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For hypoxemic respiratory failure, the frontline treatment is supplemental oxygen. Since ARDS was
first described, mechanical ventilation via an endotracheal tube (invasive ventilation) has no doubt
saved many patients. During the 1990s, noninvasive ventilation was found to be superior to invasive
ventilation for exacerbations of COPD, acute cardiogenic pulmonary edema, and acute respiratory
failure in patients who were immunocompromised. In the 2000s, less invasive high-flow nasal
cannula (HFNC) therapy gained attention as an alternative means of respiratory support for
patients who were critically ill. The HFNC system is simple: it requires only a flow generator, active
heated humidifier, single heated circuit, and nasal cannula. While NIV interfaces add to anatomic
dead space, HFNC delivery actually decreases dead space. Although the use of HFNC in adults who
are critically ill has been dramatically increasing, the advantages and disadvantages of each element
have not been well discussed. For now, although functional differences among the different HFNC
systems seem to be minor, to avoid adverse clinical events, it is essential to know the advantages and
disadvantages of each element. Key words: humidification; dead space washout; noninvasive ventila-
tion; patient sensation. [Respir Care 2019;64(6):735–742. © 2019 Daedalus Enterprises]

Introduction

For hypoxemic respiratory failure, the frontline treat-
ment is supplemental oxygen. In 1967 “acute respiratory
distress” was recognized and reported for the first time in
the medical literature,1 and PEEP was considered to be
effective for improving oxygenation. Since then, despite
having well-known adverse effects, mechanical ventilation

with an endotracheal tube (invasive ventilation) has no
doubt saved many patients. During the 1990s, physicians
began to prescribe noninvasive ventilation (NIV) to sup-
port patients with acute respiratory failure.2 Since then,
NIV has been found to be superior to invasive ventilation
for patients with COPD exacerbations3,4 and acute cardio-
genic pulmonary edema,5 in those patients who are immu-
nocompromised and in acute respiratory failure.6-8 In the
2000s, high-flow nasal cannula (HFNC) therapy gained
attention as an alternative means of respiratory support for
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patients who were critically ill and was attractive because
it was even less invasive.9-12 Initially, there was skep-
ticism as to whether it was as good as NIV for treating
acute hypoxemic respiratory failure. Analysis of the re-
sults of recent clinical trials, however, show that, at
least it is not inferior to NIV.13-15

A typical HFNC system consists of a flow generator,
active heated humidifier, single-limb heated circuit, and
nasal cannula.16 According to the monitored oxygen con-
centration, FIO2

can be titrated with flows up to 60 L/min.
The differences between NIV and HFNC are the interfaces
as well as consistent pressure versus the ability to provide
different inspiratory and expiratory pressures. Although
NIV interfaces add to the anatomic dead space, HFNC
delivery actually decreases dead space.17-20 Because HFNC
is an open system, it does not actively enhance tidal vol-
ume; however, it does improve alveolar ventilation by
washing out anatomic dead space.18,19 The simplicity
and excellent patient tolerance of the system is attrac-
tive,21 and, owing to these advantages,16,22 the use of
HFNC for adults who are critically ill has been dramat-
ically increasing. HFNC may make it easier to initiate
earlier respiratory support, and the device has the po-
tential to decrease the necessity or duration of mechan-
ical ventilation.23 As described above, HFNC is a sim-
ple system composed of a flow generator, humidifying
device, inspiratory limb, and nasal interface (Fig. 1).24

Below, the advantages and disadvantages of each ele-
ment are discussed separately.

Flow Generator

There are 3 types of standalone flow generators: air-
oxygen blenders, built-in flow generators, and entrainment
systems (Fig. 2). Of these, the air-oxygen blender with
flow meter is the most popular. Use of air and oxygen
directly from the wall supply, a mechanical air-oxygen
blender, and a flow meter enables stable delivery both of
FIO2

and gas flow. In general, air-oxygen blenders titrate
oxygen concentration according to the amount of medical
gas inhaled; some gas is lost via the blender. Precise flow
generators are incorporated into devices manufactured by
Fisher & Paykel Healthcare (Auckland, New Zealand) and
Vapotherm (NH). These usually use turbines and entrain
room air to generate high flow. High flow can thus be
generated even though air and high-pressure oxygen wall
supplies are unavailable. These devices monitor delivered
oxygen concentration, supplied via a low-pressure system,
in the delivered gas. Oxygen loss is negligible, but, with
these devices, high concentrations of oxygen are not avail-
able. When higher concentrations are necessary, a Max-
Venturi (Maxtec, UT) generates high flow through using
an air-entrainment system: when equipped with a flow
meter, it also titrates oxygen concentration.

