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1 Introduction
Dyspnea and hypoxia are the most common symptoms 

of acute heart failure (AHF) and are the leading cause of 
emergency care (Gheorghiade & Pang, 2009); respiratory support 
is the first measure taken during AHF emergency treatment 
(Mebazaa et al., 2015). HFNC is a new type of respiratory support 
developed in recent years. HFNC devices allow modification of 
only two variables – the percentage of oxygen being delivered 
and the rate of gas flow. There are at this time only two such 
devices on the market. Both are capable of delivering a mix of 
air and oxygen with an inspired oxygen fraction (FiO2) ranging 
between 0.21-1.0. HFNC can partially substitute non-invasive 
ventilator function, and has higher humidification efficiency 
and better comfort. It has been proposed that the HFNC can 
provide several benefits. Among these are maintenance of a 
constant FiO2, generation of a positive end-expiratory pressure 
(PEEP), reduction of the anatomical dead space, improvement 
of mucociliary clearance and reduction in the work of breathing. 
Therefore, its clinical application is also more and more extensive.

The HFNC is very versatile and user friendly. It can be used 
in a low-monitoring environment, with almost no knowledge 
of mechanical ventilation. However, most patients treated with 
the HFNC are extremely hypoxemic, which raises important 
questions regarding whether it should be used in such conditions. 
Regardless of this controversy, several potential clinical uses 
for the HFNC have emerged in recent years. Among these are 
included the respiratory support of patients with acute hypoxemic 

respiratory failure or respiratory distress syndrome (ARDS), 
with respiratory compromise induced by heart failure and with 
respiratory compromise post-extubation.

2 Clinical mechanism of nasal high-flow oxygen therapy
HFNC oxygen therapy is increasingly used as part of both 

ward-based and critical care management of respiratory failure. 
Respiratory failure is distressing for patients and treatment 
modalities currently in use may be associated with discomfort 
from upper airway drying, tightly fitting facemasks, and resultant 
complications such as skin breakdown. Invasive ventilation 
is also associated with a number of complications including 
ventilator-associated pneumonia. HFNC provide positive 
pressure to the airways was first noted in neonates, and it is 
in this patient group that this therapeutic effect was first used. 
A similar continuous positive airway pressure (CPAP) effect, 
with higher flows, was noted in adults1 and from here, HFNC 
oxygen therapy was developed (Figure 1) (Gotera et al., 2013).

2.1 HFNC produces a low level of positive end expiratory 
pressure (PEEP) effect

The inspiratory flow rate (IFR) demanded by a person 
under normal breathing conditions is 30~40 L/min, but the 
IFR required by the patient in dyspnea or respiratory failure is 
greater than 70 L/min (Anderson et al., 2006); therefore, when 
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The High-flow nasal cannula (HFNC) oxygen therapy has received attention as an alternative to respiratory support in critically 
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Practical Application: HFNC has a unique advantage in the treatment of AHF with hypoxemia due to the ability to produce 
a certain level of PEEP, providing humidified warming and stable oxygen concentration and oxygen flow, reducing respiratory 
work and comfort. This paper reviews related research in recent years to improve the AHF respiratory support level with 
reasonable use of HFNC.
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the normal oxygen inhalation mode cannot meet the oxygen flow 
requirements of patients with respiratory failure, the patient’s 
inhaled oxygen is mixed into the indoor air, which significantly 
reduce the concentration of oxygen inhaled by critically ill 
patients by using of traditional oxygen inhalation (nasal catheter 
or mask oxygen). The volume fraction usually does not reach the 
set indicator. The IFR achieved by HFNC can match the oxygen 
flow requirement of patients with respiratory failure, so that 
the volume fraction of inhaled oxygen is constant and reaches 
the patient’s requirement (up to 90% of the volume fraction 
of inhaled oxygen can be achieved) (Masclans & Roca, 2012).

