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H igh-flow nasal cannula (HFNC) oxygen therapy is ef-
fective in treating adults with acute hypoxemic respi-
ratory failure, and to a lesser extent acute hypercapnic 
respiratory failure.1-3 HFNC oxygen is capable of deliv-

ering oxygen with flows of 30-60 liters/minute, and can provide 
a high fraction of inspired oxygen, flush anatomic dead space, 
augment respiratory efforts, and provide mild continuous posi-
tive airway pressure effects. Several systematic reviews and me-
ta-analyses have evaluated the effectiveness of HFNC oxygen 
and have shown modestly lower rates of intubation compared 
with conventional oxygen4,5 and similar intubation rates com-
pared with noninvasive positive pressure ventilation.4-9 Although 
one randomized trial showed a lower risk of 90-day mortality 
for HFNC oxygen compared with either conventional oxygen 

or noninvasive positive pressure ventilation, several meta-anal-
yses have shown no difference in intensive care unit (ICU) mor-
tality.4,6,8,10 The majority of studies have shown improvements in 
oxygenation, comfort, dyspnea scores, and breathing pattern 
with the initiation of HFNC oxygen.6

While the evidence to support the use of HFNC oxygen in 
patients with nonhypercapnic acute hypoxemic respiratory fail-
ure is growing, this evidence is based on patients enrolled in 
clinical trials who have no treatment limitations and consent to 
intubation if necessary. Indeed, several, if not all, randomized 
trials evaluating HFNC oxygen excluded patients who had 
do-not-intubate (DNI) or do-not-resuscitate (DNR) orders.1,2,11 
For patients with acute respiratory failure whose primary goal 
is not to extend life or utilize life support interventions such as 
invasive mechanical ventilation, HFNC oxygen may offer sev-
eral benefits compared with other treatment options such as 
noninvasive positive pressure ventilation, conventional oxygen 
therapy, or palliative opioid therapy (Appendix Table 1). Deter-
mining which treatment options to use depends on the goals 
of care of the individual patient and the reasonable ability of 
a particular treatment to help the patient achieve those goals.

While a recent systematic review evaluated the existing evi-
dence regarding the utility and outcomes of noninvasive positive 
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BACKGROUND AND OBJECTIVES: High-flow nasal 
cannula (HFNC) oxygen may provide tailored benefits in 
patients with preset treatment limitations. The objective of 
this study was to assess the effectiveness of HFNC oxygen 
in patients with do-not-intubate (DNI) and/or do-not-
resuscitate (DNR) orders.

METHODS: We conducted a systematic review of 
interventional and observational studies. A search was 
performed using MEDLINE, EMBASE, CINAHL, Scopus, 
and Web of Science, from inception to October 15, 2018.

RESULTS: We included six studies evaluating 293 patients. 
All studies had a high risk of bias. The hospital mortality 
rates of patients with DNI and/or DNR orders receiving 
HFNC oxygen were variable and ranged from 40% to 87%. 
In two before and after studies, the initiation of HFNC 

oxygen was associated with improved oxygenation and 
reduced respiratory rates. One comparative study found 
no difference in dyspnea reduction or morphine doses 
between patients using HFNC oxygen versus conventional 
oxygen. No studies evaluated quality of life in survivors or 
quality of death in nonsurvivors. HFNC was generally well 
tolerated with few adverse events identified.

CONCLUSIONS: While HFNC oxygen remains a viable 
treatment option for hospitalized patients who have acute 
respiratory failure and a DNI and/or DNR order, there is a 
paucity of high-quality, comparative, effectiveness data to 
guide the usage of HFNC oxygen compared with other 
treatments, such as noninvasive ventilation, conventional 
oxygen, and palliative opioids. Journal of Hospital Medicine 
2020;15:101-106. © 2020 Society of Hospital Medicine
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pressure ventilation in adult patients with DNI orders,12 a systemat-
ic review evaluating the evidence and rationale for HFNC oxygen 
in patients with DNI and/or DNR orders is lacking. Assessing such 
evidence is necessary to help clinicians and patients determine 
appropriate treatment choices and establish research priorities. 
Therefore, our primary objective was to determine what were the 
following outcomes: mortality, dyspnea, work of breathing, opioid 
doses, and quality of life in patients who received HFNC oxygen 
for acute respiratory failure and had a DNI and/or DNR order.

