l/ MAKE30 newRRT and persistent

renal dysfunction

Post-hoc analysis
Jackson et al. 2021
Zampieri et al. 2022

A greater impact of balanced
solutions in reducing mortality

[ 4 ® o Sepsis, burns TBI: traumatic
.-. Diabetic KA brain injury
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Fluid'strategy more important than fluid
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and fluid BLOOD
Maintenance fig th?ri?gcant fluid, sodum}rd
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Volume due to concentrated electrolytes | 2.4% 56 + 62 42 (22-72) 9+50 10 + 33 . . .
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Volume used to keep venous access open | 0.8% 20 + 43 0(0-28) 3+7 3+8 .
Intermittent and continuous medication | 29.3% | 681 %580 | 565 (251-946) N/A N/A d urin g CcuU Stay
Total amount 100% | 2,322 + 1,315 [2,296 (1,422-3,069)| 131 + 137 130 + 111
Fig. 1 Proportion, mean, and median fluid volumes, and mean sodium and chloride burdens of the diffe 0 14,654 pat!wts . .
on their cumulative 103,098 days of ICU stay), including a graphic representation of the distribution of th 3 3 /0
duration of one ICU day, 20.3+ 6.7 h. SD standard deviation, IQR interquartile range, N/A data not availab
ment in our ICU, only electrolyte-free formulas of parenteral nutrition are prescribed, with separate admini

FLUID CREEP
/

J

Van Regenmortel N et al. Intensive Care Med 2018;44(4):409-417. \/
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Key Concept: Dose (AB)

TOO

OVERLOAD

PK PD

Distribution volume Clearance MIC
Albumin level PIC/MIC
Tissue penetration ... AUIC

Therapeutic Drug Monitoring  Kill characteristics
Correct dosing in AKI (time vs. conc dep AB)
















\

M
. W)
1A MEDI('A

>y Fluid Academy
*  @Fluid_Academy

NOEVSER DB 1T

Il Final results on poll regarding best acronym for 4
phases of fluid therapy shows clear preference
for ROSE over SOSD

@ Vertalen uit het Engels

What acronym do you prefer with
regard to the 4 phases of fluid therapy ?

ln.is/www.ncbi.n\m.n ......

Vertaal vanuit het Engels

S.0.S8.D. 17%
R.O.S.E. 63%
20%

There is only 1 phase
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[ Life saving Resuscitation phase with focus |
on patient rescue and early adequate fluid
management (EAFM), eg 30ml/kg/1hr
according to SSCG or a fluid challenge/bolus
of 4ml/kg given in 5-10 minutes. y

‘\

Optimization phase with focus on

organ rescue (maintenance) and avoiding
fluid overload (fluid creep). Aiming for neutral
fluid balance.

\ J

4 N

Stabilization phase with focus on

organ support (homeostasis).

Late conservative fluid management (LCFM)
is defined as two consecutive negative FB
within 1st week after initial insult.

\. y.
N

Evacuation phase with focus on organ
recovery and resolving fluid overload (in case
of no flow state) with active late goal directed
fluid removal (LGFR) and negative FB.

J

Triggers to start |V fluids: shock

* MAP < 65mmHg * Cl < 2,5L/min/m?

* GEDVI < 640ml/m? « PPV or SVV > 12-15%

« (RVEDVI < 80ml/m?)}#  « PLR test positive

* (CVP < 8mmHg)* * Lactate > 3mmol/L (shock)
* (PAOP < 10mmHg)* « IVCCI > 50%

Triggers to stop IV fluids: unresponsiveness

+ MAP/APP > 65/55mmHg * PLR test negative

+ GEDVI 640-800ml/m? * Normal lactate < 2mmol/L
+ Cl > 2,5 L/min/m? + LVEDAI 8-12cm?/m?

