Original Article

trd¢

Tuberculosis & Respiratory Diseases

https://doi.org/10.4046/trd.2022.0040

ISSN: 1738-3536(Print)/
2005-6184(0Online)

Tuberc Respir Dis 2022;85:332-340

Cardiac Dysfunction Is Not Associated
with Increased Reintubation Rate in
Patients Treated with Post-extubation
High-Flow Nasal Cannula )

Check for
updates

Jae Kyeom Sim, M.D.(, Juwhan Choi, M.D., Jee Youn Oh, M.D., Kyung Hoon Min, M.D., Gyu Young Hur, M.D.,
Sung Yong Lee, M.D., Jae Jeong Shim, M.D., Young Seok Lee, M.D., Ph.D.

Division of Pulmonary, Allergy, and Critical Care Medicine, Department of Internal Medicine, Korea University Guro Hospital,
Seoul, Republic of Korea

Copyright © 2022 The Korean
Academy of Tuberculosis and
Respiratory Diseases

Address for correspondence
Young Seok Lee, M.D., Ph.D.
Division of Pulmonary, Allergy,
and Critical Care Medicine,
Department of Internal Medicine,
Korea University Guro Hospital,
148 Gurodong-ro, Guro-gu, Seoul
08308, Republic of Korea

Phone 82-2-2626-3256

Fax 82-2-2626-1166

E-mail avonlea76@korea.ac.kr
Received Mar. 30, 2022

Revised Jun. 13,2022

Accepted Jul. 6, 2022

Published online Jul. 13,2022

@ It is identical to the Creative
Commons Attribution Non-
Commercial License (http://
creativecommons.org/licenses/
by-nc/4.0/).

Abstract

Background: Cardiac dysfunction patients have long been considered at high risk of
reintubation. However, it is based on past studies in which only conventional oxygen
therapy was applied after extubation. \We investigated association between cardiac dys-
function and reintubation rate in situation where high-flow nasal cannula (HFNC) was
widely used during post-extubation period.

Methods: We conducted a retrospective observational cohort study of patients treat-
ed with HFENC after planned extubation in medical intensive care unit of single tertiary
center. Patients were divided into normal function group (ejection fraction [EF] 245%)
and cardiac dysfunction group (EF <45%). The primary outcome was reintubation rate
within 72 hours following extubation.

Results: Of 270 patients, 35 (13%) had cardiac dysfunction. Baseline characteristics
were similar in both groups. There were no differences in the changes in vital signs be-
tween the two groups during the first 12 hours after extubation except diastolic blood
pressure. The reintubation rates were 20% and 17% for cardiac dysfunction group and
normal function group, respectively (p=0.637). In a multivariate Cox regression analysis,
cardiac dysfunction was not associated with an increased risk of reintubation within 72
hours following extubation (hazard ratio, 1.56; p=0.292).

Conclusion: Cardiac dysfunction was not associated with increased reintubation rate
within 72 hours when HFNC is immediately applied after planned extubation.

Keywords: High-Flow Nasal Cannula; Extubation; Reintubation; Cardiac Dysfunction

Introduction

High-flow nasal cannula (HFNC) is increasingly used
in critically ill patients, because it has a number of ad-
vantages over conventional oxygen therapy (COT) or
non-invasive ventilation (NIV) including favorable phys-
iologic parameters, ease of use, and patient comfort'”.
It is mainly indicated for patients with acute hypoxemic
respiratory failure®*, but can also be applied to various
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conditions including post-extubation®”.

HFNC has been demonstrated to be superior to COT
in terms of reducing reintubation rate and post-extu-
bation respiratory failure in patients with low risk for
reintubation®. However, only a few patients meet the
low risk criteria because intensive care unit (ICU) pa-
tients are getting older and often have multiple comor-
bidities®. Recently, two randomized trials compared
the efficacy of HFNC on reintubation with NIV or NIV
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plus HENC in high risk patients. HFNC was non-infe-
rior to NIV but inferior to NIV plus HFNC as preventive
measures in post-extubation period®'°. Based on these
results, applying NIV during post-extubation period
may be advisable in high risk patients. Indeed, current
guidelines recommend preventative NIV after extuba-
tion in high risk patients though the strength of recom-
mendation or the degree of evidence differs'"'%. How-
ever, given that most of medical ICU patients belong to
high risk group and NIV has several drawbacks such as
poor tolerance, cost, and need for trained staff'®, it is
difficult to apply NIV to every high risk patients in prac-
tice. Moreover, high risk group was defined differently
in each study, and it was composed of heterogeneous
patients. Therefore, it seems reasonable to refine and
narrow down the high risk group.

