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Background: Few studies have investigated the role of decongestive therapy and high-flow nasal cannula
(HFNC) in preventing reintubation and in-hospital mortality in patients with acute cardiogenic pulmonary
edema (ACPE).

Methods: Data from patients with ACPE who were weaned from mechanical ventilation in the cardiac
intensive care unit between January 2013 and December 2017 were retrospectively evaluated. All patients
were treated with HFNC or conventional oxygen therapy (COT), such as a nasal cannula or venturi mask,
immediately after extubation. Decongestive therapy (intravenous furosemide infusion) was administered at
the discretion of the attending physician.

Results: Of 212 patients treated during the study period, 47 were excluded due to recent open-heart surgery
and two, due to insufficient clinical data. The remaining 163 patients had a mean age of 67.4x14.3 years, and
92 (56.4%) were male; 44 patients received HFNC, and 119 COT. Mean weight loss within 72 hours of
extubation was -0.86+2.03 kg. A total of 38 patients (23.3%) required reintubation, 21 of whom (12.9%)
required reintubation within 72 hours of extubation. In-hospital mortality occurred in 16 patients
(9.8%). Multivariate analysis showed that weight increase within 72 hours of extubation was independent
determinants of reintubation (OR =1.7; 95% CI: 1.2-2.2; P<0.001) and in-hospital mortality (OR =1.5; 95%
CI: 1.1-2.1; P=0.005). The use of HFNC was not associated with reintubation or in-hospital mortality.
Conclusions: Our findings indicate that early weight loss resulted in reduced reintubation and in-hospital
mortality in patients with ACPE. However, HFNC and COT did not differ in the prevention of reintubation
and in-hospital mortality. Therefore, aggressive decongestive therapy, rather than HFNC, should be

considered early after extubation.
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Introduction

In patients with acute heart failure (HF), acute cardiogenic
pulmonary edema (ACPE) can develop as a result of
increased pulmonary capillary hydrostatic pressure, resulting
in fluid accumulation that cannot be cleared by lymphatic
interstitial drainage (1). The rapid increase in interstitial and
alveolar fluid leads to progressive respiratory failure. Over
90% of patients with acute HF present with fluid overload,
primarily in the form of pulmonary congestion, which may
lead to the requirement for mechanical ventilation (2).

Despite being successfully weaned from mechanical
ventilation, a considerable number of patients require
reintubation (3), and those with pre-existing heart disease
or fluid accumulation are considered to be at higher risk (4).
One study showed that up to 10% of patients with HF after
planned extubation required reintubation (5). In general,
patients who require reintubation have higher rates of in-
hospital mortality, increased intensive care unit (ICU)
and hospital stays, prolonged duration of mechanical
ventilation, higher medical costs, and a higher possibility of
tracheostomy than patients who have a successful extubation
(3,6). However, an effective approach to preventing
reintubation has not yet been determined in patients with
ACPE.

Current evidence suggests that the use of non-invasive
ventilation (NIV) can decrease the reintubation rate and
ICU and hospital mortality rates in patients with planned
extubation (7). It has also been seen to be effective in
reducing the reintubation rate after cardiothoracic surgery
(8,9). In addition, positive intrathoracic pressure improves
alveolar ventilation and leads to an increase in oxygenation
and a further decrease in the work of breathing (10). Among
various modalities providing positive intrathoracic pressure,
high-flow nasal cannula (HFNC) is a simple method that
provides continuous nasopharyngeal positive pressure
with oxygen that exceeds patients’ spontaneous inspiratory
demand through a nasal cannula. However, data on the
role of HFNC in patients with ACPE post-extubation are
scarce.

In the present study, we aimed to determine whether
HFNC might be superior to conventional oxygen therapy
(COT) for preventing reintubation in successfully extubated
patients with ACPE. In addition, predictors of better
clinical outcomes after weaning from mechanical ventilation
were investigated.

© Journal of Thoracic Disease. All rights reserved.