* PPV or SVV <12% * |AP < 15mmHg

Triggers to start fluid removal: FAS/GIPS

* MAP/APP > 65/5656mmHg  + LVEDAI > 14cm?/m?,
* GEDVI > 850ml/m? high VExUS score

« EVLWI > 10-12ml/kg PBW -« IAP > 12-15mmHg

+ PVPI >3 and * COP < 16-18mmHg;
PF ratio < 150 CLl > 60

* PPV or SVV < 12% * BIA: ECW/ICW > 1;

* PLR test negative Ve >5%

Triggers to stop fluid removal: hypoperfusion

« MAP/APP < 55/45mmHg** * S0, <70-75%

* PPV or SVV > 15% *§,0,<65-70%

* PLR test positive * ICG PDR < 14-16%
* Lactate > 2,5mmol/L






t PERSISTENT POSITIVE CUMULATIVE FB

Volume Status

ORGAN FAILURE

P/F — EVLWI —PVPI — IAP
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Restrictive FM  Liberal FM—
Study or Subgroup ~ Evente ™"

— a CRI‘“CAL CARE
nd Vincent Critical Care (201 2

heampong @ .
?)CO\ 10.1 186/513054«0\ 5-0970

n . . f‘ . ! ‘ ‘ . ° ! !

is Viincent o
Acheampond and Jean-Louis Vinc 0.36 (0.13, 0.99]

3.8% 005 (0.0L, 0.07] = ==

la —33 43 50
Ange v .01, 0.77) ¢————
Restrictive - Liberal P -
2007/8135 = 24.7% 1 2596/7812 =33.3% .11 — |
T ZUuUs T 4 5 > 0.01: 0-91] |
Wiedemann 2006 128 503 141 497 5.5% 0.86 [0.65, 1.14] ek
Total (95% CI) 8135 7812 100.0% 0.42 [0.32, 0.55] ‘
Total events 2007 2596

Heterogeneity: Tau® = 0.33; Chi* = 210.79, df = 27 (P < 0.00001); I’ = 87%
Test for overall effect: Z = 6.20 (P < 0.00001)

0.01 0.1 ] 10 100
Favours Restrictive  Favours Liberal

Malbrain M., Marik P. et al. Anaesthesiol Intensive Ther 2014; 46(5): 361-380
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Pulmonary edema P
Pleural effusion M
Altered pulmonary and
chest wall elastance (cfr IAP 1)
pa02 \ paCO2 N Pa02/Fi02
Extra vascular lung water 2
Lung volumes \/ (cfr IAP )
Prolonged ventilation
Difficult weaning N

Work of breathing/t

Hepatic congestion P
Impaired synthetic functiol
Cholestatis P

Cytochrome P 450 activity \l/
Hepatic CS

Ascites formation P Gut edema
Malabsorption M lleus NN
Bowel contractility ¥

IAP N and APP (=MAP-IAP) \/
Success enteral feeding ¥
Intestinal permeability
Bacterial translocation
Splanchnic microcirculatory flow \
ICG-PDR \, pHi ¥

Cerebral edema, impaired

cognition, deI|r|um
ICP CPPY 10PN
ICH, ICS, OCS

; Myocardlal edema ’I‘

“anduction disturbance
nlred contractility

‘ic dysfunction
and PAOP N
eturn \v

d co Vv

/dial depression
meardial effusion N

F \ GEDVI I CARS N

Renal interstitial edema
Renal venous pressure N
Renal blood flow ¥
Interstitial pressure P
Salt + water retention™
Uremia N GFR v RVR N
Renal CS

Prowle J. Nat Rev 2010
Malbrain M. AIT 2014
















Bright Ideas Assessment Fluid Overload

VEXUS o &S S e S S m e n t Clinical Assessment Fluid Overload
IVF vs EVF
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Balance M
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20 (P i
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Hemodynamic Assessment Fluid Overloag
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RELIEF: Restrictive versus Liberal Fluid Therapy for Major Abdominal Surgery

3000 patients under-
going major abdominal

surgery with increased A .
risk of complications Liberal arm [ ] X
N=1,499 \
@ o
10 mL/Kg 8 mL/Kg/hr 1.5 mL/Kg
before during after
surgery surgery surgery
A

Restrictive arm =

N=1,501 i
.

