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Background: To evaluate the predictors of high flow nasal cannula (HFNC) failure in pneumocystis
pneumonia (PCP) patients with acute respiratory failure (ARF).

Methods: Fifty-two non-HIV-related PCP subjects were divided into a HFNC success group (44%) and
a HFNC failure group (who required mechanical ventilation (MV) despite HFNC application) (56%). The
clinical characteristics and physiologic effects were retrospectively reviewed and compared between the
groups.

Results: At baseline, the heart rate, alveolar-arterial PO, difference [P(A-2)O,], Sequential Organ Failure
Assessment (SOFA) score, and proportion of subjects who used vasopressors were significantly higher in the
HFNC failure group than in the HFNC success group. The 60-day mortality was 52% in the HFNC failure
group and 13% in the HFNC success group (P=0.004). The results of the multivariate analysis indicated that
the baseline SOFA score was independently associated with HFNC failure (adjusted odds ratio, 1.74 per each
score unit increase; 95% CI, 1.05-2.89; P=0.03). Repeated measures analysis of variance revealed that within
6 h of HFNC initiation, the mean PaO,/FiO, ratio decreased and the mean P(A-a)O, increased rapidly in the
HFNC failure group.

Conclusions: Patients with ARF due to PCP subjected to HFNC therapy should be carefully monitored,
and particular attention should be paid to those who had organ dysfunction and did not show early
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Introduction

In immunocompromised patients with acute respiratory
failure (ARF), invasive mechanical ventilation (MV) is
the major predictor of death (1). Noninvasive ventilation
(NIV), which delivers assisted ventilation without an
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invasive artificial airway, improved the clinical outcome
of immunocompromised patients with ARF by avoiding
endotracheal intubation (2,3). NIV has been considered
the primary ventilation strategy in these patients, although

recent studies have failed to replicate previous results (4,5).
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High flow nasal cannula (HFNC) is a non-invasive oxygen
device that can deliver up to 100% heated and humidified
oxygen via a wide-bore nasal cannula at a maximum
flow rate of 60 L/min. In recent years, the use of HFNC
has increased, and an extensive body of data supports
the therapeutic value of HFNC in hypoxemic ARF (6).
The use of HFNC in immunocompromised patients with
AREF has been evaluated recently (7-9). However, the results
indicated that HFNC did not reduce intubation or mortality
rates compared with conventional oxygen therapy. The
poor clinical outcomes associated with the use of HFNC
could be due to delayed intubation after HFNC failure (10),
although data on the predictors of HFNC failure in
immunocompromised patients with ARF are lacking.

Pneumocystis pneumonia (PCP) is an opportunistic
infection that affects immunocompromised patients, such
as those with HIV infection, solid organ transplantation,
and malignancy (11). Moreover, non-HIV-related PCP
patients present with a more abrupt course compared with
HIV patients with PCP (12) and have a high mortality
due to ARF, particularly among those requiring MV (13).
To evaluate the predictors of HFNC outcome in patients
with ARF due to non-HIV-related PCP, we compared
the baseline characteristics, clinical outcomes, and serial
changes in physiologic variables and arterial blood gas (ABG)
levels between the HFNC success and HFNC failure
groups.

Methods
Study design and study subjects

This retrospective study was conducted at the Asan Medical
Center, a 2,680-bed university-affiliated hospital in Seoul,
Korea. We consecutively reviewed the medical records of
adult PCP subjects (aged >18 years) who were admitted to
the general ward or ICU for ARF between January 2011
and September 2015. For subjects with multiple episodes
of PCP, only the first episode was included. The exclusion
criteria were as follows: a positive HIV antibody test,
suspected but not confirmed PCP, history of PCP before
the current hospital or ICU admission, mild disease that
required only conventional oxygen therapy, intervention
with NIV or MV as a first-line ventilation, or request of
a do-not-resuscitate order. HFNC failure was defined as
the eventual need for MV. The study outcomes included:
mortality (14-, 28-, and 60-day), ICU-free days at day 28,

and the incidence of pneumothorax. The study protocol
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was approved by the institutional review board of the Asan
Medical Center (No. 2015-1244). The institutional review
board waived the requirement for informed consent because
the study was retrospective, and the subjects’ records were
anonymized and de-identified before analysis.

