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Background: High-flow oxygen therapy through nasal cannula (HFNC) could reduce intubation rate and
mortality rate among patients with acute respiratory failure. We evaluated the physiological responses and
clinical outcomes of HFNC in patients with acute heart failure (AHF).

Methods: A retrospective cohort analysis was performed in single medical tertiary center. Patients with
AHF who had a progressive hypoxemia after oxygenation via facemask were divided into intubation group
and HFNC group. We analyzed the physiological responses and in-hospital clinical outcomes between two
groups.

Results: Seventy-three patients of intubation group and 76 patients of HFNC group were included.
Baseline characteristics were well-balanced between two groups. There were no differences in changes of
mean arterial pressure, heart rate, and pulse oxygen saturation during the first 6 hours. Among HFNC group,
66 of 76 patients (86.8%) were successfully recovered from progressive hypoxemia without endotracheal
intubation, and there were no differences in in-hospital clinical outcomes between two groups.
Conclusions: This study showed HFNC group had a similar result of improvement of oxygen saturation
and in-hospital clinical outcomes compared with intubation group in AHF. Present study supported HFNC
could be considered as initial choice of oxygen therapy in selected patients of AHF.
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Introduction via facemask, more intensive oxygen therapies including

Acute heart failure (AHF) is life-threatening medical non-invasive ventilation (NIV) or invasive ventilation

condition requiring hospital admission and appropriate through endotracheal intubation are necessary. Earlier
oxygen therapy (1). In management of AHF with studies demonstrated NIV had efficacy and safety in acute
refractory or progressive hypoxemia after oxygenation respiratory failure (ARF) (2-6). Current guidelines for AHF
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Acute heart failure with progressive hypoxemia (SaO, <90%)
Refractory to oxygen therapy via facemask (n=498)

Exclusion:

e Deterioration of shock (n=253);
¢ Decreased mentality (n=53);

e Do-not intubate order (n=40)

Y

Patients undergoing intensive oxygen therapies (n=152)
¢ Physiological responses during the first 6 hours;
e In-hospital clinical outcomes

> Non-invasive ventilation (n=3)

HFNC group (n=76)

Intubation group (n=73)

Figure 1 Distribution of the study population. HFNC, high-
flow oxygen therapy through nasal cannula; SaO,, pulse oxygen

saturation.

recommend NIV is the first line oxygen therapy in cases of
ARF (7).

Recent studies showed that high-flow oxygen therapy
through nasal cannula (HFNC) could reduce intubation rate
and mortality rate among patients with ARF (8-10). HFNC
become a world-wide popular oxygen therapy in respiratory
failure by various etiologies because it is relatively
simple and comfortable method by non-invasive manner
(11-13). However, physiological efficacy of HFNC
lacks evidences (14), and there was no published data
about clinical outcomes of HFNC in patients with AHE.
Therefore, we analyzed the real-world data of oxygen
therapy in patients with AHF focused on HFNC. We
evaluated the physiological responses and clinical outcomes
of HFNC by comparing with endotracheal intubation.

Methods
Study population

A retrospective cohort analysis was performed in
cardiovascular intensive care unit at Gyeongsang National
University Hospital, South Korea, from January 2011
to December 2016. In this study, AHF is defined as a
heart failure syndrome that requires hospitalization and
is characterized by a de novo heart failure presentation or
worsening of previously chronic stable heart failure condition.
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A total of 498 patients had progressive hypoxemia with <90%
of pulse oxygen saturation (Sa0,) despite the oxygen therapy
delivered through an open facemask at a flow rate of 10 L/min
or more. Patients who were undergone the refractory
hypoxemia were requiring more intensive oxygen therapy
including endotracheal intubation, NIV, and HFNC.
The decision on which intensive oxygen therapy should
be utilized was dependent on the physicians’ opinion and
agreement by patients or appropriate surrogate. Exclusion
criteria were following: requiring immediate intubation
such as shock state (mean arterial pressure <65 mmHg),
decreased mental status (Glasgow coma scale <12), or do-
not intubate order. Finally, total 149 patients were met
the defined inclusion criteria, intubation group (n=73)
and HFNC group (n=76) (Figure I). The study protocol
conforms to the ethical guidelines of the 1975 Declaration
of Helsinki as reflected in a priori approval by the
institution’s human research committee. The institutional
review board approval was obtained from the local ethics
committee, and the informed consent was waived.

