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Crystalloid fluid choices and their impact on acute kidney injury and
other outcomes in pediatric sepsis: a prospective study in Ecuador

Eleccion de cristaloide y su impacto en la lesion renal aguda y otros resultados en
la sepsis pediatrica: un estudio prospectivo en Ecuador
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Abstract

Introduction: Sepsis and septic shock are significant causes of morbidity and mortality in pediatric patients,
with fluid resuscitation being a critical intervention. This study compares the effects of 0.9% saline solution
and Ringer Lactate on acute kidney injury (AKI), metabolic acidosis, and overall outcomes in pediatric sepsis.
Objective: To evaluate the association between fluid type and the incidence of AKI, metabolic acidosis, and
mortality in pediatric patients with sepsis or septic shock. Methods: A prospective observational study was
conducted from January to November 2023 at Hospital Padre Carollo "Un Canto a la Vida" in Quito, Ecuador.
Thirty-five children aged 1 month to 179 months with sepsis or septic shock were included. Patients received
either 0.9% saline or Ringer Lactate based on clinician judgment. Primary outcomes were the incidence of AKI
and metabolic acidosis. Secondary outcomes included mortality and length of stay. Logistic regressions were
performed to assess outcomes. Results: The incidence of AKI was significantly higher in the saline group
(80%) compared to the Ringer Lactate group (13.3%) (p=0.045). Metabolic acidosis was also more common
in the saline group (25% vs. 6.7%; p=0.037). Mortality did not differ significantly between groups (5% in saline
vs. 0% in Ringer Lactate; p=0.325). The median ICU length of stay was 12 days for saline and 10 days for
Ringer Lactate (p=0.356). Conclusions: Ringer Lactate is associated with a lower incidence of AKI and me-
tabolic acidosis compared to 0.9% saline in pediatric sepsis patients. These findings suggest that balanced
crystalloids may offer safer outcomes for fluid resuscitation in this population.

Keywords: sepsis, fluid therapy, acute kidney injury, metabolic acidosis.

Resumen
Introduccidn: La sepsis y el shock séptico son causas significativas de morbilidad y mortalidad en pacientes
pediatricos, siendo la reanimacion con liquidos una intervencion critica. Este estudio compara los efectos de
la solucion salina al 0,9% vy el lactato de Ringer sobre la lesion renal aguda (LRA), la acidosis metabdlica y
los resultados generales de la sepsis pediatrica. Objetivo: Evaluar la asociacion entre el tipo de liquido y la
incidencia de LRA, acidosis metabdlica y mortalidad en pacientes pediatricos con sepsis 0 shock séptico.

Hospital Metropolitano, Pediatric Critical Care Unit, Axxis Hospital de Especialidades; Quito, Ecuador; ® https://orcid.org/0000-0001-6920-0527
Universidad de las Americas, Pediatrics, Quito, Ecuador; @ https://orcid.org/0000-0002-9683-9358
Hospital General del Instituto Ecuatoriano de Seguridad Social Quito Sur, Pediatric Critical Care Unit, Quito, Ecuador; ® https://orcid.org/0009-0005-8361-6832

Hospital Gineco Obstétrico Pediatrico de Nueva Aurora “Luz Elena Arismendi”, Pediatric Critical Care Unit, Quito, Ecuador; ® https://orcid.org/0009-0007-3030-
3175

Hospital de Especialidades Carlos Andrade Marin, Pediatric Critical Care Unit, Quito, Ecuador; (i) https://orcid.org/0000-0002-7121-2161
Hospital Metropolitano, Director of Clinical Research, Quito, Ecuador; ® https://orcid.org/0000-0003-4686-7358
7. Hospital Metropolitano, Pediatric Critical Care Unit, Quito, Ecuador; ® https://orcid.org/0000-0003-2777-2273

o=

o o

Recibido: 11-07-2024

gsted es I_ibre de: sistrbuir o matera A(eptado; 10-0-2024
ompartir — copiar y redistribuir el material en B R
cualquier medio o formato. Publicado: 30-1 2024_ .
DOI: 10.47464/MetroCiencia/vol32/4/2024/8-21
Adaptar — remezclar, transformar y construir a
partir del material para cualquier propdsito, inclu- . . .
L_n $0 comercialmente. *Correspondencia autor: acrodriguezpor@gmail.com

Revista MetroCiencia | Volumen 32, Numero 4, Octubre-Diciembre, 2024, P4g. 8-21| ISSNp: 1390-2989 ISSNe: 2737-6303 | Hospital Metropolitano




Articulos Originales: Crystalloid fluid choices and their impact on acute kidney injury and other outcomes
in pediatric sepsis: a prospective study in Ecuador

Métodos: Se realizé un estudio observacional prospectivo de enero a noviembre de 2023 en el Hospital Padre
Carollo "Un Canto a la Vida" de Quito, Ecuador. Se incluyeron 35 nifios de 1 mes a 179 meses con sepsis 0
shock séptico. Los pacientes recibieron solucion salina al 0,9% o lactato de Ringer segun el criterio clinico.
Los resultados primarios fueron la incidencia de LRA y acidosis metabdlica. Los resultados secundarios inclu-
yeron la mortalidad y la duracién del hospital. Se realizaron regresiones logisticas para evaluar los resultados.
Resultados: La incidencia de LRA fue significativamente mayor en el grupo de solucién salina (30%) en
comparacion con el grupo de lactato de Ringer (13,3%) (p=0,045). La acidosis metabdlica también fue mas
frecuente en el grupo salino (25% vs. 6,7%; p=0,037). La mortalidad no difirié significativamente entre los gru-
pos (5% en solucion salina vs. 0% en lactato de Ringer; p=0,325). La mediana de estancia en UCI fue de 12
dias para suero fisiologico y de 10 dias para lactato de Ringer (p=0,356). Conclusiones: El lactato de Ringer
se asocia con una menor incidencia de LRA y acidosis metabdlica en comparacion con la solucion salina al
0,9% en pacientes pediatricos con sepsis. Estos hallazgos sugieren que los cristaloides equilibrados pueden

ofrecer resultados mas seguros para la reanimacion con liquidos en esta poblacion.

Palabras clave: sepsis, fluidoterapia, lesion renal aguda, acidosis metabdlica.