Om et al. Decongestion in cardiogenic pulmonary edema

Methods
Study population

Observational data were collected retrospectively from
the electronic medical records of patients with ACPE who
were weaned from mechanical ventilation between January
2013 and December 2017 in the cardiac ICU of a large-
volume single center in Korea. The study cohort included
consecutive patients over 18 years old who received
mechanical ventilatory support due to ACPE in the cardiac
ICU and were extubated following clinical improvement.
ACPE was diagnosed according to the algorithm of current
guidelines, including signs and symptoms of HE, pulmonary
edema on chest radiograph, and cardiac functional
and structural abnormalities on echocardiography (2).
Patients who were treated with mechanical ventilation
due to noncardiogenic pulmonary edema, expired before
extubation, or underwent recent open-heart surgery
were excluded. All data were retrospectively collected
by thorough chart review, using the hospital’s electronic
medical record system, including demographics,
comorbidities, changes in body weight, Acute Physiology
and Chronic Health Evaluation (APACHE) II score at ICU
admission, mechanical ventilation time, and duration of
ICU stay and hospital stay.

The study protocol was approved by the institutional
review board. As no patient care intervention was required
for this retrospective study, the requirement for informed
consent was waived.

Post-extubation oxygen therapy and fluid management
during the hospital stay

All patients were treated with HFNC or COT, such as nasal
cannula or venturi mask, immediately after extubation,
and intravenous furosemide infusion was initiated and
maintained as decongestive therapy at the discretion of the
attending physician considering the patients’ volume status
during the ICU and hospital stay.

Study outcomes

The primary outcomes of the present study were early
reintubation and in-hospital mortality. Secondary outcomes
included delayed reintubation, total reintubation, post-
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Patients with ACPE
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mechanical ventilation
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Figure 1 Flowchart of study population. Among the 212 patients,
163 patients were finally enrolled in this retrospective observational
study. ACPE, acute cardiogenic pulmonary edema; HFNC, high-

flow nasal cannula; COT, conventional oxygen therapy.

extubation ICU and hospital length of stay, and respiratory
rate at 1 hour after extubation. Early and delayed reintubation
were defined as all-cause reintubation within 72 hours
after extubation, and all-cause reintubation >72 hours from
the time of extubation, respectively. All study outcomes
were obtained using hospital electronic medical records.

Statistical analysis

The baseline characteristics of the study population,
including patient demographics, risk factors or comorbidities,
etiology of ICU admission, and arterial blood gas profiles
before extubation, were compared between the HFNC group
and the COT group. Continuous variables were expressed
as mean = standard deviation or median [interquartile range
(IQR)], depending on variable distribution. Categorical
variables were presented as numbers and percentages. Group
comparisons according to the methods of post-extubation
oxygen therapy were analyzed using the Wilcoxon rank-
sum test for continuous variables, and the Chi-square test
or Fisher’s exact test for categorical variables. To minimize
the potential differences in the baseline characteristics
of patients treated with HFNC or COT, a propensity
score (PS) matching method was utilized. Patients with
ACPE were matched on PS at a 1:1 ratio according to the
modalities for post-extubation oxygen therapy. PSs were
estimated using a logistic model that included sex, age,
body mass index, APACHE II score, duration of mechanical
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ventilation, PaO,/FiO, ratio before extubation, PaCO, before
extubation, and left ventricular ejection fraction as covariates.
Outcome parameters were also compared at baseline and
after PS matching between the two groups. A logistic
regression model was used to identify any factors that were
independently associated with the primary outcomes.

All statistical analyses including PS matching method
were performed using IBM SPSS Statistics 22.0 (IBM
Corp., Armonk, NY, USA). A P value of <0.05 was
considered statistically significant.

Results
Baseline characteristics

Between January 2013 and December 2017, 212 patients
with ACPE were weaned from mechanical ventilation.
Of these, 47 patients who underwent recent open-heart
surgery, and two who had insufficient medical records, were
excluded. A total of 163 consecutive patients with ACPE
were finally enrolled (Figure I).

Overall, the mean age of the study population was
67.4+14.3 years and 92 (56.4%) were male; 44 patients
were treated with HFNC, and 119 patients with COT.
The baseline demographic and clinical characteristics of
the study population grouped according to treatment are
summarized in 7able 1. Patients in the HFNC group had
a relatively longer duration of mechanical ventilation,
lower PaO,/FiO, ratio, and slightly higher PaCO, before
extubation than those in the COT group. There were no
significant differences in echocardiographic parameters
between the two groups. And the trend of patients’ weight
change during the ICU and hospital stay was shown in
Figure S1.

