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Modalities and Complications Associated With the Use of High-Flow

Nasal Cannula: Experience in a Pediatric ICU
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BACKGROUND: High-flow nasal cannula (HFNC) therapy is increasingly used in pediatric ICUs
as an intermediate level of support between conventional oxygen delivery and noninvasive venti-
lation (NIV). The safety of HFNC has seldom been studied, and some cases of barotrauma have been
reported. This retrospective study aims to describe HFNC use in a tertiary care pediatric ICU, with
a focus on the complications associated with this therapy. METHODS: Between January 2013 and
January 2014, all children <18 y old treated with HFNC in the pediatric ICU were included.
Demographic data, HFNC settings, chest radiograph reports, and blood gas values were gathered
from the electronic medical records. Episodes of pneumothorax, pneumomediastinum, and signif-
icant epistaxis were noted. Pneumothorax was distinguished from chest tube-related air leak (fre-
quent after cardiac surgery), which was defined as a small pneumothorax with no clinical impact
that resolved spontaneously after chest tube removal. RESULTS: During the 1-y study period, there
were 177 HFNC episodes, involving 145 subjects with a median (interquartile range) age of 8 (2-28)
months. HFNC was used as primary support in 31% of episodes, after extubation in 36 % and after
NIV in 18%. HFNC was administered exclusively for nitric oxide delivery in 16% of episodes. Two
children (1%) developed new pneumothoraces that required chest tube insertion, whereas 5 (3%)
chest tube-related air leaks were noted. One (0.6%) episode of significant epistaxis was noted.
Among 6 preexisting pneumothoraces, none worsened under HFNC. Failure of HFNC occurred in
32 episodes, requiring transition to NIV in 28 cases and endotracheal intubation in 5 cases.
CONCLUSIONS: Support with HFNC following a clinical protocol in pediatric ICUs was associ-
ated with a relatively low rate of complications. Since HFNC use is increasing, further evidence is
needed to confirm its efficacy and safety. Key words: high-flow nasal cannula; children; barotrauma;
pediatric ICU; pneumothorax, noninvasive ventilation; complications. [Respir Care 0;0(0):1—. © 0 Daeda-
lus Enterprises]

Introduction

The high-flow nasal cannula (HFNC) is a recent device
used in ICUs that can provide an intermediate level of
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ified and heated gas at a high flow that can match or
exceed the patient’s inspiratory flow.! Washout of the
nasopharyngeal space limits CO, re-inhalation and reduces
anatomical dead space by creating a pharyngeal reserve of
fresh gas for subsequent inspiration.?** During the inspira-
tory phase, HFNC maintains a pharyngeal pressure® and
therefore reduces inspiratory nasopharyngeal resistance. In
addition, a certain level of PEEP may prevent small airway
collapse during expiration. This pressure is variable (be-
tween 2 and 7 cm H,O in children) and depends on flow,
mouth opening, and cannula size.®'° These different mech-
anisms result in improved oxygenation'! and reduced work
of breathing, depending on flow.>!2.13 HFNC use is simple
and well tolerated by patients.!#!> This may contribute to
its growing popularity in neonatal and pediatric ICUs.!6:17

Following widespread implementation in pediatric ICUs,
the safety of HFNC has been questioned.”-!'7-1° In partic-
ular, Hegde and Prodhan!® reported 3 cases of severe baro-
trauma (2 pneumothoraces and one pneumomediastinum)
possibly related to HFNC. A meta-analysis found no evi-
dence available to determine the safety of HFNC in chil-
dren, and the authors concluded that further studies were
needed in that field.?°

In 2012, HFNC technology was introduced in our pediatric
ICU along with a clinical protocol aiming to limit the flow
administered. We reviewed our experience with HFNC ther-
apy to describe the modalities and report the complications
associated with this therapy in our pediatric ICU.

Methods

We conducted a retrospective observational study in-
cluding all subjects <18 y old consecutively admitted to
the pediatric ICU of university-affiliated Sainte-Justine
Hospital (Montreal, Canada) and treated with high-flow
(>5 L/min) nasal cannula between January 8, 2013 and
January 7, 2014. The study protocol, including waiver of
consent, was approved by the institutional ethics commit-
tee (approval number 3944).

