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Improved oxygenation 48 hours after high-flow nasal
cannula oxygen therapy is associated with good outcome in
immunocompromised patients with acute respiratory failure
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Background: Respiratory failure requiring intubation is a risk factor for mortality in immunocompromised
patients, therefore, noninvasive methods to avoid intubation are preferred in such patients. A high-flow nasal
cannula (HFNC) is an alternative noninvasive technique for oxygen delivery but can be potentially harmful
in cases of delayed intubation. We sought to identify the physiological predictors of outcome to assess the
responsiveness to HFNC of immunocompromised patients with acute respiratory failure.

Methods: We retrospectively analyzed the medical records of immunocompromised patients treated with
HFNC in 2015 and 2016 in a tertiary hospital. Oxygenation was assessed by calculating the SpO,/FiO, (SF)
ratio. Subjects were defined as “SF-improved” when HFNC resulted in an increase in the SF ratio compared
with baseline. The values were collected at baseline, 12, 24, and 48 h.

Results: Ninety-one patients with a median age of 64 years were analyzed; 68.1% were men. There was
no significant difference between the SFs-improved and the SFy-nonimproved groups in clinical baseline
characteristics or severity of illness as evaluated at the time of initiation of HFNC by APACHE II, SAPS
II, and SOFA. The 28-day mortality was significantly lower in the SFy-improved compared with the
SF,s-nonimproved group. In univariate analysis, mortality was significantly associated with body mass index
(BMI), poor functional status, do-not-intubate (DNI) status, the “SF,s-improved” group, the reason for
immunocompromise, and the severity of illness at the time of initdation of HFNC. In multivariate analysis,
“SFs-improved” group was not significantly associated with increased mortality [odds ratio (OR) 0.462; 95%
confidence interval (CI), 0.107-1.988; P=0.299].

Conclusions: In immunocompromised patients with acute respiratory failure, an improved SF ratio 48 h

after HFNC treatment was associated with improved 28-day mortality.
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Introduction

Immunocompromise is defined as a state of subnormal
immune responsiveness of the host to an infection because
of an impaired or weakened immune system (1). Despite
significant advances in the preventive measures, and better
antimicrobial agents, immunocompromise remains a major
cause of in-hospital mortality (2), and episodes of acute
respiratory failure (ARF) are the main cause of admission
of immunocompromised patients to the intensive care unit
(ICU) (3). Several studies have shown that noninvasive
ventilation (NIV) is associated with decreased mortality
in immunocompromised patients, possibly because of
the increased risks of opportunistic infections associated
with tracheal intubation (4-7). These data suggested a
rationale for a role for NIV as a tool to avoid intubation in
immunocompromised patients (4,5). The Canadian Critical
Care Society Noninvasive Ventilation Guidelines Group in
2011 recommended the use of NIV as a first-line strategy
for immunocompromised patients with ARF (8).

A high-flow nasal cannula (HFNC) is an alternative
technique for oxygen delivery that has numerous
physiological advantages. A recent observational cohort
study including 115 immunocompromised patients
admitted to ICUs because of ARF suggested that intubation
and mortality rates may be lower in patients treated with
HENC alone than in those treated with conventional
NIV (9). However, HFNC could potentially have a harmful
effect on outcomes in cases where intubation was delayed in
patients with acute hypoxemic respiratory failure (10). It is
particularly difficult to predict who will benefit from the use
of HFNC.

Therefore, we sought to identify the physiological
predictors of the outcome of HFNC to assess the
responsiveness of immunocompromised patients with ARF.
These predictors could be helpful to physicians and have an
impact in terms of clinical outcomes. In addition, because of
the variety of causes for ARE, it is necessary to identify the
factors associated with outcome in patients with application
of HFNC for over 48 hours. In this study, we aimed to
evaluate the potential physiological variables related to
survival of immunocompromised patients with ARF treated
with HFNC. We hypothesized that early improvement
in physiological variables after HFNC therapy would be
associated with a good outcome.
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Methods
Study design and patients