Past studies found that cardiac dysfunction, either as
a cause of respiratory failure or as an underlying dis-
ease, harbors increased risk of reintubation'*'®. Howev-
er, in those studies, COT was applied after extubation,
so the situation is different from the current increasing
use of post-extubation HFNC'®. We planned this study
to investigate association between cardiac dysfunction
and reintubation rate within 72 hours in situation where
HFNC was widely used during post-extubation period.

Materials and Methods

1. Study design and population

We conducted a retrospective observational cohort
study of patients treated with HFNC after planned
extubation in medical ICU at Korea University Guro
Hospital between January 2017 and December 2019.
This study was approved by the Institutional Review
Board (2020GR0518). The need for informed consent
was waived because of the observational nature of the
study. Adult patients who were admitted to the medical
ICU and mechanically ventilated for =48 hours, passed
a spontaneous breathing trial (SBT), and were support-
ed by HFNC immediately after extubation were includ-
ed in the study. Patients were excluded according to
the following criteria: application of COT or NIV imme-
diately after extubation; no planned extubation; and no
echocardiography data during the ICU stay.

2. Weaning and post-extubation practice

Patients ventilated for >24 hours underwent a spon-
taneous awakening trial, and if successful, they were
evaluated for the possibility of weaning according to
the institutional protocol. A patient underwent SBT with
8-10 cm H,O pressure support and 6 cm H,O positive
end-expiratory pressure when the condition leading
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to intubation had been improved, and hemodynamic
and respiratory stabilities were achieved. If a patient
passed SBT, extubation ensued. After planned extuba-
tion, HFNC (Airvo 2, Fisher and Paykel Healthcare, La-
val, QC, Canada) was initiated at a flow rate of 50 L/min
with fraction of inspired oxygen (FiO,) of 0.5. Detailed
protocol of weaning and post-extubation practice was
reported in elsewhere’’.

3. Data collection

Data were collected retrospectively for all patients
commencing HFNC after extubation during the study
period. To reduce bias, well-trained research nurses
collected data from the electronic medical records
(EMRs) using standardized data collection protocols,
and patients with >20% missing data for each variable
were excluded from the analysis. Baseline character-
istics including demographic features, and clinical
and laboratory findings at the time of admission and
extubation were collected. Physiologic parameters
and HFNC settings (flow rate and FiO,) were serially
recorded after extubation. For patients who required
reintubation, the time from extubation to reintubation
was documented, and the reason for reintubation was
described. The primary outcome was reintubation rate
within 72 hours following extubation. Secondary out-
comes included the time to reintubation, the reason
for reintubation, ICU length of stay (LOS), ICU mortality,
and hospital mortality.

4, Cardiac dysfunction

In our practice, formal echocardiography has been
routinely performed within 3 working days after ICU ad-
mission. An echocardiographer carried out the exam-
ination, and cardiologists confirmed the result; neither
were involved in this study. The ejection fraction (EF)
was measured by modified Simpson method. Cardiac
dysfunction was defined as EF <45%'®. Eligible patients
were divided into normal group (EF 245%) and cardiac
dysfunction group (EF <45%).

5. Statistical analysis

Continuous variables are reported as the median with
interquartile range, and categorical variables as the
number and percentage. Baseline characteristics and
clinical outcomes were compared between the two
groups using Fisher’s exact test and the Mann-Whit-
ney U test, as appropriate. We compared changes in
vital signs and HFNC settings over the first 12 hours
after extubation using a generalized linear model.
The cumulative rate of reintubation was assessed by
Kaplan-Meier curve and compared using the log-rank
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test. To investigate factors associated with reintuba-
tion within 72 hours following extubation, Cox propor-
tional hazard model was used. Variables with p<0.05
in univariate analysis and cardiac dysfunction were
incorporated in multivariate analysis. The results were
reported as hazard ratio (HR) of each variable with 95%
confidence intervals (Cl). Data were analyzed using
SPSS version 20.0 (IBM Corp., Armonk, NY, USA) and
GraphPad Prism version 9.0 (GraphPad Software, San
Diego, CA, USA). All tests were two-sided, and p<0.05
was taken to indicate statistical significance.