Each of these flow generators also generates noise, which
increases with flow. Air entrainment in Venturi systems is
particularly noisy, and a recent study25 found that the noise
level was significantly higher with the air entrainment sys-
tem compared with an air-oxygen blender and flow gen-
erator incorporated in AIRVO 2 (Fisher & Paykel) (Fig.
3). As FIO2

increases, air entrainment decreases; however,
the required rise in oxygen flow to keep the total flow
constant also generates more noise. Louder noise increases
patient discomfort. Noise is one of the major causes of
disturbed sleep and insomnia in the ICU.26,27 As one might
expect, increased noise results in unpleasant sensations,
and both noise level and sound elements seem related to
this effect (Fig. 4). In a number of critical care ventilators,
a HFNC capability is integral to the machine. In these
cases, the ventilator allows control of FIO2

and flow while
using the heated humidifier commonly connected to the
ventilator. WHile these systems have become more com-
mon, in most instances a stand-alone system is used. HFNC
in a ventilator may allow easy application post-extubation,
using the ventilator previoulsy providing ventilatory sup-
port without additional hardware.

Humidifying Devices

Dry gas is known to have diverse adverse effects on the
respiratory system, such as mucociliary malfunction, epi-
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Fig. 1. Basic setup for high-flow nasal cannula oxygen delivery. An
air-oxygen blender, which allows FIO2

from 0.21 to 1.0, generates
up to 60 L/min flow. The gas is heated and humidified through an
active-heated humidifier and is delivered via a single-limb heated
inspiratory circuit. The patient breathes adequately heated and
humidified medical gas through large-diameter nasal cannulas.
From Reference 9.
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thelial damage, mucus plugging, ulceration of mucosa, and
lung injury.28,29 At flows of up to 60 L/min, HFNC deliv-
ers medical gas, usually through a heated humidifier in-
corporated into the delivery system. Vapotherm provides a
filter-type humidifying system. Humidification is gener-
ated by passing blended gas through a bundle of narrow
tubes (similar to a fluid warmer for IV fluids) with 0.005 �
pore size. Compared with pass-over heated humidifying
systems, filter systems require a large evaporative surface.
Vapotherm supplies 2 cartridge sizes: one for flows of
5–40 L/min and the other for flows of 1–8 L/min. Both
pass-over and filter-cartridge humidifying devices usually
work well,30-32 and humidifying performance is adequate un-

til flow exceeds 60 L/min.9,33 Humidifying performance de-
pends on the patient: during spontaneous breathing, tidal vol-
ume and inspiratory flow vary both individually and breath
by breath.34,35 When HFNC flow is less than the inspiratory
flow, the patient also inspires ambient air that contains less
humidity (Fig. 5).

Inspiratory Limb

Even with the best heated humidifiers, some vapor is
lost as condensation in the inspiratory circuit.36,37 To en-
sure delivery of adequately humidified medical gas to pa-
tients, it is important to avoid circuit vapor loss. With
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Fig. 2. There are 3 types of flow generators: air-oxygen blenders, turbines, and Venturi. Air-oxygen blender with a flow meter is the most
common. By using a mechanical air-oxygen blender and flow meter, oxygen concentration and flows are stable (A: Bird blender (Vyaire
Medical, IL) and D: Air-oxgen blender (Bio-Med Devices, CT) ). B: A flow generator is built in with the AIRVO 2 Fisher & Paykel Healthcare
(Auckland, New Zealand). E: Precision Flow Plus (Vapotherm, NH). Oxygen is supplied via a low-pressure system, while the device monitors
oxygen concentration. C and F: The MaxVenturi (Maxtec, UT) uses a flow generator to create high flow by Venturi. It is composed of a flow
meter and oxygen concentration monitor. Noise is an important consideration. Courtesy Maxtec, Fisher & Paykel Healthcare, Bio-Med
Devices, and Vapotherm.
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aiming to minimize condensation, manufacturers have de-
veloped various types of inspiratory circuits, of which, the
most widely adopted type is a circuit that simply contains
a heating wire. The heated-wire circuit is also often chosen
in invasive and noninvasive respiratory support. To regu-
late the thermal output of the heating wire placed inside
the limb, the supplied electric current is servo-controlled.
Heating-wire placement differs, depending on the maker
(RT202 [Fisher & Paykel] and SLH [Intersurgical, Berk-
shire, United Kingdom]) (Fig. 6). SLH has only a short