We retrospectively analyzed patients over 18 years
old who received HFNC therapy after being admitted
to a single tertiary referral academic care hospital in
South Korea between January 2015 and July 2016. We
included all immunocompromised patients including
those with hematologic or solid cancers, recipients of
stem-cell or solid-organ transplants, those undergoing
immunosuppressive therapy for nonmalignant disease
that included 10 mg prednisone/day for at least 30 days or
equivalent cytotoxic drugs or acquired immune deficiency
syndrome (AIDS), and who received HFNC for more
than 48 h. Of these, we enrolled those patients who had
ARF defined by the following criteria: a respiratory rate
>20 breaths/min and subjective symptoms of respiratory
distress and a calculated PaO, to FiO, ratio <300 mmHg.
Patients with acute-on-chronic respiratory failure and those
who had a tracheostomy or postextubation respiratory
failure were excluded. In total, 91 subjects were included
in the analysis (Figure I). This study was approved by the
Institutional Review Board of the Seoul National University
Hospital IRB No. H-1603-105-750).

HFENC device

In our hospital, we use the OptiflowTM (Fisher & Paykel
Healthcare, Auckland, New Zealand) for HFNC. This
device is composed of an air-mixing device (MaxVenturi' ",
Maxtec, Salt Lake City, UT, USA), a heated humidification
system (MR850 Heated Humidifier, Fisher and Paykel
Healthcare), a heated gas humidifier (MR290 Auto-fill
Humidification Chamber, Fisher and Paykel Healthcare),
a high-performance breathing circuit (RT202 Single-limb
Adult Breathing Circuit, Fisher and Paykel Healthcare), and
a unique wide-bore nasal cannula (OPT844 OptiflowTM
nasal cannula, Fisher and Paykel Healthcare).

Variable measurement and definitions

We reviewed the patients’ medical records for their baseline
characteristics, level of consciousness, functional status,
HEFNC treatment time, reason for immunocompromised
status, do-not-intubate (DNI) status, causes of ARF,
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Figure 1 Flow chart of included patients. HFNC, high-flow nasal cannula.

comorbidities, and clinical outcomes. Clinical, radiological,
and physiological variables, severity of illness [as evaluated
by the Acute Physiology and Chronic Health Evaluation II
(APACHE II), the Simplified Acute Physiology Score (SAPS
IT) and the Sequential Organ Failure Assessment (SOFA)];
data on arterial blood pressure, bilateral lung infiltrates on
chest X-ray, and arterial blood gas analysis were collected at
the time of the initation of HFNC. Physiological variables
including the pulseoximetric saturation (Sp0O,), fraction of
inspired oxygen (FiO,), respiratory rate (RR), heart rate
(HR), arterial pressure, oxygen concentration, and the flow
rate of gas delivered (L/min) were also collected at baseline
and at 12, 24 and 48 h after initiation of HFNC therapy.

Patients who had respiratory and heart-rate responses
to HFNC were defined as “RR responders” and “HR
responders” when HFNC resulted in a decrease in the rates
at 12, 24 and 48 h compared with baseline. The oxygenation
response was evaluated by the SpO,/FiO, ratio (SF ratio).
Gas-exchange responses to HFNC were defined as follows:
“SF\,-, SF,,-, or SF,-improved” when HFNC resulted in
an increase in the SF ratio at 12, 24 or 48 h, respectively,
compared with baseline. Patients with poor functional status
were defined as those who were bedridden or who used a
wheelchair.

Clinical outcomes

The primary outcome was 28-day in-hospital mortality.
Secondary outcomes were in-hospital mortality,
endotracheal intubation within 28 days, the rate of ICU
admission, the rate of transfer to a general ward, and length
of stay in hospital and ICU.

Statistical analysis

All statistical analysis was performed using IBM Statistical
Package for the Social Sciences ver. 21.0 (IBM SPSS
Inc., Armonk, NY, USA). For intergroup comparisons,
continuous variables were analyzed using Student’s #-test, or
when data were not normally distributed, the nonparametric
Mann-Whitney U test. Descriptive variables were analyzed
using the chi-squared test or Fisher’s exact test when more
than 20% of the expected cell frequencies <5. Kaplan-Meier
curves were plotted to assess the time from 48 h after the
initiation of HFNC to death within the first 28 days in SF-
improved and SF-nonimproved groups and compared using
the log-rank test. Logistic regression analysis was used to
assess the risk factors for 28-day mortality. Variables that
were associated with 28-day in-hospital mortality with P
values less than 0.05 in univariate analysis were included in
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Figure 2 Comparison of 28-day mortality rate between improved group and non-improved group. (A) Respiratory rate; (B) heart rate; (C)

SpO,/FiO,.

the multivariable logistic regression analysis. P values less
than 0.05 were considered significant. The contribution of
each potential risk factor was denoted by the odds ratio (OR)
and associated 95% confidence interval (CI).

