
Impact of Fluids in Children 

with Acute Lung Injury

Canadian Critical Care Forum

Toronto, Canada

October 27th, 2015

Adrienne G. Randolph, MD, MSc
Critical Care Division, Department of Anesthesia, Perioperative 

and Pain Medicine, Boston Children’s Hospital &

Professor of Anaesthesia & Pediatrics, Harvard Medical School



Financial Disclosures
None are relevant to this presentation

 Consultant:
 Discovery Laboratories (SAB, Lucinactant RCT)

 Asahi-Kasei Pharmaceuticals, Inc (SAB, pediatrics PK study)

 Ferring Inc. (Consultant, Pediatric Trial of Terlipressin)

 Genentech (SAB and research collaborations)

 Therabron Inc. (SAB and research collaborations)



Fluid Resuscitation

 Repletes intravascular 

volume

 Reverses hypotension

 Resolves dehydration

 Perfuses organs

 Improves preload

 Stabilizes electrolytes

 Decreases organ 

failure(s)

 SAVES LIVES!

 When to start?

 How much?

 How fast?

 What kind?

 When to stop?

 TOO OFTEN LEADS 

TO FLUID 

OVERLOAD, 

HYPERGLYCEMIA & 

HYPERCHLOREMIA



Fluid Overload is Associated with 

Worse Outcomes in Adult Patients
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• 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



H Flori et al.  Critical Care Research 

and Practice 2011 pub ID 854142



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 



Arikan et al.  Pediatr Crit Care Med 2011:12

Peak fluid overload % 

occurred at a median of 

4.5 days and 75% 

reached peak at 7 days 

or earlier

Association between 

total FO% and peak 

oxygenation index and 

organ dysfunction 

(PELOD Score).



Prolongs Mechanical 

Ventilation in Adults with ALI 

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



Fluid & Catheter Treatment 
Trial (FACTT)

 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.

 Fluid Conservative Strategy:

 Target CVP <4 

 Fluid Liberal Strategy:

 Target CVP 10-14

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





Cumulative fluid balance

N Engl J Med 2006;354:2564-2575



Main Outcomes

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



 5 large tertiary PICUs

 168 Children with ALI

 Excluded BMT, dialysis on admission

 Retrospective data collection of daily fluids in 

and out, patient characteristics, outcomes

 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



Multivariate Analysis

Factors Associated with VFD

Clinical Covariate P Value

Cumulative day 3 fluid balance in mL/kg 0.01

PRISM III 0.03

Age (yrs) 0.35

Gender 0.91

Race 0.95

PaO2/FiO2 at study entry 0.08

Vasopressor Use (yes/no) at study entry 0.08
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 RCT of Calfactant for children with ALI in 

24 children’s hospitals in 6 countries

 Caregivers were to follow the conservative 

FACTT fluid management guideline.

 Liberal approach despite the guideline

 Subjects who died averaged 8.7 9.5 

L/m2 versus 1.2 2.4 L/m2 in survivors. 



ALI/ARDS:  Fluid Overload 

is Very Likely Harmful
 Sepsis (>75% pulmonary source) is the leading 

cause of ALI/ARDS in children

 The 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 in 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 SCVO2 monitor goal > 

70%

 2 before-after ED studies in purpura fulminans

 1 before-and-after QI study in ED 

 severe sepsis mortality dropped  (4.0% to 2.4%) with earlier 

delivery of fluid boluses and antibiotics in the first hour



Fluid Resuscitation

 Beneficial in:

 Decompensated 

shock 

 Where are the data 

that it is beneficial in 

other scenarios?

 Compensated 

shock?

 TSS?

 Mild hypotension?

Aggressive







Primary outcome was the change in 

Chloride which was the same when large 

volumes of fluid were given







The FLOAT Study

Research Agenda

 How much?

 How fast?

 What kind?

 How do we get 

clinicians to comply?

FLuid

Optimization

Assessment &

Titration



The Way Forward

 Too soon for large-scale RCT of fluid 

management in pediatric ALI

 Revise guideline for compensated shock

 Need to identify/maintain total fluid limits

 Fluid restriction with glucose monitoring

 Determine optimal timing of goal nutrition

 Evaluate how type of fluid impacts patient 

outcome in a controlled study