Primary and secondary outcomes

During the study period, 38 patients (23.3%) were
reintubated. Among them, 21 patients (12.9%) were
reintubated within 72 hours of extubation; in-hospital death
occurred in 16 patients (9.8%). The primary outcomes did
not differ significantly between the HFNC and COT groups
(13.6% wvs. 12.6%, respectively, in the early reintubation
group, P=1.000 and 13.6% vs. 8.4%, respectively, in the
in-hospital mortality group, P=0.375; Table 2). Analyses of
secondary outcomes showed no differences in the rates of
delayed reintubation (>72 hours) and total reintubation,
the duration of post-extubation ICU and hospital stay, and
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Table 1 Baseline patient demographic and clinical characteristics

Variables Overall (n=163) HFNC (n=44) COT (n=119) P value
Age, years 67.4+14.3 66.7+16.3 67.7+13.6 0.955
Male 92 (56.4) 30 (68.2) 62 (52.1) 0.077
Body mass index*, kg/m® 23.6+3.6 24.0+3.6 23.4+3.6 0.213
APACHE Il score 17.9+3.5 17.9+£3.1 17.9+3.7 0.809
Dilated cardiomyopathy 15(9.2) 12.3 14 (11.8) 0.072
Ischemic cardiomyopathy 39 (23.9) 12 (27.3) 27 (22.7) 0.680
Myocardial infarction 45 (27.6) 14 (31.8) 31 (26.1) 0.554
Hypertension 107 (65.6) 29 (65.9) 78 (65.5) 1.000
Diabetes mellitus 78 (47.9) 23 (562.3) 55 (46.2) 0.597
COPD 9 (5.5 2 (4.5 7 (5.9 1.000
Asthma 5 (3.1) 2 (4.5) 3(2.5) 0.612
Chronic kidney disease 44 (27.0) 12 (27.3) 32 (26.9) 1.000
Atrial fibrillation 29 (17.8) 6 (13.6) 23 (19.3) 0.493
History of CVA 17 (10.4) 4(9.1) 13 (10.9) 0.785
Weight change within 72 hours after extubation, kg —-0.86+2.03 —-0.69+1.85 -0.92+2.10 0.665
Mechanical ventilation duration, days 2.8(1.4,7.0) 7.0 (2.0, 10.8) 2.0(1.1,5.5) <0.001
PaO,/FiO, before extubation 305.7+118.0 272.1£92.3 318.1£124.3 0.016
PaCO, before extubation, mmHg 36.0+6.4 38.4+7.5 35.1£5.7 0.004
pH of arterial blood before extubation 7.47+0.05 7.46+0.06 7.47+0.05 0.782
Echocardiographic data
LVEDD, mm 53+10 53+9 54+10 0.724
LVESD, mm 42+11 41+10 42+11 0.782
LVEF, % 39+15 40+15 38+15 0.579
E/e ratio 16 (11, 22) 15 (11, 19) 17 (11, 23) 0.573
MR, moderate or severe 31(19.1) 9 (20.5) 22 (18.6) 0.824
AR, moderate or severe 5(3.1) 2 (4.5) 3(2.5) 0.614
TR, moderate or severe 16 (9.9) 7 (15.9) 9 (7.6) 0.140
Pulmonary hypertension® 58 (35.8) 18 (40.9) 40 (33.9) 0.463

