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Fluid Resuscitation

m Repletes intravascular = When to start?

volume = How much?
m Reverses hypotension g How fast?

m Resolves dehydration s What kind?

= Perfuses organs s When to stop?

= Improves preload s TOO OFTEN LEADS

m Stabilizes electrolytes TO FLUID

= Decreases organ OVERLOAD,
failure(s) HYPERGLYCEMIA &

. SAVES LIVES! HYPERCHLOREMIA



Fluid Overload 1s Associated with
Worse Outcomes in Adult Patients
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. Rosenberg et al. J Intensive Care Med.
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Research Article

Positive Fluid Balance Is Associated with Higher Mortality

and Prolonged Mechanical Ventilation in Pediatric Patients with
Acute Lung Injury

Heidi R. Flori,' Gwynne Fhurch,’ Kathleen D. Lin,* Ginny Gildengorin,*
and Michael A. Matthay™

- Analyzed database of 320 pediatric
patients with acute lung injury (ALI)

- Cumulative fluid balance was analyzed in

ml per kilogram per day for the first 72
hours after ALI while in the PICU
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H Flori et al. Critical Care Research
and Practice 2011 pub ID 854142




Fluid overload is associated with impaired oxygenation and
morbidity in critically ill children

Ayse A. Arikan, MD; Michael Zappitelli, MD, M5c; Stuart L. Goldstein, MD; Amrita MNaipaul, NP;

Larry 5. Jefferson, MOD; Laura L. Loftis, MD

Rationale; Fluid overload is comman in the critically ill and is
thought to contribute to oxygenation failure and mortality. Since
incréasing disease severity offen requires more fluid for resusci-
tation, it ks unclear whether fluid ovedoad is a causative factor in
morbkidity or is simply an indicator of disease severity.

Objective: Investigate the association between fluid owerload
and oxygenation while controlling for sewarity of illnass by daily
Pediatric Logistic Organ Dysfunction scores.

Design and Setfing: Refrospactive chart review, tartiary chil-
dren's haspital,

Patienls and Methods: The oxygenation indes, fluid owerboad
parcent, and daily Pediatric Logistic Organ Dysfunction scores werns
obtained in a refrospective chart reviews of B0 patients (mean age
BT + T30 months) with respiratory failure. Univariaie and mult-
variate approaches were used to assess the independent relation
between fluid overload percent and duration of stay and wventilafion,

Infervertions: None.

Main Reswlfs: Higher peak fluid overload perceni predicied
highar peak oxypanation index, independent of apa, gender, and

Pediatric Logistic Organ Dysfunction (p = J008). Fluid overload
percent =15% on any given day was also independently associ-
ated with that day's oxygenation indax, contralbed for age, gender,
and Pediatric Logistic Organ Dysfunction (g < .05). Peak fluid
owerboad percent and severe fluid overload pencent [>15%) wera
both independently associated with bonger duration of wentilation
(p = .004, p = J01), and pediatric intensive care unit (o = .008,
g = JI) and haspital length of stay (p = 02, p = .04), controlled
for age, pender, Pediatric Logistic Organ Dysfunction, and in the
case of wentilation, respiratory admission.

Gonclusion: This is the first study to report that positive fluid
balance adversely affected the pediairic intensive care wnii
course in children who did aof receive renal replacement tharapy.
While timely administration of fluids is Efesaving, positiver fluid
balance after hemodynamic stabilization may impact argan func-
fion and negatively influence important outcomes in critically il
patients. (Pediatr Crit Gare Med 2011; 12:000-000)

Ker Wiosns; children; critical illness; fluid management; respi-
ratary failura

FO percent (FO%) calculated as cumulative from the day of PICU

admission to the given study day.

FO% = mL fluid in = mL fluid out from PICU admission x 100

PICU admission weight in kg
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Peak fluid overload %
occurred at a median of
4.5 days and 75%
reached peak at 7 days
Koo A or earlier
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Prolongs Mechanical
Ventilation in Adults with ALI

Comparison of Two Fluid-Management
Strategies in Acute Lung Injury

Restrictive fluid management strategy
(less fluid and more diuretics) led to
Increased number of days alive and
free of mechanical ventilator support.

