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Background: Ventilator-dependent patients in the intensive care unit (ICU) who are difficult
to wean from invasive mechanical ventilation (IMV) have been increasing in number. Howev-
er, data on the clinical outcomes of difficult-to-wean patients are lacking. We aimed to eval-
uate clinical outcomes in patients discharged from the ICU with tracheostomy and ventilator
dependency.

Methods: We retrospectively investigated clinical course and survival in patients requiring
home mechanical ventilation (HMV) with a tracheostomy and difficulty weaning from IMV
during medical ICU admission from September 2013 through August 2016 at Severance Hos-
pital, Yonsei University, Seoul, Korea.

Results: Of 84 difficult-to-wean patients who were started on HMV in the medical ICU, 72
survived, were discharged from the ICU, and were included in this analysis. HMV was initiated
after a median of 23 days of IMV, and the successful weaning rate was 46% (n=33). In-hos-
pital mortality rate was significantly lower in the successfully weaned group than the unsuc-
cessfully weaned group (0% vs. 23.1%, respectively; P=0.010). Weaning rates were similar
according to primary diagnosis, but high body mass index (BMI), low Acute Physiologic As-
sessment and Chronic Health Evaluation (APACHE) Il score at ICU admission, and absence of
neuromuscular disease were associated with weaning success. After a median follow-up of 4.6
months (range, 1-27 months) for survivors, 3-month (n=64) and 6-month (n=59) survival
rates were 82.50% and 72.2%, respectively. Survival rates were higher in the successfully weaned
group than the unsuccessfully weaned group at 3 months (96.4% vs. 69.0%; P=0.017) and 6
months (84.0% vs. 62.1%; P =0.136) following ICU discharge.

Conclusions: In summary, 46% of patients who started HMV were successfully weaned from
the ventilator in general wards. High BMI, low APACHE Il score, and absence of neuromuscu-
lar disease were factors associated with weaning success.
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INTRODUCTION

Advances in intensive care medicine have increased the number of patients surviving epi-
sodes of acute respiratory failure or chronic respiratory failure. At the same time, however,
there has also been an increase in the number of patients who become partially or entirely
dependent on mechanical ventilation or other intensive care treatments [1]. Thus, prolonged
dependence on mechanical ventilation after critical illness is an emerging public health prob-
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lem. Up to 40% of patients entering the intensive care unit
(ICU) require mechanical ventilation, and nearly 20% of these
patients are expected to have increased ICU stay due to diffi-
cult weaning [2]. In the United States, there are about 100,000
such patients, and the cost exceeds US $20 billion per year. This
cost is predicted to be greater than US $50 billion by 2020 [1].

In difficult-to-wean patients, weaning success is defined as
extubation followed by absence of ventilatory support for 48
hours or 7-14 days without the need for mechanical ventila-
tion. The success rate of weaning is about 30%-53%, and the
average time to liberation is 16 to 37 days. Moreover, failure to
wean from mechanical ventilation within 60 days is likely to
lead to persistent failure [3-5]. Some countries operate respi-
ratory intensive care units (RICUs) or weaning centers (WCs),
and such facilities show good success rates and long-term
survival [3,6,7]. There is currently no such facility in Korea, so
most difficult-to-wean patients remain in the ICU or are trans-
ferred to a general ward with application of home mechanical
ventilation (HMV). Although some studies of patients with
prolonged weaning in an ICU have been performed, no prior
studies have investigated weaning outcomes of patients trans-
ferred to the general ward with HMV [8-12]. Therefore, in this
study, we analyzed the clinical outcomes of patients with ven-
tilator dependency upon discharge from the ICU and identi-
fied prognostic factors that predicted weaning success in such
patients.

MATERIALS AND METHODS

Research Ethics

This study was conducted in accordance with the amended
Declaration of Helsinki. The study protocol was reviewed and
approved by the Institutional Review Board of Yonsei Univer-
sity Health System, Severance Hospital, Seoul, Korea (IRB No.
4-2017-0681), and by the National Health Insurance Service
Ilsan Hospital, Gyeonggi-do, Korea (IRB No. 2018-04-033).

Subjects

We retrospectively reviewed the medical records of patients
requiring a HMV with a tracheostomy due to difficult wean-
ing from invasive mechanical ventilation (IMV). Patients who
were discharged from the medical ICU to a general ward with
ventilator support with HMV between September 2013 and
August 2016 at Severance Hospital, Yonsei University in Korea
were included. Severance Hospital has a 30-bed medical ICU
within a 2,182-bed tertiary medical center containing 260 ICU
beds. Bed operation rate of the total ICU was 80.7% at the time
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AT

KEY MESSAGES

= We retrospectively investigated clinical course and sur-
vival in patients requiring home mechanical ventilation
(HMV).