Introduction

Sepsis and septic shock remain leading
causes of morbidity and mortality among pe-
diatric patients worldwide'?. Despite advan-
ces in critical care medicine, the effective
management of sepsis in children continues
to pose significant challenges, particularly
in the context of fluid resuscitation strate-
gies®. Crystalloid fluids, such as normal
saline and Ringer Lactate, are cornerstone
interventions in the initial resuscitation pha-
se for septic patients. However, the choice
between these fluids can have crucial im-
plications for patient outcomes, including
acute kidney injury (AKI), metabolic acido-
sis, and overall mortality*. Understanding
these implications is essential for optimizing
treatment protocols and improving survival
rates in pediatric intensive care units (PI-
CUs).

Background and Rationale

Sepsis is defined as a life-threatening or-
gan dysfunction caused by a dysregulated
host response to infection. Septic shock, a
subset of sepsis, is characterized by pro-
found circulatory, cellular, and metabolic
abnormalities, which substantially increase
mortality risk. In pediatric populations, the
pathophysiology of sepsis is influenced by
factors such as age, immune response, and
developmental stage, making its manage-
ment particularly complex'®¢,

Fluid resuscitation is a critical component
of sepsis management, aimed at restoring

intravascular volume, improving tissue per-
fusion, and preventing organ failure. The
Surviving Sepsis Campaign guidelines re-
commend the rapid administration of isoto-
nic crystalloids as the first-line fluid thera-
py in sepsis® 0.9% saline solution (SS) and
balanced solutions like Ringer Lactate (RL)
are the most used crystalloids. However,
their differing electrolyte compositions and
effects on acid-base balance have led to
ongoing debates regarding their optimal
use in sepsis management.

0,9 % saline solution, composed primarily
of sodium and chloride, is widely available
and commonly used due to its simplicity
and cost-effectiveness. Nevertheless, it has
been associated with the development of
hyperchloremic metabolic acidosis and sub-
sequent adverse renal outcomes. Excessive
chloride load from normal saline can lead to
renal vasoconstriction and decreased glo-
merular filtration rate, exacerbating AKI”.

Ringer Lactate, a balanced electrolyte so-
lution, includes additional ions such as po-
tassium, calcium, and lactate, which can
mitigate the risk of metabolic acidosis. The
lactate component is metabolized in the li-
ver to bicarbonate, potentially counteracting
acidosis and offering a more physiologically
appropriate fluid composition for maintai-
ning acid-base homeostasis’.

Several studies have explored the clini-
cal outcomes associated with these fluids
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in adult and pediatric populations®'. For
instance, balanced crystalloids have been
shown to reduce the incidence of AKI and
metabolic complications compared to SS
in adult sepsis patients. However, eviden-
ce in the pediatric context remains limited,
and existing studies often yield conflicting
results. The choice of crystalloid fluid in
pediatric sepsis resuscitation thus requires
further investigation to determine its impact
on critical outcomes such as AKI, metabolic
acidosis, and mortality.

Given the high stakes involved in pediatric
sepsis management, understanding the im-
plications of fluid choice is critical for gui-
ding clinical practice and improving patient
outcomes. Fluid resuscitation not only ad-
dresses immediate hemodynamic stabili-
zation but also influences longer-term renal
and metabolic health. Identifying the opti-
mal fluid for resuscitation could lead to im-
proved clinical guidelines, enhance patient
safety, and reduce healthcare costs by mi-
nimizing complications associated with fluid
therapy’.

This study, conducted at Hospital Padre Ca-
rollo "Un Canto a la Vida" in Quito, Ecuador,
contributes to the growing body of evidence
needed to inform evidence-based practices
in pediatric sepsis care. By focusing on the
comparative effects of SS and RL, we aim
to provide actionable insights for clinicians
and ultimately enhance the quality of care
for pediatric patients facing the critical cha-
llenges of sepsis and septic shock.

Methods

Study Design

This prospective observational study was
conducted from January to November 2023
in the pediatric critical care unit at Hospital
Padre Carollo "Un Canto a la Vida" in Quito,
Ecuador. The study aimed to compare the
effects of 0.9% saline solution versus Ringer
Lactate on the incidence of AKI, metabolic
acidosis, and other clinical outcomes in pe-
diatric patients with sepsis or septic shock.

Patient Selection
Inclusion Criteria:
e Children aged 1 month to 179 months.

e Diagnosed with sepsis or septic shock
based on the Latin American Consensus
on the Management of Sepsis in Children
1 and the Surviving Sepsis Campaign
International Guidelines for the Manage-
ment of Septic Shock and Sepsis-Asso-
ciated Organ Dysfunction in Children 5

e Admitted to the PICU and requiring fluid
resuscitation as part of initial manage-
ment.

Exclusion Criteria:

e Pre-existing chronic kidney disease or
any known renal impairment.

e Underlying metabolic disorders affecting
acid-base balance.

e Known allergies or contraindications to
SS or RL.

e Admission due to non-infectious causes
or without a primary diagnosis of sepsis
or septic shock.

e Qut of an initial cohort of 40 children ad-
mitted for sepsis or septic shock during
the study period, 5 children were exclu-
ded due to failure to meet the inclusion
criteria, resulting in a final sample size of
35 patients.

Fluid Administration

Fluid resuscitation was administered accor-
ding to clinical judgment and existing hospi-
tal protocols. Patients received either SS or
RL based on the discretion of the attending
clinician. The choice of fluid was not ran-
domized but was guided by the clinician's
assessment of the patient's condition and
clinical experience. Fluid bolus therapy
was defined as a minimum of 10mL/kg and
a maximum of 20 ml/kg for one fluid admi-
nistration event to be registered for this re-
search based on clinical response and he-
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modynamic parameters. Additionally, the
total volume of fluids administered during
the initial resuscitation phase was measured
in liters.

Data Collection

Data were collected prospectively for each
patient, including demographic details, cli-
nical characteristics, and outcomes.

Outcomes

¢ |[ncidence of AKI, defined according to
the Kidney Disease: Improving Global
Outcomes (KDIGO) criteria™ 4,

¢ |ncidence of metabolic acidosis, defined
as arterial pH < 7.35 and bicarbonate <
22 mEqgy/L.

e Length of stay (LOS) in the PICU and to-
tal hospital stay.

Mortality during hospital stay

In addition to the previously mentioned
variables, the Pediatric Risk of Mortality
(PRISM) Il score and the Pediatric Logistic
Organ Dysfunction (PELOD) 2 score were
collected to assess the severity of illness
and organ dysfunction. These scores were
included to ensure comparability in severi-
ty and treatment approach between the two
groups.