Data Collection

By querying the database from the electronic medical
records software (IntelliSpace Critical Care and Anesthe-
sia [ICCA], Philips Healthcare, Toronto, Canada), we iden-
tified all subjects treated with HFNC. HFNC episodes sep-
arated by at least 48 h were considered as distinct. Clinical,
laboratory, and epidemiological data were extracted. Se-
verity of illness was estimated using the Pediatric Risk of
Mortality II score?! at admission and the Pediatric Logistic
Organ Dysfunction score?? on the day of HFNC initiation.
Indication, duration, and settings of HFNC use were recorded.
Chest radiograph reports from the day preceding initiation of
HFNC therapy to the day following its termination were col-
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Current knowledge

High-flow nasal cannula (HFNC) therapy is increas-
ingly used in critically ill children as an intermediate
level of support between conventional oxygen delivery
and noninvasive ventilation, although supportive evi-
dence is lacking. In particular, the safety of HFNC and
the risk of barotrauma have seldom been studied.

What this paper contributes to our knowledge

We systematically reviewed the use of HFNC and in-
vestigated the occurrence of complications in all con-
secutive children treated with this technology in a pe-
diatric ICU during a 1-y period. New pneumothoraces
or significant epistaxis each occurred in 1% of cases.
Support with HFNC following a clinical protocol in a
pediatric ICU seems to be associated with relatively
rare but potentially serious complications.

lected. Chest radiographs were not performed systematically
but at the discretion of the physician.

Respiratory Support

During the study period, the Optiflow RT330 (Fisher &
Peykel Healthcare, Auckland, New Zealand) circuit was
used. HFNC use was guided by a standardized clinical
protocol (see the supplementary materials at http://
www.rcjournal.com). Cannula size was selected using the
subject’s weight and nasal anatomy. Flow was initially set
at 1 L/kg/min (up to 15 L/min) and progressively increased
according to the subject’s response and tolerance, up to a
maximal rate determined with the patient’s weight and
prong size.

Outcomes

The primary outcome was the development of major
complications using HFNC, including: pneumothorax,
pneumomediastinum, or clinically important epistaxis. Ep-
isodes of barotrauma were recorded using radiology re-
ports of all chest radiographs performed between the day
before HFNC therapy and the day after its cessation. Small
pneumothoraces are frequently observed in the postoper-
ative period after cardiac surgery due to the manipulation
of chest tubes. Those small pneumothoraces, which had no
clinical impact and resolved rapidly after chest tube re-
moval, were therefore defined as chest tube-related air
leaks. Epistaxis was considered as clinically important when
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Children admitted to PICU

891
- Excluded
No HFNC: 746
\
Subjects with HFNC
145
(177 episodes)
I
Y Y A Y
Post-extubation Post-NIV Primary support For NO
63 31 54 administration
Pneumothorax: 1 Transition to NIV: 7 Pneumothorax: 1 29
Epistaxis: 1 Intubation: 1 Transition to NIV: 9
Transition to NIV: 12 Intubation: 2
Intubation: 2

Fig. 1. Flow chart. PICU = pediatric ICU, HFNC = high-flow nasal cannula, NIV = noninvasive ventilation, NO = nitric oxide.

an otolaryngologist consultation was required to discuss
packing or other local treatment.

Tolerance of HFNC was assessed using the evolution of
clinical (at initiation and after 2 and 24 h of treatment) and
biochemical parameters. The latter included blood gas val-
ues (capillary or arterial) at 3 separate times: baseline
(within 4 h before HFNC initiation), early (first value
between 30 min and 6 h after HFNC initiation), and late
(first value between 12 and 24 h after HFNC initiation).
HENC failure was defined as the requirement of noninva-
sive or invasive ventilation within 24 h of HFNC termi-
nation. When HFNC was used exclusively for nitric oxide
administration, complications were recorded, but failure
and clinical tolerance were not assessed. The number of
chest radiographs and blood gas analyses performed dur-
ing HFNC therapy was recorded.