= A total of 46% of patients who started HMV in the medi-
cal intensive care unit were successfully weaned from
the ventilator.

= High body mass index, low Acute Physiologic Assess-
ment and Chronic Health Evaluation II score, and ab-
sence of neuromuscular disease were factors associated
with weaning success.

of this study. We defined difficult-to-wean patients as cases in
which a tracheostomy was performed after at least 10 days of
mechanical ventilation [13]. Successful weaning was defined
as at least 7 days of complete ventilator independence [14].
Patients who died before successful weaning were considered
weaning failures. We followed the guidelines specified for neu-
romuscular blockade and sedative agents, lung-protective ven-
tilation, and spontaneous breathing trials [15-18]. All patients
requiring IMV were screened for weaning readiness using a
standardized weaning protocol (Supplementary Figure 1). Pa-
tients underwent a spontaneous breathing trial (SBT) when
their clinical condition was considered stable. The SBT con-
sisted of breathing with a T-piece at 9-10 L/min with a 40% in-
spiratory oxygen fraction and lasted 30-120 minutes. If this
trial was successful, extubation proceeded. If a patient failed
this trial, IMV was restarted, and the patient was reassessed
for weaning and SBT the next day. The need for tracheostomy
was considered for patients with mechanical ventilator depen-
dency of 7 days or more. HMV application was recommended
for patients for whom weaning was unsuccessful after two or
more SBT attempts.

Data Collection

Clinical and demographic characteristics of age, sex, comor-
bid conditions, causes of ICU admission, albumin and hemo-
globin levels at the start of HMV, durations of IMV and HMYV,
lengths of stay in the ICU and the hospital, in-hospital mortal-
ity, 3- and 6-month survival rates, and discharge type were re-
corded. Acute Physiologic Assessment and Chronic Health
Evaluation (APACHE) II score, Charlson comorbidity index,
body mass index (BMI), and European Cooperative Oncology
Group (ECOG) score were determined at the time of ICU ad-
mission [19].
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Statistical Analysis

Continuous variables were compared between groups using
the Mann-Whitney U-test. Categorical variables are presented
as numbers or percentages and were compared using the Chi-
square or Fisher’s exact test. To determine factors predictive
of weaning success, logistic regression analysis with stepwise
and backward selection procedures was performed. Variables
with P <0.2 were included in multiple logistic regression, and
any predictor in which the P-value in the multivariate model
exceeded 0.05 was eliminated. All adjusted P-values <0.05
were considered statistically significant. All statistical analyses
were carried out using IBM SPSS version 23.0 (IBM Corp., Ar-
monk, NY, USA).

RESULTS

During the study period, 1,217 patients required IMV for at
least 24 hours in the medical ICU, and 199 patients were diffi-
cult-to-wean and needed tracheostomy after at least 10 days
of mechanical ventilation [13]. Eighty-four of these patients
started HMV for difficult weaning from IMV and were includ-
ed in this study. Of these, 12 patients died while in the ICU.
The remaining 72 individuals were discharged from the ICU
to a general ward when the following criteria were met: (1)
hemodynamic stability off inotropes, (2) absence of sepsis, (3)
ventilation via tracheostomy, and (4) ability to cooperate with
therapy (no continuous sedation). Of these 72 patients, 33
(46%) were weaned from HMV successfully (Figure 1). The
baseline characteristics of patients requiring HMV according
to weaning success or failure are shown in Table 1. Men were
predominant in both groups. The median ages of the groups
did not differ (64.0 vs. 64.0 years, P=0.799). There was no sig-
nificant difference in Charlson comorbidity index between

Ao )
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the two groups. The prevalence of diabetes mellitus, renal in-
sufficiency, and malignancy was not different between the
two groups. However, neurologic disease was more frequent
in the weaning failure group than the weaning success group
(61.5% vs. 30.3%, P=0.016).

Primary causes of ICU admission were not different between
the two groups, and the most common cause was a respirato-
ry condition. APACHE II score on ICU admission was higher
in the weaning failure group than in the weaning success group
(23.6 vs. 19.5, P=0.013), while BMI was higher in the weaning
success group (21.1 vs. 23.7, P=0.036). Most patients had an
ECOG score of 4, and some had 3 points, but there was no dif-
ference in mean ECOG scores between the two groups. There
was no significant difference in albumin hemoglobin level at
the onset of HMV. Pulmonary rehabilitation was performed in
15 patients and was more frequent in the weaning success
group than the weaning failure group, but this difference did
not reach statistical significance (30.3% vs. 12.8%, P=0.126).

Clinical outcomes for patients are shown in Table 2 and Fig-
ure 2. Of the patients in the weaning success group, 17 (52%)
were discharged home, and 15 were still alive after 3 months.
Among 16 patients (48%) discharged to other facilities, 12 were
alive after 3 months. Nine of the patients in the failure group
died at the hospital without discharge. Five patients (13%) were
discharged home, and 22 patients (56%) were discharged to
other facilities, with 17 patients surviving after 3 months.