Data collection and definitions

The collected baseline demographic and clinical
characteristics included underlying disease, treatment
before PCP diagnosis, vital signs, laboratory data, severity
of illness, co-infection, prophylaxis for pneumocystis,
and PCP treatment. The vital signs and ABG levels were
determined at baseline (before HFNC application) and at
3,6,9,12, 15 and 18 h after that to compare early changes
in ventilation between HFNC success and HFNC failure.
In our institution, an ABG analysis was conducted during
HFENC therapy in all cases (<1 h after initiation) and at least
every 3 h up to the first 24 h of device use. Steroid use was
defined as corticosteroid administration within 1 month of
infection. Other administered immunosuppressants included
cyclosporine, tacrolimus, mycophenolate mofetil, tumor
necrosis factor alpha blockers, and specific monoclonal
antibodies. The severity of illness at the time of pneumonia
diagnosis was assessed using the Acute Physiology and
Chronic Health Evaluation (APACHE) II score (14) and
the Sequential Organ Failure Assessment (SOFA) score (15).
Co-infection was defined as microbiological evidence for
bacterial, viral, or fungal infection with compatible clinical
features at the time of pneumonia diagnosis. Clinical
decisions concerning PCP treatment regimens were made
by the attending physicians. Bronchoalveolar lavage and
microbiological evaluations were conducted according to
standard procedures as previously described (16).

Statistical analysis

Continuous variables were presented as median and
interquartile range or as mean = SD. Categorical variables
were presented as percentages. The Mann-Whitney U
test was used to compare continuous variables. The chi-
square or Fisher’s exact test was used to compare categorical
variables, as appropriate. The incidence of intubation
during ICU stay was obtained using the Kaplan-Meier
curve, with intubation as a substitute of mortality. Binary
logistic regression was used to identify factors that predicted
60-day mortality and HFNC failure. Multicollinearity
was prevented by controlling the variables with a high
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adult cases with ARF due to PCP
(n=185)
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34 cases were excluded due to:
>1 episodes of ARF due to PCP (n=11) "

151 cases

HIV (n = 21)
do-not-resuscitate order (n = 1)
weaning failure (n = 1)

99 cases were excluded due to:
required only conventional O, therapy (n = 68)

52 cases for
analysis

| )

HFNC success
(n=23)

HFNC failure
(n=29)

NIV (n = 1)
MV considered as first-line intervention (n = 30)

Figure 1 Study flow diagram. *, For subjects with multiple episodes of PCP, the first episode was included in the analysis. ARF, acute

respiratory failure; PCP, pneumocystis pneumonia; HIV, human immunodeficiency virus; O,, oxygen; NIV, noninvasive ventilation; MV,

mechanical ventilation; HFNC, high flow nasal cannula.

correlation with each other. Repeated measures analysis of
variance was used to estimate the changes in physiologic
variables and ABGs in each study group. All tests of
significance were two-tailed, and P values less than 0.05
were considered significant. All analyses were conducted

using SPSS software version 18.0 for Windows (SPSS Inc.,
Chicago, IL, USA).

Results
Baseline characteristics

Of the 185 consecutive cases evaluated during the study
period, 133 were excluded for the reasons listed in Figure 1.
Our study subjects consisted of 52 non-HIV-related PCP
patients with moderate to severe ARF who received HFNC
as a first-line ventilation. There were 23 (44%) subjects
in the HFNC success group and 29 (56%) in the HFNC
failure group.

Tuable 1 shows the baseline characteristics of the study
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subjects. There were no significant differences between the
groups in age, sex, body mass index, underlying disease,
and use of immunosuppressive drugs before PCP diagnosis.
Compared with the HFNC success group, the HFNC
failure group had a significantly higher median heart rate
{HFNC success group, 102 [93-116] beats/min; HFNC
failure group, 117 [109-122] beats/min; P=0.01}, median
alveolar-arterial PO, difference [P(A-2)O,] {HFNC
success group, 65 [48-140] mmHg; HFNC failure group,
133 [65-226] mmHg; P=0.03}, median SOFA scores
{HFNC success group, 3 [3-4]; HFNC failure group,
4 [4-6]; P=0.002}, and proportion of subjects who used
vasopressors (HFNC success group, 9%; HFNC failure
group, 55%; P<0.001). Cytomegalovirus co-infection was
observed only in the HFNC failure group. None of the
evaluated subjects had recently received PCP prophylaxis.
There was no intergroup difference in the time from the
onset of ARF to PCP treatment, and adjunctive steroids
were administered to 51 of the 52 (98%) subjects for the
treatment of PCP.

