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The use of high-flow nasal cannula in acute decompensated heart

failure: ready for prime time yet?
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Abstract: The incidence of heart failure has been rising rapidly. The cornerstone of therapy in acute

decompensated heart failure (ADHF) with hypoxemia in the emergency department (ED) includes

administration of nitrates, loop diuretics and provision of supplemental oxygen, which can be delivered in

various forms depending on severity. High-flow nasal cannula (HFNC) oxygenation has been increasingly

used for conditions with type 1 respiratory failure, such as severe pneumonia, and post-extubation in the

intensive care unit (ICU). We evaluate the physiology and current evidence behind the use of HFNC

oxygenation, and whether it is a viable alternative in the delivery of oxygen in ADHF in the ED, general

inpatient ward and ICU.
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Introduction

An ageing population, increased prevalence of chronic
cardiovascular diseases and improved survival rates post-
myocardial infarction has driven up the number of patients
with heart failure by more than 10% in less than 5 years
in the United States; from 5.7 million between 2009 and
2012, to 6.5 million between 2011 and 2014 (1). The total
healthcare expenditure due to congestive heart failure is
projected to increase from 24 billion dollars in 2015 to
47 billion dollars by the year 2030 (1). Acute decompensated
heart failure (ADHF) constituted 2.9% of all emergency
department (ED) visits in the last decade of the 20th
century and has shown a steady increase across the
years (2). Majority of patients with ADHF presenting to the
ED requires hospitalization for further management and
are 5 times more likely to need intensive care unit (ICU)
admission (2). The economic and social burdens from heart
failure are expected to escalate along with the silver tsunami
and improved life expectancies as a result of advancement in

healthcare (1).
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Apart from achieving an euvolemic state, the initial
management of ADHF involves relieving symptoms, and
reducing preload and afterload to alleviate pulmonary
congestion (3). Besides the administration of medications
such as nitrates and loop diuretics, oxygen therapy is
another important component in the management of
ADHEF, especially when complicated by hypoxemic
respiratory failure. The form of oxygen therapy required
(short of invasive mechanical ventilation) ranges from
standard oxygen delivery devices such as face masks and
non-rebreather masks, to noninvasive ventilation (NIV)
through continuous positive airway pressure or bilevel
positive airway pressure ventilation through sealed face
masks depending on the severity of decompensation and
type of respiratory failure.

Standard oxygen therapy and noninvasive positive
pressure ventilation delivers oxygen that is neither
humidified nor heated. Exposure to dry and cool air has
been known to have deleterious effects on the respiratory
mucosa, which includes impairment of mucociliary flow,
induction of inflammation, and retention of mucus with
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resultant crusting and secondary bacterial infection (4).
The therapeutic use of warm and humidified high-flow
oxygen has a history dating back to the 1980s. However, the
delivery of high-flow oxygen through nasal cannula has only
been developed for clinical use in the past two decades (5).
The use of high-flow nasal cannula (HFNC) oxygenation
has been widely adopted predominantly in the neonatal
population, where avoidance of detrimental effects
associated with endotracheal intubation and mechanical
ventilation of preterm infants, such as lung injury and
chronic lung disease is of paramount importance (6).
Furthermore, HFNC has been shown to be better
tolerated yet achieving similar outcomes in terms of
mortality and reduced ventilator-days when compared to
nasal continuous positive airway pressure ventilation in
preterm infants (7). In recent years, this alternative method
of oxygenation has been gaining interest in providing
oxygen supplementation in adult patients with respiratory
failure and various hypoxemic conditions (8). In addition
to ease of administration and excellent patient tolerance,
HFNC therapy has been used in outpatient settings for
chronic respiratory failure (9) as well as the general ward
setting (10), potentially reducing healthcare costs by
averting and reducing admissions to ICUs. Despite its
increasing use in treatment of acute respiratory failure from
various conditions in adult patients (8), the evidence for use

in ADHF is still emerging.

Physiology and mechanics of HFNC

Several physiological features of HFNC may potentially
support its use in ADHF. First, the predominant mechanism
of action of HFNC is through washing out of carbon
dioxide in anatomical dead space by delivery of oxygen
at a high flow (11), thus improving alveolar ventilation.
Additionally, HFNC generates adequate flow rates to
match that of the patients’ inspiratory flow in order to
overcome the distensibility of the nasopharynx during
inspiration and reduces work of breathing (11). As a result
of the minimal difference between the delivered oxygen
flow and inspiratory flow, a constant fraction of inspired
oxygen (Fi0O,) can be maintained regardless of the patient’s
respiratory minute volume (8).

