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BACKGROUND: Patients with do-not-intubate (DNI) status and respiratory failure are commonly
treated with noninvasive ventilation (NIV). High-flow nasal cannula (HFNC) therapy supplies a
high flow of heated and humidified oxygen that may provide an effective alternative to NIV. We
assessed the efficacy of HFNC in DNI patients with hypoxemic respiratory distress. METHODS:
We identified 50 DNI patients with hypoxemic respiratory distress who were admitted to a medical
ICU and who received HFNC. We excluded patients with P, > 65 mm Hg and pH < 7.28. The
primary end point was the need for escalation to NIV, as determined by the primary service. Mean
changes in oxygen saturation and breathing frequency before and after HFNC were compared.
RESULTS: The subjects included 25 men and 25 women, mean age 73 years (range 27-96 y).
Diagnoses (allowing multiple conditions) included pulmonary fibrosis (15), pneumonia (15), COPD
(12), cancer (7), hematologic malignancy (7), and congestive heart failure (3). Hospital mortality was
60% (30/50). HFNC was initiated at a mean Fo, of 0.67 (range 0.30-1.0) and flow of 42.6 L/min
(range 30-60 L/min). Mean O, saturations went from 89.1% to 94.7% (P < .001), and breathing
frequency went from 30.6 breaths/min to 24.7 breaths/min (P < .001). Nine of the 50 subjects (18 %)
escalated to NIV, while 82% were maintained on HFNC. The median duration of HFNC was
30 hours (range 2-144 h). CONCLUSIONS: HFNC can provide adequate oxygenation for many
patients with hypoxemic respiratory failure and may be an alternative to NIV for DNI patients. Key
words: oxygen inhalation therapy, humidification; respiratory insufficiency; noninvasive ventilation.
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Introduction

Patients with acute respiratory insufficiency may bene-
fit from noninvasive ventilation (NIV).!-3 High-flow nasal
cannula therapy (HFNC) supplies a high flow of heated
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and humidified mixed gas through a nasal cannula. In
addition to the ability to generate high flow and concen-
tration of supplemental oxygen, HFNC generates a low
level of positive airway pressure, especially with the mouth
closed.>¢ In hypoxemic patients, HFNC may provide ef-
fective support with greater ease of use and patient com-
fort than techniques requiring a tight face mask.”

SEE THE RELATED EDITORIAL ON PAGE 715

While the practice might be debated, patients with re-
spiratory failure who have expressed that they not be re-
suscitated or intubated are commonly treated with NIV.3
NIV may be effective in this setting, especially for those
with congestive heart failure and COPD.% !0 NIV is typi-
cally initiated in the ICU setting, so that it is common for
a patient with do-not-resuscitate (DNR) or do-not-intubate
(DNI) status to be admitted or transferred to the ICU spe-
cifically for consideration of NIV. For this study we sought

597



HicH-FLow NAsAL CANNULA THERAPY IN DO-NOT-INTUBATE PATIENTS

to identify DNI patients with hypoxemic respiratory fail-
ure who might benefit from HFNC before proceeding to
NIV, which has become common in our practice. The
objectives were to assess the effectiveness of HFNC in
DNI patients with hypoxemia and mild hypercapnia, the
need for escalation to NIV, parameters of ventilation and
gas exchange, and patient tolerance. We hypothesized that
the majority of patients could be adequately supported
with HFNC and avoid the use of NIV.

Methods

The study was approved by the Mayo Clinic institu-
tional review board. Patient data were reviewed only if the
subject had given consent for use of medical records for
research. We reviewed the medical histories of 50 consec-
utive patients meeting criteria for inclusion, between May
2009 and May 2011, in the medical or medical-surgical
ICU of the 2 hospitals of the Mayo Clinic in Rochester,
Minnesota. The subjects were managed clinically by the
primary critical care service. We tabulated underlying dis-
ease, HFNC F, and flows, breathing frequency, and ox-
ygen saturation before and after HFNC, escalation to NIV,
and hospital mortality for all subjects.

HFNC was delivered by the Fisher & Paykel Optiflow
system, using the MR850 respiratory humidifier with
MR290 chamber; RT241 heated delivery tubing, and
RTO033 or RT044 small or wide bore nasal cannulae (Fisher
& Paykel Healthcare, Auckland, New Zealand). Therapy
typically was initiated at previous F and a flow of
35 L/min, titrating flow upward if tolerated to 45-50 L/
min. Fjo was then titrated to maintain S, > 90%, or
according to specific clinical orders.