HFNC refers to a high-flow (8-80 L/min) inhalation that 
provides a patient with a regulated and relatively constant oxygen 
concentration (21% to 100%), temperature (31-37  °C), and 
humidity through a high-flow nasal plug. The device is mainly 
composed of an air oxygen-mixing device, a humidification 
therapy device, a high-flow nasal plug and a connecting breathing 
tube, and generates a certain level of PEEP by delivering a 
high-flow gas to maintain the alveolar opening. Groves et al 
(Groves & Tobin, 2007) compared airway pressure changes in 
10 healthy subjects under different oxygen flow and respiratory 
conditions. It was found that subjects who used HFNC had a 
significant increase in expiratory airway pressure (P < 0.001), 
positively correlated with oxygen flow, regardless of the mouth 

opening and closing state. Under closed breathing conditions, 
the expiratory airway pressure can be increased by about 
0.8 cmH2O for every 10 L/min of oxygen flow. The value of 
airway pressure is also affected by factors such as height and 
gender. In the same situation, women have higher airway 
pressure than men. Parke et al (Parke et al., 2009) also observed 
in 15 patients after cardiac surgery, a ratio of 35 L / min, close 
mouth breathing can produce a higher level of positive airway 
pressure than opened mouth breathing [ 2.7 (1.04) vs 1.2 (0.76) 
cmH2O ] (P = 0.001), they all have a significant increase over 
traditional oxygen therapy. Corley et al (Corley et al., 2011) 
confirmed that HFNC could partially recapture the alveoli in 
patients with acute respiratory failure after cardiac surgery, 
thus improving the patient’s oxygenation level.

2.2 HFNC maintains stable volume fraction and flow of 
inhaled oxygen

AHF causes pulmonary congestion and edema. At this time, 
the patient has acute dyspnea/hypoxia/compensatory, which 
causes the respiratory deepening to accelerate, and the patient’s 
IFR increases significantly. Studies have shown that patients with 
acute hypoxia can have a peak inspiratory flow of 30 to 120 L/min, 
while conventional oxygen therapy can only provide a flow rate 
of up to 15 L/min, which not only fails to meet the needs of 

Figure 1. The working principle of HFNC.
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patients, but also causes dilution of oxygen concentration due 
to excessive air inhalation (Nishimura, 2016). The IFR achieved 
by HFNC can basically match the oxygen flow requirement of 
patients with respiratory failure, so that the volume fraction of 
inhaled oxygen is constant and reaches the patient’s requirement 
(up to 90% of the volume fraction of inhaled oxygen can be 
achieved). HFNC can provide 21%~100% oxygen concentration 
and up to 60 L/min oxygen flow, which can meet the needs of 
patients with acute hypoxia (Gotera et al., 2013). The oxygen 
flow delivered is closer to or even exceeds the spontaneous 
inhalation of patients with respiratory failure. It keeps FiO2 
relatively constant, the HFNC delivers gas through a continuous 
high flow rate, and the actual FiO2 measured is closer to the 
preset oxygen concentration.

2.3 HFNC flushes the dead space of the respiratory tract

Continuous HFNC can flush the carbon dioxide in the 
upper respiratory tract and reduce the reabsorption of carbon 
dioxide, but the role of HFNC in the treatment of hypercapnia 
caused by carbon dioxide retention has not been fully defined 
(Dysart et al., 2009). An in vitro study confirmed that HFNC 
could flush the dead space of the nasopharynx at a flow rate 
of 30 L/min and increase the volume fraction of inhaled 
oxygen. Under the scouring effect of HFNC, the patient’s 
partial pressure of carbon dioxide (PaCO2) can be decreased, 
and the partial pressure of oxygen (PaO2) rises to a certain 
saturation state; after the saturation is reached, the scouring 
effect disappears, indicating that the upper respiratory dead 
space has been basically washed away. In another randomized 
crossover study (Möller et al., 2017), Möller et al. used xenon 
(81mKr) for scintigraphy in 10 volunteers with closed breath, 
CO2 volume maps and oximetry in 3 patients who underwent 
tracheotomy through nasal respiration. They sampled the 
carbon monoxide and oxygen in the trachea and measured 
the inhalation. It was confirmed that the exhaled breath in 
the upper respiratory tract by HFNC can extend below the 
soft palate, further reducing the dead space, and the CO2 
clearance rate is directly related to  the HFNC flow and 
treatment time.

