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What do we know about the subject matter of this study? What does this study contribute to what is already known?
Although fluid overload is related to adverse outcomes in the pedia- Fluid overload is a risk factor for mortality independent of the seve-
tric intensive care unit, it is unclear whether it is a direct cause or is rity of the pediatric patient.

associated with factors that lead to it.

Abstract Keywords:
Fluid Overload;
Objective: To assess the association between fluid overload (FO) and other risk fac- Resuscitation;

tors in the mortality of patients admitted to the Pediatric Intensive Care Unit (PICU).  Hemodynamics;
Patients and Method: A historical cohort study was conducted. Pediatric patients older than one =~ Mortality;
month and younger than 18 years who were hospitalized in the PICU for more than 48 hours during ~ Intensive Care Units;
2016 were included. Demographic and clinical data were recorded. FO was calculated as [Sum of ~ Pediatrics

daily (fluid in — fluid out)/weight at ICU admission] X 100. Poisson regression analysis was perfor-

med to determine factors associated with mortality. Results: 171 patients were included. The median

age was 31 months (RIQ 8; 84). Mortality was 8.18%. FO in the surviving population was 7% and

11.5% in the deceased patients (p < 0.05). The adjusted analysis identified FO as a major risk factor

for mortality with a Relative Risk 1.32 (1.24 - 1.40); age and Glasgow Coma Scale were protective

factors. Conclusion: Fluid overload is an independent risk factor for mortality in the analyzed PICU

cohort.
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Introduction

Fluid therapy is the cornerstone of resuscitation in
critically ill patients and is one of the most commonly
used strategies in these patients'?. Fluids are an essen-
tial element in hemodynamic management, and admi-
nistering adequate volume through early replacement
can save lives**. Worldwide, there are several guideli-
nes and protocols for the administration of fluids in
Intensive Care Units (ICU), which provide informa-
tion and guidance to health personnel on adminis-
tering them to critically ill patients®®. However, how
they are administered varies widely between and even
within ICUs, often depending on the specific criteria of
each professional and availability, especially in situa-
tions with limited resources"”*.

Beyond fluid therapy aimed at resuscitation, pa-
tients often receive varying amounts of fluids as part of
their management (nutrition, medications, and main-
tenance fluids). This leads to fluid accumulation that
often exceeds fluid elimination, resulting in a positive
fluid balance®'. Studies indicate that there are a series
of complications and repercussions derived from the
excess volume of perfused fluid, among the main ones
are heart failure, acute pulmonary edema, and cerebral
edema®'!"'2. Additionally, evidence suggests an associa-
tion between fluid overload and increased mortality in
critically ill pediatric patients>!"!3-4,

It is uncertain whether fluid overload (FO) is a
direct cause of mortality or is associated with factors
leading to it". In general, these mechanisms are still
under review and are poorly understood in clinical set-
tings in which, in addition to FO, other factors such
as the presence of comorbidities are present'>!¢. Given
this background, our objective was to determine the
association between FO and mortality in a cohort of
patients admitted to a pediatric ICU (PICU), hypothe-
sizing that cumulative fluid overload would increase
mortality in critically ill children.

Patients and Method

A historical cohort study that included patients older
than one month and younger than 18 years admitted for
at least 48 hours to the PICU of the Pediatric Emergen-
cy Hospital between January 01 and December 31, 2016.
This facility is a tertiary health center with pediatric subs-
pecialties. The PICU has two pediatric wards (eight beds)
and cares for surgical and non-surgical patients, with
approximately 300 patients seen annually. The most fre-
quent pathologies are traumatic brain injury, pneumo-
nia, septic shock, and meningitis. Those with incomplete
clinical history were excluded. These were followed up
from their admission until their discharge or death.
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To calculate the sample size, the information by
Sutawan et al.'" was used, which reports a mean fluid
overload of 7.9 (SD =+ 12.9) observed in the deceased
patients, while in those who survived a mean of -1.4
(SD * 8.2). A confidence level of 99% was considered,
and a sample size ratio of 4:1, obtaining a sample size
of 135 patients. Assuming a 10% margin of error due
to lost or incomplete medical records, the final sam-
ple size was 149 patients. The type of sampling was by
census.

Fluid overload (FO) was defined as'”!! [Fluid ad-
ministered (L) - Fluid eliminated (considering calcula-
ted insensible losses) (L) / weight at admission (Kg) x
100] expressed as a percentage.

In our unit, a detailed hourly water balance recor-
ded by the nursing staff is performed. Fluid intake is
at the treating physician’s discretion according to the
patient’s pathology and context; no hydration protocol
established.