Results
Baseline characteristics of enrolled patients

Ninety-one immunocompromised patients with ARF who
were treated with HFNC for more than 48 h were analyzed.
The mean age of the patients was 64.62+12.46 years
(range, 29-93 years), and the male-to-female ratio was
2.4:1. The most common causes of immunocompromise
were solid cancer (54.9%), hematologic malignancy
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(28.6%), immunosuppressive therapy that included 10 mg
prednisone/day for at least 30 days (13.2%), and AIDS
(3.3%). The mean duration of HFNC treatment was
141.21£141.99 h (range, 48-960 h) (Table SI). Thirty-nine
patients survived at day 28.

Physiological variables over 48 b of HFNC therapy
associated with 28-day mortality

Figure 2 shows the trends over 48 h of HFNC therapy for
the three variables associated with 28-day mortality. “RR
responder” and “HR responder” were not associated with
28-day mortality (Figure 24,B). Interestingly, the “SF-
improved” group showed a trend toward decreased 28-day
mortality. In particular, the group with improved SF at

F Thorac Dis 2018;10(12):6606-6615
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48 h after HFNC therapy (SFs-improved) was significantly
associated with lower 28-day mortality (OR 0.265,
95% CI, 0.110-0.636, P=0.002) (Figure 2C). Therefore,
we focused our analysis on the “SF -improved” and
“SF -nonimproved” groups.

Comparison of baseline characteristics in “SF ,g-Improved”
and “SF,;-Nonimproved” groups

Of the 91 patients, 44 comprised the “SF -improved”
group. The baseline characteristics of patients classified
according to their SF improvement are presented in
Tuble 1. The “SF-improved” group had lower body mass
index (BMI) than the “SF,s-nonimproved” group (P<0.001),
and fewer had DNI directives in the case of ARF (52.3% uvs.
80.9%, P=0.004). The “SF,-improved” group had higher
initial FiO, than the “SF-nonimproved” group (0.70+0.15
vs. 0.63+0.15, P=0.031). Other parameters did not differ
between the groups.

Comparison of clinical outcomes for “SF ;s-Improved” and
“SF,s-Nonimproved” groups

The clinical outcomes of the “SF -improved” and “SF -
nonimproved” groups are shown in Tzble 2. The rate of
mortality at day 28 was significantly higher (40.9% vs.
72.3%; P=0.002) and the rate of in-hospital mortality was
over twofold higher in the “SF,s-nonimproved” group than
in the “SF-improved” group (83.0% vs. 40.9%; P<0.001).
The rates of ICU admission and of intubation at day 28
were significantly lower in the “SF,s-improved” group,
which also showed a (non-significant) trend towards shorter
stays in ICU and in hospital. Figure 3 showing the Kaplan-
Meier plots of the cumulative survival rates within the
28 days following the onset of ARF in the overall population.
The rate of mortality was significantly lower in the “SF -
improved” group (P=0.033 by log-rank test). The optimum
threshold estimation explored the value of SF,s at 48 h
post-HENC therapy, as a predictor of 28-day in-hospital
mortality, yielding an optimal cut-off of 141.50 (95%
CI, 0.151-0.352).

Serial changes in physiological variables in “SF 4
Improved” and “SF ;-Nonimproved” groups

The serial changes in the physiological variables of the
“SF s-improved” and “SF,g-nonimproved” groups are shown
in Table 3. The two groups displayed differences in the
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trends in these variables during the first 48 h after HFNC
initiation. The “SF,s-improved” group, unlike the “SF -
nonimproved” group, showed consistent improvement in
physiological variables such as RR, HR, and SF ratio over
the first 48 h. Delayed improvement in SF ratio, at 24
and 48 h was a significant change from the baseline values
observed in the “SF -improved” group with a 9.76% and a
23.98% change from baseline values, respectively.

