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Abstract Fluidoverloadhasbeenassociatedwith increasedoxygen requirement, prolongedduration
of mechanical ventilation, and longer length of hospital stay in children hospitalized with
pulmonary diseases. Critically ill infants with bronchiolitis admitted to the pediatric
intensive care unit (PICU) also tend to develop fluid overload and there is limited
information of its role on noninvasive respiratory support. Thus, our primary objective
was to study the association of fluid overload in patients with bronchiolitis admitted to the
PICU with respiratory support escalation (RSE) and need for endotracheal intubation (ETI).
Infants �24 months of age with bronchiolitis and admitted to the PICU between 9/2009
and 6/2015 were retrospectively studied. Demographic variables, clinical characteristics
including type of respiratory support and need for ETI were evaluated. Fluid overload as
assessed by net fluid intake and output (net fluid balance), cumulative fluid balance (CFB)
(mL/kg), and percentage fluid overload (FO%), was compared between patients requiring
and not requiring RSE and among patients requiring ETI and not requiring ETI at 0 (PICU
admission), 12, 24, 36, 48, 72, 96, and 120hours. One-hundred sixty four of 283 patients
with bronchiolitis admitted to the PICU qualified for our study. Thirty-four of 164 (21%)
patients required escalation of respiratory support within 5 days of PICU admission and of
these 34patients, 11 patients required ETI. Univariate analysis by Kruskal-Wallis test of fluid
overload as assessed by net fluid balance, CFB, and FO% between 34 patients requiring and
130 patients not requiring RSE and among 11 patients requiring ETI and 153 patients not
requiring ETI, at 0, 12, 24, 36, 48, 72, 96 and 120hours did not reveal any significant
difference (p>0.05) at any time interval. Multivariable logistic regression analysis revealed
higher PRISM score (odds ratio [OR]: 4.95, 95% confidence interval [95% CI]: 1.79–13.66;
p¼0.002), longer hours on high flow nasal cannula (OR: 4.86, 95% CI: 1.68–14.03;
p¼0.003) and longer hours on noninvasive ventilation (OR: 11.16, 95% CI: 3.36–36.98;
p<0.001) were associated with RSE. Fluid overload as assessed by net fluid balance, CFB,
and FO% was not associated with RSE or need for ETI in critically ill bronchiolitis patients
admitted to the PICU. Further prospective studies involving larger number of patients with
bronchiolitis are needed to corroborate our findings.
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Introduction

Fluid therapy is the cornerstone of resuscitation in critically
ill children. Early fluid resuscitation has been effective in
reducing morbidity and mortality in unstable sick children.1

Patients continue to receive variable amounts of fluid intake
after initial resuscitation that result in net positive fluid
balance and fluid overload.2 Fluid overload has been asso-
ciated with increased oxygen requirement, prolonged du-
ration of mechanical ventilation, and longer length of
hospital stay in pediatric pulmonary diseases like asthma
and children receiving mechanical ventilation for pediatric
acute respiratory distress syndrome (PARDS).3–7 There is
however, limited information on the role of fluid balances
on respiratory support in infants hospitalized with viral
bronchiolitis.8–11

Viral bronchiolitis is the most common pulmonary dis-
ease in infants leading to hospital admission.12 The main-
stay of treatment for infants hospitalized for viral
bronchiolitis continues to be supportive care with emphasis
on maintaining oxygenation and fluid management.13–15

Admission of infants with bronchiolitis to the pediatric
intensive care unit (PICU) has been steadily rising in the
past decade.16–18 Management of oxygenation in critically
ill infants with bronchiolitis in the PICU has however,
undergone substantial changes in the same time period
with greater usage of noninvasive ventilation.16–18 Depend-
ing on the severity of illness, these patients undergo respi-
ratory support escalation (RSE) from nasal cannula (NC)
oxygen therapy to high-flow nasal cannula (HFNC), contin-
uous positive airway pressure support (CPAP) or bi-level
positive airway pressure support (BiPAP) before endotra-
cheal intubation (ETI), and initiation of invasive mechanical
ventilation.19–23 Use of noninvasive respiratory support has
resulted in a decrease of ETI and invasive mechanical
ventilation of these patients in the PICU.17,19–27 Mainte-
nance of hydration is the second important component in
the care of infants with bronchiolitis, with fluid-replace-
ment required in approximately 30% of infants admitted to
the hospital.28 Most guidelines recommend either nasogas-
tric or intravenous fluids to maintain hydration.13–15 De-
spite the frequency of its use, the evidence to determine the
best route of hydration therapy for infants admitted with
bronchiolitis is sparse. After initial fluid resuscitation, criti-
cally ill infants hospitalized for bronchiolitis are at risk for
the development of fluid overload.29–32

An association of fluid overload with increased oxygen
requirement and prolonged duration of mechanical ventila-
tion in mechanically ventilated bronchiolitis patients have
revealed mixed results.8–11 Limited studies of infants with
bronchiolitis have evaluated the association of fluid overload
with the need for ETI and no study has assessed the role of
fluid overloadwith the need for RSE in these patients.8Given
the current scenario of increased usage of noninvasive
ventilation for management of critically ill patients with
bronchiolitis in the PICU,we undertook this study to evaluate
whether fluid overload had any role in RSE or in ETI in infants
with bronchiolitis who were admitted to the PICU.

