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ABSTRACT

Background: Bronchiolitis is most common respiratory infection in infants and treatment focuses on management of
respiratory distress and hypoxia. The clinical effectiveness of HFNC therapy in bronchiolitis has been reported only
in non-experimental observational studies and also there is scarcity of high-grade evidence about HFNC usage in
bronchiolitis, hence we intend to study the effectiveness of HFNC in bronchiolitis through prospective randomized
control study.

Methods: It is prospective randomized control trial conducted at pediatric ward/ ICU at department of paediatrics, Al
Ameen medical college, Bijapur from January 2023 to April 2024 all children diagnosed as bronchiolitis aged
between 2 to 24 months were included. All of study participants had thorough histories obtained, including
demographic information, vital parameters including SaO; in room air. (Clinical severity score) by modified Wood’s
clinical asthma score (M-WCAS) at admission and 2" hourly till oxygen support is completely weaned off. Treatment
failure is defined as meeting >3 out of 4 clinical criteria: persistent tachycardia, tachypnea, hypoxemia and decision of
escalation by treating doctor. Primary outcome was treatment failure and need of escalation of therapy.

Results: A total of 65 cases are randomized, among them 33 cases are allocated to standard oxygen therapy and 32
cases to high flow nasal cannula group. HFNC group showed lower proportion of treatment failure than standard
oxygen therapy group (p<0.0005). Secondary outcomes are also compared with previous studies.

Conclusions: HFNC group showed lower proportions of treatment failure than standard oxygen therapy.
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INTRODUCTION

Bronchiolitis is an acute inflammatory condition of the
bronchioles that is a result of virus-induced injury.
Bronchiolitis is a clinical syndrome of respiratory distress
that occurs in children <2 years of age and is
characterized by upper respiratory symptoms (e.g.,
rhinorrhoea) followed by lower respiratory infection with
inflammation, which results in wheezing and/or crackles
(rales).’® The symptoms are usually mild and may only
last for a few days, but in some cases the disease can
cause severe illness.*

The American academy of paediatrics (AAP) defines
bronchiolitis as ‘acute inflammation, oedema and
necrosis of epithelial cells lining small airways, increased
mucus production, and bronchospasm.®

Bronchiolitis typically occurs with primary infection or
reinfection with a viral pathogen.'* Bronchiolitis
typically affects children younger than two years with a
peak incidence between two and six months of age.®

Bronchiolitis can manifest as full spectrum of severity,
from mild tachypnoea and expiratory wheezing to
profound, acute, life-threatening respiratory failure as a
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result of near-complete lower respiratory tract obstruction
and inflammation.”

The proven approach for management of children with
bronchiolitis is focused on oxygen therapy for hypoxia
correction, respiratory support and maintaining hydration.
Various treatment options have been proposed, of which
only nebulised epinephrine and hypertonic saline have
been shown to be useful.®® Respiratory support is
common domain of intensive care settings, and this can
be provided by oxygen therapy through non-invasive
ventilation to invasive ventilation. Invasive ventilation
needs highly professional staff and are associated with
more incidence of adverse events viz. ventilator induced
lung trauma, barotraumas, and neurological problems
associated with sedation, so non-invasive ventilations are
more preferred now a days. HFNC is one among the non-
invasive ventilation tried recently.

A pilot study involving 61 infants with bronchiolitis
using a flow rate of 2I/kg/min showed that HFNC therapy
can be safely delivered in a general pediatric ward and
admission rate to ICU could be significantly reduced by
2.5 times when compared to standard sub-nasal oxygen
therapy group.°

Two non-randomized study designs using HFNC therapy
have shown a reduction in intubation rate in critically ill
infants with the bronchiolitis in intensive care setting.1!2

A recent retrospective study showed that HFNC therapy
has same effectiveness as that of nasal CPAP in pediatric
intensive care unit with 25% escalation to invasive
ventilation. Recently reports on usage of HFNC showed
good safety profile with rarely requiring sedation when
compared to mask delivered non-invasive ventilation.*3

The clinical effectiveness of HFNC therapy in
bronchiolitis has been reported only in non-experimental
observational studies and there is deficiency of
randomized studies which are appropriate and have
clearly defined clinically meaningful outcomes, and also,
there is scarcity of high-grade evidence about HFNC
usage in bronchiolitis, hence, we wanted to study
effectiveness of HFNC in bronchiolitis through
prospective randomized control study. %4

METHODS

Source of data

All children diagnosed as bronchiolitis aged between 2
months to 24 months admitted to pediatric ward/ ICU at
department of pediatrics, Al Ameen medical college,
Bijapur from Jan 2023 to April 2024 after getting
approval from institutional ethical committee.