METHODS
We conducted a systematic review of studies that evaluated 
patients who used HFNC oxygen for acute respiratory failure 
and had a DNI and/or DNR order. We reported the results us-
ing the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) statements.13 This review was regis-
tered with the PROSPERO registry, CRD42017059914.

We included studies that enrolled patients who were (1) hos-
pitalized, (2) >18 years old, (3) had an acute respiratory failure 
of any cause, (4) received HFNC oxygen, and (5) had a DNI 
or DNR or comfort measures only order. We included publi-
cations of all study designs (interventional, observational, and 
posthoc analyses) and all languages. We excluded studies that 
enrolled <5 patients. If necessary, we contacted the authors of 
the included studies for additional information.

Our search strategy included the following databases from 
inception to October 14, 2018: PubMed, MEDLINE, CINAHL, 
MICROMEDEX, EMBASE, Web of Science, and Scopus. The da-
tabase-specific search strategy was developed using an experi-
enced librarian (Appendix Table 2). In addition, we screened the 
reference lists of systematic reviews as well as the included stud-
ies to find additional relevant articles. Two authors (AM, MEW) 
independently assessed the inclusion criteria of the titles and 
abstracts that were identified in the search. In addition, these 
two authors abstracted relevant data of the included studies.

The primary outcomes were mortality, dyspnea and work of 
breathing, quality of life, and reduction of opioid doses. Sec-
ondary, posthoc, outcomes included the transition to noninva-
sive positive pressure ventilation (NPPV), tolerance of HFNC, 
adverse events, and quality of death in nonsurvivors. The risk 
of bias was evaluated using a modified Newcastle-Ottawa 
Quality Assessment Scale (Appendix Table 3).

RESULTS
Using the search strategy, we identified 2,757 citations and in-
cluded 301 of these in the full-text review (Figure). We included 
six studies, which enrolled 293 patients in the final systematic 
review. Table 1 summarizes the characteristics of the included 
investigations, all of which were observational studies.15-20 The 
studies were conducted in the United States of America (n = 3), 
Europe (n = 2), and Asia (n = 1). Two studies were conducted 
in the general ICU populations and included patients with hy-
poxemic respiratory failure only. Four studies were conducted 
in cancer populations in the hospital wards or ICU and did not 
specify the type of respiratory failure (hypoxemic versus hyper-
capnic). Two studies included patients with DNI orders only.15,20 

One study included patients with DNR orders only (DNI orders 
were excluded).17 Three studies included patients with both 
DNR and DNI orders.16,18,19 The numbers of enrolled patients 
with treatment limitations were generally low, with the two larg-
est studies including 101 patients each on HFNC oxygen.18,19

Risk of Bias
All included studies had a high risk of bias (Table 2). A high 
risk of bias was suggested because the investigations were 
single-center studies with unclear patient selection methods, 
did not explicitly report how decisions to limit treatments were 
made, and did not explicitly differentiate and separately ana-
lyze patients with “comfort measures only” goals of care.

Mortality
The hospital mortality rates of patients with DNI and/or DNR or-
ders receiving HFNC were variable and ranged from 40% to 87%. 
In the two studies enrolling general ICU patient populations, the 
hospital mortality rates ranged from 40% to 60%. In the four 
studies enrolling patients with active malignancy, the hospital 
mortality rates ranged from 75% to 87%. No studies compared 
mortality rates with and without DNI and/or DNR orders.