Results

During the study period, 880 patients were treated with
mechanical ventilation in the medical ICU. Of these
patients, 222 were excluded because they failed to pro-
ceed to planned extubation; 52 patients were excluded
because of insufficient EMRs; 288 were excluded be-
cause they were treated with COT after extubation; and
42 were excluded because they were treated with NIV
after extubation. Therefore, 276 patients were included
in the study. As EF data were not available for six pa-
tients, 270 were included in the final analysis (Figure 1).
The median follow-up period was 22 days.

1. Baseline characteristics

Overall, there were no differences in baseline charac-
teristics between the two groups (Table 1). On the day
of extubation, patients in the cardiac dysfunction group
had higher rates of treatment with vasoactive agents,
particularly dobutamine, compared to the normal func-
tion group (45.7% vs. 16.2%, p<0.001). Renal replace-
ment therapy was applied more frequently in the cardi-
ac dysfunction group than the normal function group,
although the difference was not significant (20% vs.
9.4%, p=0.076). The degree of organ dysfunction, gas
exchange, and vital signs were similar in both groups.
Oxygenation indices, including partial pressure of oxy-
gen (Pa0,) and the PaO,/FiO, ratio, were higher in the
cardiac dysfunction group (121 mm Hg vs. 103 mm Hg,
p=0.009; 373 vs. 286, p=0.001). The abnormal cardiac
findings of each group are shown in Supplementary Ta-
ble S1.

2. Group comparison of changes in physiologic
parameters and HFNC settings

There were no differences in the changes in vital signs

between the two groups during the first 12 hours after

extubation except diastolic blood pressure (Figure 2).

There was also no group difference in changes in flow

rate and FiO,, which tended to decrease over time in

Figure 1. Flow chart of enrolled patients. ICU: intensive care unit; EMR: electronic medical record; SBT: spontaneous
breathing trial; COT: conventional oxygen therapy; NIV: non-invasive ventilation; HFNC: high-flow nasal cannula; EF: ejec-

tion fraction.

