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Fluid administration — Which direction?

ABSTRACT

Introduction: Although fluid administration for intravenous
hydration is a common practice in pediatric age, it is not devoid
of risks.

Methods: This was a retrospective cohort study including all
children admitted to surgical recovery and receiving intravenous
hydration at a Pediatric Intensive Care Unit between January and
December 2015. Sodium, chloride, and base excess values were
registered on two occasions: after surgery and during Unit’s
hospitalization.

Results: Two hundred and seven children were included in
the study, 66% of which, male, with a median age of 6.7 years.
Fluids used consisted of 0.9% saline solution, 0.45% saline
solution, and polyelectrolyte solution. The most frequently
used fluids were polyelectrolyte (62%) and 0.9% saline solution
(48%) at the operating room, and 0.9% saline (63%) and 0.45%
saline (44%) solutions at the Pediatric Intensive Care Unit.
At the operating room, 0.9% saline solution led to higher chloride
median values and more negative base excess (metabolic
acidosis) values compared with polyelectrolyte solution. At the
Pediatric Intensive Care Unit, 0.9% saline solution administration
resulted in hyperchloremia (p=0.002) and more metabolic
acidosis (p=0.019) compared with 0.45% saline solution. There
was no statistically significant association between type of
solution used and sodium values.

Discussion: This study shows that the use of 0.9% saline
solution is associated with development of hyperchloremic
acidosis. This suggests that replacement of 0.9% saline solution
with a plasma-like electrolyte solution may improve patient
outcomes.
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ADMINISTRACAO DE SOROS - QUE DIRECAO?

RESUMO

Introducao: A utilizacdo de soros para hidratacdo endo-
venosa € uma pratica comum em idade pediatrica, ndo sendo
isenta de riscos.

Métodos: Este foi um estudo de coorte retrospetivo que in-
cluiu todas as criangas admitidas para recobro cirirgico com
necessidade de hidratagdo endovenosa numa Unidade de Cui-
dados Intensivos Pediatricos, entre janeiro e dezembro de 2015.
Foram registados os valores de sddio, cloro e excesso de bases
em dois periodos: apds a cirurgia e durante o internamento na
Unidade.

Resultados: Foram incluidas 207 criancas, 66% das quais
do sexo masculino, com idade mediana de 6,7 anos. Os soros
utilizados foram soro fisiologico, NaCl 0,45% com 5% de dex-
trose e polieletrolitico. Os soros mais frequentemente utilizados
foram polieletrolitico (62%) e soro fisiolégico (48%) no bloco
operatorio e soro fisiologico (63%) e NaCl 0,45% (44%) na Uni-
dade de Cuidados Intensivos Pediatricos. No bloco operatorio,
a utilizacédo de soro fisioldgico traduziu-se em valores medianos
de cloro mais elevados e valores de excesso de bases (acido-
se metabdlica) mais negativos do que os observados com soro
polieletrolitico. Na Unidade de Cuidados Intensivos Pediatricos,
a administracdo de soro fisioldgico conduziu a hipercloremia
(p=0,002) e acidose metabdlica mais pronunciada (p=0,019) do
que o observado com NaCl 0,45%. Nao foi observada uma as-
sociacao estatisticamente significativa entre o tipo de soro utili-
zado e os valores de sodio registados.

Discussao: Este estudo demonstra que a utilizagao de soro
fisioldgico se associa ao desenvolvimento de acidose hiperclo-
rémica. Tal sugere que a substituicdo de soro fisioldégico por um
soro com valores de eletrdlitos semelhantes ao plasma podera
ter beneficios para o doente.

Palavras-chave: Acidose metabdlica; Equilibrio acido-base;
Equilibrio hidro-eletrolitico; Hipercloremia; Hiponatremia; Soro
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INTRODUCTION

Administration of intravenous fluids is a common practice in
the perioperative setting in pediatric age." However, for being
so frequently used, it is often trivialized. Fluids are essential in
promoting adequate hydration, preventing hydroelectrolytic
disorders, and maintaining hemodynamic and glycemic stability.?
As with any other therapy, its use is not devoid of risks and can
have detrimental effects.® Important hydroelectrolytic and acid-
base imbalances are some of the adverse events associated
with the use of intravenous fluids.*”