Type of study

It is a prospective randomised control trial.

Inclusion criteria

Children with a clinical diagnosis of bronchiolitis (as
defined by the American academy of pediatrics)-
symptoms and signs of respiratory distress and oxygen
requirement in room air are eligible, aged 2 months to 24
months with an oxygen requirement in room air of
Sp0,<94% were included.

Exclusion criteria

Children with urgent need for respiratory support i.e.
ventilation by invasive or non-invasive methods and with
Low level consciousness, apnoea, cyanotic heart disease,
fracture of skull and craniofacial anomalies were
excluded from study.

Methods of collection of data
Hypothesis

HFNC therapy will have a lower failure proportion,
reduced requirement of intubation, reduced length of stay
and reduced length of oxygen therapy in compare to
standard sub nasal oxygen.

Randomisation

A computer-generated randomisation will be used to
allocate children at 1:1 ratio.

Control arm (Standard oxygen therapy)

Children that are randomized to the control arm will be
put on standard sub-nasal cannula with oxygen flows up
to maximum of 2 L/min to maintain SpO, between 94-
98%. Oxygen flows should start from minimal flow rate
initially and increased as required (administered
maximum of 2 L/min) to maintain SpO2>94%. Weaning
from oxygen was done at any time to provide the lowest
possible oxygen level delivered to maintain an oxygen
saturation level of at least 94%.

HFNC therapy arm

Children that are randomized to the HFNC therapy arm
with SpO, 85-93% will be placed on high flow at 2
L/kg/min (up to a maximum of 25 L/min) in room air
equating to a fraction of inspired oxygen of 21% (FiO,).
The infant that is randomized to the HFNC therapy arm
with SpO,<85% will commence on high flow with FiO;
slowly increasing to achieve Sp0O,>94%. If SpO; has not
altered or improved then the FiO» will be slowly
increased to maintain Sp0,>94%. HFNC therapy was
stopped after 4 hours of receiving an FiO, of 21% while
oxygen levels were maintained in expected range.

Treatment failure is defined as fulfilling three out of four
specified failure criteria requiring higher treatment
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options like intubation. Before escalation to higher
treatment 2 to 3 hours of observing children is suggested.

Table 1: Clinical severity score; M-WCAS.

Variables 0 1 2
Sp02>90%  Sp0,<90%
SpO; ig?oj with with
= FiO>21%  FiO2>21%
Inspiratory
breath Normal Markedly Decreased/
unequal absent
sounds
Expi ratory None Moderate Marked
wheezing
Accessory None Moderate Maximal
muscles
Cerebral Depressed/ anedl
- Normal . depressed,
functions agitated coma

Interpretation of M-WCAS-Score 0-3: mild distress, score 4-6:
moderate distress and score >6: severe distress.

Bronchiolitis cases n=190

109 had bronchiolitis but did nat require
OXygen support

14 had cangenital heart disease

2 required urgert respiratory support like

Cases enrolled in study, n=63

¥

Randamized to standard oxygen
therapy n=33

Randomized to high-flow nasal
cannulatherapy n=32

Number of cases requiring Murnber of cases requiring
escalation of oxygen support n=6 escalation of oxygen suppart n=2
[18.2%) [6.25%)

Figure 1: Number of infants who were screened,
assigned a trial group and included in primary
analysis.

Heart rate remains unaltered or increased compared to
admission  observations. Respiratory rate remains
unchanged or increased compared to admission
observations. In HFNC therapy, oxygen therapy requiring
FiO.>40% to maintain Sp0O»>94% or in standard sub
nasal oxygen therapy arm exceeding >2 I/min to maintain

Sp02>94%. If treating unit/team feels there is need to
escalate therapy

Clinical severity is assessed (Clinical severity score) by
M-WCAS at admission and 2nd hourly till oxygen
support is completely weaned off.

Statistical analysis

Data was entered into Microsoft ® excel and analysed
using R statistical software version 3.1 and IBM SPSS
Ver. 25 software. Continuous data were summarised as
Mean (SD) and categorical data were summarized as
frequency (percentage).