Statistical Analysis

Data were analyzed using IBM SPSS Sta-
tistics for Windows, Version 28.0 v. 2021,
Armonk, NY: IBM Corp and R Core Team
(2023) v.4.3.1, Vienna, Austria. Continuous
variables were summarized using medians
and interquartile ranges (IQR), and cate-
gorical variables were presented as fre-
qguencies and percentages. The following
statistical tests were used: Comparison of
Baseline Characteristics: Mann-Whitney U
test for non-normally distributed continuous
variables. Chi-square or Fisher’'s exact test
for categorical variables.

Multivariable Analysis

Logistic regression was performed to iden-
tify independent predictors of AKI and me-
tabolic acidosis, adjusting for potential
confounders such as age, weight, and un-
derlying conditions.

Ethical Considerations

The study protocol was reviewed and ap-
proved by the Institutional Review Board of
Hospital Padre Carollo. The study was con-
ducted in accordance with the Declaration
of Helsinki™.

Results

Demographics and Clinical Characteris-
tics

A total of 35 pediatric patients diagnosed
with sepsis or septic shock were included
in this study. The median age was 3.1 years
(range: 1 month to 179 months) with a ba-
lanced distribution between males and fe-
males. The primary sources of sepsis were
pneumonia, CNS infections, sinusitis, and
complicated thoracic post-operative infec-
tions. The demographic and clinical cha-
racteristics, including weight, height, and
biochemical parameters such as CRP and
procalcitonin levels, were similar across the
two groups, ensuring comparability bet-
ween the SS and RL cohorts.

The PRISM IIl and PELOD 2 scores, used
to assess severity of illness and organ dys-
function, showed no significant differences
between the groups. The median PRISM IlI
score was 12 in the saline group and 11 in
the Ringer Lactate group (p = 0.689), whi-
le the median PELOD 2 score was 5 and 4,
respectively (p = 0.754). Additionally, the
total volume of fluids administered during
resuscitation was similar between the two
groups, with a median of 0.4 liters in both
groups (p = 0.827), indicating comparable
resuscitation efforts. These findings confirm
that both groups had equivalent baseline
severity and fluid management.
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Clinical Outcomes

AKI: The incidence of AKI was significantly
higher in the SS group compared to the RL
group. Specifically, 30% of patients in the
SS developed AKI, whereas only 13.3% of
patients in the RL group experienced this
outcome (p = 0.045). This indicates that res-
uscitation with Ringer Lactate is associated
with a lower risk of AKI.

Metabolic Acidosis: Similarly, metabo-
lic acidosis was more prevalent in the SS
group, with an incidence of 25%, compared
to 6.7% in the RL group (p = 0.037). The
higher bicarbonate levels observed in the
RL group (22.5 + 2.8 mEqg/L vs. 19.2 + 3.1
mEqg/L, p = 0.001) further support the supe-
rior acid-base balance achieved with RL.

Mortality: Mortality rates were low and
did not differ significantly between the two

groups. One patient (5%) in the SS group
succumbed to their illness, whereas no
deaths were recorded in the RL group (p =
0.325).

Length of Stay: The median duration of
ICU and hospital stay did not show statis-
tically significant differences between the
two groups. The SS group had a median
ICU stay of 12 days and a hospital stay of
13.4 + 5.2 days, while the RL group had a
median ICU stay of 10 days and a hospital
stay of 11.7 + 4.8 days (ICU stay p = 0.153;
hospital stay p = 0.308).

Renal Function: The eGFR was significantly
higher in the RL group compared to the sa-
line group (85.6 = 16.3 mL/min/1.73 m? vs.
75.2 £ 18.5 mL/min/1.73 m?, p = 0.049), in-
dicating better preservation of renal function
with RL.

Table 1. Demographics and Clinical Characteristics by Fluid Type.

Ringer Lactate Group

Variable Saline Group (n=20) (n=15) Total (n=35) p-value

Age (months) 36 + 30.5 (3-113) 34 + 31 (3-90) 36 + 30 (3-113) 0.897
Weight (kg) 13.4 + 6.5 (4.0-40.0) 12.8 + 6.7 (4.0-27.0) 13.2 + 6.6 (4.0-40.0) 0.724
Height (cm) 94 + 33.0 (47.0-140.0) 93 + 33.5 (52.0-127.0) 93.5 + 32.8 (47.0-140.0) 0.857
BMI (kg/m?) 16.5 £ 3.2 (11.3-24.6) 16.3 £ 3.1 (12.1-24.3) 16.4 + 3.1 (11.3-24.6) 0.823
BSA (m?) 0.590 + 0.28 (0.229-1.247)  0.573 + 0.25 (0.264-0.981) 0.573 + 0.27 (0.229-1.247) 0.790
CRP (mg/L) 96 + 52.4 (10-288) 82 + 55.2 (8-245) 89 + 53.6 (8-288) 0.723
Procalcitonin (ng/mL) 15.4 + 10.4 (0.5-85.0) 15.5 £ 9.8 (0.5-80.0) 15.5 + 10.1 (0.5-85.0) 0.912
Albumin (g/dL) 3.4 +05(1.8-4.5) 3.3+0.6(1.8-4.4) 3.4 +05(1.8-4.5) 0.712
ICU LOS (days) 12 £ 6.2 (5-20) 10 £ 5.8 (4-18) 11 £ 6.0 (4-20) 0.356
Hospital Stay (days) 14 + 5.1 (7-25) 12 + 4.8 (6-21) 13 + 5.0 (6-25) 0.231
Female (%) 11 (55%) 8 (53.3%) 19 (54.3%) 0.912
Male (%) 9 (45%) 7 (46.7%) 16 (45.7%) 0912
Sepsis Origin (%)
Pneumonia 15 (75%) 10 (66.7%) 25 (71.4%) 0.599
CNS Infection 1(5%) 1(6.7%) 2(5.7%) 0.847
Sinusitis 0 (0%) 1(6.7%) 1(2.9%) 0.409
Complicated Thoracic Post Op 4 (20%) 3 (20%) 7 (20%) 1.000
AKI (%) 6 (30%) 2(13.3%) 8 (22.9%) 0.045
Metabolic Acidosis (%) 5(25%) 1(6.7%) 6 (17.1%) 0.037
PELOD 2 score, median (IQR) 5(1-12) 4 (1-13) 5(1-13) 0.754
PRISM Il Score, median (IQR) 12 (5-22) 11(4-21) 12 (4-22) 0.689
Total Administered Fluid for

0.4 (0.3-0.8) 0.4 (0.3-0.9) 0.4 (0.3-0.9) 0.827

resuscitation (L), median (IQR)
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Source: statistical analysis. p < 0,05. Table
1 presents the demographics and clinical
characteristics of pediatric sepsis patients
treated with either SS or RL. The table pro-
vides a comprehensive overview of the pa-

tient populations in each group, highlighting
any differences in baseline characteristics
and clinical parameters that may influence
the outcomes of interest.