The treating physician performs water balances
every 6, 12, and 24 hours. Insensible losses were cal-
culated based on age as follows: in children under one
year of age in a range of 24 to 33 ml/Kg/d depending
on whether the patient was on mechanical or sponta-
neous ventilation.,In comparison, in patients over one
year of age the range was 300 ml/m2/d to 400 ml/m2/d,
respectively. We did not calculate the maximum fluid
overload'.

The study outcome variable was PICU mortality,
defined as patient death during the days of hospitali-
zation in the unit as reported in the medical record.
The variable fluid overload is obtained from the divi-
sion between the accumulated fluid (fluid balance over
a period) and the weight on admission to the PICU.
[Fluid administered (L) - Fluid eliminated (L) / weight
on admission (kg) x 100] expressed as a percentage>'’.
A cut-off of > 10% was considered since it has been
associated in previous research with higher morbidity
as higher oxygenation index (OI), longer duration of
mechanical ventilation, acute kidney injury (AKI) re-
quiring renal replacement therapy (RRT), longer PICU
stay, and increased mortality".

Pediatric Index of Mortality 2 (PIM-2) was used to
estimate mortality risk’. The arterial blood gas values
(PaO2, Fi02, and base excess) were obtained from the
laboratory data of the first hour after patient admission
and recorded in the clinical history. The ventilatory sup-
port variable was considered positive in patients with
endotracheal intubation. The Glasgow scale value was
assessed according to what was recorded in the clinical
history but was not calculated for sedated patients. Fina-
lly, the fluid bolus variable was defined as the rescue the-
rapy used to improve the patient’s blood volume in the
short term and was defined as the administration of any
fluid bolus (crystalloid or colloid) in less than two hours.
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For data collection, a data recording sheet was
used, recording all our study variables. The recording
sheet was completed systematically, and a database was
created in Microsoft® Office Excel 2013® (Microsoft
Corporation-S). Quality data control was performed
by double typing. The Ethics Committee of the Uni-
versidad Peruana de Ciencias Aplicadas (UPC) appro-
ved the study.

Each researcher verified that the information ob-
tained was complete and imported into STATA 13.0
statistical software, which was used for data analysis.
Regarding the statistical analysis, for the numerical
variables, normality was evaluated using the Shapiro
Wilk test the median was used as a summary measu-
re of central tendency, and the interquartile range was
used as a measure of dispersion. Categorical variables
were expressed as frequencies and percentages. In the
bivariate analysis, for the numerical variables, the as-
sumptions of homogeneity of variances and normality
were tested with the Levene and Shapiro Wilk tests,
respectively. The nonparametric Wilcoxon test was
used to analyze categorical variables with numerical
variables, Fisher’s test was used for comparing cate-
gorical variables. Finally, the Poisson regression mo-
del with robust variance was used for the crude and
adjusted analysis, an accepted method for multivariate
analysis of dichotomous dependent variables'. For the
adjusted analysis, confounding variables were included
that were considered when a value p < 0.05 was obtai-
ned in the bivariate analysis (mortality risk according
to PIM-2) or by pathophysiological relationship?-2?,
obtaining the relative risk (RR) of each variable. The
fluid bolus variable was not included due to collineari-
ty with exposure; likewise, the mechanical ventilation
variable was excluded, as it was included in the PIM-2
scale. A 95% confidence interval and a p-value < 0.05
were considered significant for all tests.

Results

192 medical records were reviewed, of which 21
were incomplete and were excluded from the study. In
the study period, 14 (8.18%) patients died during their
stay in the PICU and 7.1% presented with fluid over-
load. Of the population, 53.8% were male and the me-
dian age was 31 months®*!. The median length of stay
in PICU was five days (IQR: 3-9) and eight days from
admission to discharge (IQR: 5-18). Table 1 shows the
remaining characteristics of the study population.

The bivariate analysis observed that males died
more than females, as did those patients to whom a
fluid bolus was administered. The mortality risk cal-
culated by PIM-2 was 14 times higher in the deceased
population. Most of the patients who survived did not
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present shock. Among the dead, septic shock was the
most prevalent cause and there were more cases than
in the survivors. Likewise, it was observed that the
most frequent diagnoses in the deceased group were
sepsis and trauma and in those who survived, trauma
headed the list of pathologies followed by respiratory
pathology (table 2).