7 Thorac Dis 2017;9(9):3013-3022



3016

Table 1 Baseline characteristics of the study subjects
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Variable HFNC success (n=23) HFNC failure (n=29) P
Age, years 58 [61-65] 56 [44-64] 0.52
Male sex 13 [57] 15 [52] 0.73
BMI, kg/m’ 21.4 [20.7-23.5] 20.2 [18.9-22.9] 0.12
Underlying disease
Solid cancer 4[17] 2 [7] 0.39
Hematologic malignancy 10 [44] 10 [35] 0.51
Connective tissue disease 3[13] 7 [24] 0.48
Solid organ transplant 5[22] 8 [28] 0.63
Steroid use 22 [96] 27 [93] >0.99
Other immunosuppressant 6 [26] 13 [45] 0.16
Vital signs & laboratory data
Body temperature, °C 37.0 [36.7-38.0] 37.9 [37.2-38.5] 0.07
Mean arterial pressure, mmHg 81 [70-90] 77 [70-87] 0.63
Heart rate, beats/min 102 [93-116] 117 [109-122] 0.01
Breathing frequency, breaths/min 22 [21-24] 23 [21-24] 0.64
PaO,/FiO, 252 [199-317] 225 [167-276] 0.19
P(A-a)O,, mmHg 65 [48-140] 133 [65-226] 0.03
Serum bicarbonate, mEg/L 23.2 [20.4-27.0] 21.0[17.6-23.0] 0.007
C-reactive protein, mg/dL 14.0 [4.5-17.1] 10.8 [6.2-18.5] 0.68
Lactate dehydrogenase, 1U/L 356 [328-473] 600 [324-720] 0.16
Severity of illness
APACHE Il score 15[11-17] 17 [14-19] 0.07
SOFA score 3[3-4] 4 [4-6] 0.002
Vasopressor use 21[9] 16 [55] <0.001
Co-infection
Bacteria/fungus 1[4] 2 [7] >0.99
Cytomegalovirus 0 7 [24] 0.01
Virus other than cytomegalovirus 4[17] 7 [24] 0.74
Time from ARF to PCP treatment, hours 17 [6-30] 16 [6-34] 0.89

Data are presented as median (interquartile range) or number (percentage) of subjects. HFNC, high flow nasal cannula; BMI, body mass
index; PaO,, arterial partial pressure of oxygen; FiO,, fraction of inspired oxygen; P(A-a)0O,, alveolar-arterial PO, difference; APACHE, Acute
Physiology and Chronic Health Evaluation; SOFA, Sequential Organ Failure Assessment; ARF, acute respiratory failure; PCP, pneumocystis

pneumonia.
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Table 2 Clinical outcomes of the study subjects
Variable HFNC success (n=23) HFNC failure (n=29) P
Mortality

14-day 14] 1[3] >0.99

28-day 3[13] 8 [28] 0.31

60-day 3[13] 15 [52] 0.004
ICU-free days at day 28 27.5 [24.0-28.0] 3.5[0.5-10.0] <0.001
Pneumothorax 21[9] 11 [38] 0.02
Data are presented as median [interquartile range] or number [percentage] of subjects. HFNC, high flow nasal cannula.
Table 3 Univariate and multivariate analysis of baseline factors that predict 60-day mortality*
Variable Unadjusted OR (95% Cl) P Adjusted OR'(95% CI) P
Age 1.04 (0.99-1.09) 0.12 1.06 (0.998-1.12) 0.06
Male sex 1.11 (0.35-3.50) 0.86
BMI 0.95 (0.80-1.13) 0.56
Solid cancer* 4.57 (0.75-27.93) 0.10
Before HFNC