Statistical Analysis

Statistical analysis was performed using SPSS 20 (IBM
Corporation, Armonk, New York). Qualitative variables
are reported as numbers and percentages, whereas quan-
titative variables are reported as mean = SD or as me-
dian (interquartile range [IQR]) when appropriate. The
rate of complications is reported per HFNC episode and
per 100 HFNC days, with a 95% CI. The chi-square test
was used to compare qualitative variables between sub-
groups. The Friedman test was used to compare clinical
parameters and blood gas values at different times. Post
hoc analysis was conducted using Wilcoxon signed-rank
tests, with a Bonferroni correction for multiple compar-
isons. Differences were considered statistically signifi-
cant at P < .01l.
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Results
Subjects

During the 1-y study period, 891 children were admitted
to the pediatric ICU, and 145 (16%) were exposed to
HENC (70 boys and 75 girls) over a total of 177 episodes
(Fig. 1). The median (IQR) age was 8 (2-28) months, and
weight was 6.5 (4—12) kg. Congenital heart disease ac-
counted for 52% of the study population, including 59
subjects (41%) hospitalized after cardiac surgery. Twenty-
three children (16%) were admitted for bronchiolitis, and
10 (7%) were admitted for pneumonia. Chronic respiratory
disease was present in 20 subjects (14%). At admission,
the Pediatric Risk of Mortality II score was 10 (6-15),
whereas the Pediatric Logistic Organ Dysfunction score at
initiation of HFNC therapy was 10 (1-11). Indication, pa-
rameters, and duration of HFNC episodes are reported in
Table 1. In 16% of cases, no ventilatory support was needed,
and HFNC was used exclusively for nitric oxide delivery.
The median number (IQR) of blood gas analyses and chest
radiographs performed per episode was 4 (2-7) and 1 (1-3),
respectively.

Complications

Six preexisting pneumothoraces (3%) were identified
before HFNC initiation, none of which worsened under
HFNC. Two episodes (1%) of new pneumothoraces and 5
episodes (3%) of chest tube-related air leaks were noted
after the start of HFNC (see Table 1). One episode of
clinically important epistaxis (0.6%) occurred during
HENC therapy. The rate of complications was 0.9/100
HENC treatment days (95% CI 0—1.9 / 100 HFNC days).
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Table 1.  Characteristics and Outcome of High-Flow Nasal Cannula

Episodes
Characteristics Values

Preexisting pneumothorax, n (%) 6(3)
HENC indication, n (%)

Post-extubation 63 (36)

Post-NIV 31(18)

Primary support 54 (31)

NO administration 29 (16)
Duration of HFNC episode, median (IQR) h 36 (17-61)
Initial HFNC parameters, median (IQR)

Fio, (%) 35 (30-50)

Flow (L/kg/min)
Maximum HFNC parameters, median (IQR)

1.25 (0.89-1.76)

Fio, % 40 (30-60)
Flow (L/kg/min) 1.36 (0.98-1.86)
Complications, n (%) 8(5)
New pneumothorax 2(1)
New pneumomediastinum 0
Chest tube-related air leak 503)
Clinically significant epistaxis 1(1)
HENC failure, n (%) 32 (22)*
Tracheal intubation 5@3)*
Transition to NIV 28 (19)*
Monitoring per episode, median (IQR)
Chest radiograph 1(1-3)
Blood gas analyses 4(2-7)

n=177.

* Episodes of high-flow nasal cannula use for nitric oxide administration exclusively (n = 29)
were excluded from these ratios.

HENC = high-flow nasal cannula

NIV = noninvasive ventilation

NO = nitric oxide

IQR = interquartile range

One pneumothorax occurred in a 2-y-old child with a
history of bronchopulmonary dysplasia and asthma admit-
ted for severe bronchospasm. HFNC therapy was started
immediately upon pediatric ICU admission as primary sup-
port. Although no sign of pneumothorax was present at
admission, a small right-sided pneumothorax was noted
after 24 h of HFNC therapy; it had progressed to both
sides on the following day. Bilateral chest tubes were in-
serted. HFNC was weaned after 51 h without need for
subsequent NIV or endotracheal intubation.