Factors contributing to in-hospital mortality at day 28

Table 4 lists the risk factors for in-hospital mortality at day
28 identified using logistic regression analysis. In univariate
analysis, mortality was significantly associated with BMI,
poor functional status, DNI status, the “SF,s-improved”
group, the reason for immunocompromise, and the severity
of illness (APACHE II and SAPS II, not SOFA) at the
time of initiation of HFNC. Using multivariate analysis,
after adjustment for confounding factors, DNI status (OR
3.546; 95% CI, 3.546-52.354; P<0.001) was significantly
associated with 28-day mortality.

Discussion

One of the important and controversial issues related to
HFNC in immunocompromised patients with ARF is
the early prediction and identification of HFNC failure.
Consequently, any reliable predictors that can be easily
obtained and are noninvasive would be very helpful to
physicians. Our study revealed that improved oxygenation
as evaluated by the SF ratio 48 h after initiation of HFNC
oxygen therapy is associated with lower 28-day mortality in
immunocompromised patients with ARF.

Kang ez al. suggested the potential risk that the use of
HENC before intubation, which will delay the initiation
of intubation for more than 48 h, may increase the risk
of extubation failure, successful ventilator weaning, the
number of ventilator-free days, and the overall ICU
mortality (10). Their data suggest that delayed intubation
may cause respiratory muscle weakness and cardiac
dysfunction, which in turn lead to poor outcomes.
Therefore, the ability to identify accurate predictors of
the success of HFNC therapy is of particular interest. Our
study demonstrates that serial evaluation of oxygenation
changes is helpful in this prediction and in decision making.

The SF ratio has been demonstrated to be a reliable
noninvasive surrogate for the PaO,/FiO, (PF) ratio. Rice
et al. showed that a cutoff of 235 for SF could predict acute

7 Thorac Dis 2018;10(12):6606-6615
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Table 1 Baseline characteristics of participants between SFy-improved group and SF,g-nonimproved group
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Variables SFs-improved group, n=44 SF-nonimproved group, n=47 P value
Mean age (years), mean + SD 64.80+12.84 64.45+12.23 0.895
Male, n (%) 30 (68.2) 32 (68.1) 0.992
BMI (kg/m?), mean + SD 20.57+3.36 23.39+12.23 <0.001
Confusion, n (%) 2 (4.5 4 (8.5) 0.678
Poor functional status®, n (%) 9 (20.5) 12 (25.5) 0.566
HFNC treatment time (hours), mean + SD 128.05+105.92 1563.563+169.23 0.395
Type of immunocompromised status, n (%) 0.376

Solid cancer 26 (59.1) 24 (51.1)

Hematologic malignancy 13 (29.5) 18 (27.7)

Immunosuppressive therapy 3(6.8) 9(19.1)

AIDS 2 (4.5) 1(2.1)
Reason for acute respiratory failure, n (%) 0.539

Documented Infection 28 (63.6) 32 (68.1)

Cardiogenic pulmonary edema 4(9.1) 3(6.4)

Underlying disease progression 7 (15.9) 10 (21.3)

Other 5(11.4) 2 4.3
Discussion to DNI at ARF, n (%) 23 (52.3) 38 (80.9) 0.004

DNI status 20 (87.0) 30 (78.9) 0.430
APACHE Il, mean = SD 22.11+4.69 22.17+4.84 0.955
SAPS I, mean + SD 38.14+8.76 38.87+10.04 0.711
SOFA, mean + SD 5.32+1.20 5.74+2.79 0.402
Bilateral pulmonary infiltrates, n (%) 36 (81.8) 41 (87.2) 0.474
Respiratory rate (breaths/min), mean + SD 26.91+6.01 26.30+6.00 0.629
Heart rate (beats/min), mean + SD 102.55+20.99 102.77+20.56 0.960
Arterial pressure (mmHg), mean + SD

Systolic 121.43+18.79 118.40+21.06 0.472

Mean 98.13+£14.62 97.03+16.36 0.738
Arterial blood gas, mean + SD

pH 7.43+0.07 7.41+0.08 0.497

PaO, (mmHg) 71.46+22.56 72.90+19.17 0.745

FiO, 0.70+0.15 0.63+0.15 0.031

O, flow (L/min) 43.07+8.71 43.40+8.60 0.854

Pa0,:FiO, (mmHg) 109.93+47.88 124.62+51.33 0.168

PaCO, (mmHg) 34.15+6.92 34.38+6.03 0.867

Table 1 (continued)
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Variables SF,g-improved group, n=44 SF,g-nonimproved group, n=47 P value
Comorbidities, n (%)
CvD 1(2.4) 3(6.4) 0.620
Diabetes mellitus 10 (22.7) 9(19.1) 0.675
Liver cirrhosis 3(6.8) 4 (8.5) 0.762
Chronic kidney disease 2 (4.5) 5(10.6) 0.436
Heart disease 7 (15.9) 4 (8.5) 0.279