Mean arterial pressure 0.97 (0.92-1.01) 0.17

Heart rate 1.03 (0.99-1.06) 0.17

P(A-a)O, 1.01 (0.999-1.01) 0.07

Serum bicarbonate 0.87 (0.75-1.002) 0.054

C-reactive protein 1.03 (0.96-1.11) 0.39

SOFA score 1.59 (1.09-2.32) 0.02 1.48 (0.94-2.32) 0.09
Cytomegalovirus co-infection 2.95 (0.58-14.99) 0.19
HFNC failure 7.14 (1.74-29.41) 0.006 6.92 (1.24-38.62) 0.03

* Discrimination (AUC =0.83) and calibration (Hosmer and Lemeshow y* =14.56; P=0.07). T, Variables with P values <0.20 in the univariate
analysis were included in the multivariate analysis by using stepwise backward selection procedures; ¥, solid cancer was excluded for
multivariate analysis due to multicollinearity with HFNC failure. OR, odds ratio; BMI, body mass index; HFNC, high flow nasal cannula;
P(A-a)0,, alveolar-arterial PO, difference; SOFA, Sequential Organ Failure Assessment.

Clinical outcomes

Twelve of the 23 (52%) subjects in the HFNC success
group were admitted to the ICU, whereas all subjects in the
HFENC failure group were admitted to the ICU because
the latter were all mechanically ventilated. 7able 2 shows the
clinical outcomes of the study subjects. The mortality rates
(14- and 28-day) were similar between the groups, although the
60-day mortality was significantly higher in the HFNC failure
group (15729, 52%) than in the HFINC success group (3/23, 13%)
(P=0.004). In the multivariate analysis, HFNC failure was
significantly associated with 60-day mortality. Age and SOFA
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score also tended to be associated with mortality, although
the association was not significant (7zble 3). The HFNC
failure group had fewer median ICU-free days and a higher
incidence of pneumothorax compared with the HFNC
success group. Figure 2 shows the Kaplan-Meier curve of the
HFNC failure group, indicating that the median time from
HFNC initiation to intubation was 24 [10-70] h.

Risk factors for HFNC failure

Table 4 shows the results of univariate and multivariate

7 Thorac Dis 2017;9(9):3013-3022
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Figure 2 The cumulative incidence of intubation in the HFNC failure group during ICU stay. HFNC, high flow nasal cannula.

Table 4 Univariate and multivariate analyses of baseline factors that predict HFNC failure*

Variable Unadjusted OR (95% ClI) P Adjusted OR'(95% ClI) P
Age 0.98 (0.94-1.03) 0.41
Male sex 0.82 (0.27-2.48) 0.73
BMI 0.90 (0.77-1.06) 0.22
Immunosuppressant use 2.30 (0.71-7.52) 0.17

Before HFNC

Body temperature 1.60 (0.88-2.90) 0.12

Heart rate’ 1.05 (1.01-1.09) 0.02

Pa0,/Fi0,* 0.995 (0.99-1.002) 0.13

P(A-a)0, 1.01 (1.00-1.01) 0.04

Serum bicarbonate 0.80 (0.68-0.94) 0.007 0.84 (0.71-1.001) 0.052
C-reactive protein 1.02 (0.95-1.09) 0.61

SOFA score 1.94 (1.21-3.12) 0.006 1.74 (1.05-2.89) 0.03

*, Discrimination (AUC =0.78) and calibration (Hosmer and Lemeshow y* =3.50; P=0.90); ', variables with P values <0.20 in the univariate
analysis were included in the multivariate analysis by using stepwise backward selection procedures; *, heart rate was excluded
for multivariate analysis due to multicollinearity with immunosuppressant use and body temperature; °, PaO,/FiO, was excluded for
multivariate analysis due to multicollinearity with P(A-a)O,. HFNC, high flow nasal cannula; OR, odds ratio; BMI, body mass index; PaO,,

arterial partial pressure of oxygen; FiO,, fraction of inspired oxygen; P(A-a)O,, alveolar-arterial PO, difference; SOFA, Sequential Organ
Failure Assessment.

analyses of baseline risk factors that predict HFNC failure. also tended to be non-significantly associated with HFNC
The results of multivariate analysis indicated that only failure (P=0.052). The HFNC failure rates according to
SOFA score was significantly associated with HFNC failure the baseline SOFA scores are shown in Figure 3. The cutoff
(adjusted odds ratio, 1.74 per each score unit increase; SOFA score that predicted HFNC failure was 4, with a

95% CI, 1.05-2.89; P=0.03). The serum bicarbonate level sensitivity of 76% and specificity of 61%.