2.3 HFNC maintains mucociliary clearance functions

HFNC can provide relatively accurate constant temperature 
and constant humidity gas for nasal high-flow humidification 
oxygen therapy, which meets the gas temperature and humidity 
of the respiratory tract under human physiological conditions, 
and reduces the influence of medical dry and cold gases on the 
mucociliary system and mucosal function of the upper and lower 
respiratory tract (Pillow et al., 2009). Compared with ordinary 
oxygen therapy, HFNC can provide a gas environment with an 
absolute humidity of 44 mg/L, which is the same as the physiological 
condition of alveoli, which can increase mucociliary clearance 
and maintain the integrity of respiratory mucosal epithelial cells, 
prevent energy loss caused by heat and moisture exchange in the 
alveoli (Frat et al., 2013). It also prevents bronchoconstriction 
or bronchospasm caused by dry and cold air, which increases 
patient comfort and tolerance.

2.4 HFNC reduces upper airway resistance and resistive 
work of breathing

Inhalation of 500 mL of tidal volume and respiratory rate 
of 12 times/min during normal breathing requires 156 Cal/min 
of heat. HFNC can adjust the transport gas in the range of 
31 °C~37 °C. When heated to 37 °C, the transport gas can be 
humidified to 100% relative humidity, which can replace the 
humidification function of nasal mucosa, reduce the required 
heat consumption; at the same time, good warming and 
humidifying effect reduces the friction between the nasal cavity 
and the gas, as well as the gas and gas, and reduces the airflow 
resistance, effectively reduce the breathing work caused by this 
resistance, thereby reducing metabolic oxygen consumption 
(Dysart et al., 2009).

In addition, the nasopharynx exerts a certain resistance to the 
inspiratory flow. HFNC can mechanically expand the nasopharynx 
by generating CAPA, thereby reducing the inspiratory resistance; 
and the decrease in inspiratory resistance can further reduce the 
patient’s respiratory work (Lu & Zhang, 2018).

3 Clinical application of HFNC
In 2015, Frat et al. (Frat et al., 2015b) published a multi-

center clinical study involving 310 patients with hypoxemia-type 
respiratory failure. Compared with conventional oxygen therapy 
and noninvasive positive pressure ventilation (NPPV), HNFC 
had similar endotracheal intubation rates, but the number of days 
without ventilator-assisted breathing increased within 28 days and 
the risk of death at 90 days decreased. This laid the foundation 
for HFNC in the treatment of hypoxic respiratory failure.

Patients with ARDS have acute respiratory distress and refractory 
type I respiratory failure as the main clinical manifestations. 
Relieving dyspnea and correcting hypoxia is an important strategy 
for ARDS treatment. Frat et al (Frat et al., 2015a) showed that 
HFNC, like NPPV, can significantly reduce respiratory rate, 
improve oxygen partial pressure, and HFNC is better tolerated. 
However, if the respiratory rate is still higher than 30 times/min 
after 1  h of treatment with HFNC, the risk of intubation is 
significantly increased.

Expert consensus on the application of clinical specifications 
for nasal high-flow humidification oxygenation (Respiratory 
Critical Care Medicine Group of Respiratory Medicine Branch 
of Chinese Medical Association, 2019): HFNC can be used as 
a first-line treatment for ARDS patients with mild hypoxemia 
(200 mm Hg < PaO2 / FiO2 ≤ 300 mm Hg) (level of evidence 
II, (OCEBM Levels of Evidence Working Group, 2016). 
The  moderate hypoxemia without clear tracheal intubation 
(100 mm Hg < PaO2 / FiO2 ≤ 200 mm Hg) can be evaluated 
again after 1 h of treatment with HFNC. If symptoms do not 
improve, they should be changed to Non-invasive positive pressure 
ventilation (NPPV) or Invasive positive pressure ventilation 
(IPPV, level of evidence) II); ARDS with severe hypoxemia 
(PaO2 / FiO2 < 100 mmHg) are not recommended for routine 
HFNC therapy (Level of Evidence III).

In patients with invasive mechanical ventilation, after evacuating 
the ventilator and removing the tracheal intubation, the respiratory 
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function is often not fully recovered. The intubation rate is planned 
to be 6% to 23% within 48 to 72 hours after extubation (Frutos-
Vivar et al., 2011), so NPPV is often required. For sequential 
treatment. Hernández et al (Hernández et al., 2016) confirmed 
that compared with NPPV, HFNC is not inferior to high-risk 
patients undergoing extubation in preventing respiratory failure 
after extubation and avoiding re-intubation, and HFNC has better 
comfort and tolerance, and fewer complications (Li et al., 2018).