High-flow oxygen therapy through nasal cannula

The HENC device (Optiflow®, Fisher & Paykel Healthcare
Ltd., Auckland, New Zealand) could deliver up to 60 L/min
heated and humidified gas flow and between 0.21 and 1.0
fraction of the inspired oxygen concentration (FiO,). The
initial gas flow was 30-40 L/min, which was later modified
to achieve the goal of >90% SpO,. We applied the range of
flow rate of 30-60 L/min and FiO2 of 40-100% to achieve
a target SpO,.

Physiological responses and clinical outcomes

We compared the physiological responses during the
first 6 hours between the intubation group and HFNC
group. Physiological responses including the mean arterial
pressure, heart rate, respiratory rate, and SpO, were
assessed every hour after administration of oxygen therapy.
We assessed the in-hospital clinical outcomes, including
the duration of hospital stay, rate of vasopressor use,
prevalence of sustained ventricular arrhythmia (more than
30 seconds), and mortality rates between two groups.
Additionally, the rate of endotracheal intubation among
patients in HFNC group was determined. We analyzed the
cumulative incidence of re-admission for heart failure and
cardiac mortality during 30 days. In the present study, the
confirmation of cardiac death required the documentation
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of significant arrhythmia or cardiac arrest, death attributable
to congestive heart failure, or myocardial infarction in the
absence of any other precipitating factors.

Statistical analysis

The continuous variables were expressed as means =
standard deviation, whereas the categorical variables were
presented as frequency (n) and percentage (%). Variables
without homogeneous variance and normal distribution
were expressed as median and interquartile range (IQR).
Comparisons between the categorical variables were
evaluated using Fisher’s exact test or Pearson’s chi-square
test, as appropriate. Fisher’s exact test was used for pairwise
comparisons. Meanwhile, repeated-measure analysis-of-
variance test was utilized to compare the physiological
responses of the two groups. Survival analysis for follow-
up clinical outcome was performed using the Kaplan-Meier
curve. In all analyses, a P value of <0.05 was considered
to be statistically significant. All statistical analyses were
performed using the SPSS V21.0 software program (SPSS
Inc., Chicago, USA).

Results
Baseline characteristics

We divided the include patients into two groups, intubation
group and HFNC group. Baseline characteristics of two
groups were evaluated (7able 1). There were no differences
in demographic findings between two groups. Prevalence
of cardiovascular risk factors and past medical history
were similar in two groups. Seventy-nine patients (53%)
were diagnosed as a de novo heart failure presentation.
The baseline vital signs and laboratory findings of arterial
blood gas analysis and renal function were similar between
intubation group and HFNC group. And, no significant
differences were found in echocardiography findings of left
ventricle dimension and left ventricle ejection fraction.
Ischemic heart disease was the major etiology of AHF
and about half of these participants were diagnosed as
an acute myocardial infarction in both groups (63.0% uvs.
73.7%, P=0.219; 27.4% vs. 39.5%, P=0.119, respectively).
The prescription rate of intravenous diuretics, vasodilator
and dobutamine during hospital stay were similar in
two groups. And, there were no differences in rate of
revascularization therapy and concomitant medication.
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Physiological responses of bigh-flow oxygen therapy
through nasal cannula

The physiological responses based on change of vital
signs and oxygen saturation were assessed during the first
6 hours after the administration of oxygen therapy (Figure 2).
Absolute values of vital signs were changed overtime in all
parameters (P<0.001). Changes of mean arterial pressure,
heart rate, and SpO, were similar in two groups during
the first 6 hours. Mean arterial pressure, heart rate and
respiratory rate was remaining stable overtime. Mean values
of SpO, at 1 hour following the administration of oxygen
therapy were achieved the treatment goal of >90% SpO, in
the two groups (94.6%=+7.8% vs. 92.5%+5.8%, P=0.068).