N Engl J Med 2006;354:2564-2575

Figure 1. Probability of Survival to Hospital Discharge and of Breathing
without Assistance during the First 60 Days after Randomization.




Fluid & Catheter Treatment
Trial (FACTT)

m Randomized 1,000 patients in a trial
evaluating the safety and efficacy of a fluid
conservative versus a fluid liberal strategy

= Explicit fluid management protocol used
for 7 days.

m Fluid Conservative Strategy:
= [arget CVP <4

= Fluid Liberal Strategy:
= Target CVP 10-14

Wiedemann et al., NEJM. (2006) 354:2564-75.



FACTT Algorithm: Composite Protocol- Version 2

CVP

Conservative

Intravascular Pressure

PAOPS

Conservative

MAP
< 60 mm Hg
or on:
dopamine =5
mcg'kg/min or
any dose of
another
Vasopressor.
Consider

correctable causes
of shock first.

Appendix 1

MAP = 60 mm Hg AND off vasopressors

(Dopamine = 5 mcg/kg/min is not a vasopressor)

Average UOP < 0.5 ml’kg/hr

Average UOP = 0.5 ml/kg/hr

Inetfective

Circulation
Gl <25
OR
Cold & mottled
with capillary refill
=2 580

Effective

Circulation
ClLz25
OR
Absence of
ineffective
circulation criteria

Ineffective
Circulation
Gl <25
OR
Cold & mottied
with capillary refill
= 2 5Bl

Effective

Circulation
Clz2s

ineffective circulation
criteria

Range |

> 18

> 18

Range Il

15-18

13-18

Vasopre ssor”
Fluid bolus™

KVO IV 3

A
Dobutamine
Furosemige™ %%

KVO IV
Furl:JsernilcieE'1'2'4

KVO IV 11
Dobutamine™

Furosemide® '3

KVO IV ‘15
Furosemide™"*+*

KVO IV
Dobutamine™

KVO IV 8
Furosemide™ %4

KVO IV 12
Dobutamine™

KVO IV ) 16
Furosemide®™ ">

Range llI

10-14

B-12

Range IV

=4 =10

=8

=14

Fluid bolus™
Vasopressor”

Fluidbolus 5

Fluid bolus®

Fluid bolus® 13

Liberal: 17
KNVO IV

Conservative . 18
Furosemide®™ ">

Fluid bolus®

Fluid bolus® 710

Fluid bolus® 14

Liberal: 19
Fluid bolus®

Conservative:
KVO IV 20

Algorithm Version 2, rev. 1001272000

FACTT Study Version II
ARDSEMet Study 05

MOTE: numbers in upper right hand corner of each cell = cell numbers; superscripts refer fo footmotes that may modify instructions.




ml of fluid

Cumulative fluid balance

8000

6000

4000

2000

-2000
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_//

1 2 3 4 5 6 7
Study Day
N Engl J Med 2006;354:2564-2575



Main Outcomes

Table 3. Main Outcome Variables.*

Conservative Liberal
Outcome Strategy Strategy

Death at 60 days (%) 25.5 28.4

Ventilator-free days 14.6+0.5 12.1+0.5
from day 1 to day 287

ICU-free daysT
Days 1to7 0.9+0.1 0.6+0.1
Days 1 to 28 13.4:0.4 11.2+0.4
Organ-failure—free daysi:
Days 1to7

Cardiovascular failure

CNS failure

Renal failure
Hepatic failure

Coagulation abnormalities

Wiedemann et al., NEJM. (2006) 354:2564-75.




Fluid balance in critically ill children with acute lung injury*

Stacey L. Valentine, MD, MPH; Anil Sapru, MD; Renee A. Higgerson, MD; Phillip C. Spinella, MD;

Heidi R. Flori, MD; Dionne A. Graham, PhD; Molly Brett, BA; Maureen Convery, BS; LeeAnn M. Christie, RN;
Laurie Karamessinis, CCRC; Adrienne G. Randolph, MD, MSc; on behalf of the Pediatric Acute Lung Injury and
Sepsis Investigator's (PALISI) Network and the Acute Respiratory Distress Syndrome Clinical Research Network

(ARDSNEet) (Crit Care Med 2012; 40:2883-2889)

5 large tertiary PICUs

m 168 Children with ALI
= Excluded BMT, dialysis on admission

m Retrospective data collection of daily fluids In
and out, patient characteristics, outcomes

m Goal was to compare fluid balance to FACTT
trial patients
= Did it mirror liberal or conservative trend in adults?