Data are expressed as number (%), mean + standard deviation, or median (interquartile range), depending on variable distribution. *, body
mass index is the weight in kilograms divided by the square of the height in meters; ', E/e ratio is defined as the ratio of early diastolic
mitral inflow (E) to early diastolic mitral annular tissue velocity (e);*, pulmonary hypertension indicates pulmonary artery systolic pressure
>50 mmHg. APACHE, Acute Physiology and Chronic Health Evaluation; AR, aortic regurgitation; COPD, chronic obstructive pulmonary
disease; CVA, cerebrovascular accident; EF, ejection fraction; LVEDD, left ventricular end-diastolic dimension; LVESD, left ventricular
end-systolic dimension; MR, mitral regurgitation; TR, tricuspid regurgitation.
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Table 2 Primary and secondary outcomes
Outcomes Overall (n=163) HFNC (n=44) COT (n=119) P value
Primary outcomes
Early reintubation, <72 hours 21 (12.9) 6 (13.6) 15 (12.6) 1.000
In-hospital mortality 16 (9.8) 6 (13.6) 10 (8.4) 0.375
Secondary outcomes
Delayed reintubation, =72 hours 17 (10.4) 6 (13.6) 11.(9.2) 0.401
Reintubation, total 38 (23.3) 12 (27.3) 26 (21.8) 0.532
Post-extubation ICU stay*, days 3.3(2.0,7.1) 5.2 (3.1, 14.5) 3.0 (1.6, 6.0) 0.060
Post-extubation hospital stay*, days 16.8 (8.8, 35.8) 27.8 (13.7, 43.3) 13.3 (7.9, 34.4) 0.141
Respiratory rate at 1 hour after extubation, per minute 21.9+5.9 22.4+5.2 21.7+6.2 0.390
*, values are expressed as median (interquartile range).
respiratory rate at 1 hour after extubation according to the Discussion

modalities for post-extubation oxygen therapy.

PS matching analysis

A total of 38 patients in the HFNC group were 1:1 PS
matched to 38 patients in the COT group. The baseline
characteristics of the PS matched cohorts are summarized
in Table 3. There was no difference in all variables between
the HFNC and the COT groups after PS matching.
Standardized mean differences of all covariates are shown
in Table SI. In the matched HFNC and COT cohorts, no
significant differences were seen between the two groups in
terms of the primary and secondary outcomes (7able 4).

Factors influencing primary outcomes

To determine any independent association between the
post-extubation NIV modalities and primary outcomes,
a multivariate logistic regression analysis was performed,
adjusted for clinically relevant covariates (Table 5). After
adjustment for a wide range of confounding factors, weight
increase within 72 hours after extubation (OR =1.7; 95% CI:
1.2-2.2; P<0.001) and a history of hypertension (OR =0.3;
95% CI: 0.1-0.9; P=0.035) were seen to be independent
determinants of early reintubation. Weight increase within
72 hours was also associated with in-hospital mortality
(OR =1.5; 95% CI: 1.1-2.1; P=0.005). However, the use of
HFNC was not associated with total or early reintubation,
or in-hospital mortality.

© Journal of Thoracic Disease. All rights reserved.

In the present study, HFNC was not seen to be beneficial
versus COT for preventing reintubation and in-hospital
mortality in patients with ACPE. Similar results were seen
after adjusting for clinical characteristics, including the
degree of volume reduction. Early decongestive therapy
within 3 days of extubation was a common determinant for
reintubation or in-hospital mortality.

Our observations are not consistent with those of
many previous studies of HFNC, which have generally
demonstrated the benefit of this approach in reducing
respiratory rate and improving oxygenation in critically
ill patients with hypoxemic respiratory failure (11-13).
However, most of the subjects in these studies had
pneumonia or other respiratory diseases. One previous
study of patients with ACPE demonstrated that HFNC
decreased the respiratory rate compared with COT (14),
but there is generally a paucity of data evaluating the use of
HENC in patients with ACPE, particularly in those weaned
from mechanical ventilation.

There are several possible explanations for the lack of
HENC efficacy in post-extubation patients with ACPE
seen in the current study. First, HE, which often induces
ACPE, is considered to be an independent risk factor for
reintubation (15). One study showed HF to be the cause of
42% of failures of spontaneous breathing trials in medical
ICU patients (16). Several studies have demonstrated
that patients with ACPE have high rates of intubation
and mortality, approximately 20% and 15%, respectively
(17-19). Post-extubation patients with ACPE appeared
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Table 3 Baseline demographic and clinical characteristics of propensity score matched patients