The second pneumothorax occurred in a 13-y-old girl
admitted after a heart transplant. HFNC was initiated after
extubation on postoperative day 1 mainly to administer
inhaled nitric oxide. The next day, the chest radiograph
showed a right-sided pneumothorax, which required drain-
age for 3 d.

Protocol Deviation

In 3 subjects, the flow exceeded the maximum sug-
gested by our protocol. In two infants (weighing 3.5 and
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4.1 kg), the flow was temporarily increased to 12 and 15
L/min, respectively. A child weighing 7 kg was treated
with a flow of 20 L/min. These 3 children were later
switched to NIV due to worsening respiratory failure, and
none developed complications.

Tolerance and Failure

HENC failure occurred in 32 cases (22%), requiring tran-
sition to NIV in 28 subjects and endotracheal intubation in 5
cases (see Table 1). One subject transitioned to NIV was
subsequently intubated. Evolution of clinical and biochemi-
cal parameters (pH and P ) after HFNC initiation is pre-
sented in Table 2. Early and late blood gas values were ob-
tained 1.2 (0.9-2.7) hand 17 (14-19) h after HFNC initiation,
respectively. A slight but significant improvement of pH and
Pco, was observed after HFNC initiation. With regard to
clinical parameters, there was a significant decrease in heart
rate and mean blood pressure, whereas breathing frequency
and S, remained stable (see Table 2).

Discussion

In this retrospective study, we report that major complica-
tions of HFNC were relatively rare (0.9 per 100 HFNC treat-
ment days), despite an increasing number of subjects being
treated with HFNC in our pediatric ICU. HFNC has become
an interesting alternative for delivery of noninvasive respira-
tory support in neonates and children because it is simple to
use and well tolerated. However, there is little evidence in the
literature regarding the safety of HFINC use in a pediatric ICU.

Over 1 y, we observed a low rate of barotrauma (2
episodes, 1%) and of clinically important epistaxis (1 ep-
isode, 0.6%). The role of HFNC in the development of
these pneumothoraces is difficult to ascertain. In the first
subject, severe bronchospasm alone may have led to a
pneumothorax through hyperinflation. In the second, air
leak may have been secondary to the surgery rather than
the ventilator support. Interestingly, among the 6 pre-
existing pneumothoraces, none worsened under HFNC.
This incidence of preexisting pneumothoraces is explained
by the high proportion of postoperative patients in our
population, and our data suggest that HFNC may still be
used, with caution, in these patients. HFNC may be con-
sidered as positive pressure support and not merely as a
device for oxygen delivery. Physiological studies have con-
firmed that HFNC can generate positive pressure depend-
ing on flow.>>7 In our study, the flow was limited by a
protocol. This limit was exceeded in only 3 subjects, who
subsequently required NIV. The standardized protocol may
therefore have contributed to preventing barotrauma. The role
of a surveillance bias appears unlikely, since subjects were
closely monitored with a median of 1 chest radiograph and 4
blood gas analyses being performed during HFNC episodes.
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Table 2.  Evolution of Clinical Parameters and Blood Gas After Initiation of High-Flow Nasal Cannula in the Subgroup of Subjects Treated With

High-Flow Nasal Cannula for Reasons Other Than Nitric Oxide Delivery

Baseline

Early HFNC Period

Late HFNC Period

Parameters (Before HFNC) (0.5-6 h)* (12-24 hyt Pt
Clinical parameters n =147 n = 146 n=292
Heart rate, median (IQR) beats/min 148 (132-163) 142 (124-155) 140 (124-152) <.001§
Mean arterial pressure, median (IQR) mm Hg 71 (61-84) 68 (58-77) 65 (55-79) <.001§
Breathing frequency, median (IQR) breaths/min 38 (27-52) 40 (29-53) 43 (31-56) .61
Spo,» median (IQR) % 99 (94-100) 98 (95-100) 98 (94-100) 49
Capillary or arterial blood gas n =80 n =104 n =86
pH, median (IQR) 7.35(7.31-7.41) 7.37 (7.33-7.42) 7.39 (7.35-7.42) .007§
Pco,, median (IQR) mm Hg 46 (41-54) 45 (40-52) 44 (40-50) .003§

