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Objectives: To study the association of fluid overload with
mortality and morbidity in critically-ill mechanically ventilated
children.

Design: Prospective observational study.

Setting: Pediatric Intensive Care Unit (PICU) of a tertiary care
hospital, New Delhi, India.

Participants: 118 children (age 1 mo - 15 y) requiring mechanical
ventilation.

Outcome measures: Primary: Association of fluid overload with
mortality. Secondary: Association of fluid overload with
oxygenation, organ dysfunction, duration of mechanical
ventilation and PICU stay.

Results: Cumulative fluid overload of >15% was observed in 74
(62.7%) children. About 50% of these children reached

cumulative fluid overload of >15% within the first 5 days of PICU
stay. The mortality was 40.5% in those with >15% cumulative fluid
compared to 34% in the rest [OR (95% CI): 1.02 (0.97, 1.07)]. On
multivariate analysis, after adjusting for confounders, cumulative
fluid overload >15% was associated with higher maximum
PELOD (pediatric logistic organ dysfunction) score (Median: 21
vs. 12; P = 0.03), longer median duration of mechanical
ventilation (10 vs. 4 d; P <0.0001) and PICU stay (13.5vs. 6 d; P
<0.0001). There was no significant association of fluid overload
with oxygenation index (P=0.32).

Conclusion: There is no association of fluid overload with
mortality. However, it is associated with poor organ function,
longer duration of mechanical ventilation and PICU stay in
critically-ill, mechanically ventilated children.

Keywords: Intensive Care, Mechanical Ventilation, Outcome.

uid balance is one of the most chalenging

aspects of critically-ill children requiring

pediatric intensive care. While early and

aggressive fluid resuscitation is lifesaving and
widely practiced, excess fluid may be detrimental.
Mechanically ventilated children may be more prone to
fluid overload as they have lesser evaporative losses due
to warmed, humidified gases and thermocontrolled
environment [1]. Presence of non-osmatic stimuli, in
addition to osmotic stimuli, for anti-diuretic hormone
(ADH) release may contribute to fluid retention [2,3]. In
addition, overestimation of fluid requirement occurs if
traditional methods designed primarily for healthy
childrenareused [4].

TheFluidsand Catheters Treatment Trial (FACTT) in
adults concluded that, patients managed with fluid
restriction had lesser duration of intensive care unit stay
and mechanical ventilation than patients who received
libera fluids [5]. The observations from few
retrospective studies in children suggest adverse effects
of positive fluid balance on respiratory morbidity and
mortality [6]. We conducted this study to evaluate the
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association of fluid overload with survival and
morbidities in criticaly-ill mechanically ventilated
childreninaPICU setting. Our primary objectivewasto
study the association of fluid overload (both at 48 hours
and total duration of PICU stay) and mortality.
Secondary objectives were to study the association of
fluid overload with peak oxygenation index (Ol), organ
dysfunction using Pediatric Logistic Organ Dysfunction
or PELOD score [7], duration of mechanical ventilation
and length of PICU stay.

Accompanying Editorial: Pages 945-46.

METHODS

This prospective observational study was conducted inan
eight-bedded PICU of All India Institute of Medical
Sciences, New Delhi from July 2013 to March 2015.
Children aged >1 month to <15 years requiring
mechanical ventilationfor at least 24 hourswereenrolled
and followed-up for amaximum of 14 days and for final
outcome during PICU stay. Children with congenital
heart disease, acute or chronic renal failure, renal tubular
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defects, post rena transplant, those receiving peritoneal
or hemodialysis, and those with advanced malignancies
were excluded. Children who were mechanically
ventilated >24 hours prior to admission in PICU were
also excluded due to uncertainty of previous course and
fluid received. Only the first admission was considered
for every patient, and readmissions were excluded. The
study was approved by the I nstitutional Ethics Committee
and written informed consent was obtained from either of
the parentsor legal guardian.