heating wire, and the distal end of the wire and the location
of the temperature probe is different from the RT202.
Although only 10 cm long, the wire influences tempera-
ture control and decreases condensation; however, because
of the temperature gradient from each of the heating wires
to the circuit wall, some degree of condensation is inevi-
table and is likely to be greater with a shorter wire. Placing
a plastic sleeve around the circuit can insulate the limb
exterior from cooler ambient air and decrease condensa-
tion.36 More sophisticated circuits have recently been de-
veloped. For example, use of heating wires embedded in
the circuit wall keeps the wall temperature high enough to
avoid condensation (Fig. 6).38

Vapotherm devised a distinctive coaxial design. Rather
than using a heating wire inside the circuit, warm water
runs between the inner and outer lumens of the tubes through
which medical gas is delivered. This system prevents cool-
ing from ambient air and decreases the amount of conden-
sation in the inspiratory circuit.39 It is an application of
almost identical systems that are used for warming blood
or infusion fluids (Fig. 7).

Beyond the circuit, condensation may also accumulate
in the nasal prongs, which results in water droplet spray
into the nostrils. Besides disturbing sleep, this rainout may
induce coughing and desaturation. The lower the ambient
temperature, the more likely there is to be condensation. In
addition to discomfort and possible clinically important

Fig. 3. Structure of MaxVenturi. High flow is generated through air
entrainment constriction; equipped with a flow meter and oxygen
analyzer. Jet flow creates negative pressure around itself. Flow is
titrated by adjusting jet flow outlet. The higher the flow, the greater
the negative pressure and amount of entrained air. Jet flow is
noisy. From Reference 25.

Fig. 4. Noise levels of high-flow nasal cannula (HFNC) systems (OptiFlow, MaxVenturi, and AIRVO 2). Here only the noise level of the
MaxVenturi was presented. The noise level of the MaxVenturi was loudest among the systems, regardless of settings. As flow increased,
noise level got louder. The y-axis shows noise level (dB) and x-axis displays settings (flow/FIO2

). From Reference 25.
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worsening of the patient’s condition, condensation in-
creases the incidence of patient arousal, aspiration, irrita-
tion, and desaturation. The sequelae from these effects
may need to be factored into the health-care provider’s
workflow, especially for respiratory therapists and nurses.39

Interface

During the past 2 decades, increasing utilization of
NIV has been important in the field of respiratory sup-
port.5-8,40-46 No studies, however, reported a 100% suc-
cess rate.42,47 One major reason for this is patient dis-
comfort or intolerance of interfaces. Oronasal masks are
usually tried first, but many patients find them too un-
comfortable to tolerate. HFNC is reportedly better tol-
erated by patients than is NIV.9

The high-velocity nasal insufflation system (Hi-VNI,
Vapotherm) uses a slender nasal cannula similar in ap-
pearance to a regular nasal oxygen cannula. Both the in-

ternal diameter and nasal prong bore are narrow, and this
results in high flow out of the nasal prongs.17 Moreover,
via 2 connecting tubes, Hi-VNI delivers flow to each prong
from either side. By contrast, with the Optiflow system
(Fisher & Paykel), the nasal prongs and tubing between
the nasal prong and inspiratory circuit are both large bore,
and flow to the prongs is delivered from one side only
(Fig. 8). A computational fluid dynamics study in a model
set for flow of 20 L/min found greater flow velocity in the
vortices from the smaller prong cannulas and additional
anterior vortices on each side of the nasal septum.17 The
anatomy of the nasal cavity of humans is more complex,
however, and it remains unclear how relevant this model is
to real-life physiology.