Second, the use of HFNC was shown to result in
lower changes in esophageal pressure swings, translating
to reduced efforts in inspiration and improved lung
compliance (12). The decrease in efforts of respiration
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is particularly important in the prevention of respiratory
muscle fatigue that would necessitate endotracheal
intubation and mechanical ventilation, which is associated
with complications such as ventilator-associated pneumonia
and longer duration of stay in the ICU (13).

Third, as oxygen delivered by HFNC is humidified and
heated, the high flow is generally well tolerated by awake
patients (14). Humidification and heating also facilitates
mucociliary clearance of secretions, improves dyspnoea and
avoids bronchoconstriction associated with inhalation of
non-humidified air (11,15). The metabolic work required of
the nasopharynx for gas conditioning is decreased as the gas
has been pre-warmed and humidified.

Lastly, with the mouth closed, the high flow is able
to maintain a positive end-expiratory pressure of up to
7.4 cmH,0 (16), allowing a distending pressure to prevent
atelectasis and allow lung recruitment. Although the positive
airway pressure generated is relatively low compared to
mechanical ventilation and non-invasive positive pressure
ventilation via face mask, it is adequate enough for alveolar
recruitment to improve oxygenation in mild to moderate
hypoxemic respiratory failure (8). Moreover, in the presence
of impaired left ventricular systolic function, the positive
pressure provided by HFNC improves cardiac output and
decreases afterload (17). Pulmonary vascular resistance is
also decreased by improving the functional residual capacity
through the positive pressure generated by the high flow in
patients with pulmonary oedema (17).

Current NIV in ADHF

In patients with acute pulmonary oedema, the use of
NIV with either continuous or bilevel positive airway
pressure ventilation results in more rapid improvement of
respiratory distress in terms of symptomatic shortness of
breath through decreased work of breathing and respiratory
acidosis (18). However, despite the benefits of NIV, its use
is associated with disadvantages such as patient discomfort,
relatively high rates of facial skin necrosis due to mechanical
trauma in prolonged use, conjunctivitis induced by mask
leak and the rare but serious complication of aspiration
from emesis during NIV use (19). The discomfort and
anxiety experienced during NIV use may result in treatment
failure in patients intolerant of its application, further
compounding the vicious cycle of ADHE.

When compared to HFNC, NIV use was associated with
higher incidence of skin breakdown and focal erythema (20).
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Table 1 Comparing HFNC and NIV in ADHF
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Pros and cons HFNC oxygenation

NIV

Advantages

(I) High patient tolerance and comfort; (ll) no interruption
in therapy during oral feeding; (lll) avoids complications

(I) Can generate higher PEEP; (Il) has bilevel ventilation
for type 2 respiratory failure; (lll) avoids complications

associated with mechanical ventilation and intubation; (IV) associated with mechanical ventilation and intubation;

easy to use and monitor; (V) reduces metabolic work in

heating and humidification of inspired air

Disadvantages

studies for HFNC use in ADHF

(I) Lack of evidence when higher PEEP needed; (ll) only
useful in type 1 respiratory failure; limited evidence in
type 2 respiratory failure currently; (lll) lack of high quality

(IV) more established for use in ADHF

(I) Meal breaks may disrupt oxygenation;

(Il) patient discomfort, especially full-face masks;
(Il complications such as facial erythema, skin
necrosis from prolonged mask use and aspiration if
emesis present; (V) patient intolerance may result in
failure of therapy

HFNC, high-flow nasal cannula; NIV, noninvasive ventilation; ADHF, acute decompensated heart failure; PEEP, positive end-expiratory

pressure.

HFNC has been shown to be better tolerated than NIV,
and the use of nasal cannula as the interface for oxygen
delivery instead of a face mask gives the added advantage
of allowing patients to speak, resume diet and consume
oral medications without any cessation in oxygenation.
Furthermore, oxygenation delivered via continuous
positive airway pressure had been shown to be as effective
as bilevel positive airway pressure in averting the need for
endotracheal intubation and carries similar mortality rates
for acute pulmonary oedema (18). The lack of bilevel setting
with inspiratory airway pressure in HFNC is unlikely to
compromise on outcomes in normocapneic respiratory
failure in patients with ADHF. Table I summarizes the
advantages and disadvantages of both HFNC and NIV use
in patients with ADHE.

Existing evidence on HFNC use in heart failure

Positive use of HFNC has been reported for acute
respiratory failure from various conditions, including
pneumonia, post-extubation after cardiothoracic surgery,
ICU patients with mild to moderate respiratory failure, pre-
oxygenation prior to endotracheal intubation and apneic
oxygenation during endotracheal intubation (14,20-24).
Some of these studies included few patients with respiratory
failure secondary to cardiac failure, but studies dedicated to
evaluating efficacy on HFNC in ADHF are lacking.