Data are presented as mean + standard deviation (SD) or n (%), unless otherwise stated. °, patients with poor functional status were
defined as being bedridden or those who used a wheelchair; °, FiO, estimated as follows: (oxygen flow in liters per minute x0.03) +0.21.
BMI, body mass index; HFNC, high-flow nasal cannula; AIDS, acquired immune deficiency syndrome; DNI, do-not-intubation; ARF, acute
respiratory failure; APACHE I, Acute Physiology and Chronic Health Evaluation Il; SAPS |l, Simplified Acute Physiology Score Il; SOFA,
Sequential Organ Failure Assessment; PaO,, partial pressure of arterial oxygen; FiO,, fraction of inspired oxygen; PaCO,, partial pressure

of arterial carbon dioxide; CVD, cerebrovascular disease.

Table 2 Clinical outcome between SFg-improved group and SF,g-nonimproved group

Variables SF,g-improved group, n=44 SF,g-nonimproved group, n=47 P value
Mortality rate at day 28, n (%) 18 (40.9) 34 (72.3) 0.002
In-hospital mortality rate, n (%) 18 (40.9) 39 (83.0) <0.001
ICU admission, n (%) 10 (22.7) 24 (51.1) 0.005
ICU stay (days), mean + SD 9.00+7.82 17.22+15.26 0.119
Transfer to general ward, n (%) 8(80.0) 8 (33.3) 0.030
Intubation at day 28, n (%) 5(11.4) 14 (29.8) 0.031
Hospital stay (days), mean + SD 28.11+19.05 33.62+26.42 0.260

Data are presented as mean = standard deviation (SD) or n (%), unless otherwise stated. ICU, intensive care unit.

e
o
o

[o)
o
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N
o

SF,s non-improved group
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N
o

P=0.033 by log-rank test

0 10 20 30
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o

Figure 3 Kaplan-Meier estimates of survival at 28 days; comparison

between SF,g-improved group and SF,g-nonimproved group.

respiratory distress syndrome with 85% sensitivity and
85% specificity and a cutoff of 315 for SF could predict
acute lung injury with 91% sensitivity and 56% specificity,
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in adults with PF ratios of 200 and 300, respectively (11).
The major advantage of the SF ratio is that it can be
continuously monitored in a noninvasive manner. Our
study showed that monitoring the SF ratio throughout
HENC delivery might be useful for predicting HFNC
failure, especially during the first 48 h of HFNC respiratory
support. When the SpO, is over 97%, the oxyhemoglobin
dissociation curve flattens and the reliability of the SF
ratio is decreased, potentially leading to inadvertent
hyperoxygenation. Therefore, we propose that a target
SpO, below 97% in HFNC treated patients should be
considered. Using the SF ratio might help in early detection
of worsening hypoxemia in immunocompromised patients
with ARF receiving HFNC.

A retrospective analysis showed that failure to improve
oxygenation within 24 h was a useful predictor of the

7 Thorac Dis 2018;10(12):6606-6615
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Table 3 Serial changes in physiological variables after HFNC therapy between SF g-improved group and SFg-nonimproved group

SF,s-improved group, n=44

SF-nonimproved group, n=47

Variables
Baseline

At 12h At 24h

At 48h

Baseline

At 12h

At 48h

Respiratory rate  26.91+6.01
(breaths/min)

Heart rate
(beats/min)

24.11+4.87*

102.55+20.99 98.32+20.89*

23.11£5.27* 28.20+4.33"

95.84+17.10* 92.68+17.80*

26.30+6.00 26.06+4.64  26.66+5.14

25.94+6.27

102.77+20.56 98.51+18.87 103.28+23.64 103.57+22.01

SpO,/FiO, ratio  141.77+37.47 146.64+39.62 155.61+39.04*175.77+46.37* 157.34+39.93 144.34+29.98" 131.06+27.70* 121.94+33.10*

*, P<0.05: significant change from baseline values. HFNC, high-flow nasal cannula.