Variables HFNC (n=38) COT (n=38) P value
Age, years 67.1+16.6 67.0+16.7 0.967
Male 25 (65.8) 23 (60.5) 0.812
Body mass index, kg/m? 23.5+3.5 23.7+3.5 0.792
APACHE Il score 18.0+£3.2 17.8+3.9 0.821
Dilated cardiomyopathy 1(2.6) 4(10.5) 0.358
Ischemic cardiomyopathy 11 (28.9) 8(21.1) 0.597
Myocardial infarction 11 (28.9) 8(21.1) 0.597
Hypertension 28 (73.7) 24 (63.2) 0.460
Diabetes mellitus 20 (52.6) 14 (36.8) 0.249
COPD 2 (5.3 2 (5.3 1.000
Asthma 1(2.6) 1(2.6) 1.000
Chronic kidney disease 12 (31.6) 9(23.7) 0.609
Atrial fibrillation 5(13.2) 12 (31.6) 0.097
History of CVA 4 (10.5) 3(7.9 1.000
Weight change within 72 hours after extubation, kg —-0.79+1.91 -1.32+1.94 0.239
Mechanical ventilation duration, days 6.1+4.3 6.3+4.0 0.795
Pa0,/FiO, before extubation 278.7+91.8 262.7+85.3 0.435
PaCO, before extubation (mmHg) 37.3+7.3 37.3+5.2 0.971
pH of arterial blood before extubation 7.46+0.06 7.47+0.05 0.919

Echocardiographic data

LVEDD, mm 51+12 50+7 0.560
LVESD, mm 40+12 38+8 0.448
LVEF, % 40+ 14 39+19 0.824
E/e ratio’ 17+13 17+9 0.801
MR, moderate or severe 6 (15.8) 3(7.9) 0.480
AR, moderate or severe 2 (5.3) 0(0.0) 0.493
TR, moderate or severe 6 (15.8) 2 (5.3) 0.262
Pulmonary hypertension® 15 (39.5) 8 (21.1) 0.133

Data are expressed as number (%), mean + standard deviation, or median (interquartile range), depending on variable distribution. ', E/e
ratio is defined as the ratio of early diastolic mitral inflow (E) to early diastolic mitral annular tissue velocity (e). ¥, pulmonary hypertension
indicates pulmonary artery systolic pressure =50 mmHg. APACHE, Acute Physiology and Chronic Health Evaluation; AR, aortic
regurgitation; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; EF, ejection fraction; LVEDD, left ventricular
end-diastolic dimension; LVESD, left ventricular end-systolic dimension; MR, mitral regurgitation; TR, tricuspid regurgitation.
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Table 4 Primary and secondary outcomes of propensity score matched patients
Outcomes HFNC (n=38) COT (n=38) P value
Primary outcomes
Early reintubation, <72 hours 4(10.5) 1.000
In-hospital mortality 2 (5.3 0.262
Secondary outcomes
Delayed reintubation, =72 hours 2 (5.3 0.262
Reintubation, total 6 (15.8) 0.271
Post-extubation ICU stay*, days 5.0 (3.0, 13.5) 3.0(1.8,7.0) 0.054
Post-extubation hospital stay*, days 27.0 (13.0, 43.3) 13.5 (9.5, 37.0) 0.087
Respiratory rate at 1 hour after extubation, per minute 22.6+5.5 22.7+6.1 0.937
*, values are expressed as median (interquartile range).
Table 5 Multivariate regression analysis: independent factors for early reintubation (<72 hours) and in-hospital mortality
Early reintubation In-hospital mortality
Variables
OR (95% Cl) P value OR (95% Cl) P value
Weight change within 72 hours after extubation 1.7 (1.2-2.2) <0.001 1.5(1.1-2.1) 0.005
APACHE Il score 1.2 (1.0-1.4) 0.052
Hypertension 0.3 (0.1-0.9) 0.035
History of asthma 8.6 (0.9-84.4) 0.066
Body mass index, kg/m’ 0.8 (0.7-1.0) 0.046

APACHE, Acute Physiology and Chronic Health Evaluation.

to be at higher risk of adverse clinical outcomes. In the
current study, our patients showed relatively high rates
of reintubation (23.3%) and in-hospital mortality (9.8%)
compared with patients in previous studies and it is possible
that the vulnerable nature of our study population may
mitigate the benefit of HFNC.