880 Patients who mechanically ventilated
in medical ICU between
Jan 2017 and Dec 2019

52 Insufficient EMR

4

222 No planned extubation

606 Patients

who passed
SBT and extubated

288 COT

y

"| 42 Prophylactic NIV

| 276 Prophylactic HFNC |

A,

6 No echocardiography data

| 270 Eligible for final analysis |

|

235 EF 245% |

https://doi.org/10.4046/trd.2022.0040

}

| 35 EF <45%

https://e-trd.org/ 334



Cardiac dysfunction and reintubation under HFNC

Table 1. Baseline characteristics

Normal

Cardiac dysfunction

Variable (n=235) (n=35) p-value
Age, yr 77 (67-84) 78 (70-86) 0.145
Male 149 (63.4) 22 (62.9) >0.99
BMI, kg/m? 21 (18-24) 22 (20-26) 0.110
APACHE Il 30 (27-33) 31 (28-34) 0.119
Charlson Comorbidity Index 6 (4-8) 6 (4-8) 0.185
Admission diagnosis
Cardiac disease 11 (4.7) 1(2.9) >0.99
Pulmonary disease 146 (62.1) 26 (74.3) 0.190
Gastrointestinal disease 4(1.7) 0(0) >0.99
Renal disease 2(0.9) 0 (0) >0.99
Neurologic disease 20(8.5) 2(5.7) 0.749
Malignancy 2(0.9) 0(0) >0.99
Others 50 (21.3) 6(17.1) 0.661
Cause of respiratory failure*
Pulmonary 209 (89.3) 32(91.4) 0.833
Extra-pulmonary 25(10.7) 3(8.6) >0.99
Blood gas analysis'
pH 7.49 (7.45-7.52) 7.48 (7.45-7.52) 0.682
PaCO,, mm Hg 35 (31-40) 35 (31-37) 0.308
Pa0O,, mm Hg 103 (81-126) 121 (92-135) 0.009
HCO;, mmol/L 27 (23-30) 26 (23-28) 0.132
Sa0,, % 98 (97-99) 99 (98-99) 0.076
Pa0,/FiO, ratio' 286 (223-390) 373 (290-437) 0.001
Vital signs’
SBP, mm Hg 129 (113-144) 124 (112-142) 0.539
DBP, mm Hg 71 (61-81) 66 (58-80) 0.141
HR, /min 93 (80-106) 92 (84-107) 0.987
RR, /min 21 (17-26) 20 (17-25) 0.361
Vasoactive agent use’ 84 (35.7) 23 (65.7) 0.001
Norepinephrine 55 (23.4) 12 (34.3) 0.207
Dopamine 10 (4.3) 3(8.6) 0.229
Dobutamine 38(16.2) 16 (45.7) <0.001
Renal replacement therapy’ 22 (9.4) 7 (20.0) 0.076
SOFA score' 7 (5-9) 7 (5-10) 0.394

Values are presented as median (interquartile range) or number (%).

Patients were divided into normal function group (ejection fraction 245%) and cardiac dysfunction group (ejection fraction <45%).
*One patient was excluded in normal group due to missing data. 'Data were collected on the day of extubation.

BMI: body mass index; APACHE Il: Acute Physiology and Chronic Health Evaluation Il; PaCO,: partial pressure of carbon dioxide; PaO.,:
partial pressure of oxygen; Sa0,: arterial oxygen saturation; FiO,: fraction of inspired oxygen; SBP: systolic blood pressure; DBP: dia-
stolic blood pressure; HR: heart rate; RR: respiratory rate; SOFA: Sequential Organ Failure Assessment.
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Figure 2. Group comparison of changes in physiologic parameters within 12 hours after extubation. (A) Systolic blood
pressure change within 12 hours after extubation. (B) Diastolic blood pressure change within 12 hours after extubation. (C)
Heart rate change within 12 hours after extubation. (D) Respiratory rate change within 12 hours after extubation.
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Figure 3. Group comparison of changes in high-flow nasal cannula settings within 12 hours after extubation. (A) FiO,
change within 12 hours after extubation. (B) Flow rate within 12 hours after extubation. FiO,: fraction of inspired oxygen.
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both groups (Figure 3).

3. Clinical outcomes

The clinical outcomes in the cardiac dysfunction and
normal function groups are presented in Table 2. The
rate of reintubation was not different between the two
groups (20% vs. 17%, p=0.637), but the main reason
for reintubation was different. In the normal function
group, worsening respiratory condition (10.6%) and
inability to clear secretion (4.2%) were common causes
of reintubation. In the cardiac dysfunction group, wors-
ening respiratory condition (8.5%) and hemodynamic
instability (8.5%) were common causes (p=0.014). The
median ICU LOS was shorter in the cardiac dysfunction
group (7 days vs. 10 days, p=0.042). ICU and hospital
mortalities were higher in normal and cardiac dysfunc-
tion group, respectively without statistical significance.
The median time to reintubation was not different

Cardiac dysfunction and reintubation under HFNC

Discussion

In this study, we categorized patients into normal
and cardiac dysfunction groups based on EF, and
compared reintubation rate under condition of HFNC
following planned extubation. Interestingly, it was not
higher in patients with cardiac dysfunction, which is es-
tablished risk factor of reintubation. In addition, clinical
outcomes and physiologic responses after extubation
were similar between two groups.