In our unit, twice daily documentation of ventilatory
parameters and arterial blood gas values of patients is
performed. Detailed documentation of patient’s fluid
input and output is a part of the daily nursing schedule.
All enrolled children after initial fluid resuscitation (if
required), received maintenance fluid therapy using
isotonic fluids (dextrose normal saline) in most cases.
The Holliday Segar formula [8] was used for initial
cal culation which was adjusted depending on the disease
condition (children with CNS/hepatic diseases received
approximately two-thirds of the calculated volume if
hemodynamically stable), the input-output balance, need
for correction for excessive or reduced insensible |osses,
and thefurther hemodynamic status of the child.

Fluid overload percent (FO%) was defined as =
[Total fluid input in 24 hours (mL) —total fluid output in
24 hours (mL)/weight at admission (g)] x 100.
Cumulative fluid balance on any particular day was
defined as the sum total of daily fluid balances till that
particular day (minimum of 24 hours to maximum of 2
weeks). Significant fluid overload was defined as a
cumulative fluid balance of >15% attained at any time
point during the 14 day study period and peak fluid
overload was defined as the maximum percentage
cumulative fluid overload on any day during the study
period. Baseline demographic characteristics including
weight, height, body mass index (BMI) and percentage
predictive mortality at admission using Pediatric Index
of Mortality-2 (PIM2) score [9] were recorded. At
admission to PICU, infantswere weighed using an infant
weighing scale, while older children were weighed using
a weighing chair scale. We were able to weigh all the
intubated children taking precautions to avoid
extubation. Subsequently, daily input was calculated as
the sum of the total parenteral [intravenous (1V) fluids,
medications, boluses, fluid replacements and blood
products] and enteral fluids (oral, nasogastric or
orogastric) received. Fluid output was calculated as sum
of daily urine output and other body fluid output
(nasogastric aspirate/ drain, drain from intercostals, or
other surgical drains); these were recorded using the
nursing chartson adaily basis. Insensiblelossesand fecal
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fluid losses were not included. From these data, daily
fluid balance was calculated and cumulative figures
generated for thetotal duration of mechanical ventilation.

If any child had overt clinical features of fluid
overload like pulmonary edemaor increasein liver size,
appropriate measures were taken depending on the
perfusion status of the child. Example, in a normo- or
hypertensive child with these clinical features, diuretics
like furosemide was used and fluid infusion was
restricted. On theother hand, if the child wasin shock and
devel oped these signs (may occur in children with septic
shock and myocardia dysfunction), the primary goal was
to maintain the perfusion, using inotropes and modifying
the ventilator settings to ensure adequate oxygenation as
well. On the other hand, there are no well-accepted
management guidelines for children who have a positive
fluid balancein absence of overt signsof fluid overload.

Daily documentation of ventilator parameters
[respiratory rate, inspiratory time (Ti), peak inspiratory
pressure (PIP), positive end expiratory pressure (PEEP),
FiO,, mean airway pressure] was done. Ventilatory
settings were standardized for al children as per PICU
protocol at our institute; these were influenced by the
lung conditions and modified based on clinical condition
and arterial blood gasreports. Arterial blood gasanalysis
was performed using ABL Flex (Radiometer Copen-
hagen, Denmark) and required parameters (pH, PCO,,
PO,) were documented. Also parameters required for
determining PELOD score were recorded daily for an
objective scoring of organ dysfunction.

Statistical analysis was performed using Stata 11.2
(Stata Corp, College Station, TX, USA). Therelationship
between thefluid overload and the outcomevariableswas
examined using bivariate (chi-squaretestsfor categorical
dataand t-testsfor continuousvariables) and multivariate
analyses (logistic regression) for mortality, controlling
for confounders such as age, gender, nutritional status,
and severity of illnessat admission (PIM2 score).