Continuous variables were analysed using student t test,
categorical data were analysed using chi-square test.
Kaplan Meir plot and log rank analysis was used to test
the difference in treatment failure (Escalation) between
two groups.

Cox regression (or proportional hazards regression) was
used to assess the association between intervention and
treatment failure (Escalation) rate. P<0.05 was considered
statistically significant. Microsoft excel and Microsoft
word 2007 was used to obtain various types of graphs.

RESULTS

Out of 65 cases, 33 were randomised into standard
oxygen therapy, 32 were randomised into HFNC group.
Among randomized cases 43 were males and 22 were
females with mean age in males being 8.79 months and
7.36 months in females (Table 2).

In our study cough is the most common symptom, 84.6%
cases. Cold was there in 44.6% cases, hurried breathing
in 41.5% cases, fever in 36.9 % cases, retraction in 35.4%
cases and noisy breathing in 27.7 percentage’s cases
(Table 3).

Among the all case all had tachypnea, 9 cases (13.8%)
were febrile, 10 cases (15.4%) were pale, 8 (12.3%) cases
were irritable, 9 (13.8%) cases had pallor, 10 cases
(15.4%) were irritable.

Table 2: Demographic characteristics of both groups.

SOT HFENC Total
Variables (n=33) (n=32) (n=65)
Age
<6 months 16 (48.5) 13 (40.6) 29 (44.61)
7-12 months 10 (30.3) 15 (46.9) 25 (38.5)
>12 months 7(21.2) 4 (12.5) 11 (16.92)
Mean (SD) 7.96 (5.74) 8.59(6.01) 8.27 (5.84)
Gender
Male 25 (75.8) 18 (56.3) 43 (66.2)
Female 8 (24.2) 14 (43.8) 22 (33.8)
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Table 3: Comparison of symptoms, vital and lab parameters.

Standard, (n=33) (%) HFNC, (n=32) (%) Total, (h=65) (%) P value

Symptoms
Absent 4 (12.1) 6 (18.8) 10 (15.4)
Cough Present 29 (87.9) 26 (81.3) 55 (84.6) 0.459
. Absent 19 (57.6) 23 (71.9) 42 (64.6)
Retractions — pocent 14 (42.4) 9 (28.1) 23 (35.4) 0.228
Absent 19 (57.6) 17 (53.1) 36 (55.4)
Cold Present 14 (42.4) 15 (46.9) 29 (44.6) 0.718
Absent 22 (66.7) 19 (59.4) 41 (63.1)
Fever Present 11 (33.3) 13 (40.6) 24 (36.9) 0.543
Hurried Absent 23 (69.7) 15 (46.9) 38 (58.5) 0.062
breathing Present 10 (30.3) 17 (53.1) 27 (41.5) '
Noisy Absent 22 (66.7) 25 (78.1) 47 (72.3) 0.302
breathing Present 11 (33.3) 7 (21.9) 18 (27.7) '
Vital parameters
Normal 0(0) 0 (0) 0 (0)
RR B Tachypnoea 33 (100) 32 (100) 65 (100) A
Temperature Normal 27 (81.8) 29 (90.6) 56 (86.2) 0.304
grade Febrile 6 (18.2) 3(9.9) 9 (13.8) ‘
L Warm 33 (100) 32 (100) 65 (100)
Peripheries Cold 0(0) 0(0) 0(0) NA
Conscious Normal 30 (90.9) 27 (84.4) 57 (87.7) 0.423
level Altered 3(9.1) 5 (15.6) 8 (12.3) ‘
Absent 26 (78.8) 30 (93.8) 56 (86.2)
el Present 7(12) 2 (6.3) 9 (13.8) 0.081
lcterus Absent 33 (100) 32 (100) 65 (100) i
Present 0 (0) 0 (0) 0 (0)
. Absent 31 (93.9) 24 (75) 55 (84.6) N
Cyanosis Present 2 (6.) 8 (25) 10 (15.4) 0.034
Absent 33 (100) 32 (100) 65 (100) i
e Present 0(0) 0 (0) 0(0)
Lab parameters
Normal (>11) 7(21.2) 13 (40.6) 20 (30.8)
Mild (10-10.9) 13 (39.4) 4 (12.5) 17 (26.2)
HB grade Moderate (7-7.9) 13 (39.4) 14 (43.8) 27 (41.5) 0.055
Severe (<7) 0(0) 1(3.1) 1(1.5)
Normal 31(93.9 32 (100) 63 (96.9)
TLC grade Leucopenia 2 (6.1) 0 (0) 2 (3.1) 0.157
Leucocytosis 0 (0) 0 (0) 0(0)
Normal 15 (45.5) 16 (50) 31 (47.7)
Platelet grade =~ Thrombocytopenia 2 (6.1) 1(3.1) 3 (4.6) 0.826
Thrombocytosis 16 (48.5) 15 (46.9) 31 (47.7)
- Normal 0 (0) 0 (0) 0 (0)
Xray findings  —p 0 chiolitis 33 (100) 32 (100) 65 (100) NA
*Chi-square test, p value not significant.
Table 4: Comparison of clinical severity scores among the groups.
Variables SLCEL alENS P value
Mean (SD) Median (IQR) Mean (SD) Median (IQR)
CS score at admission  4.94 (0.93) 5 (4-6) 5.22 (1.04) 5 (4.5-6) 0.258
CS score at 2 hrs 4.45 (0.83) 4 (4-5) 4.48 (0.81) 4 (4-5) 0.713
CS score at 4 hrs 3.91 (0.77) 4 (3-4) 4.29 (0.78) 4 (4-5) 0.031*
CS score at 6 hrs 3.42 (0.61)  3(3-4) 3.9 (0.75) 4 (3-4) 0.004*
CS score at 8 hrs 3.18 (0.64) 3 (3-4) 3.58 (0.85) 3 (3-4) 0.022*
CS score at 10 hrs 2.94 (0.7) 3 (2-3) 3.42 (0.76) 3 (3-4) 0.008*