* Early HFNC period data correspond to the first values observed between 30 min and 6 h after HFNC initiation.
1 Late HFNC period data correspond to the first values observed between 12 and 24 h after HFNC initiation.

# Friedman test; post hoc significant difference at P < .01.

§ Significant difference between baseline and early HFNC period and between baseline and late HFNC period.

HENC = high-flow nasal cannula
IQR = interquartile range

The safety of HFNC in critically ill children has seldom
been studied. A meta-analysis evaluated the safety and
efficacy of this technology, but no studies of sufficient
quality could be identified. The authors concluded that
there was a need for further work to determine which
subgroups could benefit from HFNC therapy.2° Schlapbach
et al?3 reported their experience with HFNC (with flow set
at 2 L/kg/min) during pediatric interhospital transport. No
pneumothorax and no death occurred during the transport
of 150 children. Schibler et al'” conducted a retrospective
study in 248 children, where they reported no pneumotho-
rax or mucosal injuries. The flow in this study was set at
8 L/min in children weighing 5.5 (4.0-7.8) kg.

In our study, we observed a failure rate of 22%, with
intubation being required in 5 subjects (3%). This rate of
HENC failure is similar to those in previous reports, but
we observed a relatively low intubation rate. In the study
by Schibler et al,'” 12% of children required invasive ven-
tilation; this rate was lower in the bronchiolitis subgroup
(4%). McKiernan et al?* reported an intubation rate of 9%
in children with bronchiolitis. The low rate in our study is
probably explained in part by the high prevalence of sub-
jects with bronchiolitis and also because the indication for
HENC was respiratory failure in only 36% of cases. We
may also hypothesize that HFNC was frequently used pre-
ventively or in subjects with moderate signs of respiratory
failure. As observed with other noninvasive devices, pH,
Pco,, and heart rate quickly improved after HFNC initia-
tion.?> These parameters would, however, possibly have
improved spontaneously over time even without HFNC.

As with NIV, the risk of delaying intubation in patients
with poor cardiorespiratory reserve must be considered.
Intubation after failure of conventional NIV is associated
with a particularly high risk of adverse events.?¢ In adults,
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an increased risk of mortality has been reported in subjects
being treated with HFNC therapy during prolonged peri-
ods of time before endotracheal intubation.?” The number
of subjects requiring intubation in our study was too low to
look for an association between HFNC duration and fail-
ure. HFNC use could also result in the multiplication of
support levels, which could lead to further delay in estab-
lishing adequate ventilation and increased costs. This did
not seem to be the case in our study because only one
subject was intubated after an additional trial of NIV fol-
lowing HFNC failure.

Our study has several limitations. Although retrospec-
tive in design, an objective and systematic strategy was
used to query the electronic medical record database to
obtain exhaustive data. The definition of epistaxis may
appear particularly restrictive, and the episodes of lesser
severity were not identified. This was intentional because
we aimed to focus on significant complications. A large
proportion of the study participants were either infants or
patients hospitalized after surgery. It would be important
in future studies to specifically assess complications asso-
ciated with HFNC in older children and in non-surgical
patients. The study sample size and the low rate of ob-
served complications did not allow for stratification of the
results according to subject age, disease severity, HFNC
flow, or HFNC indication. Finally, this study was con-
ducted in a single center with a specific protocol guiding
HENC use, thereby limiting its external validity.

Conclusions
Our practice of using HFNC in critically ill children

using limited flow as guided by a clinical protocol was
associated with a low incidence of complications. Further
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prospective studies are needed to confirm the efficacy of
HENC therapy and to evaluate the risks associated with
HENC use in different settings.
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