© Journal of Thoracic Disease. All rights reserved. jtd.amegroups.com 7 Thorac Dis 2017;9(9):3013-3022



Journal of Thoracic Disease, Vol 9, No 9 September 2017

P=0.01

100+

9 801

S 601
z

O 404
Z
[T

T 20+

0-

1-3 4-6
SOFA scores

Figure 3 HFNC failure rates of subjects stratified by the baseline
SOFA scores. HFNC, high flow nasal cannula; SOFA, Sequential

Organ Failure Assessment.

Physiologic variables and ABG response for predicting
HFNC failure

The physiologic variables and ABG response during the
18-h study period are shown in Figure 4. The changes in
the mean heart rate over time differed significantly between
the HFNC success group and HFNC failure group.
Changes in the mean breathing frequency and mean PaCO,
over time did not differ significantly between the groups.
Within 6 h of HFNC initiation, the mean PaO,/FiO, ratio
increased in the HFNC success group and decreased in the
HENC failure group (P=0.03), whereas the mean P(A-a)
O, increased rapidly in the HFNC failure group during the
first 18 h of the study (P=0.01).

Discussion

The results of the present study indicated that higher rates
of mortality and pneumothorax were observed in cases of
HFNC failure, and increasing SOFA score had a positive
association with HFNC failure. In the HFNC failure group,
the mean heart rate remained high over time; in addition,
the mean PaO,/FiO, ratio decreased, whereas P(A-a)O,
increased within 3-6 h after HFNC initiation. These
findings suggest that there is a high possibility of HFNC
failure in patients with ARF caused by PCP who initially
had organ dysfunction and did not show early oxygenation
improvement. We limited our study to non-HIV-related PCP
patients because these patients present with a more rapidly
progressive course of ARF and higher mortality compared
with patients with HIV-related PCP. To the best of our
knowledge, this study was the first to evaluate the predictors

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

3019

of HENC failure in immunocompromised patients with ARFE.

Previous studies reported significant survival benefits
from early NIV for ARF in cancer patients (3,17),
post-operative solid organ transplant patients (2), and
patients with PCP (18). However, other studies failed
to confirm these results (4,5). On the other hand, in a
large multicenter randomized controlled trial, HFNC
has proven benefit in unselected patients with hypoxemic
ARF (6), although data in immunocompromised patients
are lacking. Accordingly, several studies assessed the
outcomes of immunocompromised patients with ARF
treated with HFNC (7-9). Compared to conventional
oxygen therapy, HFNC did not reduce intubation or
mortality rates. These results could be because the survival
of immunocompromised patients admitted to the ICU has
improved over the last 2 decades, even in patients receiving
MV (1,19). In addition, delayed intubation after NIV
failure (20,21) or HFNC failure (10) was associated with
higher mortality. In the present study, overall 28- and 60-
day mortality rates among PCP subjects with ARF who
received HFNC were 21% and 35%, respectively, which
are in line with the mortality rates reported in recent
cohort studies involving immunocompromised patients
(9,22). However, when the study subjects were divided
into HFNC success and HFNC failure, 60-day mortality
was significantly higher in the HFNC failure group (52%)
than in the HFNC success group (13%). The results of
multivariate analysis after adjusting for age, underlying
disease, co-infection, and baseline severity indicated that
HFNC failure was independently associated with increased
mortality rates. Increased long-term mortality may be due
to delayed intubation after HFNC failure and a higher
rate of ventilator-associated events (e.g., pneumothorax),
considering that extensive septal thickening with fibrosis
and a considerably lower number of alveolar exudates is
found in the late stage of severe PCP (23,24). Our study
findings are relevant because the proportion of hypoxemic
respiratory failure patients who use HFNC as the initial
ventilation therapy is likely to increase.