Clinical Effect

Few studies have compared the clinical effects of HFNC
devices. In preterm infants, Mahoney et al48 compared the
Vapotherm and Optiflow devices for weaning from nasal
CPAP and found that both were similarly effective for
weaning without increasing the risk of pneumothorax or
bronchopulmonary dysplasia. Tero et al39 compared the
workflow with conventional humidifiers and integrated
HFNC systems in a neonatal ICU. Regardless of scheduled
or unscheduled, staff contacts for tasks such as clearing
circuit water was statistically and significantly less with
integrated HFNC systems. With conventional humidifiers,
clinical event incidences, patient arousal, crying, and de-
saturation were higher. However, pediatric studies do not
necessarily translate to adult patients.

Summary

HFNC is a simple system with clinical effects mainly
dependent on flow, oxygen concentration, and temperature
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Fig. 5. Effects of flow and tidal volume (VT) on absolute humidity. At high-flow nasal cannula (HFNC) flow of 20 L/min, when VT

increased from 300 to 700 mL, absolute humidity decreased; at HFNC flow of 40 and 50 L/min, absolute humidity did not vary
according to VT. A: AIRVO 2. B: Optiflow. Both AIRVO 2 and Optiflow delivered appropriate levels of absolute humidity, except at 20
L/min with Optiflow.
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Fig. 6. Distance between the end of heating wire and temperature
probe differs between circuits. In this example, it is �10 cm; how-
ever, this can influence temperature control and the amount of
condensation. A: RT202. B: SLH.
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setting. Usually, end-inspiratory lung volume increases as
flow increases.49 Greater flow also washes out more ana-
tomic dead space.18,19 For patients with acute hypoxemic
respiratory failure, the HFNC gas temperature may affect
comfort: at equal flows, there is evidence that lowering the
temperature to 31°C can be more comfortable than 37°C.49

Patients with more-severe hypoxemia find higher flows
more comfortable. Although the functional differences be-
tween various HFNC systems are minor, it is essential to
prevent rainout in the inspiratory circuit to avoid adverse
clinical events. Another HFNC issue in the clinical setting
is noise. This needs to be successfully addressed to pro-
vide optimal care for patients.
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44. Köhnlein T, Windisch W, Köhler D, Drabik A, Geiseler J, Hartl S,
et al. Non-invasive positive pressure ventilation for the treatment of
severe stable chronic obstructive pulmonary disease: a prospective,
multicentre, randomised, controlled clinical trial. Lancet Respir Med
2014;2(9):698-705.

45. Rialp Cervera G, del Castillo Blanco A, Pérez Aizcorreta O, Parra
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Discussion

Strickland: I have a quick question.
One of the last items you talked about
was that a lower temperature may be
more comfortable for the patient but that
we also have to balance that with using
an appropriate temperature that carries
the right amount of humidity to the pa-
tient. Is one more important than the
other?

Nishimura: In our ICU, we usually
set it to 37°C, mainly because most of
our patients accept that setting. But in
this study,1 the authors more subjects
preferred the lower temperature. The
subjects would accept 37°C but the au-
thors only compared comfort. I prefer
to use 37°C.

* Jackson: To add to Shawna’s
question, my experience has been
that, if they are patients with COPD,
they tend to like a lower humidity
level. They complain a lot more that
it’s too hot–that might just be the
patients with COPD because they’re
the ones who like fans blowing and
air moving in the room. That’s re-
ally the only patient population I’ve
seen that complains about the heat
being too hot, and we’ll turn it down
for them a little bit. We always start
at 37°C because it’s our normal body
temperature and it’s what our cilia
in our airway require to be able to
function properly. That’s what we’ve
seen initially.

Piraino: I think your observation is
important because we have these hu-
mid summers with weather warnings
for people with chronic respiratory dis-
ease not to go outside. So they likely
are more sensitive in terms of dys-
pnea when the temperature is very hot.

Perhaps temperature is more patient
specific, and, again, it all comes back
to perhaps we should interact more
with our patients to say “does this feel
too hot?” Most devices have the op-
tion to choose lower temperatures, they
may not be the ideal temperature, but
it’s what the patient would prefer. Tol-
erance of therapy is by all means most
important.

Volsko: Although I don’t deal with
patients with COPD, we’ve found that
same phenomenon with our patients
with cystic fibrosis, especially the
adult patients and those with a greater
disease severity. The patients were
much more comfortable when we
turned down the temperature on the
heated high-flow nasal cannula.
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