Material and Methods

The Cleveland Clinic Institutional ReviewBoard approved the
study and granted waiver of consent. Bronchiolitis was
diagnosed in any infant less than 2 years of age based on
history and clinical signs and symptoms including rhinor-
rhea, cough, tachypnea, and increased respiratory effort in
the seasonal period.13–15 All infants �24 months of age with
bronchiolitis who were admitted to the PICU between Sep-
tember 2009 and June 2015 were retrospectively studied.
Criteria for PICU admission included increased work of
breathing, inability to maintain oxygen saturation �90% or
requirement of respiratory support �2 L/min NC oxygen.
Exclusion criteria included patients intubated prior to or
<1hour of PICU admission, tracheostomy in place, noninva-
sive or invasive positive pressure ventilation at home, oxygen
dependence at baseline, bronchopulmonary dysplasia, con-
genital heart disease or congestive heart failure, chronic
renal disease and any diuretic use at baseline. Data were
collected from the hospital electronic medical records (EMR)
and Virtual Pediatric Systems. Demographic variables stud-
ied were age, gender, race, body weight at PICU admission,
origin of patient admission (emergency department, hospi-
tal floor or transfer from outside hospital), number of
days of illness at the time of PICU admission, and severity
of illness (Pediatric Index of Mortality-2 [PIM-2] score, and
Pediatric Risk of Mortality [PRISM] score). Clinical character-
istics studied were mode of respiratory support at PICU
admission (room air [RA], NC, HFNC, noninvasive positive
pressure ventilation [NIPPV] which included CPAP and BiPAP,
or ETI and invasive mechanical ventilation), time duration
(in hours) spent in the PICU on a particular respiratory
support, type of viral infection based on nasopharyngeal
swab polymerase chain reaction test results, medications
administered (albuterol, racemic epinephrine, 3% hypertonic
saline solution, systemic steroids and antibiotics), and daily
fluid balances.

RSE was defined as escalation from one type to another
form of noninvasive respiratory support culminating to ETI
and invasive ventilation.16,17,23NC oxygenwas delivered to a
maximal level of 2 L/min, humidified HFNC was adminis-
tered to a maximal level of 2 L/kg/min of gas flow, CPAP was
administered with a pressure ranging between 5 and 8 cm of
water, BiPAP was administered with variation in expiratory
positive airway pressure and inspiratory positive airway
pressure ranging between 5 and 8 cm of water and 10 to
14 cm of water, respectively. The patients underwent esca-
lation of respiratory support from NC oxygen to HFNC
followed by CPAP and BiPAP. ETI was generally undertaken
for persistent desaturation <90% or significantly increased
work of breathing or hypercarbia despite noninvasive respi-
ratory support.

Intravenous fluids, enteral and parenteral nutrition, med-
ications, and blood products administered were included for
fluid intake assessment. Urine output, gastric output, output
from other body cavities, and any blood loss were included
for fluid output assessment. Insensible losses were not
included in fluid output as they could not be adequately
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quantified. Fluid intake and output in milliliters (mL) were
assessed at the beginning of PICU admission and continued
for up to 5 days. Patients were included for the time period of
their PICU stay. Patients discharged from PICU prior to 5 days
were studied to the time point they remained in the PICU.
Fluid balance was recorded twice daily in the PICU corre-
sponding to hospital-wide change of nursing shifts. Thus,
patients requiring or not requiring RSE and ETI were com-
pared in 12 hourly intervals initially at 0, 12, 24, 36, 48, and
subsequently at 24 hours intervals at 72, 96, and 120hours.
Fluid balances for each patient were calculated based on
previously reported parameters including net fluid balance
(intake-output) in mL, percentage fluid overload percentage
(FO%), and CFB.4–6,33 Formulas used to calculate FO% and CFB
were as follows6,33:

CFB for a given time point¼ [(Total fluid intake inmL since
admission to the given time point)� (Totalfluid output inmL
since admission to the given time point)]/(PICU admission
weight in kg).

FO%¼ [(Total fluid intake in mL�Total fluid output in
mL)/PICU admission weight in kilograms (kg)]�100.

Data were described using medians and interquartile
ranges [IQR] for continuous variables and counts and
percentages for categorical variables. Patients who did
and did not require RSE and patients who were and
were not ETI were compared for demographic and clinical
characteristics using nonparametric Kruskal-Wallis tests
for continuous and ordinal characteristics and Chi-square
or Fisher’s exact tests for categorical characteristics.
Patients who did and did not require RSE and patients
who were and were not ETI were compared for net fluid
balances, FO%, and CFB for the first 5 days of PICU admis-
sion at 0, 12, 24, 36, 48, 72, 96, and 120hours using
Kruskal-Wallis test. A multivariable logistic regression
model for RSE was constructed using a stepwise selection
process of risk factors identified to be statistically signifi-
cant in the univariable analysis model. All tests were two-
tailed and performed at a significance level of 0.05. SAS 9.4
software (SAS Institute, Cary, North Carolina, United States)
was used for all analyses.