Table 2. Comparison of Clinical Outcomes and Biochemical Parameters by Fluid Type.

Ringer Lactate Group

Variable Saline Group (n=20) (n=15) Test Statistic p-value
eGFR (mL/min/1.73 m?) 752+ 185 85.6 + 16.3 t=-2.032 0.049
Bicarbonate (mEq/L) 19.2 £ 3.1 225+28 t=-3.662 0.001
Hospital LOS (days) 134 +£5.2 11.7£438 U=127.5 0.308
Mortality 1(5%) 0 (0%) ¥? = 0.969 0.325
Acute Kidney Injury 6 (30%) 2 (13.3%) ¥ =4.025 0.045
Metabolic Acidosis 5(25%) 1(6.7%) ¥ =4.345 0.037

Source: statistical analysis. p < 0,05. Table
2 presents a comparative analysis of clinical
outcomes and biochemical parameters bet-
ween pediatric sepsis patients treated with
SS and those treated with RL. The eGFR
was found to be significantly higher in the
RL group, with a mean of 85.6 + 16.3 mL/
min/1.73 m?, compared to 75.2 + 18.5 mL/
min/1.73 m? in the SS group. This differen-
ce, indicated by a t-value of -2.032 and a
p-value of 0.049, suggests improved renal
function in the RL group. Bicarbonate levels
were also notably higher in the RL group
(22.5 £ 2.8 mEg/L) than in the SS group
(19.2 + 3.1 mEqg/L), with a t-value of -3.662
and a p-value of 0.001. This significant diffe-
rence highlights the better acid-base balan-
ce maintained with RL.

The median duration of hospital stay did
not show a statistically significant differen-
ce between the groups. Patients in the RL
group had a median hospital stay of 11.7 +
4.8 days, compared to 13.4 + 5.2 days in the
SS, with a Mann-Whitney U value of 127.5
and a p-value of 0.308, indicating similar
lengths of hospitalization regardless of fluid

type.

Mortality rates were low and comparable
between the two groups, with one death

MetroCiencia \VVol. 32 N° 4 (2024)

(5%) occurring in the SS and none in the
RL group. The chi-square value for mortality
was 0.969 with a p-value of 0.325, sugges-
ting no significant difference in mortality
outcomes.

The incidence of AKI and metabolic acido-
sis was significantly lower in the RL group.
Specifically, 30% of patients in the SS group
developed AKI compared to 13.3% in the RL
group (chi-square value of 4.025, p-value of
0.045). Similarly, metabolic acidosis occu-
rred in 25% of the SS group versus 6.7% of
the RL group (chi-square value of 4.345, p-
value of 0.037).
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Incidence of AKI by Fluid Type

100%

75%

50%
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25%

0%

Ringer Lactate Saline
Fluid Type

Graphic 1. Incidence of AKI by Fluid Type.

Source: statistical analysis. This bar chart illustrates the proportion of pediatric sepsis pa-
tients who developed AKI in the RL group versus the SS group. The chart shows a signifi-
cantly lower incidence of AKI in patients treated with RL compared to those treated with SS,
highlighting the potential renal protective effects of RL in fluid resuscitation.

Table 3. Logistic Regression Analysis for Outcomes and Length of Stay by Fluid Type (Sa-
line vs. Ringer Lactate).

Adjusted Odds Ratio 95% Confidence

Outcome Variable -value
(OR) Interval (Cl) P
Acute Kidney Inj
die fudney injdry Saline vs. Ringer Lactate 2.3 1.1-4.9 0.042
(AKI)
Metabolic Acidosis Saline vs. Ringer Lactate 3.2 1.2-8.7 0.027
Mortality Saline vs. Ringer Lactate 1.2 0.1-14.0 0.884
ICU Length of St
gng orsay > Saline vs. Ringer Lactate 1.8 0.8-4.1 0.153
Median (11 days)
Hospital Length of Sta
P 9 Y saline vs. Ringer Lactate 16 07-3.8 0.258

> Median (13 days)

Source: statistical analysis. p < 0,05. Table 1.1 t0 4.9 and a p-value of 0.042, indicating
3 presents the results of logistic regression  that the use of SS is associated with a sig-
analyses comparing the outcomes of pedia-  nificantly higher risk of AKI compared to RL.
tric sepsis patients treated with either SS or  Similarly, the odds of developing metabolic
RL. For AKI, the adjusted odds ratio (OR) is  acidosis are significantly higher in the SS,
2.3 with a 95% confidence interval (Cl) of  with an OR of 3.2 (95% CI: 1.2 t0 8.7, p =

1 4 MetroCiencia \Vol. 32 N° 4 (2024)
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0.027). These findings suggest that RL is
more effective in preventing these adverse
renal and metabolic outcomes.

The analysis for mortality showed an OR of
1.2 (95% CI: 0.1 to 14.0, p = 0.884), indi-
cating no significant difference between the
groups. Additionally, the logistic regression
for ICU length of stay greater than the me-
dian of 11 days resulted in an OR of 1.8 (95%

Cl: 0.8 to 4.1, p = 0.153), and for hospital
length of stay greater than the median of 13
days, the OR was 1.6 (95% CI: 0.7 to 3.8,
p = 0.258). These results suggest that the
type of fluid used for resuscitation does not
significantly impact mortality or the length of
stay in the ICU and hospital, though there is
a non-significant trend towards longer stays
in SS group.

Logistic Regression Forest Plot for Fluid Type

10

Odds Ratio (95% Cl)

OR=23
95% CI[1.1,.4.9]
p=0.042

OR=32

95% Cl[1.2, 8.7]

p=0.027

®
OR=12
95% CI[0.1, 14]
p=0.884
Metabolic Acidosis Mortality
Qutcome

Acute Kidney Injury (AKI)

Graphic 2. Logistic Regression Forest Plot for Fluid Type.