The applicability of a fluid is based on three assumptions —
maintenance, replacement, and resuscitation —and fluid choice is
dictated by its purpose.’? The Holliday-Segar formula, published
in 1957, allows to estimate a child’s basic water requirements
and has been a cornerstone in clinical practice since, including
in the postoperative setting. Based on the concept of electrolyte
maintenance proposed by the authors, an hypotonic fluid is the
ideal maintenance fluid for hospitalized children.® Several studies
have subsequently demonstrated the association between
hypotonic fluid and a higher probability of hyponatremia, with
potential risks of severe neurological damage or even death
due the increased intracranial pressure promoted by cerebral
edema.>7912

Postsurgical patients are at high risk of hyponatremia
due to non-osmotic stimuli for antidiuretic hormone release.®
Recognition of this fact led to a change in clinical practice,
through an increasing use of 0.9% saline solution. However,
evidences supporting the superiority of this solution over the
remaining are lacking.” In fact, this is an unevenly balanced
fluid, with an excessively high chloride content (154 mmol/L
in saline solution versus 98-106+2mmol/L of plasma chloride),
and its use is associated with development of hyperchloremic
acidosis, which is potentially deleterious. Recent studies
have shown the benefits of using balanced solutions, with a
significantly lower concentration of sodium and chloride and
closer to plasma composition. Such solutions seem superior
in maintaining the hydroelectrolyte and acid-base balance
compared to the traditionally used hypotonic and normal saline
solutions.” 1416

Considering this, it is not surprising that fluid selection in
clinical practice varies considerably and there is no consensus
on the optimal fluid composition.®

The present study aimed to investigate the impact on the
hydroelectrolytic and acid-base balance of different types of
fluid used in children care during postoperative recovery in
a Portuguese Pediatric Intensive Care Unit (PICU), in order to
optimize clinical practice.

METHODS

This was a retrospective cohort study that analyzed
the administration of intravenous fluid therapy in children
hospitalized for postoperative recovery in a PICU from January
1 to December 31 of 2015. Data was collected from children’s
computerized clinical processes (Pics Care Suite Program from
Siemens®).
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Selection criteria included children with one month to 18
years of age, admitted to the PICU for postoperative recovery
and receiving intravenous hydration during hospitalization.
Exclusion criteria included absence of information regarding type
of fluid used at the operative room (OR) or PICU and absence of
laboratory analysis during the postoperative period.

Demographic variables (sex, age), type of surgery, and type
of fluid used, both in OR and PICU, were analyzed. Fluids were
classified as (i) polyelectrolyte solution (e.g. Ringer Lactate®
and Plasmalyte®), (ii) 0.9% saline solution, or (jii) 0.45% saline
solution with 5% dextrose. Polyelectrolyte solution and 0.9%
saline solution could additionally have 5% dextrose.

Sodium, chloride, and base excess (BE) values were analyzed
on two occasions. The first analysis was performed at the time
up to four hours after admission to the PICU and was considered
to mirror the fluid used in the OR. Time since the end of this
first analysis until the end of the 24-hour hospitalization period in
the PICU was designated the second analysis and considered to
mirror the fluid used in the Unit during hospitalization.

Hyponatremia was defined as sodium values lower than 135
mmol/L and hypernatremia, as sodium values over 145 mmol/L.
Hypochloremia and hyperchloremia were defined as chloride
values lower than 98 mmol/L and higher than 106 mmol/L,
respectively. BE values lower than -2mmol/L were used as cut-
off for metabolic acidosis assumption.

STATISTICAL ANALYSIS

Statistical analysis was performed using IBM SPSS®
software version 22.0 and Excel®. Descriptive statistics were
performed. Categorical variables were described as absolute
(n) and relative (%) frequencies. Quantitative variables were
characterized by the mean and standard deviation when data
was normally distributed and by the median and interquartile
range (IQR 25,75) when normality was not present. Parametric
student’s t-test and non-parametric Mann-Whitney U test
were used for variable analysis, when applicable. Statistical
significance was set at p<0.05.

RESULTS

A total of 220 children hospitalized during the considered
time period were analyzed. From these, 207 children met the
inclusion criteria and were included in the study and 13 were
excluded due to absence of laboratory registries in both OR and
PICU. Children included in the analysis had a median (IQR) of 6.7
(1.55-12.6) years.

Table 1 summarizes the baseline characteristics of the
population included in the study, including demographics, type
of surgery, and fluid received. Hospitalizations were predominant
in male children (n=136, 66%) and were mostly motivated by
neurosurgical (38%) followed by abdominal (24%) interventions.
Polyelectrolyte was the most frequently used fluid during surgery
(62.3%), while 0.9% saline solution was the most frequently
used fluid during postoperative period (63.2%).