Results

Two hundred and eighty-three infants with acute viral
bronchiolitis were admitted to the PICU during the 5-year
study period. Of these 283 patients, 119 patients met
exclusion criteria (nine patients were ETI prior to PICU
admission, two patients had ETI within 1 hour of PICU
admission, 56 patients had comorbidities that fulfilled
exclusion criteria and 52 patients had incomplete fluid
balance data in EMR). One hundred and sixty-four patients
were included in our final analysis. The demographic and
clinical characteristics of these 164 patients are shown
in ►Table 1. One hundred and three (59%) patients were
Caucasian, 33 (20%) patients were Afro-American, one (1%)
patient was Hispanic, and 27 (17%) patients were others.

One hundred and eight (66%) patients were admitted from
the emergency room, 25 (15%) patients from the hospital
floor, and 31 (19%) patients were referrals from outside
hospitals. Approximately, half of our patients presented in
the first 3 days of their viral infection (day 1 of illness: 7%,
day 2 of illness: 18%, day 3 of illness: 24%, >day 3 of illness:
51%). Respiratory syncytial viral (RSV) infection was the
most common etiology for bronchiolitis (RSV: 54%, rhino-
virus: 15%, human metapneumovirus: 3%, parainfluenza:
2%, adenovirus: 2%, and others: 24%). Thirty-four of 164
(21%) infants with bronchiolitis needed RSE. Seven of 24
(29%) patients in RA, 12 of 63 (19%) patients on NC, 15 of 71
(21%) patients on HFNC, and three of six (50%) patients on
NIPPV support at PICU admission required RSE. Of these 34
patients who required RSE, 11 patients needed ETI. All
patients had positive fluid balance at PICU admission. There
was no significant difference in the epidemiologic and
clinical characteristics between 164 patients included in
the study and 52 patients that had incomplete fluid balance
data in our study (►Supplementary Table S1, available in
the online version only). Diuretic therapy was used in two
of 130 (1.5%) patients who did not require RSE, whereas it
was used in six of 34 patients (18%) who underwent RSE. It
was however, used in all six of these patients after ETI and
initiation of mechanical ventilation. No patient in our study
required inotropic support and there was no mortality in
our study population.

►Table 2 reveals the comparison of demographic charac-
teristics of infants with bronchiolitis admitted to the PICU
between patients that did and did not require RSE and
patients that did and did not require ETI. Female gender
and elevated PRISM scoreswere significantly associatedwith
RSE and the need for ETI.►Table 3 reveals the comparison of
clinical characteristics of infants with bronchiolitis admitted
to the PICU betweenpatients that did and did not require RSE
and patients that did and did not require ETI. Patients
requiring RSE spent significantly longer hours on HFNC
and NIPPV whereas patient requiring ETI spent significantly
longer hours on NIPPV, received more racemic epinephrine
and antibiotic therapy andweremore likely to have RSV type
B or rhinovirus infection.

Of the 34 patients requiring RSE, escalation occurred in
six patients in the first 12 hours of PICU admission, seven
patients in 12 to 24 hours, seven patients in 24 to 36hours,
five patients in 36 to 48hours, five patients in 48 to
72hours, three patients in 72 to 96 hours, and two patients
in 96 to 120 hours. Comparison of fluid balances as analyzed
by net fluid balance in mL, CFB and FO% at these time
intervals between patients requiring and not requiring RSE
did not reveal any significant differences from admission
to 5 days of PICU stay as shown in ►Table 4 and
►Supplementary Fig. S1 (available in the online version
only). Eleven of 164 (6.7%) patients in the study required ETI
and invasive mechanical ventilation. Of these 11 patients,
ETI occurred in two patients in first 12 hours of admission,
two patients in 12 to 24hours, two patients in 24 to
36hours, one patient in 36 to 48 hours, two patients in
48 to 72hours, one patient in 72 to 96hours, and one
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patient in 96 to 120 hours. Comparison of fluid balances
as analyzed by net fluid balance in mL, CFB and FO% at
these time intervals between patients requiring and not
requiring ETI did not reveal any significant differences
from admission to 5 days of PICU stay as shown
in ►Table 5 and ►Supplementary Fig. S2 (available in the
online version only).