For patients with cardiac dysfunction, positive pres-
sure ventilation provides advantages of lowering left

Figure 4. Kaplan-Meier plots showing the cumulative
rate of reintubation within 72 hours after extubation
according to the presence of cardiac dysfunction.

between the two groups (16 hours vs. 16.5 hours, 30 — Normal
p=0.510), and most cases of reintubation occurred X ---- Cardiac dysfunction
within the first 24 hours (Supplementary Figure S1). s
The cumulative rate of reintubation was depicted by g 2
the Kaplan-Meier curve (Figure 4). The results of Cox %
regression analysis were given in Table 3. The pres- %
ence of cardiac dysfunction was not associated with an %
increased risk of reintubation within 72 hours following o 101
extubation (HR, 1.56; 95% CI, 0.683-3.558; p=0.292). §
(% Log-rank test, p=0.491
0 2|0 4IO 6|0 8|O
Time (hr)
Table 2. Clinical outcomes
Outcome Normal Cardiac dysfunction b-value
(n=235) (n=35)
Reintubation 40(17.0) 7 (20.0) 0.637
Time to reintubation, hr 16.5 (5-26) 16 (5-19) 0.510
Reason for reintubation 0.014
Decreased level of consciousness 1(0.4) 1(2.8)
Cardiac arrest 2(0.8) 0(0)
Hemodynamic instability 2(0.8) 3(8.5)
Inability to clear secretion 10 (4.2) 0(0)
Worsening respiratory condition 25(10.6) 3(8.5)
ICU length of stay, day 10 (6-15) 7 (5-10) 0.042
ICU mortality 26(11.1) 1(2.9) 0.222
Hospital mortality 64 (27.2) 12 (34.3) 0.422

Values are presented as number (%) or median (interquartile range).

Patients were divided into normal function group (ejection fraction 245%) and cardiac dysfunction group (ejection fraction <45%).

ICU: intensive care unit.

Tuberc Respir Dis 2022;85:332-340
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Table 3. Factors affecting reintubation within 72 hours after extubation

Univariate analysis

Multivariate analysis

Variable
HR (95% CI) p-value HR (95% CI) p-value
Cardiac dysfunction (EF <45%) 1.32 (0.59-2.96) 0.494 1.56 (0.68-3.56) 0.292
Age 1.01 (0.99-1.04) 0.378 - -
Male 2.22(1.10-4.47) 0.025 2.43(1.20-4.91) 0.014
APACHE Il 0.99 (0.95-1.04) 0.936 - =
Charlson Comorbidity Index 0.99 (0.90-1.09) 0.867 - -
Vasoactive agent use
Norepinephrine 1.86 (1.04-3.36) 0.038 2.18(1.20-3.95) 0.011
Dopamine 0.52 (0.07-3.38) 0.519 - -
Dobutamine 1.45 (0.77-2.75) 0.253 - -
Renal replacement therapy 1.17 (0.50-2.76) 0.720 - -
SOFA at the time of extubation 1.07 (0.96-1.19) 0.199 - -
Pa0,/FiO, ratio before extubation 0.99 (0.99-1.00) 0.040 0.99 (0.99-1.00) 0.017
PaCO, before extubation 1.01 (0.97-1.06) 0.499 - -

Multivariate Cox regression analysis was performed to investigate factors affecting the reintubation within 72 hours after extubation
incorporating cardiac dysfunction and other variables with p-value less than 0.05 in univariate analysis.

HR: hazard ratio; Cl: confidence interval; EF: ejection fraction; APACHE II: Acute Physiology and Chronic Health Evaluation II; SOFA:
Sequential Organ Failure Assessment; PaO,/FiO, ratio: partial pressure of oxygen and fraction of inspired oxygen ratio; PaCO,: partial

pressure of carbon dioxide.

ventricular preload'®. Because extubation eliminates
these benefits, it could lead to pulmonary edema and
respiratory failure. However, HFNC can supply inspira-
tory pressure based on flow rate. Roca et al.”® reported
that HFNC reduced inspiratory collapse of inferior vena
cava (IVC) in patients with heart failure, indicating a de-
crease in preload. In addition, when the flow rate was
increased from 20 L/min to 40 L/min, the inspiratory
collapse of IVC was significantly reduced from 28% to
21%°°. In our study, the median flow rate was about 45
L/min, which might be effective to prevent the increase
in preload following extubation. Of note, all reintubation
events occurred within first 24 hours in the cardiac
dysfunction group. These findings might reflect rapid
response to elimination of positive pressure in those
patients who were greatly affected by positive pressure.
However, there was no statistical significance, and few
studies examined the relation of cause of extubation
failure, its onset time, and patient characteristics.