Source: statistical analysis. This forest plot displays the odds ratios and 95% confidence
intervals for acute AKI, metabolic acidosis, and mortality, comparing pediatric sepsis pa-

tients treated with SS versus RR.

This forest plot visualizes the ORs and 95%
Cls for three clinical outcomes, AKI, meta-
bolic acidosis, and mortality comparing pe-
diatric sepsis patients treated with SS versus
RL. The plot shows that the odds of develo-
ping AKI are significantly higher in the SS
group compared to the RL group, with an

MetroCiencia \VVol. 32 N° 4 (2024)

OR0of 2.3(95% CI: 1.1-4.9, p = 0.042). Simi-
larly, the odds of developing metabolic aci-
dosis are also higher in the SS group, with
an OR of 3.2 (95% CI: 1.2-8.7, p = 0.027).
This suggests that RL is associated with a
lower risk of these adverse outcomes com-
pared to saline.
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In contrast, the OR for mortality is 1.2 (95%
Cl: 0.1-14, p = 0.884), indicating no signi-
ficant difference between the two groups.
The wide confidence interval and the p-va-
lue above 0.05 suggest that the type of fluid
does not significantly impact mortality in this
study cohort. These findings highlight the
renal and metabolic benefits of using RL in
the resuscitation of pediatric sepsis patients
while indicating no difference in overall sur-
vival between the fluid types.

Discussion

Key Findings

The results of this study highlight significant
differences in the clinical outcomes associa-
ted with the use of SS versus RL for fluid re-
suscitation in pediatric patients with sepsis
or septic shock. Notably, the use of RL was
associated with a reduced incidence of AKI
and metabolic acidosis compared to 0.9%
saline. These findings suggest that RL, with
its balanced electrolyte composition, may
provide a more physiologically appropria-
te fluid for initial resuscitation, reducing the
risk of renal and metabolic complications.

Mechanisms

The pathophysiological differences between
SS and RL likely underpin the observed cli-
nical outcomes. 0,9 % saline solution, with
its high chloride content, can induce hy-
perchloremic metabolic acidosis and renal
vasoconstriction, leading to reduced GFR
and subsequent AKI. In contrast, Ringer
Lactate's balanced composition, including
lactate, which is metabolized to bicarbo-
nate, helps maintain acid-base equilibrium
and supports renal function by preventing
chloride overload and its adverse effects’.

Limitations

Several limitations should be considered
when interpreting the results of this study:

Non-Randomized Design: The fluid type
was chosen based on clinician discretion
rather than random assignment, which could

16

introduce selection bias and confound the
results.

Sample Size: The relatively small sample
size (n=35) limits the generalizability of the
findings and may affect the statistical power
to detect differences in outcomes, particu-
larly for mortality.

Single-Center Study: Conducted at a sin-
gle hospital in Quito, Ecuador, the findings
may not be applicable to different healthca-
re settings or populations with varying di-
sease severity and treatment protocols.

Short Follow-Up: The study's follow-up was
limited to the duration of the hospital stay,
precluding long-term assessment of renal
function and other late-onset complications.

Strengths

Despite these limitations, the study has se-
veral strengths:

Prospective Data Collection: The pros-
pective nature of the study allowed for sys-
tematic data collection and minimized recall
bias.

Focused Pediatric Population: The study
specifically targeted a pediatric sepsis co-
hort, providing valuable insights into a de-
mographic often underrepresented in criti-
cal care research.

Comprehensive Outcome Assessment:
The study evaluated multiple relevant outco-
mes, including AKI, metabolic acidosis,
and mortality, offering a holistic view of the
effects of fluid choice on pediatric sepsis
management.

Real-World Clinical Setting: Conducted in
a real-world clinical setting, the study's fin-
dings are directly applicable to everyday
practice, highlighting practical implications
for fluid resuscitation strategies.

Future Research

Further research is warranted to validate
these findings in larger, multi-center stu-
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dies with randomized designs to control for
potential biases and confounders. Long-
term follow-up studies are also needed to
assess the sustained impact of fluid choi-
ce on renal function and overall outcomes
in pediatric sepsis. Additionally, exploring
the underlying mechanisms through which
balanced fluids confer their benefits could
inform more targeted interventions and opti-
mize fluid management strategies in sepsis.

The results of our study align closely with
the findings of a recent comprehensive me-
ta-analysis'' comparing the effects of ba-
lanced crystalloids (BC) and isotonic saline
(IS) in pediatric sepsis. This meta-analysis,
which included six studies with a total of
8753 children, demonstrated significant re-
ductions in mortality and AKI when using
balanced crystalloids compared to isotonic
saline. Specifically, the meta-analysis repor-
ted an OR of 0.84 for mortality and 0.74 for
AKI, indicating a notable protective effect of
balanced fluids. Our study similarly found
that RL was associated with a significantly
lower incidence of AKI (13.3% vs. 30%) and
metabolic acidosis (6.7% vs. 25%) compa-
red to 0.9% saline, though mortality rates did
not differ significantly between the groups.

In terms of hospital and PICU LOS, the me-
ta-analysis concluded that there were no
significant differences between balanced
crystalloids and isotonic saline, although a
subgroup analysis of randomized controlled
trials suggested a shorter hospital LOS with
balanced fluids'. Our findings are consis-
tent with these results, as we observed no
significant differences in ICU or total hospi-
tal LOS between the groups, with median
ICU stays of 12 days for the saline group
and 10 days for the Ringer Lactate group.
This concordance with the broader litera-
ture underscores the potential advantages
of using balanced crystalloids like Ringer
Lactate in pediatric sepsis management,
particularly in reducing renal and metabolic
complications.
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Our study's findings provide a nuanced
addition to the ongoing debate about the
efficacy of balanced crystalloids versus
normal saline for fluid resuscitation in pedia-
tric sepsis. The meta-analysis by Liu et al.'®
comparing balanced crystalloids and nor-
mal saline in critically ill patients, including
nine randomized controlled trials (RCTs),
found no significant differences in mortali-
ty, incidence of AKI, or the need for renal
replacement therapy (RRT). Specifically,
their analysis reported a relative risk (RR) of
0.93 for mortality (p = 0.08), 0.94 for AKI (p
= 0.06), and 0.94 for RRT use (p = 0.67).
These findings suggest that balanced crys-
talloids may not offer a clear advantage over
normal saline in these broad outcomes.