Due to lack of information regarding type of fluid
administered, only 162 children were evaluated in the OR



setting. Sodium, chloride, and BE values were compared
amongst children receiving 0.9% saline solution and children
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Table 1 - Baseline characteristics of the 207 children included
as the study population.

re.celvmg polyelectrolyte SO|U.’[IO.I”| and 045% saline so!ut!on Characteristics n (%)
with 5% dextrose. A statistically significant association
(p=0.029) was found between higher metabolic acidosis and Age group
the administration of 0.9% saline solution (Table 2). This can <12 months 46 (22.2)
be observed in the boxplot depicted in Figure 1, in which more 13-23 months 13(6.3)
negative BE values are observed in patients receiving 0.9% 2-5 years 40 (19.3)
saline solution compared with those who did not. Statistically 6-11 years 36 (17.4)
significant differences were not found between both groups 12-18[ years 72 (34.8)
concerning sodium and chloride values. Gender
No comparative analysis was performed between the use of Male 136 (66)
0.9% saline solution only and polyelectrolyte solution only in the Female 71 (34)
. . . o o
OR,V?:Ce the sa\lmPIe in (tq:estlon wals too sma:(ll (nh_24, 14t.8 @. Type of surgery
) etn gna 3;]2|ng | e ‘preva che tob |- ypo:ja rgmlg, Neurosurgical 80 (38)
zﬁ)grna .remla,o F{yper;lzlfforemla, an rgea ooI IE taC| ostlrs] in Abdominal 49 (24)
chi rgn in e. , ho di .erences wer.eo serv.e etween those Orthopedic 20 (10)
who did and did not receive 0.9% saline solution. Plastic 16 (8)
Table 3 compares sodium, chloride, and BE content .
) i Renal transplantation 14 (7)
between the two fluids most frequently used in the PICU: Urologic 5(2)
0.45% saline solution with 5% dextrose and 0.9% saline Other 23 (11)
solution. Use of polyelectrolyte solution in the PICU was not -
analyzed due to small sample size (n=5; 2.4%). Results showed Type of f"f'd
a significantly higher median chloride value with the use of Operating ROO”? (OR) 162 (78.2)
0.9% saline solution only than with the use of 0.45% saline Polyelect.rolytlc _ 129 (62.3)
solution with 5% dextrose (p=0.002). Considering BE medians, 0.9% salln'e SO'““?” . 100 (48.3)
more negative values were found when 0.9% saline solution 0.45% saline solution with 5% dextrose 19(9.2)
was administered compared with 0.45% saline solution with
5% dextrose (p=0.019). Pediatric Intensive Care Unit (PICU) 207 (100)
Figures 2 and 3 depict chloride and BE values variability 0.9% salin.e SO'““?” . 131(63-2)
when using 0.9% saline solution and 0.45% saline solution 0.45% saline §°|Ut'°” with 5% dextrose 91 (44)
with 5% dextrose. There is a clear hyperchloremia increase and Polyelectrolytic 5(@24)
Table 2. Sodium, chloride, and base excess values retrieved from the first analysis.
0.9% saline solution Other fluids p-value*
(n=100) (n=62)
Sodium 140 (n=94) 141.5 (n=59) 0.059
Chloride 108 (n=82) 108 (n=51) 0.45
Base Excess -3.7 (n=92) -3.3 (n=55) 0.029
All values are presented as medians.
*Mann-Whitney U test.
Table 3. Sodium, chloride, and base excess values from the second analysis.
0.9% saline solution 0.45% saline solution with p-value*
(exclusive) 5% dextrose (exclusive)
(n=113) (n=72)
Sodium 139 (n=81) 138 (n=53) 0.222
Chloride 108 (n=75) 106 (n=46) 0.002
Base Excess -1.6 (n=73) -0.35 (n=48) 0.019

All values are presented as medians.
*Mann-Whitney U test.
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Figure 1 - Base excess values distribution in patients receiving
0.9% saline solution and in patients receiving other fluids in the
operative room (OR).
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Figure 3 - Base excess values distribution in patients receiving
0.9% saline solution and in patients receiving 0.45% saline solu-
tion with 5% dextrose in the Pediatric Intensive Care Unit (PICU).
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Figure 2 - Chloride values distribution in patients receiving
0.9% saline solution and in patients receiving 0.45% saline
solution with 5% dextrose in the Pediatric Intensive Care Unit
(PICU).

more negative BE values when 0.9% saline solution is used in
detriment of a less chloride-rich fluid. There was no significant
difference between groups regarding sodium values in PICU.
On the other hand, there was a statistically significant difference
in the prevalence of hyperchloremia between 0.9% saline solution
and 0.45% saline solution with 5% dextrose (p=0.005, ANOVA
test). There was no difference in hyponatremia, hypernatremia,
or metabolic acidosis prevalence between both groups.