Clinical outcomes of high-flow oxygen therapy through
nasal cannula

In-hospital clinical outcomes between the two groups
were evaluated (Table 2). Median duration of hospital stay
was 9 days (IQR, 6-14 days) in total patients and there
were no differences depending on each intensive oxygen
therapy. There were similar in-hospital clinical outcomes
including vasopressor, renal replacement therapy, sustained
ventricular arrhythmia, and hospital acquired pneumonia.
Moreover, in-hospital mortality rate was not different
between intubation group and HFNC group (all-cause
death rate, 9.6% vs. 5.3%, P=0.313; cardiac death, 8.2%
vs. 3.9%, P=0.274, respectively). Among HFNC group, 66
of 76 patients (86.8%) were successfully recovered from
progressive hypoxemia without endotracheal intubation.
And among patients who had experienced the endotracheal
intubation before HFNC (n=10), 6 patients (60%) were
survived during admission. Cumulative incidence of re-
admission for heart failure and cardiac mortality during
30 days were statistically not different in intubation group
and HFNC group (2.9% vs. 7.0%, P=0.298; 11.2% vs. 5.3%,
P=0.212, respectively).

Discussion

To our knowledge, this study is the first to evaluate the
clinical relevance of HFNC among participants with AHF
by comparing it to intubation. Compared with intubation
group, HFNC group had similar physiological responses
including vital signs and pulse oxygen saturation. In-
hospital and 30-day follow-up cardiac mortality of HFNC
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Table 1 Baseline characteristics
Variables Total (n=149) Intubation group (n=73) HFNC group (n=76) P value
Demography
Age (years) 76+10 75+11 779 0.204
Female 77 (561.7) 40 (54.8) 37 (48.7) 0.456
Body mass index (kg/m?) 22.1+£3.8 21.7+£3.7 22.4+3.8 0.281
Underlying disease
Hypertension 88 (59.1) 42 (57.5) 46 (60.5) 0.710
Diabetes 66 (44.3) 32 (43.8) 34 (44.7) 0.912
Chronic kidney disease 49 (32.9) 22 (30.1) 27 (35.5) 0.484
Heart failure 70 (47.0) 39 (53.4) 31 (40.8) 0.122
Ischemic stroke 18 (12.1) 9(12.3) 9(11.8) 0.927
COPD 40 (26.8) 19 (26.0) 21 (27.6) 0.825
APACHE Il score 18 [15-20] 17 [15-20] 18 [15-20] 0.953
SOFA score 4 [3-5] 4 [3-6] 4 [3-5] 0.187
Vital sign
Mean arterial pressure (mmHg) 93+20 94+22 91+16 0.322
Heart rate (beats/min) 10626 105+27 107+25 0.605
Respiratory rate (breaths/min) 27+6 27+5 27+6 0.693
SpO, (%) 76.0£17.5 75.1+16.9 78.5+17.6 0.112
Laboratory findings
pH 7.25+0.10 7.24+0.09 7.27+0.11 0.130
PaO, (mmHg) 47.5+11.9 47.7+x11.5 47.3x12.4 0.845
PaCO, (mmHg) 55.0+21.1 55.6+21.0 54.3+21.3 0.704
Sa0, (%) 75.3+16.5 75.2+15.8 75.5+17.4 0.921
PaO,/FiO, 147 [115-162] 142 [115-167] 148 [122-158] 0.167
Hematocrit (%) 36+5 36+6 35+5 0.890
WBC count (x10%mm?®) 11.0+4.9 11.4+4.9 10.7+£5.0 0.427
Sodium (mmol/L) 136.9+5.3 137.3+4.3 136.6+6.2 0.479
Potassium (mmol/L) 4.3+0.6 4.3+0.7 4.3+0.6 0.863
GFR (mL/min/1.73 m?) 41122 43+24 40+19 0.404
Log NT-proBNP (ng/mL) 3.9+0.5 3.8+0.5 3.9+0.4 0.282
Echocardiographic findings
LVEDD (mm) 59+9 60+10 59+8 0.348
LVEF (%) 42112 4112 43+13 0.258

Table 1 (continued)
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Table 1 (continued)