Univariable logistic regression analysis of demographic
and clinical risk factors for RSE including gender, PRISM
score, hours spent on HFNC, hours spent on NIPPV, anti-
biotics administration for secondary pneumonia, CFB and %
FO at 120 hours revealed that female gender (odds ratio [OR]:
0.289, 95% confidence interval [95% CI]: 0.131–0.637;
p¼0.002), higher PRISM score (OR: 1.446, 95% CI: 1.148–

Table 1 Epidemiologic and clinical characteristics of patients with bronchiolitis included in the study

Variable Values

Number of patients 164

Demographics:

Age (months), median [IQR] 4.8 [2.1, 10.9]

Gender (male/female), n (%) 97/67 (59/41)

Weight (kg), median [IQR] 7.0 [4.7, 8.7]

Gestational age, median [IQR] 33.5 [32, 35.6]

Respiratory support upon PICU admission, n (%)

RA 24 (15)

NC 63 (38)

HFNC 71 (43)

NIPPV 6 (4)

Escalation of respiratory support, n (%) 34 (21)

Need for endotracheal intubation, n (%) 11 (6.7)

Hours spent in room air, median [IQR] 0 [0, 8]

Hours spent on NC, median [IQR] 14 [5, 24]

Hours spent on HFNC, median [IQR] 8 [0, 36]

Hours spent on NIPPV median [IQR] 0 [0, 0]

Fluid balance:

Net fluid balance at PICU admission (mL), median [IQR] 101 [10, 497]

CFB at PICU admission (mL/kg), median [IQR] 14.5 [1.3, 88]

FO% at PICU admission, median [IQR] 1.4 [0.13, 8.8]

Medications

Albuterol 70 (43)

3% Hypertonic saline 8 (5)

Racemic epinephrine 45 (27)

Steroids 42 (25.6)

Antibiotics 61 (37)

• Rule out sepsis (48 h duration) 22 (13.4)

• Secondary pneumonia 22 (13.4)

• Bacteremia 1 (0)

• Acute otitis media 14 (8.5)

PICU length of stay in days, median [IQR] 1.8 [0.97, 3.0]

PRISM score, median [IQR] 0 [0,0]

PIM 2 score, median [IQR] �6.3 [�6.4, �6.1]

Abbreviations: %, percentage; CFB, cumulative fluid balance; %FO, percentage fluid overload; HFNC, high flow nasal cannula; IQR, inter-quartile
range; n, number of patients; NC, nasal cannula oxygen therapy; NIPPV, noninvasive positive pressure ventilation; PICU, pediatric intensive care unit;
RA, room air.
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1.821; p¼0.002), longer hours spent on HFNC (OR: 1.012,
95% CI: 1.002–1.023; p¼0.024), longer hours spent on NIPPV
(OR: 1.024, 95% CI: 1.006–1.043; p¼0.008) were significant-
ly associated with RSE. A multivariable logistic regression
model for RSE using a stepwise selection process of risk
factors identified by the above univariable logistic regression
analysis was undertaken. PRISM score, longer hours spent on
HFNC, and longer hours spent on NIPPV were classified as
categorical values (0 or �1). In this model, PRISM score �1
(OR: 4.95, 95% CI: 1.79–13.66; p¼0.002), longer hours spent
on high flowNC�1 (OR: 4.86, 95% CI: 1.68–14.03; p¼0.003),
and longer hours spent on noninvasive positive pressure
ventilation �1 (OR: 11.16, 95% CI: 3.36–36.98; p<0.001)
were significantly associated with RSE.

Discussion

Our study demonstrates a lackof association of fluid overload
in the first 5 days of PICU illness as assessed by net fluid
balance, CFB, FO% in critically ill infants with bronchiolitis
with RSE to noninvasive and invasive mechanical ventilation
or the need for ETI.

Severe bronchiolitis is characterized by small airway
inflammation resulting in hypoxemia, hypercarbia, and in-
creased work of breathing, all of which respond to the
provision of positive pressure.25 Traditionally, invasive ven-
tilation used to be the cornerstone for delivery of positive
pressure to critically ill infants with bronchiolitis in the PICU.
However, over the past decade numerous options for

Table 2 Comparison of demographic characteristics of patients with bronchiolitis admitted to the PICU requiring and not requiring
respiratory support escalation (RSE) and patients requiring and not requiring endotracheal intubation (ETI)

Variables Patients did
not require RSE

Patients
required RSE

p-Value Patients did
not require ETI

Patients
required ETI

p-Value

Number of patients 130 34 153 11

Demographics:

Age (months) 5.1 [2.2, 10.7]b 3.9 [2.0,11.0]b 0.64c 5.1 [2.1,11.4]b 2.5 [1.7, 4.8]b 0.16c

Gender (male/female) 85/45 (65/35)a 12/22 (35/65)a 0.001b 94/59 (61/39)a 3/8 (27/73)a 0.026b

Weight (kg), 7.2 [4.7, 8.7]b 6.4 [4.4, 8.5]b 0.44c 7.2 [4.8, 8.7]b 5.8 [3.9, 6.9]b 0.089c

Origin of patients 0.079d 0.52d

Emergency Department 85 (65)a 23 (68)a 99 (65)a 9 (82)a

Hospital floor 24 (18.5)a 1 (3)a 25 (16)a 0 (0)a

Outside
hospital floor

19 (14.6)a 9 (26.5)a 26 (17)a 2 (18)a

Other 2 (1.5)a 1 (3)a 3 (2)a 0 (0)a

Day of illness
at admission

0.69c 0.72c

1 d 8 (6)a 4 (12)a 10 (6.5)a 2 (18)a

2 d 21 (16)a 8 (23.5)a 27 (17.6)a 2 (18)a

3 d 32 (25)a 7 (21)a 36 (23.5)a 3 (27)a

4 d 20 (15)a 3 (9)a 23 (15)a 0 (0)a

5 d 16 (12)a 6 (18)a 20 (13)a 2 (18)a

6 d 9 (7)a 3 (9)a 11 (7)a 1 (9)a

7 d 11 (8.5)a 2 (6)a 12 (8)a 1 (9)a

> 7 d 10 (8)a 1 (3)a 11 (7)a 0 (0)a

Not known 3 (2)a 0 (0)a 3 (2)a 0 (0)a

Severity of illness:

PRISM score 0 [0,0]b 0 [0, 3]b 0.003c 0 [0,0]b 0 [0, 6]b 0.018c

PIM 2 score �6.3
[�6.4, �6.1]b

�6.3
[�6.4, �6.1]b

0.55c �6.3
[�6.4, �6.1]b

�6.3
[�6.4, �6.2]b

0.39c

PICU length of stay in days 1.5
[0.9, 2.6]b

3.7
[1.9, 10.2]b

<0.001c 1.7
[0.96, 2.6]b

11.9
[8.9, 14.6]b

<0.001c

Abbreviations: ETI, endotracheal intubation; PICU, pediatric intensive care unit; RSE, respiratory support escalation.
aNumber of patients (percentage).
bMedian [Interquartile range].
cKruskal-Wallis test.
dPearson’s Chi-square test.
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respiratory support have become available. Although no
strict evidence-based criteria exist, an increasing number
of studies have reported early usage ofHFNC andnoninvasive
continuous and bilevel positive airway pressure by various
interfaces including nasal prongs or facial masks for the
management of infants with bronchiolitis.16,17,22,23,34With-
in noninvasive ventilatory support for infants with bronchi-

olitis, there has been an increasing trend of HFNC usage over
CPAP as the initial support.17,22,23 This was also seen in our
studywhere HFNCwas themost common initial noninvasive
respiratory support for infantswith bronchiolitis admitted to
the PICU. HFNC therapy seems to be beneficial in treating
infants with bronchiolitis who do not respond to NC oxygen
therapy as also seen in our study.21,23,25 Potential advantages

Table 3 Comparison of clinical characteristics of patients with bronchiolitis admitted to the PICU requiring and not requiring
respiratory support escalation (RSE) and patients requiring and not requiring endotracheal intubation (ETI)

Variables Patients did
not require RSE

Patients
required RSE

p-Value Patients did
not require ETI

Patients
required ETI

p-Value

Number of patients 130 34 153 11

Clinical characteristics

Respiratory support at
PICU admission

0.44c 0.39c

Room air 17 (13)a 7 (20.6)a 22 (14.4)a 2 (18.2)a

NC 51 (39)a 12 (35)a 61 (40)a 2 (18)a

HFNC 56 (43)a 15 (44)a 64 (42)a 7 (63.6)a

NIPPV 6 (4.6)a 0 (0)a 6 (3.9)a 0 (0)a

Hours spent in RA 0 [0, 7.5]b 0 [0, 9]b 0.81d 0 [0,0]b 0 [0,0]b 0.35d

Hours spent on NC 14 [5, 24]b 12.5 [3, 18]b 0.28d 14 [5, 24]b 4 [0, 18]b 0.063d

Hours spent on HFNC 0 [0, 36]b 23 [7.5, 42]b 0.008d 8 [0, 36]b 10.5 [1, 34]b 0.31d

Hours spent on NIPPV 0 [0,0]b 0 [0, 32.5]b <0.001d 0 [0,0]b 0 [0, 32]b 0.011d

Viral infection:

Respiratory syncytial
virus type A

66 (50.8)a 14 (41.2)a 0.32e 75 (49)a 5 (45.5)a 0.82e

Respiratory syncytial
virus type B

6 (4.6)a 4 (11.8)a 0.12e 7 (4.6)a 3 (27.3)a 0.002e

Influenza A and B 0 (0)a 0 (0)a 0 (0)a 0 (0)a

Parainfluenza 1, 2 and 3 3 (2.3)a 0 (0)a 0.99c 3 (2)a 0 (0)a 0.99c

Human metapneumovirus 3 (2.3)a 1 (2.9)a 0.99c 4 (2.6)a 0 (0)a 0.99c

Rhinovirus 16 (12.3)a 8 (23.5)a 0.099e 20 (13.1)a 4 (36.4)a 0.035e

Adenovirus 1 (0.77)a 3 (8)a 0.19c 3 (2)a 1 (9.1)a 0.99c

Medications

Albuterol 56 (43.1)a 14 (41.2)a 0.84e 63 (41.2)a 7 (63.6)a 0.15e

Hypertonic saline 6 (4.6)a 2 (5.9)a 0.76e 7 (4.6)a 1 (9.1)a 0.24e

Racemic epinephrine 33 (24.6)a 12 (35.3)a 0.25e 39 (25.5)a 6 (54.5)a 0.037e

Steroids 32 (24.6)a 10 (29.4)a 0.57e 37 (24.2)a 5 (45.5)a 0.12e

Antibiotics

• Rule out sepsis 14 (10.8)a 8 (23.5)a 0.052e 16 (10.5)a 6 (54.5)a <0.001e

• Secondary pneumonia 15 (11.5)a 7 (20.6)a 0.17d 18 (11.8)a 4 (36.4)a 0.021d

• Bacteremia 0 (0)a 1 (2.9)a 0.21e 1 (0.65)a 0 (0)a 0.99e

•Acute otitis media 14 (10.8)a 0 (0)a 0.045d 14 (9.2)a 0 (0)a 0.29d

Abbreviations: HFNC, high flow nasal cannula; NC, nasal cannula oxygen therapy; NIPPV, noninvasive positive pressure ventilation; PICU, pediatric
intensive care unit; RA, room air.
aNumber of patients (percentage.
bMedian [Inter-quartile range].
cFisher’s Exact test.
dKruskal-Wallis test.
ePearson’s Chi-square test.
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of HFNC compared with NIPPV include a more comfortable
interface, better patient tolerance, reduced risk of gastric
insufflation, and lowequipment cost.27,35,36Although failure
rate for individual respiratory support varies in literature
depending on the selection of patient population, timing of
initiation of the respiratory support, and clinical criteria to
define failure, our failure rates were similar to previously
reported results.17,18,21,24,25,37–39 Nineteen percent of

infants supported by NC and 21% of patients supported by
HFNC in our study required RSE that is similar to previous
reports.21,24,25,37,38 Likewise, infants with bronchiolitis in
our study who failed HFNC support and required RSE, 80%
patients were successfully managed with noninvasive venti-
lation and the remaining 20% patients required ETI similar to
previous reports.18,24,39 Increased usage of HFNC and non-
invasive ventilation for themanagement of critically ill infant

Table 4 Comparison of fluid balances of patients with bronchiolitis admitted to the PICU requiring and not requiring respiratory
support escalation (RSE)

Variable Patients did not require RSE (n¼ 130) Patients required RSE (n¼ 34) p-Valuea

Median [IQR] Median [IQR]

At PICU admission

CFB (mL/kg) 20.2 [1.6, 88.0] 2.1 [�8.8, 48.7] 0.28

Net I/O (mL) 116.5 [14.6, 757.0] 16.0 [�45.0, 462.0] 0.37

FO% 2.0 [0.16, 8.8] 0.21 [�0.88, 4.9] 0.28

At 12 h

CFB (mL/kg) 24.5 [9.8, 44.3] 24.3 [3.5, 37.6] 0.49

Net I/O (mL) 177.2 [59.0, 355.0] 151.3 [18.0, 284.8] 0.56

FO% 2.4 [0.98, 4.4] 2.4 [0.35, 3.8] 0.49

At 24 h

CFB (mL/kg) 44.5 [24.1, 68.6] 46.3 [26.1, 67.0] 0.96

Net I/O (mL) 269 [140.0, 455.2] 300 [112.0, 595.1] 0.80

FO% 4.4 [2.4, 6.9] 4.6 [2.6, 6.7] 0.96

At 36 h

CFB (mL/kg) 64.3 [26.2, 97.8] 63.0 [43.1, 105.8] 0.64

Net I/O (mL) 344.0 [152.0, 668.0] 394.0 [212.0, 730.2] 0.62

FO% 6.4 [2.6, 9.8] 6.3 [4.3, 10.6] 0.64

At 48 h

CFB (mL/kg) 83.9 [52.1, 128.0] 85.1 [62.9, 111.9] 0.93

Net I/O (mL) 467.0 [287.0, 764.0] 457.0 [314.5, 806.5] 0.94

FO% 8.4 [5.2, 12.8] 8.5 [6.3, 11.2] 0.93

At 72 h

CFB (mL/kg) 122.3 [84.7, 152.4] 126.7 [101.5, 157.8] 0.86

Net I/O (mL) 590.0 [379.0, 978.0] 675.0 [405.0, 1080.0] 0.65

FO% 12.2 [8.5, 15.2] 12.7 [10.2, 15.8] 0.86

At 96 h

CFB (mL/kg) 147.8 [119.3, 159.7] 172.4 [136.4, 234.1] 0.74

Net I/O (mL) 780.0 [532.0, 1229.0] 828 [382.0, 1477.0] 0.87

FO% 14.8 [11.9, 16.0] 17.2 [13.6, 23.4] 0.74

At 120 h

CFB (mL/kg) 217.4 [187.0, 433.4] 199.8 [148.8, 251.0] 0.48

Net I/O (mL) 1,359.8 [760.0, 3,727.0] 1,059.0 [853.0, 1,883.0] 0.78

FO% 21.7 [18.7, 43.3] 20.0 [14.9, 25.1] 0.26

Abbreviations: %, percentage; CFB, cumulative fluid balance; FO%, percentage fluid overload; I, input; IQR, inter-quartile range; kg, kilograms; mL,
milliliters; n, number of patients; O, output; PICU, pediatric intensive care unit.
aKruskal-Wallis test.
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with bronchiolitis resulted in a low incidence (6.7%) of ETI in
our patients as has been reported in numerous single center
and multicentric studies.17,19–26,34