In addition, for the treatment of tissue hypoxemia, studies have 
shown that (Ozturan et al., 2019; Tomruk et al., 2019) compared 
with conventional oxygen therapy, HFNC can significantly 
reduce the concentration of carboxyhemoglobin in the blood 
of patients with carbon monoxide poisoning, and shorten the 
time spent in the rescue room, so it is a promising treatment.

3.1 Status of AHF respiratory support

AHF is a serious threat to human health. In the United 
States alone, approximately 1 million patients are hospitalized 
each year due to AHF (Benjamin  et  al.,  2018), and nearly 
90% of AHF patients complain of dyspnea and most exhibit 
symptoms and signs of varying degrees of pulmonary congestion 
(Mebazaa et al., 2010).

The incidence of respiratory failure is between 5% and 
13.9% (Tomruk et al., 2019). Therefore, respiratory support is 
often one of the first treatments for AHF patients in emergency 
department. Respiratory support methods include oxygen therapy, 
non-invasive ventilation, and invasive mechanical ventilation, 
but so far, there is insufficient data to demonstrate which one is 
the ideal one for a better prognosis in AHF (Miller et al., 2019).

Oxygen therapy is one of the routine means of clinical 
treatment of dyspnea (including AHF patients). Many doctors 
and patients believe that oxygen can reduce dyspnea, improve 
myocardial tissue oxygenation and improve heart function. 
However, due to the lack of high-quality evidence, the role of 
oxygen therapy in the treatment of patients with AHF has been 
debated (Sepehrvand & Ezekowitz, 2016). Although clinicians 
have reached a consensus on the treatment of acute hypoxemia, 
it is unclear whether oxygen therapy should be given in patients 
with normal blood oxygen saturation (SpO2).

Physiological studies (Farquhar et al., 2009) have shown that 
hyperoxia stimulation overproduces oxygen radical reactions, 
induces vasoconstriction, reduces coronary blood flow, and 
ultimately leads to cardiac dysfunction, which is therefore 
harmful. Another study (Ezekowitz et al., 2012) showed that 
patients’ perception of dyspnea was not directly related to SpO2.

In recent years, several influential randomized controlled 
trials have shown that oxygen therapy has no clinical benefit in 
patients with acute myocardial infarction without hypoxemia 
(Sepehrvand et al., 2018; Hofmann et al., 2017) and may even 
be harmful (Stub et al., 2015). Recent guidelines for heart failure 
(Ponikowski et al., 2016; Ezekowitz et al., 2017; Atherton et al., 2018; 
Chinese Society of Cardiology, 2018) suggest that oxygen therapy 
for patients with AHF must be cautious, and patients with AHF 
without hypoxemia should not be routinely treated with oxygen.

According to different clinical conditions, the corresponding 
oxygen therapy and oxygen therapy targets should be 
recommended separately.

Non-invasive ventilation can increase oxygenation and 
reduce work of breathing through positive airway pressure. 
Ventilation support further improves alveolar ventilation 
and reduces respiratory work and carbon dioxide levels. 
Compared  with traditional oxygen therapy, non-invasive 
ventilation can improve dyspnea more quickly, correct acute 
respiratory failure, shorten the critical time of the disease, 
reduce the risk of endotracheal intubation, and possibly reduce 
the mortality of high-risk patients (Berbenetz  et  al.,  2019). 
Therefore, most current guidelines (Ponikowski  et  al.,  2016; 
Ezekowitz et al., 2017; Atherton et al., 2018; Chinese Society of 
Cardiology, 2018) recommend that non-invasive ventilation should 
be performed as soon as possible for patients with AHF who 
have respiratory distress (breathing frequency > 25 beats/min) 
and hypoxemia (arterial oxygen saturation. SaO2 < 94% or 
SpO2 < 90%) for respiratory support. If the condition continues 
to worsen after active treatment (disorder of consciousness, 
abnormal breathing rhythm, or respiratory rate < 8 beats / min, 
spontaneous respiration weak or disappear, PaCO2 progressive 
elevation), intolerance of noninvasive ventilation or presence of 
noninvasive ventilation contraindications. It should be treated 
with tracheal intubation and invasive mechanical ventilation. 
HFNC can be used in patients who are not well tolerated with 
noninvasive positive pressure ventilation indications (Chinese 
Medical Doctor Association Emergency Physician Branch, 
Chinese Society of Cardiothoracic Anesthesia First Aid and 
Resuscitation Branch, 2017).