*Chi-square test, p value significant.
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Clinical severity

Clinical severity score at admission was assessed. There
were 2 cases categorized to mild distress, 58 cases to
moderate and 5 cases to severe respiratory distress.
Clinical severity of patients described in the Table 4.

Primary outcome and secondary outcomes

Kaplan-Meier survival analysis was conducted to
compare the two different interventions for their
effectiveness in preventing treatment failure. The
percentage of censored cases present in the standard
therapy (81.8%), and HFNC (93.8%) groups was not
similar. Participants that underwent the HFNC therapy
had a median escalation free time of 168 hrs days. This
was longer than the groups receiving Standard therapy
which had median escalation free time of 26 Hrs. A log
rank test was conducted to determine if there were
differences in the survival distributions for the different
types of intervention. The survival distributions for the
two interventions were statistically significantly different,
¥?(2)=12.7, p<0.0005.

There was requirement of escalation as low flow, dry
oxygen has no effect on distention of alveoli, whereas
HFNC delivers fixed concentration of oxygen, generation

of positive end-expiratory pressure, reduction of the work
of breathing and clearance of the nasopharyngeal dead
space, while providing optimal gas conditioning.’®

PRIMARY OUTCOME: COMPARISON OF WITH TREATMENT FAILURE

H
T
F““‘J

Propotion remaining free from
Treatment Failure (%)

8

8
T
|

-]
off

i

Figure 2: Kaplan-Meier plot of the proportion of
infants with bronchiolitis remaining free from
treatment failure.

After adjusting for age, gender and CS (Clinical severity)
score at admission, children with standard intervention
experienced a significantly higher risk of escalation
during follow-up than children with HFNC (RR=46.72,
95% CI 2.86 to 761.94, p=0.007).

Table 5: Number of treatment failures in each group.

Intervention Total

failures)
Standard 33 6
HFENC 32 2

No. of events (Treatment Censored

Percent (%0)
27 81.80
30 93.80

Table 6: Comparison of mean and median escalation free time.

Mean escalation free time

Median escalation free time

Log rank

Intervention 95% CI 95% ClI

Estimate SE Estimate SE

Lower Upper Lower Upper 22197
Standard 29.04 4.01 21.17 36.90 26 573 14.78 37.22 X <_0 005
HFNC 158.93 12.39  134.65 183.21 168 NA NA NA p=o.

Table 7: Comparison of secondary outcomes.

Total length of stay (In days) Mean (SD) 3.79 (1.54) 4.75 (2.27)
Median (IQR) 4 (3-5) 5 (3-6)
. . Mean (SD) 16.73 (6.87) 25.75 (15.73)
Duration of oxygen therapy (in hours) Median (IOR) 18 (12-18) 21 (14-36)
Not intubated 33 30
Intubation rate Intubated 0 2
Intubation rate 0 6.25
Adverse events 0 0

DISCUSSION bronchiolitis is mainly clinical. The mainstay of current
management is supportive care, which mostly consists of
Bronchiolitis is a common respiratory tract infection hydration and humidified oxygen. There is currently

below the age of 12 months.® The diagnosis of
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nonspecific treatment for bronchiolitis that has sufficient
or persuasive data supporting its efficacy.