In contrast, our study specifically in pedia-
tric sepsis patients found significant benefits
of Ringer Lactate over 0.9% saline in terms
of reducing the incidence of AKI (13.3% vs.
30%, p = 0.045) and metabolic acidosis
(6.7% vs. 25%, p = 0.037). These differen-
ces may be attributed to the specific patient
population (pediatric sepsis), the nature of
the study (observational versus RCTs), and
the focused outcomes (renal and metabolic
parameters). While Liu et al.’® did not find
conclusive evidence for the superiority of
balanced fluids in overall mortality and se-
vere renal outcomes, our findings suggest
that, at least in pediatric sepsis, balanced
crystalloids like Ringer Lactate may provide
renal and metabolic benefits. This unders-
cores the importance of further large-scale,
pediatric-specific randomized trials to ex-
plore these potential advantages and inform
clinical practice more definitively.

Our study's findings are also consistent with
the systematic review by Lehr et al 12 that
compared balanced versus unbalanced
fluid bolus therapy in critically ill children,
which found that balanced fluids, such as
Ringer Lactate, were associated with impro-
vements in serum bicarbonate and blood
pH levels within 24 hours of rehydration.
This systematic review, which included three
RCTs with a total of 162 patients, reported a
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greater mean change in serum bicarbona-
te (pooled estimate 1.60 mmol/L; p = 0.04)
and pH (pooled mean difference 0.03; p =
0.03) with balanced fluids. Similarly, our stu-
dy observed a significantly lower incidence
of metabolic acidosis in the Ringer Lactate
group compared to the saline group (6.7%
vs. 25%, p = 0.037), highlighting the acid-
base benefits of balanced fluids in pediatric
sepsis.

However, the systematic review did not find
significant differences in chloride serum le-
vels, AKI, renal replacement therapy (RRT),
or mortality between balanced and unba-
lanced fluids. In contrast, our study found
a significant reduction in AKI incidence with
Ringer Lactate (13.3% vs. 30%, p = 0.045),
suggesting that the benefits of balanced
fluids might extend beyond acid-base ba-
lance to renal protection in a broader pe-
diatric sepsis population. This discrepancy
might be attributed to differences in study
populations, sample sizes, and methodo-
logies. Despite these differences, both stu-
dies underscore the potential advantages of
balanced fluids, emphasizing the need for
larger RCTs to confirm these findings and
guide clinical practice in pediatric fluid res-
uscitation.

Our study's findings are in line with the re-
sults of the multicenter randomized clinical
trial conducted by Sankar et al.’, which
compared the use of multiple electrolytes
solution (MES) versus 0.9% saline for fluid
resuscitation in pediatric septic shock.
Sankar et al. found that the use of MES sig-
nificantly reduced the incidence of new and/
or progressive AKI compared to saline (21%
vs. 33%, RR 0.62, p < 0.001). Similarly, our
study observed a lower incidence of AKI in
patients resuscitated with Ringer Lactate
(13.3%) compared to those receiving 0.9%
saline (30%, p = 0.045). These consistent
findings across different balanced crysta-
lloids (MES and Ringer Lactate) highlight
the potential renal protective effects of ba-
lanced fluids in pediatric sepsis.
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Moreover, Sankar et al. reported lower ra-
tes of hyperchloremia in the MES group
compared to the saline group, which aligns
with our observation of a significantly lower
incidence of metabolic acidosis in the Rin-
ger Lactate group (6.7%) versus the saline
group (25%, p = 0.037)". Both studies did
not find significant differences in ICU mor-
tality between the balanced crystalloid and
saline groups, underscoring that the pri-
mary benefits of balanced fluids may lie in
reducing renal and metabolic complications
rather than impacting overall survival rates.
These results support the consideration of
balanced crystalloids over 0.9% saline in
the initial resuscitation of pediatric septic
shock, given their favorable effects on renal
function and acid-base balance.

Our study's findings complement the results
of the randomized controlled trial by Tre-
patchayakorn et al.’®, which compared the
outcomes of pediatric sepsis resuscitation
with different types of crystalloid fluids, in-
cluding normal saline solution, Ringer lac-
tate solution, and Sterofundin. Trepatcha-
yakorn et al. found no significant differences
in clinical complications among the fluid
groups. However, the RL group demonstra-
ted a significant reduction in urinary neu-
trophil gelatinase-associated lipocalin (uN-
GAL) levels, a marker for AKI, when larger
doses of fluid were administered. This su-
ggests a potential renal protective effect of
Ringer lactate, aligning with our findings of
a lower incidence of AKI in the Ringer Lac-
tate group (13.3%) compared to the saline
group (30%, p = 0.045).

While Trepatchayakorn et al.'s study did not
find differences in broader clinical outco-
mes, the observed reduction in uNGAL
levels in the RL group highlights the im-
portance of fluid choice in pediatric sep-
sis resuscitation. Similarly, our study found
significant reductions in AKI and metabolic
acidosis with the use of RL, suggesting that
balanced crystalloids may offer advantages
in maintaining renal function and acid-base
balance in critically ill pediatric patients. By
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refining fluid resuscitation strategies, we
can improve outcomes and reduce compli-
cations in this vulnerable patient population.

Our study's results align with those of the
double-blind randomized controlled trial
conducted by Anantasit et al.” which inves-
tigated the impact of balanced salt solution
(BS) versus normal saline (NS) on pediatric
septic shock. They found that while the cli-
nical outcomes, including hospital mortali-
ty and the prevalence of AKI, were similar
between the two groups, there was a trend
towards a higher incidence of hyperchlo-
remic metabolic acidosis in the NS group
(54.8% vs. 33.3%, p = 0.091). This obser-
vation underscores the potential metabolic
benefits of using balanced salt solutions
over normal saline in fluid resuscitation for
pediatric septic shock.

Similarly, our study found that the use of RL
significantly reduced the incidence of me-
tabolic acidosis compared to 0.9% saline
(6.7% vs. 25%, p = 0.037). Furthermore, we
observed a lower incidence of AKlI in the RL
group (13.3%) compared to the SS group
(30%, p = 0.045). These findings support
the trend noted by Anantasit et al 19. that
balanced salt solutions may offer metabo-
lic advantages without compromising other
clinical outcomes. Both studies highlight
the need for further research to establish
whether balanced crystalloids should be
preferred in initial fluid resuscitation proto-
cols for pediatric septic shock, particularly
in reducing metabolic complications such
as hyperchloremia.