Kang et al. HFNC in AHF

Variables Total (n=149) Intubation group (n=73) HFNC group (n=76) P value
Etiology of AHF
Ischemic heart disease 102 (68.5) 46 (63.0) 56 (73.7) 0.219
Acute myocardial infarction 50 (33.6) 20 (27.4) 30 (39.5) 0.119
Cardiomyopathy 37 (24.8) 22 (30.1) 15 (19.7) 0.142
Idiopathic DCMP 27 (18.1) 15 (20.5) 12 (15.8) 0.451
Hypertrophic cardiomyopathy 2(1.3) 2(2.7) 0(0) 0.146
Takotsubo cardiomyopathy 8 (5.4) 5(6.8) 3(3.9) 0.432
Valvular heart disease 10 (6.7) 5(6.8) 5 (6.6) 0.947
Management of AHF
Furosemide, intravenous use 149 (100.0) 73 (100.0) 76 (100.0) -
Nitroglycerin, intravenous use 71 (47.7) 31 (42.5) 40 (52.6) 0.214
Dobutamine 41 (27.5) 18 (24.7) 23 (30.3) 0.444
Revascularization therapy 36 (24.2) 14 (19.2) 22 (28.9) 0.164
Concomitant medication
Beta-blocker 140 (94.0) 68 (93.2) 72 (94.7) 0.685
Angiotensin blocker 136 (91.3) 67 (91.8) 69 (90.8) 0.830
Spironolactone 56 (37.6) 27 (37.0) 29 (38.2) 0.883
Furosemide/thiazide 145 (97.3) 72 (98.6) 73 (96.1) 0.331
Digoxin 33 (22.1) 19 (26.0) 14 (18.4) 0.264

Categorical variables are expressed as a number (%), and continuous variables are presented as median (interquartile range) or mean
+ standard deviation. AHF, acute decompensated heart failure; APACHE I, Acute Physiology and Chronic Health Evaluation Il; COPD,
chronic obstructive pulmonary disease; DCMP, dilated cardiomyopathy; FiO,, fraction of inspired oxygen; GFR, glomerular filtration
rate; HFNC, high-flow oxygen therapy through nasal cannula; LVEDD, left ventricle end-diastolic diameter; LVEF, left ventricular ejection
fraction; NT-proBNP, N-terminal of the prohormone brain natriuretic peptide; PaCO,, partial pressure of arterial carbon dioxide; PaO,,
partial pressure of arterial oxygen; SaO,, arterial oxygen saturation; SOFA, sequential organ failure assessment; SpO,, pulse oxygen

saturation; WBC, white blood cell.

group were statistically not different compared with those
of the intubation group. Additionally, most of patients
among HFNC group (86.8%) were successfully recovered
from progressive hypoxemia without invasive ventilation.
HFNC is now popular oxygen therapy for ARF in
patients with various etiologies. However, it remains
unclear whether HFNC have a clinical efficacy in patients
with AHFE. HFNC is one of the intensive oxygen therapies
by non-invasive manner. HFNC have strengths that
it can deliver heated and humidified gas (up to 100%
oxygen) at a maximum flow rate of 60 L/min via nasal
cannula (15). Moreover, HFNC can provide a constant
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FiO, and oxygen supply through nasal cannula because its
interface contributes to increased oxygenation by reducing
respiratory dead space and ensuring constant positive
pressure (16,17). These mechanisms decrease the breathing
work and improve gas exchange, which result to the
maintenance of adequate ventilation and oxygenation.
Earlier studies on HFNC suggested the clinical efficacy
of HFNC in patients with heart failure. Carratald er 4l
reported that patients with cardiogenic pulmonary edema
were successfully treated using HFNC (18). Roca et al.
conducted a study to determine the beneficial effects of
HFNC in patients with stable New York Heart Association
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Figure 2 Changes in the physiological responses during the first 6 hours between intubation and HFNC. (A) MAP; (B) HR; (C) RR;
(D) SpO,. Repeated-measure analysis-of-variance test representing within-subject effects was used to compare the group receiving
intubation and HFNC. MAP, mean arterial pressure; HR, heart rate; RR, respiratory rate; SpO,, pulse oxygen saturation; HFNC, high-flow

oxygen therapy through nasal cannula.

Table 2 In-hospital clinical outcomes

Variables Total (n=149) Intubation group (n=73) HFNC group (n=76) P value
Hospital stay (days) 9 [6-14] 9 [7-16] 9 [6-14] 0.353
Vasopressor use 88 (59.1) 30 (41.1) 20 (26.3) 0.051
Renal replacement therapy 13 (8.7) 6 (8.2) 7(9.2) 0.830
Sustained ventricular arrhythmia 13 (8.7) 8(11.0) 5 (6.6) 0.344
Hospital acquired pneumonia 17 (11.4) 10 (13.7) 7(9.2) 0.389
All-cause death 11 (7.4) 7 (9.6) 4 (5.3 0.313
Cardiac death 9 (6.0 6 (8.2) 3 (3.9 0.274
- 10 (13.2) -