Table 4 Factors contributing to 28-day mortality

Univariate analysis

Multivariate analysis

Variables
OR (95% ClI) P value OR (95% Cl) P value

Age 1.002 (0.969-1.036) 0.918 - -
Male 0.724 (0.298-1.759) 0.724 - -
BMI 1.189 (1.045-1.352) 0.008 1.105 (0.877-1.000) 0.398
Time to HFNC application from 1.000 (0.997-1.003) 0.901 - -
onset of ARF
Confused mentality 1.542 (0.268-8.878) 0.697 - -
Poor functional status® 4.250 (1.299-13.910) 0.012 1.050 (0.175-6.288) 0.957
ARF due to infectious cause 1.295 (0.535-3.135) 0.566 - -
DNI status 12.424 (4.576-33.735) <0.001 3.546 (3.546-52.354) <0.001
Bilateral lung infiltrate 2.820 (0.862-9.226) 0.078 - -
ICU admission 1.591 (0.675-3.752) 0.289 - -
Intubation at day 28 1.371 (0.484-3.886) 0.551 - -
SF,s-improved group 0.265 (0.110-0.636) 0.002 0.462 (0.107-1.988) 0.299
Duration of HFNC therapy 1.000 (0.997-1.003) 0.892 - -
Type of immunocompromised
status

Others® Reference - Reference -

Solid cancer 7.111 (1.770-28.570) 0.006 9.195 (0.431-196.189) 0.155

Hematologic malignancy 7.556 (1.684-33.900) 0.008 6.445 (0.256-162.088) 0.257
APACHE Il 1.106 (1.004-1.218) 0.042 - -
SAPS I 1.061 (1.009-1.115) 0.020 0.969 (0.82-1.065) 0.511
SOFA 1.186 (0.985-1.427) 0.071 - -

For each variable, the odds ratio (OR) and 95% confidence interval (95% CI) were given. P values<0.05 were considered statistically
significant. Risk factors that were determined as significant by univariate analysis (P<0.05) were then subjected to multivariate analysis. ?,
patients with poor functional status were defined as being bedridden or those who used a wheelchair; °, others were included as stem cell
or solid organ transplantation, immunosuppressive therapy including 10 mg prednisone/day for at least 30 days or equivalent or cytotoxic
drugs for non-malignant disease or acquired immune deficiency syndrome. BMI, body mass index; HFNC, high flow nasal cannula; ARF,
acute respiratory failure; DNI, do-not-intubation; ICU, intensive care unit; APACHE Il, Acute Physiology and Chronic Health Evaluation II;
SAPS Il, Simplified Acute Physiology Score Il; SOFA, Sequential Organ Failure Assessment.

© Journal of Thoracic Disease. All rights reserved. jtd.amegroups.com 7 Thorac Dis 2018;10(12):6606-6615



6614

requirement for intubation in consecutive patients with
acute hypoxemic respiratory failure who had received
HFNC therapy in the medical ICU (12). In that study, the
most common cause of respiratory failure was pneumonia
(36%), and according to a multivariate analysis, cardiogenic
pulmonary edema as a cause of respiratory failure was
independently associated with avoidance of intubation.
In our study, the rate of infectious causes of ARF was
65.9%, which is more than twice the rate reported in the
above-mentioned study. Our identification that analysis of
subgroups classified according to the cause of ARF and the
evidence for the effectiveness of HFNC is of importance
when evaluating the outcome for immunocompromised
patients with ARFE.

We determined treatment response at a later time
than that observed in previous studies, waiting 48 hours
before predicting the outcome. This delay is very long to
determine the risk of undue delayed intubation. Sztrymf
et al. demonstrated that patients who had higher RR at 30
and 45 min, lower SpO, at 15, 30 and 60 min, and lower
PF ratio at 1 h after initiation of HFNC had poorer clinical
outcomes (13). We hypothesized that early improvement
in physiological variables after HFNC therapy would be
associated with better outcomes. However, we observed
associated mortality when the PF ratio improved at
48 hours rather than at 12 hours. Possibly, the trend and
other factors should be considered rather than the response
of a given physiologic parameter at a specific time.