In the crude analysis, the variables with which an
association was found were the risk of mortality by
PIM-2 and the Glasgow scale value. Finally, in the ad-
justed analysis, all variables were associated with the
outcome variable (p < 0.05). Fluid overload and PIM-2
had higher mortality risk while age and Glasgow sca-
le value had lower (table 3). It was observed that each
month older, there is 9% less mortality risk. On the
other hand, it was found that there is a 15% higher
mortality risk for each point of the PIM. Finally, it was
observed that fluid overload increased the risk of mor-
tality by 32%.

Discussion

The main finding of our study was the association
between fluid overload and mortality in pediatric PICU
patients. Sutawan et al. performed a similar study who-
se results coincide with our findings!'!. Similar results
have been found in studies conducted in pediatric po-
pulations with various comorbidities, such as acute re-
nal injury, acute respiratory failure, and patients with
cardiac surgery>*.

As previously mentioned, it is not known for sure
whether fluid overload is a direct cause of mortality
or if it is instead an epiphenomenon. It has been su-
ggested that FO has harmful effects on the function
of many organs, such as increased intra-abdominal
pressure, and myocardial and pulmonary edema, so
some propose that FO by itself can lead to organ dys-
function, inflammation, and tissue hypoperfusion. All
this is because the edema caused in the organs distorts
the tissue architecture, obstructing vascular flow and
lymphatic drainage thus affecting oxygenation and
diffusion of metabolites, leading to organ failure. In
general, these mechanisms have not yet been comple-
tely defined, especially in patients with important co-
morbidities such as systemic inflammation, infection,
or renal damage'>*"-%.

On the other hand, some data differ from previously
described findings. In a prospective cohort study of 224
patients in the PICU of a hospital in Alabama, USA,
FO was common in critically ill patients but was not
an independent risk factor for mortality”. The results
could differ due to variables included in the multivaria-
te analysis, such as acute renal injury, vasopressors use,
and organ failure that were not used in our study.
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In our study population, age was an independent

. ; : Table 1. Clinical and demographic characteristics
risk factor for mortality. Although there is some con-

troversy in the literature, the tendency in most indica- Vel 1= U7 08
tes that younger patients are at greater risk. Although Age (months)* 31 [8;84]

there is no consensus on the reason for this higher Weight (Kg)* 13 [7,8:25]
mortality, it is suggested that the lesions described in Gender

younger patients are usually more severe, leading to a Vissaulling 97 (56,7%)

higher risk of mortality**-*2.

; ' ) ) Fluid overload (%) * 7,1[4,2;11]
Likewise, we found a relationship between morta- . o
. .. . . Bolus fluid administration 56 (32,7%)
lity and clinical parameters such as mechanical venti-
lation time®, the use of fluid bolus, and the Glasgow Length of stay PICU (days)* 5[3;10]

scale value. A retrospective study by Yousefzadeh-Cha- Length of stay PICU (days)
bok et al. in a population similar to ours found that the >5

lower the Glasgow scale value, the higher the mortality,
coinciding with our research. This scale assesses three Length of stay hospital (days)
behavioral aspects (motor response, verbal respon- >8

se, and eye-opening) which combined determine the
severity of brain damage, and therefore the lower the

93 (54,4%)

Length of stay hospital (days) 5[8;19]

98 (57,3%)

Mechanical ventilation 137 (80,1%)

score, the worse the outcome®. The presence of me- D|agn95|s
. L. .. . Sepsis 17 (9,9%)
chanical ventilation was found to be a significant risk oo 4 (24%)
factor; however, in this study, this parameter was not . °
. .. .. . Respiratory 50 (29,2%)
analyzed in the univariate or bivariate analysis becau- T 58 (33.9%)
o e . . . . o
se it is included in the PIM-2 mortality risk scale. Our Neurologic 1(12.3%)
data showed that there is a 16% higher risk of mortality ref 5
o o o Poisoning 4 (2,4%)
fgr eac.h additional point in t.hfz score. This 1nforma- Other 17 (9,9%)
tion will help encourage physicians to apply this scale -
more frequently, allowing a more objective evaluation oc
. 2 0 No 154 (90,1%)
for clinical decision-making'®. _
R . . Septic 15 (8,7 %)
Our study has some limitations. First, this study .
. Hypovolemic 2 (1,2%)
collected data from a single center; however, the sam-
ple represents well the general population since this is Eleren szl
<8 4 (7,0%)

a specialized pediatric center that receives critical pa-
tients from different cities of the country. Similarly,
the definition of fluid overload used is not an accura-
te measure since it is known that this should include
the daily weight of the patient for a more precise de-

*Median and interquartile range. PICU: Pediatric Intensive Care Unit.

termination; however, this is an impractical measure
because determining weight in critically ill patients
is very difficult due to the instability and supportive
treatment they receive, in addition to not having acces-
sible scales in all services. Some authors analyzed this
observation and have determined that the results using
or not using daily weight are quite similar®>** For this
reason, the definition of FO based on water balance is
an accepted and frequently used measure worldwide in
critical patients for calculating FO. Another limitation
is the insensible losses, which were calculated, being an
inaccurate method with risk of errors.