Dyspnea, Work of Breathing, and Reduction in Opi-
oid Doses
The impact of HFNC oxygen on symptom relief was reported 
in one retrospective observational study (published as a con-
ference abstract only to date), which compared the effect of 
HFNC oxygen (n = 101) with conventional oxygen (n = 110).18 
At first evaluation after hospital admission to a palliative care 
unit (after the patients had previously been started on either 
conventional oxygen or high-flow oxygen), patients in the 
HFNC oxygen group had worse (higher) dyspnea scores com-
pared with patients who used conventional oxygen (Edmonton 
Symptom Assessment Scale score of 7.5 versus 5, P < .001). At 
follow-up, approximately 24 hours after admission to the hos-
pital palliative care unit, there was no difference in the change 
of dyspnea between the HFNC oxygen group (dyspnea score 
change of 0) and the conventional oxygen group (dyspnea 
score change of −1, P = .18. In the same study, there was also 
no significant difference in the morphine dose requirement in 
each group, and exact doses were not reported.

Two studies reported improvement in oxygen saturation and 
respiratory rate after HFNC oxygen initiation (compared with 
before HFNC initiation).16,20 Oxygen saturation increased from 
89% to 95%, P < .01, in one study and 92% to 97%, P < .01, in 
a second study. The respiratory rate decreased from 31 to 25 
breaths/minute in one study, and from 28 to 25 breaths/minute 
in a second study (both P < .01).

Quality of Life
No studies evaluated the quality of life of survivors.

Secondary Outcomes
Transition to Noninvasive Positive Pressure Ventilation
The proportion of patients who transitioned from HFNC oxy-
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TABLE 1. Characteristics of Studies of High-Flow Nasal Cannula in Patients with Do-Not-Intubate  
or Do-Not-Resuscitate Orders

Study Country Study Design Setting

Cause of 
Respiratory 

Failure

Type of 
Treatment 
Limitation

No. Patients 
Enrolled 

(Treatment 
Limitation 

Group)

Transition to 
NIV

 (%)
Hospital 

Mortality (%)

HFNC 
Tolerance 

and Adverse 
Events

Physiologic 
Outcomes 

and Symptom 
Improvement

Quality of Life 
of Survivors

General ICU population

Brugger 
201415

Spain One arm 
observational 

(prospective, single 
center)

ICU Any cause 
hypoxemic 

respiratory failure

DNI 10 (HFNC) Not reported 40% (HFNC) Not reported Not reported Not reported

Peters 
201316

United 
States

One arm 
observational  
(retrospective, 
single center)

ICU Any cause 
hypoxemic 
respiratory  

failure

Pulmonary fibrosis 
(30%); pneumonia 

(30%); COPD 
(40%); cancer 
(28%); CHF 

(6%); pulmonary 
embolism 

(4%); sepsis 
(4%); alveolar 
hemorrhage 

(2%); myocardial 
infarction (2%)

DNR/DNI

(CMO excluded)

50 (HFNC) 18% 60% (HFNC) No skin 
breakdown, no 
nasal bleeding

After HFNC 
initiation, 

mean oxygen 
saturation 

increased from 
89% to 95% 
(P < .001), 

respiratory rate 
decreased from 
31 breaths/min 
to 25 breaths/
min (P < .001).

Not reported

Cancer population

Coudroy 
201617

France Two arm 
observational  

comparing HFNC 
to NIV 

(retrospective, 
single center)

ICU Pneumonia (48%); 
pulmonary edema 
(9%); other (44%)

DNR

(DNI excluded)b

8 (HFNC)

15 (NIV)

Not reported 75% (HFNC)b 
100% (NIV)b

Not reported Not reported Not reported

Delgado 
201518

United 
States

Two arm 
observational 

comparing HFNC 
to conventional 

oxygen  
(retrospective, 
single center)

Hospital 
palliative  
care unit

Lung involvement 
by cancer (53%); 

pneumonia (40%); 
CHF (6%); COPD 

(8%)

DNR/DNI plus 
”palliative care”b

101 (HFNC)b

110 
(Conventional 

oxygen)
b

Not reported 76% (HFNC)b

51% 
(Conventional 

oxygen)
b

Not reported Mean initial 
dyspnea score 

(Edmonton 
Symptom 

Assessment 
Scale) in 

HFNC versus 
conventional 

oxygen groups 
was 7.5 versus 5 

(P < .001).