Comparison of Pediatric ICU Cohort to
FACTT Liberal and Conservative Groups
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Multivariate Analysis
Factors Associlated with VFD

Clinical Covariate P Value
Cumulative day 3 fluid balance in mL/kg

PRISM III

Age (yrs)

Gender

Race

PaO2/FiO2 at study entry

Vasopressor Use (yes/no) at study entry
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Medscape

News & Perspective Drugs & Diseases CME & Education

Calculators ¢ Pediatric and Neonatal, Critical Care, Fluids

Maintenance Fluid Calculation for Children

Input:
Results:

.'~'~.I|'Eig|-|t 5 [Jr]”.'!f Volume

(mL})
Fluid Rate mLshr
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The Relationship of Fluid Administration to Outcome in the

Pediatric Calfactant in Acute Respiratory Distress Syndrome Trial*

Willson, Douglas F. MD?*; Thomas, Ne 3IJ MD, MSc? Tarﬂ:urru Robert MD?; True r1p r,
Edward MD?; Truwit, Jonathon MD, MBA*; Conaw vay, Mark PhD?: Traul, Chris t|r MD*
Egan, Edmund E. MD”'%; in collaboration with Pediatric Acute LLIrj and Sepsis
Investigators Metwork

m RCT of Calfactant for children with ALI In
24 children’s hospitals in 6 countries

m Caregivers were to follow the conservative
FACTT fluid management guideline.
= Liberal approach despite the guideline

= Subjects who died averaged 8.7 £ 9.5
L/m? versus 1.2 £ 2.4 L/m? in survivors.




ALI/ARDS: Fluid Overload
IS Very Likely Harmful

m Sepsis (>75% pulmonary source) Is the leading
cause of ALI/ARDS in children

m [he data supporting aggressive fluid
resuscitation come mainly from the sepsis
literature

= In development of the surviving sepsis
guidelines, a rigorous approach to identifying all
relevant articles on fluid resuscitation was
undertaken



Evidence: Fluids Iin Sepsis

3 RCTs colloid vs. crystalloid hypovolemic dengue shock
(near 100% survival all arms)

1 RCT with reduction in septic shock mortality from 40%
to 12 % when increased fluid boluses, blood, and
Inotropes were given to attain a SCVO, monitor goal >
70%

2 before-after ED studies in purpura fulminans

1 before-and-after QI study in ED

m severe sepsis mortality dropped (4.0% to 2.4%) with earlier
delivery of fluid boluses and antibiotics in the first hour




Fluid Resuscitation

m Beneficial In:

= Decompensated
shock

m \Where are the data
that it Is beneficial In
other scenarios?

= Compensated
shock?

m [SS?
= Mild hypotension?




The NEW ENGLAN D
JOURNAL of MEDICINE

ESTABLISHED IN 1812 JUNE 30, 2011 VOL. 364 NO. 26

Mortality after Fluid Bolus in African Children with Severe Infection

Kathryn Maitland, M.B., B.S., Ph.D., Sarah Kiguli, M.B., Ch.B., M.Med., Robert O. Opoka, M.B., Ch.B., M.Med.,
Charles Engoru, M.B., Ch.B., M.Med., Peter Olupot-Olupot, M.B., Ch.B., Samuel O. Akech, M.B., Ch.B.,
Richard Nyeko, M.B., Ch.B., M.Med., George Mtove, M.D., Hugh Reyburn, M.B., B.S., Trudie Lang, Ph.D.,
Bernadette Brent, M.B., B.S., Jennifer A. Evans, M.B., B.S., James K. Tibenderana, M.B., Ch.B., Ph.D,,

Jane Crawley, M.B., B.S., M.D., Elizabeth C. Russell, M.Sc., Michael Levin, F.Med.5ci., Ph.D., Abdel G. Babiker, Ph.D.,
and Diana M. Gibb, M.B., Ch.B., M.D., for the FEAST Trial Group*