3.2 Application Status of HFNC in AHF

There are many similarities between HFNC and NPPV in 
the treatment principle, which are driven by electric turbines 
to form high-speed airflow. The flow control is realized by the 
solenoid valve, and the airflow is heated and humidified, which 
belongs to the positive pressure ventilation in the traditional 
sense. They are able to maintain a certain level of PEEP, open 
the airway, reduce dead space, improve ventilation, and allow air 
leaks in the open airway (Expert consensus on clinical application 
of adult nasal high-flow humidification oxygen therapy, 2019). 
Therefore, some scholars have classified HFNF as a type of 
non-invasive ventilation and applied it to AHF (Masip, 2019).

3.3 Nasal high-flow humidification oxygen therapy improves 
dyspnea in patients with acute heart failure

A controlled trial conducted by Makdee et al. (Makdee et al., 2017) 
in 128 patients with emergency cardiogenic pulmonary edema 
showed that compared with conventional oxygen therapy, after 
60 minutes of treatment, HFNC can significantly reduce the 
average respiratory rate of patients and improve their dyspnea. 
In a prospective study of 44 patients with AHF, Carratalá et al. 
(Carratalá  et  al.,  2018) also confirmed that patients treated 
with HFNC showed significant improvement in respiratory 
comfort, oxygenation index, and respiratory rate at 1, 2, and 
24 hours compared with conventional oxygen therapy (P < 0.05). 
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Similar studies have been obtained in similar studies conducted 
in China (Zhang et al., 2019; An et al., 2018).

3.4 HFNC improves hemodynamics in patients with AHF

The CPAP effect brought by HFNC can change the 
hemodynamics of patients with heart failure. Roca et al 
(Roca et al., 2013) observed 10 patients with NYHA class III 
heart failure, measured the diameter of the inferior vena cava 
before and after HFNC, and set the flow rate to 20 L/min and 
40 L/min. The inferior vena cava collapse index was 20% and 53% 
lower than the baseline, respectively, and the change disappeared 
after evacuation. It can be speculated that HFNC can be used 
without affecting cardiac output.

It improves hemodynamic status in NYHA class III heart 
failure patients by producing positive intrathoracic pressure and 
reducing cardiac preload. Inata et al. (Inata & Takeuchi, 2017) 
applied HFNC in the treatment of children with respiratory 
failure after congenital heart surgery in children, and found that 
HFNC can reduce the negative work of respiratory work and 
the large negative fluctuation of intrathoracic pressure, so that 
HFNC helps to reduce ventricular afterload, and thus improve 
hemodynamic status.

3.5 Comparison of HNFC and non-invasive ventilation

There is currently no high-quality controlled study of HFNC 
and non-invasive ventilation in patients with AHF. Previous 
studies (Carratalá Perales et al., 2011) reported that 5 patients 
with moderate (20%) to severe (80%) dyspnea in AHF patients 
had poor efficacy in non-invasive ventilation in the rescue room, 
switched to HFNC, patients with dyspnea and comfort were 
effective Improved, and after 24 hours of HFNC treatment, the 
patient’s arterial SpO2 increased from 85% to 99%.

Chinese scholar Yang et al (Yang  et  al.,  2019) observed 
52patients with AHF, HFNC and NPPV can significantly 
improve the patient’s respiratory rate, heart rate, PaO2, PaCO2 
and oxygenation index, the efficacy of the two was similar, and 
there was no difference in the rate of tracheal intubation due 
to treatment failure, but the comfort and tolerability of HFNC 
treatment was significantly better than that of NPPV. The results 
of a subgroup analysis of a multicenter clinical trial of HFNC and 
NPPV for acute decompensated heart failure in an emergency 
department by Haywood et al (Haywood  et  al.,  2019) also 
confirmed that in patients with acute decompensated heart 
failure secondary to respiratory failure (no need for emergency 
tracheal intubation), HFNC is not inferior to NPPV.