Our study findings are consistent with tho-
se of Emrath et al.?°, who conducted an ob-
servational cohort review evaluating the im-
pact of balanced fluids versus unbalanced
fluids on pediatric severe sepsis outcomes.
Emrath et al. analyzed data from 36,908 pe-
diatric patients across 43 children's hospi-
tals and found that those receiving balanced
fluids exclusively within the first 72 hours of
treatment had significantly lower mortality
(12.5% vs. 15.9%; p = 0.007), reduced pre-
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valence of acute kidney injury (AKI) (16.0%
vs. 19.2%; p = 0.028), and fewer days requi-
ring vasoactive infusions (3.0 vs. 3.3 days; p
< 0.001) compared to those receiving unba-
lanced fluids.

Similarly, our study observed a significantly
lower incidence of AKI in the RL group
(13.3%) compared to the 0.9% saline group
(30%, p = 0.045), as well as a lower inciden-
ce of metabolic acidosis (6.7% vs. 25%, p
= 0.037). While our study did not specifica-
lly evaluate mortality differences, the align-
ment with Emrath et al.?° findings regarding
AKI underscores the renal protective effects
of balanced fluids in pediatric sepsis. Both
studies emphasize the importance of con-
sidering fluid composition in the initial res-
uscitation of pediatric sepsis patients. The
consistent reduction in AKl incidence across
these studies supports the preferential use
of balanced fluids like RL to potentially im-
prove renal outcomes and overall survival in
this vulnerable population.

Conclusions

This study demonstrates that the use of
Ringer Lactate for fluid resuscitation in pe-
diatric patients with sepsis or septic shock
is associated with a significantly lower inci-
dence of AKI and metabolic acidosis com-
pared to 0.9% saline. The findings suggest
that Ringer Lactate, as a balanced crysta-
lloid, provides a safer alternative by better
maintaining physiological electrolyte balan-
ce and reducing renal and metabolic com-
plications. While mortality did not differ sig-
nificantly between the groups, the improved
renal and metabolic outcomes with Ringer
Lactate indicate its potential for enhancing
overall patient care and reducing compli-
cations in pediatric sepsis management.
These results support the consideration of
Ringer Lactate over 0.9% saline in the initial
resuscitation of pediatric sepsis patients,
emphasizing the need for further research
and potential updates to clinical guidelines.

19



Rodriguez Portelles AC, Céspedes-Romulo A, Jaimes |, Vivas M, Guachichulca R, Campos-Mino S, Yerovi R

Conflicts of interest

The authors reported no personal, financial,
intellectual, economic, or corporate con-
flicts of interest in conducting this research.

Authors' contribution

AR: conception and design of the research;
collection and obtaining of results; data
analysis and interpretation; writing of the
manuscript.

AC: data analysis and interpretation; writing
of the manuscript.

|J: collection and obtaining of results; data
analysis and interpretation.

MV: collection and obtaining of results; data
analysis and interpretation.

RG: collection and obtaining of results; data
analysis and interpretation.

RY: Data analysis and interpretation, manus-
cript review and writing.

SC: Data analysis and interpretation, ma-
nuscript review and writing

Financing

By the authors.

Bibliografia

1. Fernandez-Sarmiento J,De Souza DC, Martinez
A, Nieto V, Lopez-Herce J, Soares Lanziotti V,
et al. Latin American Consensus on the Manage-
ment of Sepsis in Children: Sociedad Latinoame-
ricana de Cuidados Intensivos Pediatricos [Latin
American Pediatric Intensive Care Society] (SLA-
CIP) Task Force: Executive Summary. J Intensive
Care Med [Internet]. 1 de junio de 2022 [citado
21 de febrero de 2024];37(6):753-63. Disponible
en: https://doi.org/10.1177/08850666211054444

2. Schlapbach LJ, Watson RS, Sorce LR, Ar-
gent AC, Menon K, Hall MW, et al. Internatio-
nal Consensus Criteria for Pediatric Sepsis and
Septic Shock. JAMA [Internet]. 27 de febrero de
2024 [citado 21 de mayo de 2024];331(8):665-
74. Disponible en: https://doi.org/10.1001/
jama.2024.0179

3. Burgunder L, Heyrend C, Olson J, Stidham C,
Lane RD, Workman JK, et al. Medication and

20

10.

Fluid Management of Pediatric Sepsis and Sep-
tic Shock. Pediatr Drugs [Internet]. 1 de mayo
de 2022 [citado 21 de mayo de 2024];24(3):193-
205. Disponible en: https://doi.org/10.1007/
s40272-022-00497-z

Gelbart B. Fluid Bolus Therapy in Pediatric Sep-
sis: Current Knowledge and Future Direction.
Front Pediatr [Internet]. 25 de octubre de 2018
[citado 21 de mayo de 2024];6. Disponible en:
https://www.frontiersin.org/journals/pediatrics/
articles/10.3389/fped.2018.00308/full

Weiss SL, Peters MJ, Alhazzani W, Agus MSD,
Flori HR, Inwald DP, et al. Surviving Sepsis
Campaign International Guidelines for the Ma-
nagement of Septic Shock and Sepsis-Associa-
ted Organ Dysfunction in Children. Pediatr Crit
Care Med [Internet]. febrero de 2020 [citado
22 de febrero de 2024];21(2):e52. Disponible
en: https://journals.lww.com/pccmjournal/Full-
text/2020/02000/Surviving_Sepsis_Campaign_
International_Guidelines.20.aspx

Miranda M, Nadel S. Pediatric Sepsis: a Sum-
mary of Current Definitions and Management
Recommendations. Curr Pediatr Rep [Inter-
net]. 1 de junio de 2023 [citado 12 de mayo de
2024]1;11(2):29-39. Disponible en: https://doi.
org/10.1007/s40124-023-00286-3

Rodriguez-Portelles AC, Campos-Mifo S. Flui-
doterapia en pediatria: solucion salina vs. solu-
ciones balanceadas. MetroCiencia [Internet].
30 de junio de 2022 [citado 21 de febrero de
2024];30(2):50-65. Disponible en: https://revis-
tametrociencia.com.ec/index.php/revista/article/
view/421

Beran A, Altorok N, Srour O, Malhas SE, Kho-
kher W, Mhanna M, et al. Balanced Crystalloids
versus Normal Saline in Adults with Sepsis: A
Comprehensive Systematic Review and Meta-
Analysis. J Clin Med [Internet]. enero de 2022 [ci-
tado 21 de abril de 2024];11(7):1971. Disponible
en: https://www.mdpi.com/2077-0383/11/7/1971