3141 Were randomly assigned
within stratum A

| |

1050 Were assigned to the | |1047 Were assigned to the 1044 Were assigned to
albumin-bolus group saline-bolus group the control (no
1045 Received bolus 1041 Received bolus bolus) group
1 Withdrew before 2 Withdrew before 1 Received bolus of
interventicn intervention saline
4 Died before inter- 4 Died before inter-
vention vention
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VIA MEDICA ORIGINAL AND CLINICAL ARTICLES

Intraoperative fluid management in children
— a comparison of three fluid regimens

Magdalena Mierzewska-5chmidt

Department of Peediatric Anaesthesiofogy and intensive Care, Medical University of Warsaw,

Abstract

Background: Flui
tions a5 a result «
published. The aim of t
concentrations
Methods: i
open-labe
group RA: Ring UM g i,

analysed before the induction of anaesthesia,

ic fluid, children, glucose, hyponatraemia,
5, safety

v Intensive Thera




EER R R R R R R AR R R RN R R R R RN RN R E R R R R R R E R RN E R E R R R R

Pediatric Anesthesia

N N Ny NN R YR NRN)

A novel balanced isotonic sodium solution vs normal saline during major s ssus
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EudraCT registration number; 2010-019 2.

Primary outcome was the change in
Chloride which was the same when large
volumes of fluid were given



ORIGINAL ARTICLE

Hypotonic versus isotonic saline in hospitalised
children: a systematic review

ST
K Choong, M E Kho, K Menon, D Bohn

Arch Dis Child 2006;,91:828-835. doi: 10.1134/ade. 2005.088490

Background: The traditional recommendations which suggest that hypotonic intravenous (IV) maintenance
Huids are the solutions of choice in poediatric patients have not been rigorously tested in dinical trals, and
may not be appropriate for all children.

Review: Hypotonic versus isotonic IV maintenance fluids in children: Mata-analysis
Comparison: 01 Hypolonic vs isotonic solution
Cutcome: 01 Development of hyponatremia

Study Hypotonic Isotonic OR [random) Waight OR (random)
or subcategory n/MN n'M 95% Cl % 95% Cl

Meville 21/31 2/21 17.51 19.95 [3.87, 102.88)
Brazel 7/7 1/5 4.06 4500 (1.49 1358.27)
Hoorn 28/53 2/105 62.15 11.95 ([5.00, 28.53)
Wilkinson 20/26 2/30 1629 48467 ([B.52, 255.47)

Total [95% Cl) 117 161 100.0 17.22 [B.67, 34.20)
Total events: 76 [hypatonic), 14 [isctonic)

Test for heterogensity: y2 = 2.35, df = 3 [p = 0.50), I = 0%
Test for overucrﬁeﬁect: Z-813(p=<0.00001)

| | | 1
0.0 o 1 10 100

Favours hypotonic Favours isotonic

FigJI'& 2 Forrest plﬁr wmmurising the edds ratios and associated 95% confidence intervals for dwalbping h}'pon-u’rr\uemiu in children moe%vhg
hypotonic compared o isotonic 1V maintenance fAuids,
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Maintenance parenteral fluids in the critically ill child

Manutencao parenteral de liquidos na crianca agudamente doente

Karen Choong?, Desmond Bohn2

Summary of the findings: The ideal maintenance solution and fluid
regimen remains a topic of heated debate in pediatrics. The traditional
recommendations for maintenance fluids are increasingly criticized as
they do not consistently apply in acute illness, where energy expenditure
and electrolyte requirements deviate significantly from the original
estimates. A physiologically based framework for prescribing
maintenancefluidsis presented, with the objective of maintaining tonicity
balance, and infusing the minimum volume of maintenance fluid required
to maintain hemodynamics. Indications for isotonic and hypotonic
solutions are discussed.




The FLOAT Study

FL uid Research Agenda
. : = How much?

Optimization + How fast?

Assessment & = What kind?

- : = How do we get
Iitration clinicians to comply?



The Way Forward

m Too soon for large-scale RCT of fluid
management in pediatric ALl

m Revise guideline for compensated shock
= Need to identify/maintain total fluid limits
= Fluid restriction with glucose monitoring

m Determine optimal timing of goal nutrition

= Evaluate how type of fluid impacts patient
outcome In a controlled study