Secondly, differences in modalities for post-extubation
oxygen therapy may affect the results. Several meta-analyses
have shown that NIV reduces the endotracheal intubation
rate and tends to reduce mortality when compared with COT
in patients with ACPE (17-19). Another large randomized
trial revealed no differences in mortality between groups of
patients receiving NIV versus COT (20). In general, HFNC
appears to be better tolerated than other NIV modalities,
including continuous positive airway pressure (CPAP) or
non-invasive pressure support ventilation (NIPSV) (21).
However, the level of positive pressure provided by HFNC
is relatively low (<5 ¢cmH,0) in comparison with CPAP
or NIPSV. Moreover, the beneficial effect of continuous

© Journal of Thoracic Disease. All rights reserved.

nasopharyngeal positive pressure by HFNC disappears when
patients with ACPE breathe with an open mouth due to
severe dyspnea. However, some compliance issues regarding
the intolerance of HFNC was lacking in our study.

Finally, volume reduction is an important confounder as
fluid overload is related to increased capillary leakage and
extracellular volume distribution that can cause pulmonary
edema. Consequently, this condition leads to impaired
gas exchange, reduced compliance, and increased work
of breathing (22). Some previous studies showed that a
positive fluid balance was associated with failure to wean
and a higher risk of extubation failure. The patients who
failed to wean from mechanical ventilation due to a positive
fluid balance had poor cardiovascular reserves (22,23).
These conditions can attenuate the effect of NIV in patients
with ACPE, and strategies to manage fluid overload, such as
the administration of diuretics or extracorporeal therapies,
appear to play a key role in weaning success (24).

This study had certain limitations. First, the retrospective
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observational study design means that the setting and
monitoring of oxygen therapy were dependent on the
patients’ attending physicians; differences in the HFNC
setting could affect the failure rate of HFNC support, and
the study results could possibly be affected by unknown
confounders. Therefore, the interpretation of the results
could be perverse, and the study is underpowered to show
a difference in endpoints. The overall findings should be
considered hypothesis-generating only. Secondly, some
information regarding the application of HFNC was
lacking, such as the oxygen dilution and entrainment of
room air around the cannula. Also, the patients’ compliance
in the HFNC group is an important factor that may have
influenced the outcomes. Thirdly, the sample size may have
been inadequate and it is possible that analysis of a larger
population is required to evaluate other ICU populations.

In conclusion, early decongestive therapy within
72 hours of extubation was independently associated with
early reintubation and in-hospital mortality in patients
with ACPE. However, HFNC and COT did not differ in
preventing reintubation and in-hospital death. Therefore,
aggressive decongestive therapy, rather than HFNC,
should be considered early after weaning from mechanical
ventilation. A large prospective randomized trial would
be required to determine whether the modalities for post-
extubation oxygen therapy influence weaning success or
failure.
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Figure S1 The trend of patients’ weight change during the ICU and hospital stay. ICU, intensive care unit; HFNC, high-flow nasal cannula;
COT, conventional oxygen therapy.

Table S1 Standardized mean difference of co-variables before and after propensity score matching

Standardized mean difference

Covariables
Pre-matching Post-matching

Age, years 0.0696 0.0096
Male sex 0.3738 0.1249
Body mass index 0.1667 0.0607
APACHE Il score 0.0000 0.0508
Hypertension 0.0089 0.2705
Diabetes mellitus 0.1337 0.3553
COPD 0.1499 0.0000
Asthma 0.3366 0.0000
Chronic kidney disease 0.0107 0.2188
Atrial fibrillation 0.2299 0.6141
History of CVA 0.1125 0.1746
Duration of mechanical ventilation, days 0.7981 0.0596
PaO,/FiO, before extubation 0.3945 0.1801
PaCO, before extubation, mmHg 0.5295 0.0082
LVEF 0.1333 0.0511

APACHE, Acute Physiology and Chronic Health Evaluation; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular
accident; LVEF, left ventricular ejection fraction.