5mL/Kg 5 mL/Kg/hr 0.8 mL/Kg

before during after
surgery surgery surgery

A restrictive fluid regimen did not improve disability free  Myles et a/ 2018 Jun
survival than a liberal fluid regimen and caused a higher  14;378(24):2263-2274
rate of acute kidney injury. #Nephl)C




CLASSIC TRIAL—NEIJM 2022

7 SEPTIC SHOCK: IN ICU STANDARD
PATIENTS WITH SEPTIC FLUID THERAPY

i N limit set fi
e 4 o, ShOUGISHVELID st HU A

0% RESTRICTION ASSOCIATED
WITH LESS HARM
COMPARED TO STANDARD IV

administration

FLUID THERAPY?
PRIMARY END POINT
Death within 90 days after randomization
43.00%
]
o 42.60% ]
a
]
© 42.20%
2
=
= 41.80%
[T}
o
X 41.40%
41.00%
Restrictive Fluid Group Standard Fluid Group
Adjusted
Absolute

Adjusted absolute difference in
percentage points between
restrictive and standard fluid
groups

0.1

Difference 95% CI (-4.7 to 4.9)

RESTRICTED FLUID

THERAPY
IV fluid given only with
lactate>4mmol, MAP<50mmHg,
urine output <0.1mg/kg

within 12 hours prior to screeni

Intestinal ischemia

Myocardial ischemia

Cerebral ischemia

3.00% 4.00% 5.00% 6.00%

e

m Standard

mRastrictive Serious adverse events (%)

One or more adv ccurred in 29.4%
of patients in e-fluid group
compared to 30.8 s in the standard-
fluid group, suggesting no significant difference
in outcomes between these two groups.



Risk for Adverse Qutcomes

.‘ Very high

Intermediate high

Late liberal

______________ Intermediate
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!l Very low

Risk for adverse
outcomes

Late restrictive
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il open Quaiit Introducing NICE guidelines for
intravenous fluid therapy into a district
general hospital

Marcia McDougall,' Bruce Guthrie © ,2 Arthur Doyle,® Alan Timmins,*
Meghan Bateson,® Emily Ridley,® Gordon Drummond @ ,” Thenmalar Vadiveloo®
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Slide by courtesy of Marcia McDougall



L/OBD = Litres/Occupied Bed Day

Start of Fluid work New hospital

0,70 — H——-----—---==—==nmn--
0,60 JK‘RV&; :{:\}A ] Guidelines
0,50 : Fluid Nurse Charts introduced
£,40 Ly
o
T)I,SO

Spending on fluids now £80000 less per year cf 2009. O . 40
0,20
0,10 L/d
0,00
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Month

Slide by courtesy of Marcia McDougall



Drop in IV Fluid use in Fife

5 L/stay é 3.7 L/stay
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The total amount = 1,487,144 L
Issuing of isotonic crystalloid solutions to Danish public (67 40/ Y Sal I ne’ 25 9% acetate_
hospitals in 2021—A ret ti ti id 0 _

D g retrospective nationwide and 6.7% lactate-buffered

Karen Louise Ellekjaer | Anders Perner | Kathrine Bruun Svan | SOIUtlonS)

Moren Hnder Meler 2.1 L per hospitalised patient

1000000~
North Denmark Region
73,798 admittances
750000-
)
. o
Central Denmark Region ]
w
143,781 admittances k7]
2  500000-
=
g
Capital Region T
225,716 admittances P
South Denmark Region 250000~
144,265 admittances
Region Zealand
112,238 admittances
0.

NaCl Acetate Lactate

Type of isatonic crystalloid solution
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Medical departments used saline more
o o o frequently (85.3%) than

oo v emergency departments (71.5%)

observational study surgical departments (70.6%) and

Karen Louise Ellekjaer | Anders Perner | Kathrine Bruun Svan | anaesthesiological departments including

Morten Hylander Maller intensive care units (43.0%).
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Litres of IV infusion per hospital admission

6,51
1,27
median 6,31
Min 4,30
80 Q1 5,75
14
Q3 6,98
Max 11,17 6,7
6,0
4,3
4,0
2,0
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Personalized Fluid Therapy

Fluid Team
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Personalized Fluid Therapy
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Personalized Fluid Therapy
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