We included patients if they had DNR/DNI resuscita-
tion status, clinical evidence of respiratory distress (dys-
pnea, tachypnea), hypoxemia, and mild or compensated
hypercapnia (P,co, = 65 and pH > 7.28). Patients were
excluded if they were receiving comfort care only or if
there was no intention to progress to NIV if indicated. The
primary end point was the need for escalation to NIV,
determined by the primary ICU service physicians. Sec-
ondary end points included clinical parameters of ventila-
tion and gas exchange, and patient tolerance of HFNC.
Mean changes in oxygen saturation and breathing frequency
before and after HFNC were compared. Arterial blood gas
data were available for all subjects at baseline. After HFNC,
blood gases were variable in availability, timing, and re-
lation to other clinical observations. Data were analyzed
using the closest values prior to HFNC, and approximately
1 hour after starting HFNC, with subjects serving as their
own controls. Statistical comparisons were evaluated by
paired ¢ test and the Wilcoxon signed-rank test.
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Current knowledge

Patients at the end of life and with do-not-intubate or-
ders often receive noninvasive ventilation (NIV) to im-
prove comfort and reduce breathlessness. High-flow,
humidified oxygen via nasal cannula might provide sim-
ilar symptom relief and thus obviate NIV.

What this paper contributes to our knowledge

High-flow, humidified nasal oxygen reduced hypox-
emia in do-not-intubate patients and reduced the need
for NIV.

Results

Fifty subjects with DNI status, 25 men and 25 women,
received HFNC. Baseline characteristics are summarized
in Table 1. Mean age was 73 years (range 27-96 years).
Diagnoses, allowing multiple conditions, included pulmo-
nary fibrosis (15), pneumonia (15), COPD (12), cancer
(7), hematologic malignancy (7), congestive heart failure
(3), pulmonary embolism (2), sepsis (2), alveolar hemor-
rhage (1), and myocardial infarction (1). Baseline arterial
blood gases showed a mean P, of 66.5 mm Hg (range
39-121 mm Hg), a mean P, of 42.3 mm Hg (range
26-65 mm Hg), and a mean pH of 7.42 (range 7.30—
7.51). For the baseline arterial blood gases, in 29 subjects
for whom F, (rather than liter flow) was specified, the
median F5 was 0.6 (range 0.21-1.0). For 21 remaining
subjects on nasal cannula or mask, the median flow was
4 L/min (range 2—15 L/min). Blood gases were available
in 23 subjects after HFNC, showing a mean P, of
95.4 mm Hg, a mean P, of 40.2 mm Hg, and a mean pH
of 7.43. There was no significant difference in the paired
P,co, measurements before and after HFNC (mean P,cq,
40.2 mm Hg to 39.9 mm Hg post-HFNC). Among those
with post-HFNC blood gases, no subject showed a change
of > 6 mm Hg in P, .

Results are summarized in Table 2. HFNC was deliv-
ered at a mean Fig of 0.67 (range 0.3-1.0) and a mean
flow of 42.6 L/min (range 30—60 L/min). Breathing fre-
quency decreased from 30.6 breaths/min to 24.7 breaths/
min on HFNC (P < .001). Mean oxygen saturation im-
proved from 89.1% to 94.7% (P < .001). Nine of the 50
(18%) of subjects escalated to NIV, while 41/50 (82%)
were maintained on HFNC until improvement or with-
drawal of support. Overall hospital mortality was 60%
(30/50), ranging from 33.3% in the subjects with COPD
and congestive heart failure, to 73.3% in the subjects with
pulmonary fibrosis (see Table 1). Of the 9/50 (18%) who
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Table 1.  Subject Characteristics (n = 50)

Male 25
Female 25
Age, mean y 73
Age range, y 27-96

Diagnosis for hypoxemic respiratory failure, no.
(hospital mortality %)

Pulmonary fibrosis 15 (73.3)
Pneumonia 15 (46.7)
COPD 12 (33.3)
Congestive heart failure 3(33.3)
Solid malignancy 7(57)
Hematologic malignancy 7(71.4)
Sepsis 2 (50)
Pulmonary embolism 2 (50)
Myocardial infarct 1(0)
Hemorrhage 1 (100)

Table 2. Outcome of High-Flow Nasal Oxygen in 50 Subjects*
With Do-Not-Intubate Status
Pre-HFNC Post-HFNC P
Breathing frequency, 30.6 24.7 <.001
breaths/min
O, saturation 89.1 94.7 <.001

* 41/50 (82%) were maintained on high-flow nasal cannula (HFNC). 9/50 (18%) escalated to
noninvasive ventilation. Overall hospital mortality was 60%. The mean HENC Fyo, was 0.67
(range 0.3-1.0). The mean HENC flow was 42.6 L/min (range 30-60 L/min).

progressed to NIV, 6 of 9 died (67%), versus death in 24
of 41 (58%) who did not receive NIV (P = .72). Of the 9
who went on to NIV, the majority (6/9) had underlying
pulmonary fibrosis, 2 had COPD, and there was 1 with
sepsis. Median duration of use of HFNC was 30 hours
(mean 41.9 h, range 2—144 h). HFNC was well tolerated,
with no episodes of nasal bleeding or facial skin break-
down.