In previous studies, patients at high risk of reintuba-
tion were heterogeneous, so the effectiveness of NIV
may vary depending on patients’' characteristics. Ferrer
et al.”’ reported that NIV was superior to COT in terms
of respiratory failure and mortality, but there was no dif-
ference in reintubation rate, and a mortality benefit was
found in patients with hypercapnia. In another study

https://doi.org/10.4046/trd.2022.0040

demonstrating the efficacy of NIV in high risk patients,
about one third of patients had persistent hypercap-
nia*”’. A recent trial showed that NIV tended to work
better in hypercapnic patients'®. In contrast, Chang
et al. showed that the reintubation rate was not dif-
ferent between heart failure patients treated with NIV
or HFNC. Notably, the number of chronic obstructive
pulmonary disease patients was small in that study®.
In our study, carbon dioxide concentration of the two
groups was in the normal range. Based on these find-
ings, post-extubation NIV is helpful for hypercapnic pa-
tients. However, it does not seem essential for patients
with cardiac dysfunction, who are normocapnic and
supported with HFNC.

Although this study suggested the utility of post-ex-
tubation HFNC in patients with cardiac dysfunction,
several limitations should be acknowledged. First,
cardiac dysfunction was the accompanying charac-
teristics, neither the primary diagnosis nor the cause
of respiratory failure. In several studies, patients were
regarded as high risk group when cardiac failure was
the primary indication for mechanical ventilation®'*?".
Therefore, caution should be taken when applying our
findings to such patients. Second, EF was not mea-
sured at the time of SBT or extubation. It would be
better to understand the association between cardiac
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function and reintubation risk if EF was measured at
that moment. However, unlike previous work that did
not present EF measurement time'®'*?*, we provided
EF near the time of SBT or extubation, reflecting cardi-
ac function more precisely. Third, respiratory mechan-
ics such as rapid shallow breathing index or maximal
inspiratory pressure were not compared or included
in the analysis though they were well-known weaning
predictors. However, SBT was performed according
to the institutional protocol in which tidal volume and
respiratory are included'’, we believe that respiratory
rate, tidal volume, and eventually rapid shallow breath-
ing index would be in adequate range in both groups.
In addition, this study was conducted retrospectively
at a single institution in a small number of medical ICU
patients. Therefore, one should be cautious to general-
ize our findings, and sample size would be not enough
to detect statistical significance. As is well known, ret-
rospective study is not free from bias. In patients with
cardiac dysfunction, only those with a less severe con-
dition may have been included in the study; severe cas-
es may have been treated with NIV or tracheostomized.
In fact, ICU LOS was shorter, and ICU mortality was
lower in cardiac dysfunction group, although the dif-
ferences were not statistically significant. Oxygenation
indices were also better in cardiac dysfunction group.
On the other hand, there were no differences in age,
comorbidities, severity at admission, or degree of or-
gan dysfunction on the day of extubation between the
two groups. Renal failure was more prevalent in cardiac
dysfunction group. In addition, the number of patients
with NIV support following extubation was small during
the study period. Patients in the cardiac dysfunction
group were treated more frequently with dobutamine
on the day of extubation. Use of dobutamine may have
reduced the difference in EF between the two groups
and helped to overcome hemodynamic burden follow-
ing extubation. But, in Cox regression analysis, dobuta-
mine use was not associated with increased reintuba-
tion rate (Table 3). Finally, we did not directly compare
HFNC and NIV. However, as the reintubation rate did
not differ between the normal function and cardiac dys-
function groups, we judged that cardiac dysfunction is
not significant risk factor when HFNC is applied imme-
diately after extubation.

In conclusion, cardiac dysfunction was not associ-
ated with increased reintubation rate within 72 hours
when HFNC is immediately applied after planned ex-
tubation. Our findings suggest the possibility that risk
factors of reintubation may differ depending on which
modality are applied. Further research is required to
identify and reassess risk factors of reintubation.

Tuberc Respir Dis 2022;85:332-340
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