DISCUSSION

Fluid selection and composition is currently a subject of
debate. Although studies are not unanimous, they seem to agree
on a superiority of balanced solutions with a similar composition
to plasma.*'"'® Ringer’s lactate and Plasma-lyte A are examples
of balanced solutions, with an electrolyte concentration similar
to plasma, and have been shown to maintain a better acid-base
balance after elective surgery.'

Neurosurgical interventions are one of the most common
reasons for hospital admission in the PICU and one of current
indications for NaCl 0.9% use, together with other situations with
significant risk of inappropriate antidiuretic hormone secretion
(e.g. central nervous systems disease; hypovolemic states;
pulmonary diseases; post otorhinolaryngology and orthopedics
surgery).2’ However, recent studies also favor the use of balanced
solutions instead of NaCl 0.9% in these situations.!71416.17.19-20

Although normal saline can occur in specific clinical
conditions, results of this study suggest that the use of a
0.9% saline solution is associated with greater hyperchloremic
metabolic acidosis when compared with a fluid with half that
ionic concentration. These results agree with other studies and
meta-analyses available in the literature." 71922



In the present study, the use of 0.9% saline solution in the
OR was associated with a greater metabolic acidosis. However,
and although chloride median values were higher in the 0.9%
saline solution group, chloride values in patients receiving this
solution were not significantly different from patients receiving
other solutions. These results should be interpreted with caution,
since some patients simultaneously received other fluids
(polyelectrolytic or 0.45% saline solution with 5% dextrose)
besides 0.9% saline solution.

Saline solution 0.9% is commonly used in clinical practice,
although it is not the main fluid used in Pediatrics as maintenance
therapy in Portugal. Although it is termed ‘physiological’, it is
known to have supraphysiological concentrations of sodium
(Na+* 154 mEqg/L) and chloride (Cl- 154 mEqg/L).*'" Results from
this study suggest that this fluid may pose risk to patients,
since it favors development of hyperchloremic acidosis, which
can be associated with decreased renal perfusion and acute
kidney injury.’"182024 Other studies have also demonstrated
that administration of large volumes of 0.9% saline solution
may associate with coagulopathy.??® On the other hand, the
association between hyperchloremic acidosis and mortality
remains unclear.*17:20

In this analysis, the authors could not establish an
association between the use of one type of (iso or hypotonic)
fluid and development of hypo or hypernatremia. This contrasts
with results retrieved from studies reporting that 0.45% saline
solution with 5% dextrose (hypotonic, Na* 77mmol/L) was
associated with hyponatremia, a potentially life-threatening
condition.®”9-111527 The authors of the present work speculate
that their results may be related to study limitations.

This study has some limitations due to its retrospective
nature, including its external validity. Also, because there was no
a priori defined protocol, not all patients completed laboratory
evaluations on the two predefined occasions. Consequently,
patient’s preoperative analyses were not systematically
accessed, hindering the verification of whether hydroelectrolytic
or acid-base changes were due to preexisting alterations or to
the administered fluid. The volume of fluid administered was also
not quantified, which would have been important to understand
how each fluid influenced results obtained. One final study
limitation is the fact that some patients simultaneously used
more than one type of fluid.

According to the authors’ understanding, this is the first
study in Portugal to assess fluid therapy in patients with pediatric
age, exclusively in the postoperative setting. And, despite its
retrospective nature and discussed limitations, results retrieved
generally agree with previously published data.

In conclusion, this study demonstrates that the use of fluids
with high chloride content is associated with a higher risk of
hyperchloremic acidosis. Data suggests that replacement of
0.9% saline solution by another fluid with an electrolyte content
closer to plasma, either in the OR or in the recovery room,
may benefit patients. Although NaCl 0.9% still has a role in a
goal-oriented balanced fluid therapy strategy, more studies are
needed to determine how much is too much. Therefore, the
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authors believe that further prospective, controlled, randomized
studies are necessary to better identify which fluid has the lowest
impact in patients’ hydroelectrolytic and acid-base balance.
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