REsuULTS

During the study period, 278 children required
mechanical ventilation, out of whom 118 (58.5% boys)
wereenrolled (Fig. 1). Themedian (IQR) age of the study
participants was 14.5 (4, 72) months. Table | show the
baseline characteristics. The most common indications
for mechanical ventilation in patient management were
septic shock (49.1%), impending respiratory failure
secondary to pulmonary causes (24.6%) and CNS causes
(11.1%) followed by hepatic encephal opathy (3.4 %). At
admission, children had a mean (SD) predicted mortality
using PIM2 score of 15.1 (18.7).
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TABLE | BASELINE CHARACTERISTICS OF STUDY CHILDREN

(N=118)
Variables Values (n= 118)
Age(mo), median (IQR) 145(4,72)
Malegender, n (%) 69 (58.5)

Weight Z score, median (IQR)
Height Z score, median (IQR)
BMI Z score, median (IQR)

-2.65(-4.85, -1.42)
-1.32(-3.87, - 0.07)
-2.78(-4.66, -1.28)

Total admissions Excluded 160

533 Mechanical ventilation <24 h 41

N Inadequate data 36

Total number of Age<lmo 25

mechanicaly Acutekidney injury 21

ventilated Congenital heart disease 19

Ch'zl%en Readmissions 10

Chronickidney disease 5

l Renal tubular acidosis 2
Enrolled Mechanical ventilation>24 h

118 outside PICU 1

FiG. 1 Flow of participantsin the study.

Cumulative fluid overload of >15% was observed in
74 (62.7%) children. Around 50% of children reached
cumulative fluid balance of >15% within thefirst 5 days
of PICU stay (Web Fig. 1). The median cumulative fluid
overload percentage (IQR) was 19.6% (10.5%, 30.8%).
The median (IQR) cumulative fluid overload at 48 hours
was 7.9% (3.1%, 11.8%).

Of theenrolled children 38.1% (45/118) died. Among
74 children who had >15% cumulative fluid overload,
mortality rate was 40.5% (30/74) as compared to 34%
(15/44) in those with <15% cumulative fluid overload
(P=0.49) (Table Il). The median (IQR) peak fluid
overload in survivors was 10.2% (3.3%, 17.4%) as
compared to 24.6% (13.6%, 35.5%) in non-survivors
(P=0.11). This was not significant on multivariate
analysis(P=0.50) (Web Tablel).

At 48 hours, the median (IQR) peak fluid overload in
survivors was 6.6% (3.1%, 10.3%) compared to 9%
(6.1%, 12.7%) in non-survivors (P=0.04). However, on
multivariate logistic regression analysis, there was no
such association after adjusting for confounding factors
(P=0.12) (Web Table 1). Only the PIM2 score at
admission, PEL OD score and diagnosis of sepsis showed
significant association with mortality (Web Tablel).

Themaximum Ol valuesweresimilar in childrenwith

PIM2 score, mean (SD) 15.08 (18.65)
Admission diagnosis, n (%)
Sepsis 58 (49.2)
Pulmonary 29 (24.6)
CNS 13(11.0)
Hepatic 4(3.4)
Non pulmonary infections 4(3.4)
without sepsis
Miscellaneous 10(8.5)

>15% cumulative fluid overload [median (IQR): 10.3
(5.4, 18.0)] as compared to those with <15% cumulative
fluid overload [median (IQR): 11.1 (5.9, 21.4)] (P=0.38).

Higher organ dysfunction as calculated using PELOD
score was seen in those with >15% cumulative fluid
overload [median (IQR): 21 (11, 31)] as compared to
children with <15% cumulative fluid overload [median
(IQR): 12 (3.25, 21.75)] (P=0.03). On multivariate
analysis, the association between fluid overload and
PELOD score remained significant (P=0.02) (Web
Table 11). Cumulative fluid overload at 48 showed no
association with organ dysfunction (P=0.31).