Morphine dose 
requirements 

were not 
different 

between HFNC 
compared with 
conventional 
oxygen (exact 

doses not 
reported).

Not reported

Epstein 
201119

United 
States

One arm 
observational  
(retrospective, 
single center)

ICU and 
hospital ward

Any cause 
respiratory failure

DNR/DNIb 101 (HFNC) Not reported 78% (HFNC)b 1% stopped 
HFNC due to 

nasal

discomforta

Not reported 59% of hospital 
survivors were 

discharged home 
compared with a 

facility

Harada 
201620

Japan One arm 
observational  
(retrospective, 
single center)

Hospital 
(location not 

reported)

Pneumonia 
(66%); CHF 

(13%); organizing 
pneumonia (7%); 

other (16%)

DNIb 23 (HFNC)

(2/23 were CMO)

0%b 87% (HFNC)b 4% stopped 
HFNC due to 

agitationa 
4% had nasal 

sorenessa

After HFNC 
initiation, 

median oxygen 
saturation 

increased from 
92% to 97% 
(P < .01) and 

respiratory rate 
decreased from 
28 breaths/min 
to 25 breaths/
min (P < 0.01)a

Not reported

aValues are for DNI or DNR orders and full-code cohort combined.

bValues were obtained via author communication.

Abbreviations: CHF, congestive heart failure; CMO, comfort measures only; COPD, chronic obstructive pulmonary disease; DNI, do not intubate; DNR, do not resuscitate; HFNC, high-flow nasal 
cannula; ICU, intensive care unit; NIV, noninvasive ventilation.
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gen to NPPV was relatively low in the two studies that reported 
this outcome, ranging from 0%20 to 18%.16 In one observational 
study of a general ICU population, 9/50 (18%) of patients tran-
sitioned from HFNC oxygen to NPPV. There was no statistically 
significant difference in hospital mortality rates among those 
who progressed to NPPV (67%) versus those who did not prog-
ress to NPPV (58%), P = .72.

Tolerance of HFNC and Adverse Events
HFNC oxygen was generally well tolerated based on the as-
sessment of three studies (Table 1). One study reported no 
adverse events,16 one study reported that HFNC oxygen had 
to be discontinued because of nasal discomfort in 1% of pa-
tients,19 and a second study reported that HFNC oxygen had 
to be discontinued because of agitation in 4% of patients.20

Quality of Death in Nonsurvivors
No studies evaluated the quality of death in those patients 
who died.

DISCUSSION
In this systematic review of six studies, all with a high risk of 
bias, a significant proportion of patients with a DNI and/or 
DNR order who used HFNC oxygen survived to hospital dis-
charge. Oxygen saturation and respiratory rate consistently 
improved in the three studies that reported these outcomes. 
Only one study (published as a conference abstract only to 
date),18 however, measured patient-important outcomes relat-
ed to symptom management and found no significant differ-
ence in dyspnea or morphine dose requirements in patients 
on HFNC oxygen compared with patients on conventional 
oxygen. HFNC oxygen was generally well tolerated and only 
had to be stopped in <5% of patients due to intolerance. We 
found no studies that assessed the quality of life in survivors or 
the quality of death in nonsurvivors.

Based on the limited evidence in the included studies, 
HFNC may be a viable treatment option for patients with pre-
set treatment limitations who have acute respiratory failure—
with potential benefits of improved oxygenation, decreased 
respiratory rates, and hospital survival in a proportion of pa-

tients. Nevertheless, this systematic review highlights the vast 
paucity of data available to guide the use of HFNC oxygen in 
patients with treatment limitations and acute respiratory fail-
ure. Only a few studies, which were at high risk of bias, have 
been conducted on this topic to date. There is an inadequate 
evidence base to evaluate the comparative effectiveness of 
HFNC oxygen (versus NPPV versus conventional oxygen ver-
sus palliative opioids) in patients with DNI orders or comfort 
measures only orders.