Discussion

NIV can reverse hypoxemic respiratory distress in some
DNR/DNI subjects, especially those with COPD and car-
diogenic pulmonary edema.’!! However, many patients
have difficulty tolerating a tight-fitting mask, and it has
been urged that informed consent and the goals of therapy
be clearly identified in this population.'> We have ob-
served that many DNI patients with hypoxemic respiratory
failure are transferred or admitted to ICU specifically for
a possible application of NIV. This not only taxes ICU
resources but may not reflect the actual goals of therapy or
the intent of the patient and surrogate decision makers.

Humidified HFNC oxygen therapy can provide com-
fortable delivery of high inspired O, concentration, and
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provides a small amount of PEEP, especially with the
mouth closed.>¢13-15 Humidification may benefit muco-
ciliary clearance, mobilization of respiratory secretions,
and patient comfort.'®!7 HFNC may be as effective as and
better tolerated than face mask techniques. Recent data
suggest that HFNC may provide adequate support for pa-
tients hypoxemic from a variety of causes. In prospective,
observational studies of patients with acute hypoxemic
respiratory failure, mostly related to pneumonia, Sztrymf
and colleagues found that HFNC improved oxygenation,
breathing frequency, heart rate, dyspnea score, and use of
accessory muscles of respiration.!3!% In 20 subjects with
acute hypoxemic respiratory failure, Roca and colleagues
found that, compared to standard face mask oxygen, HFNC
provided better oxygenation, dyspnea relief, and comfort.2°
Parke and colleagues randomized 60 postoperative car-
diovascular surgery subjects with mild to moderate hy-
poxemia to HFNC or standard high-flow mask.?! HFNC
patients were more likely to succeed with the assigned
therapy. In a series of hypoxemic cancer patients at Sloan-
Kettering, including those with a DNR order, HFNC has
been observed to provide adequate oxygenation and pal-
liation, and to help avoid ICU admission.??> They observed
outcomes similar to our series, with 15% of patients de-
clining while on HENC, and overall mortality of 55%.

We observed that for subjects with hypoxemia and mild
hypercapnia, use of HFNC was well tolerated and pro-
vided acceptable oxygenation without escalation to NIV in
82% of subjects. There was a relatively high fraction of
subjects with end-stage pulmonary fibrosis, perhaps re-
flecting our referral practice and the exclusion of patients
with severe hypercapnia. Our subjects were very ill, evi-
denced by 60% overall hospital mortality. HFNC appears
to provide therapeutic and palliative benefit in this popu-
lation. HFNC requires less training than NIV and may be
more acceptable to hospital staff. This modality could
be more broadly applied and might allow many patients to
be treated outside the ICU environment.

Limitations of this study include the retrospective anal-
ysis of clinical data from a single institution. The mixture
of diagnoses provides relatively small samples for gener-
alization, such as a broader consideration for the COPD
population. Patients with severe hypercapnia or acidosis
were excluded. Baseline arterial blood gases and corre-
sponding inspired oxygen concentrations varied in timing
prior to ICU admission or transfer, and relative to the
initiation of HFNC. Arterial blood gas data were not avail-
able for many subjects early after initiation of HFNC. As
the subjects were DNR/DNI, variable levels of support
were planned or delivered. Progression to NIV can be a
subjective decision. The most common reasons cited in the
records were continued oxygen desaturation, dyspnea, or
tachypnea. The study was observational and we did not
attempt to intervene in the therapy chosen by the primary
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critical care service. Of note, however, despite the overall
severity of illness, only 18% of subjects progressed to
NIV. Since the subjects were all studied in the ICU, the
hypothesis that similar patients could be managed on the
general ward was not tested. This could be the basis of a
prospective comparison of techniques for management of
hypoxemic respiratory failure in this population.

Conclusions

Humidified HFNC oxygen therapy can provide adequate
oxygenation for many patients with hypoxemic respiratory
failure, and may be an alternative to NIV for patients who
decline intubation.
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