RR and HR decreases were also included in the
physiologic variables we analyzed. Several studies have
shown that the RR is lower in patients treated with HFNC,
while PaCO, and tidal volumes remain constant (13-15).
Sztrymf et 4l. investigated the efficiency, safety, and outcome
of HFNC in ICU patients with ARF. Patients were enrolled
when they either required more than 9 L/min of oxygen
to achieve a SpO, >92% or they exhibited persistent signs
of respiratory distress. An oxygen flow of about 15 L/min
via a face mask was replaced with HFNC. HFNC was
associated with significant reductions in RR and HR (15).
In other studies of NIV, increased RR under NIV was an
independent predictor of NIV failure (16-18). However, in
our study early improvement in the RR and HR at 12 h was
observed even in the “SF g-nonimproved” group, indicating
that continuous reevaluation of patients on HFNC is
needed even after the first 12 h. The SF ratio might be
considered a more reliable early variable than RR and HR
under HFNC. This may be explained by the possibility that
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the higher RR and HR of ill patients may be influenced by
anxiety, poor tolerance of HFNC or underlying disease (e.g.,
arrhythmia).

This study has several limitations. First, the single-center
retrospective design and relatively small number of patients
enrolled do not allow any generalization of these results.
However, this is the first study of the effectiveness of serial
changes in physiological variables for evaluating clinical
outcomes in immunocompromised patients with ARF
who receive HFNC. Second, the decision whether to offer
HFNC to ARF patients was left to the physician in charge.
Third, patients who were intubated or died within 48 h of
HFNC initiation were excluded; therefore, it is possible that
only patients with a relatively good response after HFNC
application were included. Fourth, substantial heterogeneity
existed in the types of ARF. Therefore, larger and
multicenter studies could identify the subgroup of patients
who are most likely to show physiological predictors of
outcome when assessing the response to HFNC. Fifth,
in our study, the rate of discussion of DNI during ARF
was significantly higher (80.9% wvs. 52.3%) in the “SF48-
nonimproved” group than in the “SF-improved” group.
There is a selection bias between the two groups associated
with outcomes and DNI status. The DNI group was
included and was considered one of the most important
factors. Because of the limitations in our study method, we
could not analyze them in two groups (one group with DNI
status and another without) and there seemed a limitation
in interpreting the clinically relevant. Therefore, the results
must be cautiously interpreted.

In conclusion, these results suggest that in
immunocompromised patients with ARF, an improved SF
ratio after 48 h of treatment with HFNC is associated with
improved 28-day mortality. Therefore, physicians should
consider monitoring the SF ratio as a predictive tool for
immunocompromised patients with AFR.

Acknowledgements

We would like to thank the patients who participated in this
study and the clinical staff of the participating hospitals for
their support.

Footnote

Conflicts of Interest: The authors have no conflicts of interest
to declare.

7 Thorac Dis 2018;10(12):6606-6615



Journal of Thoracic Disease, Vol 10, No 12 December 2018

Ethical Statement: This study was approved by the Institutional
Review Board of the Seoul National University Hospital IRB
No. H-1603-105-750). Due to the retrospective nature of this
study, informed consent was waived.

References

1.

Howard RJ. Infections in the immunocompromised
patient. Surg Clin North Am 1994;74:609-20.

Linden PK. Approach to the immunocompromised host
with infection in the intensive care unit. Infect Dis Clin
North Am 2009;23:535-56.

Azoulay E, Mokart D, Péne F, et al. Outcomes of critically
ill patients with hematologic malignancies: prospective
multicenter data from France and Belgium--a groupe de
recherche respiratoire en réanimation onco-hématologique
study. J Clin Oncol 2013;31:2810-8.

Antonelli M, Conti G, Bufi M, et al. Noninvasive
ventilation for treatment of acute respiratory failure

in patients undergoing solid organ transplantation: a
randomized trial. JAMA 2000;283:235-41.

Hilbert G, Gruson D, Vargas F, et al. Noninvasive
ventilation in immunosuppressed patients with pulmonary
infiltrates, fever, and acute respiratory failure. N Engl ]
Med 2001;344:481-7.

Tiirkoglu M, Erdem GU, Suyani E, et al. Acute respiratory
distress syndrome in patients with hematological
malignancies. Hematology 2013;18:123-30.

Gristina GR, Antonelli M, Conti G, et al. Noninvasive
versus invasive ventilation for acute respiratory failure

in patients with hematologic malignancies: a 5-year
multicenter observational survey. Crit Care Med
2011;39:2232-9.