Requiring intubation*
Continuous variables are presented as median (interquartile range) and categorical variables are expressed as a number (%). *, data of
HFNC group. HFNC, high-flow oxygen therapy through nasal cannula.

of the predictors of success of HFNC treatment. Although
the fact that recent studies have reported the efficacy and
safety of HFNC, these studies only presented limited
clinical evidences of HFNC in participants with AHF.

class III heart failure and <45% left ventricular ejection
fraction (LVEF) by estimating the inspiratory collapse of
the inferior vena cava (14). Furthermore, Hyun Cho ez 4.
analyzed the predictors of successful HFNC therapy

in patients with ARF (19). Their results showed that
cardiogenic pulmonary edema as a cause of ARF was one
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Therefore, we addressed the clinical relevance of HFNC by
determining physiological responses and clinical outcomes
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of selected patients with AHF.

Immediate invasive ventilation is life-saving oxygen
therapy in presence of cardiac and respiratory arrest, life-
threatening multi-organ failure, impaired consciousness,
and high risk of aspiration. However, intubation in specific
population may have potential risk for adverse effects
due to originally invasive methods and oxygen toxicity.
Liberation duration and adverse events associated with
invasive ventilation may be increased in case of patients
who have risk factors of elderly patients, renal and hepatic
dysfunction, or underlying heart and lung disease. Hence,
in tolerable patient with relatively low risk of collapse as
defined inclusion criteria of present study, intensive oxygen
therapy by non-invasive manner might have an important
role among AHF patients. In present study, all patients of
intubation group were administered with sedative agents,
and the procedure was initiated through the assist-control
mode. There was trend that numerically higher rate of
vasopressor use was found in intubation group compared
with HFNC group (41.1% vs. 26.3%, P=0.051). And,
because respiration was mandatory in assist-control mode,
respiratory rate decreased more rapidly in intubation group
(P=0.013).

Many clinical evidences supported the efficacy and
safety of NIV and it is a gold standard treatment of care for
AHF (7). However, majority of patients (149 of 152
patients) met inclusion criteria were undergoing the
intubation or HFNC, and only 3 patients experienced
the NIV as first oxygen therapy in this study. There is a
discrepancy between recommendation of current guidelines
and real-world practice because compared with NIV,
HFNC is more simple and comfortable oxygen therapy
for physicians and patients (12,13). In the present study, 66
of 76 patients (86.8%) were successfully recovered from
progressive hypoxemia without endotracheal intubation
in HFNC group, which were comparable to the results of
NIV (20-22).

Our data showed no significant difference in baseline
characteristics of both groups. We studied patients who
presented by congestive heart failure and admitted at
cardiovascular intensive care unit. Therefore, patients had
acute respiratory distress syndrome, severe pneumonia, and
underlying serious lung disease were excluded. Also, we
excluded patients who presented shock, decreased mentality,
or refractory multi-organ failure. Because of those inclusion
and exclusion criteria, we could compare between HFNC
and invasive ventilation therapy based on well-balanced
characteristics. To guess major consideration of decision by
physicians, we analyzed the time from arrival to applying

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

Kang et al. HFNC in AHF

oxygenation therapy. The mean duration of intubation
group was 351 minutes and that of HFNC group was
558 minutes. The 44 patients (60%) received the intubation
within 60 minutes after oxygen supply. These results
showed the intubation was decided urgently. However,
we could not conclude that whether the clinical course
of intubation group was more fulminant, and whether
applying mechanical ventilation was more convenient to
management.

This study has several limitations to consider when
interpreting the results. First, present study was a small-
sized single-center experience, which may limit its
generalization. This study had specific inclusion and
exclusion criteria among patients with AHF. Choice
of intensive oxygen therapy was decided upon by the
physicians’ discretion. Therefore, this study has potential
indication and selection bias. A well-designed, prospective
randomized trial is required to confirm the results derived
from this retrospective study. Second, this study did not
evaluate the comparison between HFINC and NIV. Hence,
which oxygen therapy would have better physiologic
responses and clinical outcomes is needed to be evaluated in
the future trials.

In conclusion, this study showed HFNC group had a
similar result of improvement of oxygen saturation and
in-hospital clinical outcomes compared with intubation
group in AHF. Present study supported HFNC could be
considered as initial choice of oxygen therapy in selected
patients of AHF.
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