Despite these limitations, the main finding of this
study was that critically ill children with fluid overload
are at a higher risk of death. Multicenter studies will
be necessary to corroborate these results and to deter-
mine strategies to avoid fluid overload during PICU
stay, such as maintenance fluid restriction calculated
at 50% of basal requirements according to the Holli-

day-Segar formula, ensuring sufficient glucose load for
normoglycemia; preparation of continuous drug infu-
sions in the minimum recommended dilution volume;
use of dynamic preload markers (invasive or noninva-
sive) to decide the administration of intravenous fluid
boluses and titration of vasoactive drugs; early use of
diuretics when hypovolemia has been ruled out, resus-
citation goals achieved and diuresis is less than 0. 5 ml/
kg/hr, and early initiation of enteral feeding®.

Ethical Responsibilities

Human Beings and animals protection: Disclosure
the authors state that the procedures were followed ac-
cording to the Declaration of Helsinki and the World
Medical Association regarding human experimenta-
tion developed for the medical community.
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Table 2. Bivariate analysis of mortality risk factors

Sobrevivientes (n = 157) Fallecidos (n = 14) p
n (%) n (%)
Age (months)* 32 (9;84) 11 (4;,72) 0.25
Weight (Kg)* 13(8.2;25) 9.6(4.5;22) 0.15
Gender 0.28
Masculine 87 (55.4) 10 (71.4)
Bolus fluid administration <0.05
Yes 43 (27.4) 13(92.9)
Mortality risk PIM 2*+ 2.8(0.9;8.2) 25.1 (3.8; 55.8) < 0.05
Fluid overload* 7.0[4.0; 10.5] 11.5[9.2; 13.9] < 0.05
Fluid overload 0.01
>10% 44 (28) 9 (64.3)
Length of stay hospital (days)* 81[6; 19] 3[3; 18] 0.18
Length of stay hospital (days) 1.00
>8 90 (57.3) 8 (57.1)
Length of stay PICU (days)* 5[3; 10] 3[3; 8] 0.55
Length of stay PICU (days) 1.00
>5 85 (54.1) 8 (57.1)
Mechanical ventilation 0.07
Yes 123 (78.3) 14 (100)
Mechanical ventilation (days)* 412;7] 3[3; 8] 0.51
Mechanical ventilation (days) 0.04
>3 72 (57.6) 12 (85.7)
Diagnosis 0.13
Sepsis 13 (76.5) 4(23.5)
Cardiac 4 (100) 0 (0)
Respiratory 48 (96) 2 (4)
Trauma 55 (94.8) 3(5.2)
Neurologic 19 (90.5) 2(9.5
Poisoning 4 (100) 0 (0)
Other 14 (82.4) 3(17.6)
Shock < 0.05
No 148 (96.1) 6(3.9)
Septic 7 (46.7) 8 (53.3)
Hypovolemic 2 (100) 0 (0)
Glasgow scale <0.05
<8 2 (3.6) 2 (100)

PIM2: Pediatric Index of Mortality 2. PICU: Pediatric Intensive Care Unit. Variables analyzed with Fisher's test unless otherwise indicated.

*Variable analyzed with the Mann-Whitney U test, data presented as median and interquartile range.

Tabla 3. Andlisis multivariado de Factores de riesgo para mortalidad

Analisis Crudo
RR (95% IC)

Andlisis Ajustado
RR (95% IC)

Sobrecarga de fluido (%) 1.00 (0.99;1.00) 1.32 (1.24;1.40)
Edad (meses) 0.99 (0.98;1.00) 0.91 (0.90;0.91)
Riesgo de mortalidad por PIM2 (%) 1.04 (1.03;1.06) 1.16 (1.14;1.18)
Escala de Glasgow (puntaje) 0.47 (0.36;0.61) 0.08 (0.08;0.09)

PICU: Pediatric Intensive Care Unit. Multivariate mortality analysis adjusted for all variables. (RR, Relative risk; 95% IC, confidence interval 95%).
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