High flow on the rise —pediatric perspectives on the FLORALI trial
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Opver the last decade, noninvasive positive pressure ventilation
(NIV) has been increasingly used in adult and pediatric
medicine to reduce the lung injuries, pneumonia, and
denutrition associated with mechanical ventilation, which is
implicated in the high mortality observed in these patients (1).
For adults with acute exacerbations of chronic obstructive
pulmonary disease (2) or severe cardiogenic pulmonary
edema (3), it is now an evidence-based practice. It may also
be an effective strategy in the perioperative period, provided
that patients are carefully selected (4). The benefits of NIV
have nevertheless not been clearly established in clinical
situations like status asthmaticus (5) or acute hypoxemic
respiratory failure (AHRF) or as a means to facilitate earlier
extubation (6). The conflicting results for ARHF may be due
to its several etiologies, which has prompted new trials with
less heterogeneous patient groups (7).

FLORALI was a multicenter open-label trial performed
in 23 French and Belgian ICUs from the European network
of research in artificial ventilation (8). This study examined
whether high-flow oxygen therapy or NIV therapy would
reduce the rate of endotracheal intubation and improve
outcomes in patients with AHRF in comparison with
standard oxygen alone. The study had many strengths: the
very high number of ICUs and the carefully predefined
criteria for inclusion and exclusion ensured the selection of a
homogeneous group of 525 patients with PaO,/FiO, <300 and
no hypercapnia or chronic respiratory failure; a respectable
60% of the eligible patients were included and randomized
into one of the three groups, suggesting that the results could
be generalized to other ICUs; and the rigorously designed
protocol and robust data analysis ensured very reliable clinical
findings. The primary outcome of the study, intubation
within 28 days of randomization, did not significantly
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differ between groups, although the range was from 28%
with high-flow oxygen to 50% with NIV. However, post-
hoc subgroup analysis of patients with the most severe
hypoxemia, i.e., those with PaO,/FiO, <200, revealed a
lower intubation rate in the high-flow oxygen group than
in the other two groups. A secondary outcome of particular
importance, survival in the ICU and at 90 days, was
improved with high-flow oxygen, with the hazards ratio for
death at 90 days being 2.1 (range, 1.01-3.99) with standard
oxygen and 2.5 (range, 1.31-4.98) with NIV versus high-flow
oxygen. The number of ventilator-free days between day 1
and day 28 was higher in the high-flow oxygen group
than in the other two, in the overall population and in the
patients with the most severe AHRF.

A recent survey in North America and Europe estimated
that AHRF prevalence in pediatric intensive care units
(PICUs) is 10.8% (9). The use of NIV in children with
AHRF has increased over the last decade, and this
respiratory assistance is now considered as the first-line
treatment in 15-20% of patients (10,11). Physiological
studies have demonstrated that NIV is able to unload the
respiratory muscles and improve alveolar ventilation and
gas exchange in children with acute moderate hypercapnic
respiratory insufficiency (12). However, data supporting
the usefulness of NIV remain scarce. No trial involving
the collaboration of a large number of centers, as for the
FLORALI study, has been conducted in pediatrics to assess
the clinical management of acute lung injury. Only one
bicentric randomized controlled trial (RCT) compared NIV
with bilevel positive airway pressure to standard treatment,
i.e., mask oxygen, in 50 young infants admitted to a PICU
for AHRF (13). As in FLORALLI, pneumonia was the main
condition precipitating respiratory failure, and most patients
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suffered from severely impaired oxygenation with baseline
mean Pa0O,/FiO, <200 in both groups. NIV improved
oxygenation, reduced respiratory effort and diminished
the need for intubation by 47%. Another more recent
RCT showed that bilevel NIV improved clinical scores
and physiological measurements, but this study involved
only children with status asthmaticus (14). In the context of
moderately severe acute viral bronchiolitis, two randomized
trials found short-term improvements in respiratory distress
signs, blood gases and respiratory muscle load in infants
receiving continuous positive airway pressure (CPAP) versus
conventional oxygen therapy (15,16). Conversely, numerous
retrospective or prospective pediatric observational studies
have repeatedly reported the association between AHRF
and NIV failure, with intubation rates of 50-80% (11,17-19)
in acute respiratory distress syndrome (ARDS). Several early
predictors of subsequent intubation have been identified,
particularly SpO,/FiO, (19), FiO, (20), pH (21), and
respiratory or heart rate (17,22) evolution in the 1-6 hours
following NIV initiation. A recent Pediatric Acute Lung
Injury Conference Consensus stated that NIV should not be
indicated in severe pediatric ARDS (23). If initiated, a close
monitoring is essential to recognize the early signs of failure
which indicate prompt recourse to invasive ventilation (19).
The particularly disappointing performance of NIV in
the FLORALI study—a failure rate of nearly 60% in the
most severe subgroup—will certainly not prompt a change
in this recommendation. Two remarks can nevertheless
be made about NIV management. First, in the FLORALI
study NIV was used for approximately 8 hours on the first
2 days, whereas it is currently used 24 hours per day in
children with moderate-severe hypoxemic failure. It can be
argued that derecruitment due to intermittent NIV could
be deleterious and may increase the work of breathing
of the NIV group, ultimately worsening the outcome.
Second, the patients experienced no improvement in
respiratory comfort following NIV initiation. Discomfort
is also commonly observed in the practice of NIV in
children. Agitation may occur, particularly during the initial
placement of the mask, but this poor tolerance rarely forces
to discontinuation (24). A few studies have demonstrated the
role of discomfort in NIV failure and assessed the optimal
pharmacological support to provide in this context. A recent
prospective, observational, multicenter study that included
390 episodes of NIV found that sedatives were used in
49.2% of cases (19). Discomfort may have multiple origins,
including gastric distension, skin breakdown caused by the
mask, and conjunctivitis due to air leaks (23). Another very
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common source of patient’s discomfort is patient-ventilator
asynchrony, particularly frequent in infants and in children
during NIV with pressure support (25). Three recent
studies indicated that neurally adjusted ventilatory assist
(NAVA) mode during NIV improved the patient-ventilator
interaction (25-27). Further trials are required to assess
whether NIV specific ventilators with automatic triggers
and/or neural trigger of NIV NAVA are more comfortable
and efficient than NIV done with conventional ventilators
in pediatric AHRFE.