Several studies have described early predictors of
HENC outcome in ARE, although these studies included
patients with different types of ARF rather than patients
with specific diseases (25-28). Herein we focused on
immunocompromised PCP subjects with ARF and
identified several clinical factors that predicted HFNC
failure. The baseline heart rate, P(A-2)O,, SOFA score,
and the proportion of subjects with vasopressor use were
significantly higher in the HFNC failure group than in the

7 Thorac Dis 2017;9(9):3013-3022
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Figure 4 Physiologic variables and ABG response during the 18-h study period. HFNC, high flow nasal cannula; HR, heart rate; f,

breathing frequency; PaO,, arterial partial pressure of oxygen; FiO
dioxide; P(A-a)O,, alveolar-arterial PO, difference.

HEFNC success group. Moreover, the results of multivariate
analysis indicated that the SOFA score was the only variable
at baseline associated with HFNC failure. These results
are consistent with findings of previous studies (26-28),
which showed that the initial severity of illness and
organ dysfunction might be good predictors of HFNC
failure in immunocompromised patients with ARF. In
addition, physiologic variables and ABG response should
be determined to assess the failure of HFNC therapy. In
this study, we evaluated changes within 18 h of HFNC
initiation because the median time from HFNC initiation
to intubation was only 24 h. As a result, the heart rate,
PaO,/FiO, ratio, and P(A-a)O, were significantly different
between the HFNC success group and HFNC failure
group. P(A-a)O, has diagnostic and prognostic value in
patients with PCP (29). Our findings indicate that P(A-a)O,
may also be an accurate, early predictor of HFNC failure in
PCP patients with ARF. It is of note that HFNC reduced
the breathing frequency over time in the two study groups.
This finding agrees with results of previous studies (26,28),
suggesting that monitoring of breathing frequency alone
without monitoring oxygenation may delay intubation and

© Journal of Thoracic Disease. All rights reserved.

5, fraction of inspired oxygen; PaCO,, arterial partial pressure of carbon

worsen patient outcomes.

The present study has several limitations. First, the study
was single-centered, retrospective, and underpowered.
Because of its retrospective nature, the criteria for starting
HFNC instead of conventional oxygen therapy or NIV
were absent. It can be argued that the HFNC failure group
included subjects for whom it would be more appropriate
to start with NIV whereas the HFNC success group could
have favorable outcomes with conventional oxygen therapy
alone. Moreover, the analysis of the effect of HFNC
without a control group (e.g., conventional oxygen therapy
or NIV) was not feasible. Lastly, the criteria for intubation
(HFNC failure) were not shown. Given that the SOFA
score was described as the sole predictor of HFNC failure
in this study, it was possible that the attending physicians
performed intubation earlier for subjects whose baseline
severity was high. However, the objective of this study was
to demonstrate which immunocompromised ARF patients
would benefit the most from HFNC therapy, providing
further evidence and rationale for the design of future
randomized controlled trials. Second, our study included
only a particular subgroup (PCP) of immunocompromised

jtd.amegroups.com 7 Thorac Dis 2017;9(9):3013-3022
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patients with ARF. The outcomes of HFNC may have been
different in cases in which other causes of infection such as
bacterial pneumonia were considered (30). Third, the type
of treatment of PCP was decided by the attending physicians,
and no HFNC protocol on the flow rate and FiO, was used
in this study. In addition, there was heterogeneity in the
setting of HFNC therapy (general ward vs. ICU). For this
reason, it was possible that the study subjects were not treated
equally, and this may have affected the treatment outcomes.
Fourth, the relatively long study period (>4 years) may have
introduced selection and information bias. Lastly, other
respiratory parameters, such as dyspnea score and thoraco-
abdominal asynchrony (25), were not measured.

In conclusion, the application of HFNC as a first-line
ventilation should be closely monitored in PCP patients
with ARF who had organ dysfunction and did not show
early oxygenation improvement. The monitoring of
breathing frequency without monitoring oxygenation
may contribute to HFNC failure. Further multicenter
prospective studies, including patients with different ARF
etiologies, are necessary to confirm our findings.
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