Critically ill infants with bronchiolitis tend to feed inade-
quately when their respiratory rate exceeds 60 to 70 breaths
per minute and have copious nasal secretions.13 These
patients generally receive fluid resuscitation on presenta-

tion. This was also seen in our study as critically ill infants
with bronchiolitis had positive CFB at the time of PICU
admission. Subsequently, fluids are given either intrave-
nously or via nasogastric tubes13,40 Enteral nutrition deliv-
ery in sick infants with bronchiolitis on noninvasive
respiratory support remains challenging. Critically ill infants
with bronchiolitis are generally administered isotonic

Table 5 Comparison of fluid balances of patients with bronchiolitis admitted to the PICU requiring and not requiring endotracheal
intubation (ETI)

Variable Patients did not require ETI (n¼ 153) Patients required ETI
(n¼11)

p-Valuea

Median [IQR] Median [IQR]

At PICU admission

CFB (mL/kg) 20.2 [1.6, 88.0] �8.8 [�8.8, �8.8] 0.14

Net I/O (mL) 116.5 [14.6, 497.0] �45 [�45.0, �45.0] 0.17

FO% 2.0 [0.16, 8.8] �0.88 [�0.88, �0.88] 0.14

At 12 h

CFB (mL/kg) 24.5 [10.8, 42.6] 20.5 [�15.4, 28.2] 0.18

Net I/O (mL) 176.0 [62.0, 337.0] 84.0 [�60.0, 267.8] 0.14

FO% 2.5 [1.08, 4.3] 2.0 [�1.5, 2.8] 0.18

At 24 h

CFB (mL/kg) 46.0 [26.2, 68.1] 18.4 [10.0, 46.7] 0.17

Net I/O (mL) 284.5 [161.0, 511.5] 68.0 [32.0, 308.0] 0.12

FO% 4.6 [2.6, 6.8] 1.8 [1.0, 4.7] 0.17

At 36 h

CFB (mL/kg) 64.2 [36.2, 100.0] 52.0 [20.4, 112.1] 0.65

Net I/O (mL) 349.0 [163.0, 716.0] 343.0 [61.0, 650.0] 0.51

FO% 6.4 [3.6, 10.0] 5.2 [2.0, 11.2] 0.65

At 48 h

CFB (mL/kg) 84.8 [57.7, 119.0] 70.4 [45.0, 178.4] 0.54

Net I/O (mL) 468.0 [317.5, 783.0] 322.0 [146.0, 1035.0] 0.38

FO% 8.5 [5.8, 11.9] 7.0 [4.5, 17.8] 0.54

At 72 h

CFB (mL/kg) 124.7 [97.6, 152.4] 119.0 [108.6, 186.2] 0.93

Net I/O (mL) 654.5 [405.0, 1000.0] 531.5 [304.0, 1080.0] 0.64

FO% 12.5 [9.8, 15.2] 11.9 [10.9, 18.6] 0.93

At 96 h

CFB (mL/kg) 154.5 [116.3, 213.5] 193.5 [144.6, 244.4] 0.55

Net I/O (mL) 819.0 [532.0, 1,229.5] 929.5 [382.0, 1,698.5] 0.92

FO% 15.5 [11.6, 21.4] 19.3 [14.5, 24.4] 0.55

At 120 h

CFB (mL/kg) 199.8 [176.7, 330.4] 254.4 [239.7, 251.0] 0.32

Net I/O (mL) 982.0 [760.0, 1,883.0] 1,710.9 [1,456.0, 1,965.7] 0.32

FO% 20.0 [17.7, 33.0] 24.5 [24.0, 25.1] 0.32

Abbreviations: %, percentage; CFB, cumulative fluid balance; FO%, percentage fluid overload; I, input; IQR, inter-quartile range; kg, kilograms; mL,
milliliters; n, number of patients; O, output.
aKruskal-Wallis test.
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intravenous fluids as nasogastric tubes for enteral feeding
tend to increase mucus secretion, cause partial obstruction
of the upper airway compromising respiratory function, and
there is an increased risk of aspiration of food into the
lungs.40–43 A multicenter study of 759 infants younger
than 12 months admitted to hospital with bronchiolitis
showed no benefit of enteral feeding over intravenous fluids
on rates of admission to intensive-care units, need for
ventilatory support, and adverse events did not differ be-
tween groups.44 In our study, infants with bronchiolitis
admitted to the PICU who were not enterally fed received
isotonic fluids at 80% of daily maintenance.44 Despite
restricting daily fluid delivery in our patients, fluid overload
was seen to develop for the first 5 days of their PICU
admission. Similar findings have been reported in a study
of mechanically ventilated patients with bronchiolitis that
revealed no difference in CFB on day 3 between patients
randomized to a conservative (<70% of normal intake) or
standard (>85% of normal intake) fluid strategy.45