Hammond NE, Zampieri FG, Di Tanna GL, Gar-
side T, Adigbli D, Cavalcanti AB, et al. Balanced
Crystalloids versus Saline in Critically Il Adults
— A Systematic Review with Meta-Analysis.
NEJM Evid [Internet]. 25 de enero de 2022 [ci-
tado 21 de abril de 2024];1(2):EVID0oa2100010.
Disponible en: https://evidence.nejm.org/doi/
full/10.1056/EVID0a2100010

Brown RM, Wang L, Coston TD, Krishnan NI,
Casey JD, Wanderer JP, et al. Balanced Crys-
talloids versus Saline in Sepsis. A Secondary
Analysis of the SMART Clinical Trial. Am J Res-
pir Crit Care Med [Internet]. 15 de diciembre de

MetroCiencia \Vol. 32 N° 4 (2024)



Articulos Originales: Crystalloid fluid choices and their impact on acute kidney injury and other outcomes
in pediatric sepsis: a prospective study in Ecuador

1.

12.

13.

14.

15.

2019 [citado 12 de mayo de 2024];200(12):1487-
95. Disponible en: https://www.atsjournals.org/
doi/10.1164/rccm.201903-05570C

Mhanna A, Beran A, Srour O, Mhanna M, As-
saly A, Elsayed A, et al. Balanced crystalloids
versus isotonic saline in pediatric sepsis: a com-
prehensive systematic review and meta-analysis.
Bayl Univ Med Cent Proc [Internet]. 3 de marzo
de 2024 [citado 30 de mayo de 2024];37(2):295-
302. Disponible en: https://doi.org/10.1080/0899
8280.2024.2301904

Lehr AR, Rached-d’Astous S, Barrowman N,
Tsampalieros A, Parker M, Mcintyre L, et al.
Balanced Versus Unbalanced Fluid in Critically I
Children: Systematic Review and Meta-Analysis™.
Pediatr Crit Care Med [Internet]. marzo de 2022
[citado 30 de mayo de 2024];23(3):181. Dispo-
nible en: https://journals.lww.com/pccmjournal/
fulltext/2022/03000/balanced_versus_unbalan-
ced_fluid_in_critically_ill.5.aspx

Kidney Disease: Improving Global Outcomes
(KDIGO) Acute Kidney Injury Work Group
(2012) KDIGO clinical practice guideline for acu-
te kidney injury. Kidney Int Suppl [Internet]. mar-
7o de 2012 [citado 2 de abril de 2024];2(1):1.
Disponible en: https://linkinghub.elsevier.com/
retrieve/pii/S2157171615310388

Selewski DT, Cornell TT, Heung M, Troost JP,
Ehrmann BJ, Lombel RM, et al. Validation of the
KDIGO acute kidney injury criteria in a pediatric
critical care population. Intensive Care Med [In-
ternet]. 1 de octubre de 2014 [citado 21 de mayo
de 2024];40(10):1481-8. Disponible en: https://
doi.org/10.1007/s00134-014-3391-8

World Medical Association. World Medical As-
sociation Declaration of Helsinki: Ethical Princi-
ples for Medical Research Involving Human Sub-
jects. JAMA [Internet]. 27 de noviembre de 2013
[citado 8 de octubre de 2023];310(20):2191-
4. Disponible en: https://doi.org/10.1001/
jama.2013.281053

Como citar: Rodriguez Portelles AC, Céspedes-Rémulo
A, Jaimes |, Vivas M, Guachichulca R, Campos-Mifio
S, Yerovi R. Crystalloid fluid choices and their impact
on acute kidney injury and other outcomes in pediatric
sepsis: a prospective study in Ecuador. MetroCien-
cia [Internet]. 15 de noviembre de 2024;32(4):8-21.
Disponible en: https://doi.org/10.47464/MetroCiencia/
vol32/4/2024/8-21

MetroCiencia \VVol. 32 N° 4 (2024)

16.

17.

18.

19.

20.

Liu C, Lu G, Wang D, Lei Y, Mao Z, Hu P, et
al. Balanced crystalloids versus normal saline
for fluid resuscitation in critically ill patients: A
systematic review and meta-analysis with trial
sequential analysis. Am J Emerg Med [Inter-
net]. noviembre de 2019 [citado 21 de mayo
de 2024];37(11):2072-8. Disponible en: https://
www.sciencedirect.com/science/article/pii/
S07356757193014947via%3Dihub

Sankar J, Muralidharan J, Lalitha AV, Rames-
hkumar R, Pathak M, Das RR, et al. Multiple
Electrolytes Solution Versus Saline as Bolus Fluid
for Resuscitation in Pediatric Septic Shock: A
Multicenter Randomized Clinical Trial. Crit Care
Med [Internet]. 1 de noviembre de 2023 [citado
16 de mayo de 2024];51(11):1449-60. Dispo-
nible en: https://journals.lww.com/ccmjournal/
abstract/2023/11000/multiple_electrolytes_solu-
tion_versus_saline_as.1.aspx

Trepatchayakorn S, Sakunpunphuk M, Sa-
mransamruajkit R. Balanced Salt Solution Ver-
sus Normal Saline in Resuscitation of Pediatric
Sepsis: A Randomized, Controlled Trial. Indian J
Pediatr [Internet]. 1 de septiembre de 2021 [cita-
do 17 de mayo de 2024];88(9):921-4. Disponible
en: https://doi.org/10.1007/s12098-021-03808-3

Anantasit N, Thasanthiah S, Lertbunrian R.
Balanced salt solution versus normal saline solu-
tion as initial fluid resuscitation in pediatric septic
shock: A randomized, double-blind controlled
trial - Critical Care and Shock. Crit Care Shock
[Internet]. junio de 2024 [citado 1 de julio de
2024];27(3). Disponible en: https://criticalcares-
hock.com/2020/08/3169/

Emrath ET, Fortenberry JD, Travers C, Mc-
Cracken CE, Hebbar KB. Resuscitation With
Balanced Fluids Is Associated With Improved
Survival in Pediatric Severe Sepsis*. Crit Care
Med [Internet]. julio de 2017 [citado 21 de abril
de 2024];45(7):1177. Disponible en: https://jour-
nals.lww.com/ccmjournal/abstract/2017/07000/
resuscitation_with_balanced_fluids_is_associa-
ted.10.aspx

21