Humidified oxygen can be delivered through high-flow
nasal cannula. According to the research that are now
available, HFNC is a method for administering oxygen to
children that is generally safe, well-tolerated, and
practicable. Compared to a face mask, it is more
tolerable. According to a retrospective study conducted
by Schibler found that the usage of HFNC therapy in
children with acute bronchiolitis increased, leading to a
marked decline in the intubation rate from 37% to 7%.%2
The clinical effectiveness of HFNC therapy in
bronchiolitis has been reported only in non-experimental
observational studies. In our open labelled, single centre,
prospective randomized control trial involving infants
with bronchiolitis, we observed that significantly fewer
children require escalation of oxygen support in HFNC
arm than in standard oxygen therapy arm.

Age

A total of 65 cases were randomized in this trial, the
mean age of presentation is 8.27 (+5.84) months. Most
common age group affected is <6 months (44.6%),
followed by 7 months to 12 months (38.5%) and then >12
months (16.9%). Similar finding is noted in a study where
>70% cases belonged to infant age group.*® Mean age in
children belonging to sot group was 7.96(+5.74) months
and 8.59(+6.01) in HFNC group. In a study conducted by
Franklin et al mean age in sot group was 6.1 months and
5.76 in HFNC group.” Majority of cases are noted in the
infancy, this is probably secondary to decreased
immunity towards viral infection in that age group.*’

Gender

In our study, male children are affected predominantly
with male to female ratio of 1.95:1. These results are
comparable to other studies.’>? there was increased
incidence of bronchiolitis in a male probably due to the
increased sensitivity of males to aeroallegerns.'®

Clinical features

In our study most common presenting complaint was
cough (84.6%) and other symptoms in the order of
frequency are cold (44.6%), hurried breathing (41.5%),
fever (36.9%), retraction (35.4%), noisy breathing
(27.7%). The findings are comparable with other study.*’
But none of these findings were statistically significant.

Primary outcome: groups with treatment failure

In our study, we found that significantly fewer infants in
the high-flow group than in the standard therapy group
received escalated (p<0.0005). In SOT group, there was
treatment failure in 6 cases (18.2%) compared only two
cases (6.3%) in HFNC group.

Kaplan-Meier survival analysis was conducted to
compare the two different interventions for their
effectiveness in preventing treatment failure. The
percentage of censored cases present in the standard
therapy (81.8%), and HFNC (93.8%) groups was not
similar. Participants that underwent the HFNC therapy
had a median escalation free time of 168 hrs which was
longer than the groups receiving standard therapy which
had median escalation free time of 26 Hrs. A log rank test
was conducted to determine if there were differences in
the survival distributions for the different types of
intervention. The survival distributions for the two
interventions were statistically significantly different,
v?(2)=12.7, p<0.0005. Our results are supported by a
RCT with similar results, which demonstrated a lower
failure rate in HFNC group than in the SOT group (14%
Vs 33%).16

Secondary outcomes

The mean total length of stay in hospital in SOT group is
3.79(x1.54) days, compared to 4.75(x2.27) days in
HFNC group. This finding was not statistically
significant (p>0.05). This finding is supported by
RCTs.” It is observed that intubation rate in HFNC arm
is compared to standard oxygen therapy. As per protocol
treatment failure in a case due to respiratory support
should be scaled up, hence HFNC arm received invasive
mechanical ventilation. Likewise in study by Schiebler et
al the rate of intubation reduced from 37% to 7%.?
Duration of oxygen therapy is observed more in HFNC
group and it is statistically significant (p<0.05) compared
to standard oxygen therapy. Likewise in a study by
Milani et al duration of oxygen therapy is less in HFNC
group 2 days less than SOT.??2 No adverse events
(pneumothorax, gastric distension, pneumonia).

Strengths
Prospective randomized control trial.
Limitations

Oxygen delivery method could not be concealed. Follow
up cases could not be done.

CONCLUSION

In our study we observed that, a considerably lower rate
of treatment failure is observed in HFNC group compared
to standard oxygen therapy. Hence, we conclude that
HFNC is a better option than standard oxygen therapy.
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