Although our study was not designed to study the causal-
ity of fluid overload, it is possible that fluid overload in
critically ill infants with bronchiolitis was related to elevated
levels of antidiuretic hormone (ADH).28–31 Infants with
bronchiolitis have significantly elevated ADH levels in both
non-intubated and intubated patients as compared with
nonbronchiolitis patients of similar age.28,30,31 In addition,
bronchiolitis is a viral infection-induced inflammation of the
airway epithelial cells.46 Airway epithelial cell injury in
bronchiolitis probably does not result in as profound leakage
and accumulation of fluid as alveolar epithelial and vascular
endothelial damage in PARDS.47,48 Thus, in comparison to
mechanical ventilated patients with PARDS, studies in me-
chanically ventilated patients with bronchiolitis evaluating
association of fluid overload with increased oxygen require-
ment and prolonged duration of mechanical ventilation have
revealed mixed results.8–11 A retrospective study of bronchi-
olitis patients admitted to the PICU revealed that a positive
fluid balance at 48 hours and 72hours was not associated
with longer duration of invasive mechanical ventilation and
PICU stay.8 Limited studies have evaluated the association of
fluid overload with ETI in hospitalized bronchiolitis patients
and there are no studies that have evaluated association of
fluid overload in patients with bronchiolitis with RSE.8 One
previous study assessing fluid balances for 72 hours in bron-
chiolitis patients admitted to the PICU reported that patients
requiring ETI had a significant positive fluid balance at 48
and 72hours of PICU admission, but not at 24hours.8 These
findings are in contrast to our results that reveal fluid
overload up to 5 days of PICU stay was not significantly
associatedwith an increased risk of ETI. It is possible that the
severity of bronchiolitis illness in the two studiesmay vary as
24% of their patients underwent ETI as compared with 6.7%
in our study.8 Second, patients in their study achieved
neutral balance by day 4 of PICU whereas patients in our
study continued to have positive fluid balance on day 5 of
PICU. Studies of hospitalized infants with bronchiolitis have
reported positive fluid balance ranging from 3 to 7 days in
ventilated and nonventilated bronchiolitis patients.12,22,28

The number of infants with bronchiolitis in our study
requiring RSE and ETI are similar to previously reported
findings in bronchiolitis patients.19–21,24,25,37,38 All infants
with bronchiolitis in our study developed fluid overload
during their PICU stay. There was no difference in fluid
overload among infants with bronchiolitis requiring and
not requiring RSE or ETI. It is possible that syndrome of
inappropriate ADH and predominantly airway epithelial cell
injury in viral bronchiolitis may have contributed to fluid
overload in this patient populationwithout risk of significant
pulmonary edema leading to RSE and ETI. A retrospective
study of mechanically ventilated bronchiolitis patients did
not reveal any improvement in oxygenation following furo-
semide administration implying that pulmonary edemamay
not be a major contributor in patients with bronchiolitis.49

Our study had several limitations. It was retrospective
and observational in nature that involved common inter-
ventions employed over time in the management of bron-
chiolitis patients in the PICU that makes it prone for bias
and cannot always establish a causative relationship. As
with any retrospective study of medical records, documen-
tation may have been deficient as seen by incomplete data
of 52 patients in our study. However, there was no differ-
ence in demographic and clinical features between these 52
excluded patients and 164 patients included in our study.
We excluded high risk parameters including bronchopul-
monary dysplasia, congenital heart disease, or congestive
heart failure, and chronic renal disease from our study
population that may have affected our analysis. However,
over the past decade, there has been no significant increase
in the number of infants with bronchiolitis admitted to the
PICU with a comorbidity nor those born prematurely.17,18

The fluid balance in our PICU patients was recorded as daily
fluid intake and output and not on patient’s daily weight
that is prone to errors.50,51 We were not able to accurately
estimate insensible fluid losses in our study. Limited studies
have included fixed insensible fluid losses in assessment of
fluid balances for their bronchiolitis patients based on the
patients’ weight.8 Bronchiolitis patients however, have
varying degrees of work of breathing and respiratory sup-
port that may affect their insensible fluid losses. In addition,
most of bronchiolitis patients in our study were on HFNC
that provides warm and humidified flow of oxygen that may
also affect insensible fluid losses. We did not differentiate
fluid intake between infants receiving enteral feeds or
those receiving intravenous fluids and some of these infants
may have been breastfed that makes assessment of fluid
intake further difficult. Patients did not have a foley cathe-
ter and urinary output may not have been accurately
recorded. More objective assessment of fluid balances in
children including use of ultrasound and electrical bioim-
pedance may be valuable in the future once these technol-
ogies are validated in children, more so in infants.52,53

Lastly, the PICU did not have specific guidelines for RSE or
need for ETI and these changes were done at the discretion
of the clinical team that may have cognitive bias due to
variability of individual provider preference and medical
decisionmaking.22
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In summary, fluid overload in critically ill infants with
bronchiolitis in the PICU as assessed by net fluid balance,
CFB, and FO% did not reveal an association with RSE and the
need for ETI. Fluid overload seems to be a common feature
of critically ill infants with bronchiolitis in the PICU and
it may be related to excessive ADH secretion. Further
prospective studies are needed to corroborate our findings
and evaluate the mechanisms of fluid overload in these
infants.
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