3.6 Comparison of HNFC and traditional oxygen therapy

As mentioned above, HFNC not only provides high-
flow humidification, warmed oxygen, but also high comfort 
compared to conventional oxygen therapy; it also produces a 
certain positive airway pressure. Positive airway pressure can 
increase the intrathoracic pressure, reduce venous return, and 
reduce the preload, especially in patients with heart failure 
with reduced ejection fraction. On the other hand, the patient’s 
inspiratory effort can be significantly reduced. Thereby, the 

pleural cavity negative pressure during inhalation is reduced, 
the left ventricular transmural pressure is decreased, and the 
afterload is correspondingly lowered.

At the same time, a certain level of PEEP can expand the 
trapped lung (alveoli), increase the capacity of the end-tidal lung, 
improve the lung compliance, move the water in the alveoli to 
the pulmonary interstitial, and promote the return of alveolar 
fluid and interstitial fluid into the vascular lumen, reduce 
extravascular lung water, increase functional residual capacity, 
prevent alveolar or small airway collapse, improve ventilation 
to blood flow imbalance, and increase oxygenation. Therefore, 
HFNC is a good alternative to traditional oxygen therapy in 
patients with mild to moderate hypoxemia. Rochwerg  et  al. 
(Rochwerg et al., 2019) pointed out through a meta-analysis of 
HFNC research in recent years that in patients with respiratory 
failure, although HFNC had no effect on mortality, HFNC reduced 
the need for invasive mechanical ventilation (RR 0.85, 95% CI 
0.74-0.99) and a 4.4% reduction in absolute risk compared with 
conventional oxygen therapy. Zhu et al. (Zhu et al., 2017) further 
showed that compared with traditional oxygen therapy; HFNC 
reduces respiratory support upgrades and it can be safely used 
in patients after adult heart surgery.

4 Indications for HNFC in AHF
Although in a recent single-center retrospective study, Kang 

et al (Kang et al., 2019) concluded that HFNC has similar results 
in terms of increased SpO2 and in-hospital clinical outcomes for 
endotracheal intubation in patients with AHF, supporting HFNC 
as the first choice for oxygen therapy when AHF patient masks 
are still unable to relieve hypoxemia after oxygen inhalation, 
there is no uniform conclusion on the application of HFNC 
in AHF. Currently available reference guidelines for heart 
failure and HFNC application-related expert consensus are in 
patients with mild to moderate hypoxemia (100 mmHg ≤ PaO2/
FiO2  <  300  mmHg), no indication for emergency tracheal 
intubation and patients with relatively stable vital signs can try 
HFNC. Patients with mild ventilatory dysfunction (pH ≥ 7.3) 
can also be used with caution. However, it should be prepared 
to replace it with non-invasive assisted ventilation or tracheal 
intubation/invasive positive pressure ventilation (level of evidence 
II). If HFNC fails or when the patient experiences respiratory 
distress (respiration rate >25 beats/min, SpO2 < 90%) or severe 
pulmonary edema and or hypoxemia progresses to respiratory 
failure (PaO2 < 60mmHg, PaCO2 > 50 mmHg) with acidosis 
(pH  <  7.35), it should be upgraded to non-invasive assisted 
ventilation or endotracheal intubation as appropriate (Expert 
consensus on clinical application of adult nasal high-flow 
humidification oxygen therapy, 2019).

5 Conclusions
HFNC has been successfully applied in several situations. 

However, the indications are not conclusive, with much of the 
proven benefit being subjective and physiologic. In patients with 
severe hypoxemic respiratory failure, it is suggested that HFNC 
is an alternative to other high-flow systems and noninvasive 
ventilation. Not all patients with respiratory failure are eligible 
for HFNC. Health care providers should consider whether to 
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use HFNC based on factors such as the patient’s condition and 
etiology. The PEEP effect of HFNC is significantly weaker than 
the CPAP effect produced by non-invasive ventilators, so the 
treatment of non-invasive ventilators is still better in patients 
with severe pulmonary edema. Strict monitoring is necessary for 
all patients using HFNC, including changes in heart rate, blood 
pressure, respiratory rate, and respiratory pattern. Intubation 
delays caused by neglected monitoring during HFNC use may 
result in a poor prognosis for the patient. HFNC has a unique 
advantage in the treatment of AHF with hypoxemia due to the 
ability to produce a certain level of PEEP, providing humidified 
warming and stable oxygen concentration and oxygen flow, 
reducing respiratory work and comfort. However, there is 
still a lack of standardized guidelines to guide the application, 
indications and contraindications are not clear, we need to be 
more and meticulous research to demonstrate its long-term use.
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