Roca and colleagues conducted a small prospective study
on 10 patients in Class III New York Heart Association
heart failure to evaluate the hemodynamic and respiratory
effects of HFNC therapy in such patients who were not
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in acute decompensation (25). The study showed that
HENC reduces the respiratory rate and causes a decrease
in inspiratory collapse of the inferior vena cava (25). As the
right atrium is a surrogate for right ventricular preload, and
right atrial pressure is usually estimated from inferior vena
cava collapsibility, the authors deduced that the decrease
in inspiratory collapse indicated a reduction in right
ventricular preload (25). Hence, apart from oxygenation and
improving respiratory mechanics, HFNC could potentially
improve cardiovascular dynamics in patients with heart
failure. However, since the study was conducted in patients
with stable heart failure, the generalizability of the results
and efficacy of HFNC therapy in acute decompensation are
subject to further evaluation. Moreover, clinically important
parameters including mortality, ED recidivism and hospital
readmission rates, and patient-centric outcomes such as
quality of life, were not evaluated.

HFNC therapy has also shown some encouraging
results in treating patients who developed hypoxemia
following NIV use in the ED. A case series of five patients
in ADHF who were treated with HFNC after NIV use in
the ED demonstrated improved degree of dyspnoea with
high degree of comfort (26). All five patients experienced
moderate (20%) to severe (80%) dyspnoea, which improved
significantly with a decrease in work of breathing and
tachypnea, and significant improvement in arterial oxygen
saturation from 85% to 99% after 24 hours of HFNC
administration (26). Although two patients experienced
some tracheal discomfort, it was well-tolerated after the
initial adaptation period and did not result in therapy
withdrawal (26).
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Table 2 Studies on HFNC use in heart failure
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Study Study design, setting [n] Indications for HFNC use Outcomes assessed Study results
Roca et al. Prospective Adult patients with stable (I) Echocardiographic variables;  HFNC is associated with
(25) interventional, heart NYHA class lll heart failure  (Il) hemodynamic and respiratory decrease in inspiratory collapse
failure clinic [10] and ejection fraction <45%  variables of inferior vena cava and
decrease in RR during use
Carratala Case series, short stay  Patients in acute heart () Vital signs (respiratory rate, HFNC use for 24 hours resulted

Perales et al.  unit [5] failure initially treated
(26) with NIV with subsequent
refractory hypoxemia

Makdee et al. Open-label, randomised
(27) controlled trial, ED [128]

Adult patients with
cardiogenic pulmonary
oedema

heart rate, systolic blood
pressure); (Il) arterial blood gas
parameters

(I) Primary outcome: RR 1 hour
post-intervention; (Il) secondary
outcomes: Sp0O,, heart rate,
blood pressure, severity of
dyspnea, rate of adverse events,

in improvement of PaO,, degree
of dyspnoea and reduction in RR

HFNC use was associated with
reduction in RR. No significant
differences found between
intervention and control groups
for secondary outcomes

need for escalation to intubation
or NIV, ED length of stay,
mortality

HFNC, high-flow nasal cannula; NYHA, New York Heart Association; RR, respiratory rate; NIV, noninvasive ventilation; ED, emergency

department.

Only one randomized controlled trial has been
conducted and published thus far on use of HFNC in the
treatment of cardiogenic pulmonary edema presenting
to the ED (27). In this study conducted by Makdee and
colleagues in a single center ED in Thailand, adult patients
with a diagnosis of cardiogenic pulmonary oedema were
randomized into two arms of intervention: conventional
oxygen therapy with nasal cannula or non-rebreather mask
versus HFNC oxygenation at a flow rate of 35 to 60 L/min.
The primary outcome of respiratory rate per minute
was evaluated at 60 minutes after initiation of assigned
therapy. Although the study showed statistically significant
reduction in respiratory rate at 15-, 30- and 60-minute
post-initiation of HFNC therapy compared to conventional
oxygen therapy, the differences were too small to translate
to clinical significance (mean differences ranged from 1.8
to 3.3 breaths/min) (27). In addition, the study excluded
patients with SpO, of less than 90% and respiratory rate of
35 breaths per minute or more, making the results of the
study implausible to be extrapolated to heart failure patients
with severe hypoxemia and respiratory distress. The
surrogate outcome of decrease in respiratory rate was not
accompanied by more clinically important outcomes such
as intubation rates and mortality, which should be the crux
of evaluation in future studies. 7able 2 provides a summary
on studies conducted using HFNC in patients with heart
failure.
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Conclusions

HFNC may be a useful form of therapy in the treatment of
selected patients with ADHF due to its ease of application
and excellent patient tolerance in addition to its beneficial
physiological properties. The paucity of dedicated
studies evaluating clinically important outcomes provides
opportunities for larger well-designed studies in the future
to assess its efficacy in ADHF.
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