The duration of mechanica ventilation was
significantly higher among children with >15%
cumulative fluid overload [median (IQR): 10 (6, 16.2)
days] compared to that in children with <15% cumulative
fluid overload [median (IQR): 4 (225, 8) days
(P<0.001)]. On multivariate analysis, association
remained significant (P<0.001) after adjusting for
confounding factors (Web Table I1). Cumulative fluid

TABLE Il FLUID OVERLOAD AND MORTALITY IN MECHANICALLY VENTILATED CHILDREN (N=118)

Fluid overload Survivors (n=73) Non-survivors (n=45) Pvalue
Cumulative maximum percentage fluid overload
>15%, n (%) 44 (60) 30(67) 0.48
<15%, n (%) 29 (40) 15(33)
Peak cumulative fluid overload %; median (IQR) 10.2(3.3,17.4) 24.6 (13.6, 35.5) 0.18
Cumulativefluid overload % at 48 h; median (IQR) 6.6 (3.1, 10.3) 9(6.1,12.7) 0.04
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of ventilation and ICU stay.

WHAT IS ALREADY KNOWN?
* Fluid overload leads to respiratory morbidity in children with acute lung injury.
WHAT THIS STUDY ADDS?

» Fluid overload in mechanically ventilated children is associated with increased organ dysfunction, longer duration

« Peak cumulative fluid overload occurs within first 5 days of admission requiring early identification.

overload at 48 hours was also associated with longer
duration of mechanical ventilation (P=0.001).

The duration of PICU stay was significantly higher
among children with >15% cumulative maximum fluid
overload [median (IQR): 13.5 (7.75, 22) days] as
compared to that in children with <15% cumulative
maximum fluid overload [median (IQR): 6 (4, 10.75)
days] on univariate as well as multivariate analysis
(P<0.0001 and P<0.0001, respectively) (Web TableI1).
Cumulative fluid overload at 48 hours was aso
significantly associated with longer duration of PICU
stay (P <0.0001).

Discussion

In this prospective observational study, we observed that
therewas no significant association of fluid overload with
mortality or peak oxygenation index. However, the total
duration of mechanical ventilation and duration of PICU
stay was significantly higher in those with fluid overload
>15%. These children also had significant organ
dysfunction ascal culated using PEL OD score.

We could not perform daily weight-based assessment
of positive balance, which is considered to be a more
objective method and better predictor of fluid balance;
the severity of illness prevented daily weight measure-
ments. In addition, the additional effect of the type of
fluid used in such children was not measured though
isotonic saline is used in management of children in our
PICU uniformly. The other limitation was the sample
size. On post hoc analysis to evaluate the association
between cumul ative maximum fluid overload percentage
and mortality after adjusting for other independent
factors, the power was estimated to be less than 40%.
Assuming similar cumulative maximum fluid overload
and its effect on mortality with 80% power, the sample
size required would be 862. While we used diuretics for
children with overt clinical features of fluid overload, we
did not use rena replacement therapy solely for this
purpose.

Unlike previous studies in children, we carried out a
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prospective study with alonger duration of follow up for
outcomes. Also magjority of previous studies were
conducted inarestricted group of patientswith acutelung
injury [6,10] acute kidney injury [11,12] children on
CRRT and hemodialysis [13-15]. We were able to study
children commonly seen in amedical PICU with varied
conditions to demonstrate the actual incidence and
severity of fluid overload. We did not observe arelation
between fluid overload and mortality which is similar to
what hasbeen reported previously [16,17]. However, few
studies have shown association of fluid overload with
mortality [18,19]. Previous studies have demonstrated
significant effect of fluid overload on lung function and
weaning and thereby the oxygenation index, duration of
mechanical ventilation and ICU stay in both children and
adults. Studies by Arikan, et al. [17] and Sinitsky, et al.
[16] showed that peak fluid overload percent and fluid
overload at 48 hours, respectively were associated with
higher peak oxygenation index. Although we did not
observe similar association of peak cumulative fluid
overload percent of >15% with OlI, the duration of
ventilation as well as the ICU stay was significantly
longer in this group. These findings are also similar to
previousstudies [18,19].

Higher PELOD scores were observed in those with
cumulative peak fluid overload of >15%. However, it did
not trandate to a difference in mortality between the
groupsasother factorslikeincreased severity of illnessat
presentation in both groups might have ultimately
influenced the outcomes.