Keenan SP, Sinuff T, Burns KE, et al. Clinical practice
guidelines for the use of noninvasive positive-pressure
ventilation and noninvasive continuous positive

airway pressure in the acute care setting. CMAJ
2011;183:E195-214.

Cite this article as: Kang YS, Choi SM, Lee J, Park YS, Lee CH,
Yoo CG, Kim YW, Han SK, Lee SM. Improved oxygenation 48
hours after high-flow nasal cannula oxygen therapy is associated
with good outcome in immunocompromised patients with acute
respiratory failure. J Thorac Dis 2018;10(12):6606-6615. doi:
10.21037/jtd.2018.10.110

© Journal of Thoracic Disease. All rights reserved.

10.

11.

12.

13.

14.

15.

16.

17.

18.

jtd.amegroups.com

6615

Coudroy R, Jamet A, Petua P, et al. High-flow nasal
cannula oxygen therapy versus noninvasive ventilation

in immunocompromised patients with acute respiratory
failure: an observational cohort study. Ann Intensive Care
2016;6:45.

Kang BJ, Koh Y, Lim CM, et al. Failure of high-flow
nasal cannula therapy may delay intubation and increase
mortality. Intensive Care Med 2015;41:623-32.

Rice TW, Wheeler AP, Bernard GR, et al. Comparison of
the SpO2/FI02 ratio and the PaO2/FIO?2 ratio in patients
with acute lung injury or ARDS. Chest 2007;132:410-7.
Hyun Cho W, Ju Yeo H, Hoon Yoon S, et al. High-Flow
Nasal Cannula Therapy for Acute Hypoxemic Respiratory
Failure in Adults: A Retrospective Analysis. Intern Med
2015;54:2307-13.

Sztrymf B, Messika J, Mayot T, et al. Impact of high-

flow nasal cannula oxygen therapy on intensive care unit
patients with acute respiratory failure: a prospective
observational study. J Crit Care 2012;27:324.9-13.
Itagaki T, Okuda N, Tsunano Y, et al. Effect of high-flow
nasal cannula on thoraco-abdominal synchrony in adult
critically ill patients. Respir Care 2014;59:70-4.

Sztrymf B, Messika J, Bertrand F et al. Beneficial effects
of humidified high flow nasal oxygen in critical care
patients: a prospective pilot study. Intensive Care Med
2011;37:1780-6.

Domenighetti G, Gayer R, Gentilini R. Noninvasive
pressure support ventilation in non-COPD patients

with acute cardiogenic pulmonary edema and severe
community-acquired pneumonia: acute effects and
outcome. Intensive Care Med 2002;28:1226-32.

Rana S, Jenad H, Gay PC, et al. Failure of non-invasive
ventilation in patients with acute lung injury: observational
cohort study. Crit Care 2006;10:R79.

Adda M, Coquet I, Darmon M, et al. Predictors of
noninvasive ventilation failure in patients with hematologic
malignancy and acute respiratory failure. Crit Care Med
2008;36:2766-72.

7 Thorac Dis 2018;10(12):6606-6615



Supplementary

Table S1 Baseline characteristics of the study population (n=91)

Variables Data
Mean age, years [range] 64.62 [29-93]
Male, n (%) 62 (68.1)
BMI (kg/m?), mean + SD 22.07+3.78
Confusion, n (%) 6 (6.6)
Poor functional status®, n (%) 21 (23.1)
HFNC treatment time (hours), mean + SD 141.21+141.99

Type of immunocompromised status, n (%)

Solid cancer 50 (54.9)
Hematologic malignancy 26 (28.6)
Immunosuppressive therapy 12 (18.2)
AIDS 3(3.3)

Reason for acute respiratory failure, n (%)

Documented Infection 60 (65.9)
Cardiogenic pulmonary edema 7(7.7)
Underlying disease progression 17 (18.7)
Others® 7(7.7)

Values are presented as n (%), mean + SD or median (range). °, patients with poor functional status were defined as being bedridden
or those who used a wheelchair; °, radiation pneumonitis, drug-induced pneumonitis, seizure-related acute respiratory failure, and no
definitive diagnosis. BMI, body mass index; HFNC, high flow nasal cannula; AIDS, acquired immune deficiency syndrome.