The most striking finding from FLORALI was the
consistent results in favor of oxygen delivery through high-flow
nasal cannula (HFNC). This finding was particularly
surprising because HFNC did not seem to provide greater
respiratory support compared with NIV (28). In pediatrics,
as well, there is currently strong agreement that HFNC has
not been shown to be as effective as NIV (23). In addition,
the pathophysiological mechanisms involved in alleviating
respiratory distress have not been fully demonstrated with
this device. Yet despite these considerations, HFNC use is
rising in popularity because the system is easily set up and
is well tolerated by patients. The heated and humidified
mixture of air and oxygen is administered at a flow
generally close to 2 L/kg/min in infants and 1 L/kg/min in
children (29). As suggested by the self-report dyspnea and
comfort scales in FLORALL, the gas mixture conditioning
may rapidly improve inspiratory flow and reduce the
sensation of respiratory distress. In a physiological study,
we demonstrated that a nasal cannula with a flow rate
equal to or above 2 L/kg/min was able to generate a
CPAP >4 cmH,O in infants with acute viral bronchiolitis (30).
Although modest, this increase was clinically relevant,
with an approximately 50% reduction in respiratory effort
and rapid improvement in breathing pattern and respiratory
distress signs. Measurements of diaphragmatic electrical
activity and esophageal pressure swings confirmed the
effectiveness of this device to reduce the work of breathing (31).
In this disease, it is likely that HFNC mainly offsets the
patient’s inspiratory effort to overcome intrinsic end-
expiratory pressure, thereby decreasing the dynamic
collapse of the very compliant airways at this young age.
The favorable effect of this technique on the ventilation/
perfusion ratio, however, has not been clearly established.
A theoretical explanation is that washout of nasopharyngeal
dead space increases the rate of minute ventilation that
participates in gas exchange (28). On a practical level,
the FLORALLI results suggest that HFNC is superior to
the other strategies in cases of AHRF because it is able
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to match patient inspiratory demands. Several RCTs with
HENC are currently underway in neonates, children and
adults to examine these important issues. We coordinated
a multicenter, randomized, noninferiority trial during the
2014-2015 respiratory syncytial virus (RSV) epidemic
season (TRAMONTANE study, NCT02457013). One
hundred and forty-two infants were assigned to treatment
with either HFNC (2 L/kg/min) or nasal CPAP (7 cm of
water). The primary outcome was treatment failure within
24 hours. Two other RCTs, conducted in the British
Columbia Children’s Hospital (Hi-Flo study, NCT01498094)
and the Children’s Hospitals and Clinics of Minnesota
(HHFNC study, NCT01662544), compared length of
hospital stay and respiratory distress score with HFNC as
opposed to standard therapy for RSV bronchiolitis. These
trials are now completed and should provide clinicians with
evidence on HFNC efficacy for treating this leading cause of
AHREF in pediatrics. Meanwhile specific research is conducted
in pediatrics for severe hypoxemic patients, a cautious use of
both HFNC and NIV should be recommended.
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