Our review included two studies that evaluated the compar-
ative effectiveness of HFNC oxygen in patients with DNI and/
or DNR orders. The first retrospective observational study com-
pared HFNC oxygen with conventional oxygen in patients with 
DNR and DNI orders and malignancy—and found no change 
in dyspnea—but did note an increase in mortality with HFNC 
oxygen (76% versus 51%).18 The second observational study 
compared HFNC oxygen with NPPV in patients with DNR 
orders with malignancy noted no difference in mortality.17 In 
patients with full-code orders, systematic reviews have shown 
that HFNC oxygen (compared with conventional oxygen) was 
associated with possible reductions in intubation rates, respi-
ratory rates, and improvements in oxygenation—with no dif-
ference in mortality, dyspnea, patient comfort, or ICU/hospital 
length of stay. Compared with NPPV, HFNC oxygen was asso-
ciated with similar rates of intubation and mortality.4-6,21

Future studies in patients with acute respiratory failure and 
DNI and/or DNR orders should identify which treatment mo-
dality (HFNC oxygen compared with other modalities, such as 
NPPV, conventional oxygen, with or without palliative opioids) 
impacts outcomes, such as dyspnea reduction while main-
taining an alert mental status, short- and long-term quality of 
life in survivors, and quality of death in nonsurvivors. Future 
studies should also identify the optimal treatment pathway 
to utilize when patients using HFNC oxygen fail this therapy 
(eg, transition to NPPV versus intensifying palliative opioids) 
as well as the optimal process to withdraw palliative HFNC 
oxygen.22 Identifying which patient populations may benefit 
from different treatment pathways should also be considered 
as different treatment strategies may be more beneficial in 
different patient populations (eg, based on cause and sever-

TABLE 2. Risk of Bias

Study Sample Representativeness Sample Size Nonexposed Cohort
Ascertainment of 
Exposure No. 1

Ascertainment of 
Exposure No. 2 Total Score Risk of Bias

Brugger 201415 0 0 0 0 0 0 High

Peters 201316 0 1 0 0 1 2 High

Cuodroy 201617 0 0 0 0 0 0 High

Delgado 201518 0 1 0 0 0 1 High

Epstein 201119 0 1 1 0 0 2 High

Harada 201620 0 0 1 0 1 2 High

Scoring: low risk of bias: total score, 3-5 points; high risk of bias: total score, 0-2 points
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ity of acute respiratory failure). In addition, it should be noted 
that the primary goal of care might affect which outcomes are 
the most important to measure. While patients with comfort 
measures only, orders usually have a primary goal to prepare 
for a high-quality death, patients with DNI and/or DNR orders 
(but without comfort measures only orders) may have a primary 
goal to survive—but with the desire not to endure the high 
burden of intubation and mechanical ventilation if it became 
necessary. Finally, future studies should utilize high-quality 
study designs (eg, randomized controlled trials) that enable 
robust evaluation of comparative effectiveness of clinically rel-
evant treatment strategies.

While several previous systematic reviews have evaluated 
the efficacy of HFNC in patients with acute respiratory failure 
without preset limitations on life support; to our knowledge,  
this is the first systematic review to assess outcomes in pa-
tients rigorously with preset treatment limitations. Our review 
is, however, limited by the high risk of bias of the studies that 
were included (single-center nature, retrospective observa-
tional study designs, small sample sizes, and lack of a descrip-
tion of how DNI and/or DNR statuses were determined) as well 
as the small number of studies available to be included.

CONCLUSIONS
This systematic review points to a significant evidence gap in 
our understanding of the role for HFNC oxygen (compared 
with other acceptable alternative treatment strategies) in adult 
patients with acute respiratory failure who have DNI and/or 
DNR orders. Further high-quality research is needed to ex-

plore these unanswered questions in an effort to best treat, 
guide, and engage in optimal end-of-life decision making 
among patients with acute respiratory failure.
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