Possible mechanisms for an influence of fluid
overload on morbidity are till not clear, though many
studies claim it may be related to multiple organ
dysfunction caused by increased interstitial edema and
hypoperfusion especialy in organs like lung and kidney
[20,21]. Increased interstitial edemain the lungs leadsto
increased requirement of PEEP which would have
adverse effects on the cardiac output and thereby the
other organ systems [20,22,23]. In addition, excessive
fluid resuscitation in critically-ill children contributesto
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the pathophysiology. Excessive ‘leakiness in such
children which manifests as tissue edema, non-
hydrostatic pulmonary edema (ARDS), and micro-
albuminuriaareother contributing factors[24].

We conclude that fluid overload seems to be
associated with significant morbidity, which includes
increased organ dysfunction, longer duration of
ventilation and ICU stay, in critically-ill mechanically
ventilated children. Therefore, we recommend
meticulous fluid management with daily and cumulative
fluid balances which would help in early recognition of
fluid overload in an intensive care setting. Larger
adequately powered studies are needed to further address
association of fluid overload with mortality.

Contributors: RL, SKK, JS: were involved in study design,
analysis and writing of manuscript; SS: collected the data and
wrote the manuscript. All authors read and approved the final
manuscript.
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WEB TABLE | MULTIVARIATE ANALYSIS FOR ASSOCIATION OF
VARIABLESWITH MORTALITY

Factors OR(95%CIl) Pvaue
Age 1.01(2.00,1.03) 0.013
Gender 1.60(0.41,6.20) 0.49
BMI 1.14(0.88,1.48) 0.30
Maximum PELOD score 1.12(1.05,1.20) 0.001
Lactateat admission 1.17(0.70,1.96) 0.53
Maximum Ol 1.02(0.97,1.07) 034
Sepsisat admission 8.80(1.96, 39.36) 0.004
PIM2 score at admission 1.05(1.01,1.10) 0.014

Maximum cumulativefluid overload 1.02 (0.97,1.07)  0.32
Cumulativefluidoverloadat48h  1.09(0.97,1.23) 0.12

WEB TABLE Il MULTIVARIATE ANALYSIS OF FACTORS INFLUENCING THE MAXIMuM PELOD Scorg, DURATION OF MECHANICAL

VENTILATION AND DURATION OF PICU StAaY DURING THE STUDY PERIOD

Factors Association with maximum Association with duration of Association with duration of
PELOD score mechanical ventilation PICU stay
Regressioncoefficient Pvalue  Regressioncoefficient Pvalue  Regressioncoefficient Pvalue
(95%Cl) (95%Cl) (95%Cl)
Age - 0.00 (-0.04, -0.04) 0.953 0.02 (-0.00, 0.05) 0.061 0.02 (- 0.01,0.05) 0.19
Gender 1.07(-3.33, 5.48) 0.629 -0.19(-3.00, 2.61) 0.890 0.06 (- 3.25, 3.38) 0.96
BMI 0.69 (-0.25, 1.65) 0.151 -0.18(-0.79,0.43) 0.562 -0.34(-1.07,0.38) 0.34
Lactateat admission 1.60(0.53, 2.68) 0.004 -0.24(-0.96, 0.46) 0.491 -0.12(-0.97,0.71) 0.76
Maximum cumulative  0.16 (0.02, 0.31) 0.023 0.38(0.29, 0.48) <0.001 0.49(0.38,0.61) <0.001
fluid overload
Sepsisat admission 2.35(-2.09, 6.81) 0.296 -0.15(-3.00, 2.69) 0.914 1.65(-1.72,5.02) 0.33
PIM2 score at admission 0.19 (0.77, 0.31) 0.001 0.07 (-0.00, 0.15) 0.064 0.02 (-0.66, 0.12) 0.55
Cumulativefluid -0.16 (-0.49, 1.65) 0.306 -0.35(-0.56, 0.14) 0.001 -0.49(-0.73,0.24) <0.001
overloadat 48 h
Maximum PEL OD score - - - 0.07 (-0.20, 0.05) 0.259 -0.18(-0.33,0.02) 0.02
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