Duration from IMV to HMV initiation or duration from HMV
to ICU discharge did not differ between the two groups (21.0
vs. 23.0 days, P=0.941 and 4.0 vs. 3.0 days; P=0.177, respec-
tively). Duration of HMV maintenance was longer in the wean-
ing failure group than the weaning success group, but this dif-
ference was not statistically significant (39.0 vs. 31.0 days, re-
spectively; P=0.331). There was also no significant difference

84 Patient starting HMV in medical ICU

Criteria for discharge from ICU with HMV
1) Hemodynamic stability off inotropes
2) Absence of sepsis

> 12 Mortality in medical ICU

)
3) Ventilation via tracheostomy
4) Ability to cooperate with therapy
(no continuous sedation)

A

\4

72 Patient starting HMV, survived and discharge

33 Weaning success (46%)

N

39 Weaning failure (549%)

Figure 1. Flowchart of patient enrollment. HMV: home mechanical ventilation; ICU: intensive care unit.
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Table 1. Baseline characteristics of patients requiring HMV

AT

Baseline characteristics Total (n=72) Weaning failure (n=39) Weaning success (n=33) P-value
Sex 0.983
Male 47 (65.3) 26 (66.7) 21(63.6)
Female 25(34.7) 13(33.3) 12 (36.4)
Age (yr) 64.0 (50.5-72.5) 64.0 (52.5-67.5) 64.0 (45.0-74.0) 0.799
Charlson comorbidity index 0(0.0-3.5) 1.0 (0.0-3.0) 2.0 (0.0-4.0) 0.520
Comorbid condition
Diabetes mellitus 21(29.2) 11 (28.2) 10 (30.3) 1.000
Renal insufficiency 27 (37.5) 13(33.3) 14 (42.4) 0.583
Malignancy 20 (27.8) 10 (25.6) 10 (30.3) 0.860
Neurologic disease 34(47.2) 24 (61.5) 10 (30.3) 0.016
Cause of ICU admission 0.738
Respiratory 58 (80.6) 31(79.5) 27 (81.8)
Cardiovascular 7(9.7) 3(7.7) 4(12.1)
Sepsis other than pneumonia 4 (5.6) 3(7.7) 1(3.0
Neurologic 3(4.2) 2 (5.1) 1(3.0
APACHE Il score (at ICU admission) 22.0(16.0-27.0) 24.0(17.5-28.5) 20.0 (16.0-24.0) 0.022
Albumin on HMV 2.6(2.3-2.8) 25(2.2-238) 2.7 (2.4-2.8) 0.250
Hemoglobin on HMV 9.3 (8.7-10.4) 9.1(8.3-10.2) 9.7 (9.0-10.4) 0.099
Pulmonary rehabilitation 15(20.8) 5(12.8) 10 (30.3) 0.126
Values are presented as number (%) or median (interquartile range).
HMV: home mechanical ventilation; ICU: intensive care unit; APACHE: Acute Physiologic Assessment and Chronic Health Evaluation.
Table 2. Clinical outcomes of patients requiring HMV
Clinical outcome Wea(nnir;g3ga;ilure Wearg;nzg;u)ccess (;itglz) P-value
Duration from IMV to HMV initiation (day) 21.0(10.5-41.0) 23.0 (15.0-35.0) 22.5(12.0-38.5) 0.941
Duration from HMV to ICU discharge (day) 40(2.0-7.0) 3.0 (2.0-6.0) 3.0(2.0-6.0) 0.177
Duration of HMV maintenance (day) 39.0 (14.5-97.0) 31.0(21.0-49.0) 36.5(16.0-62.5) 0.331
Duration from pulmonary rehabilitation to HMV weaning (day) 40.5 (0.0-54.0)
Length of stay in ICU 26.0 (13.5-57.5) 26.0 (17.0-36.0) 26.0 (14.0-54.5) 0.747
Length of stay in hospital 80.0 (36.0-158.5) 116.0 (79.0-167.0) 105.5 (61.5-165.0) 0.094
In-hospital mortality rate 9(23.1) 0 9(12.5) 0.010
3-Month survival rate 20 (69.0) 27 (96.4) 47 (82.5) 0.017
6-Month survival rate 18 (62.1) 21 (84.0) 39(72.2) 0.136

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

HMV: home mechanical ventilation; IMV: invasive mechanical ventilation; ICU: intensive care unit.

between groups in ICU length of stay or hospital length of stay
(26.0vs. 26.0 days, P=0.747 and 80.0 vs. 116.0 days, P=0.094).
Unlike other outcomes, the in-hospital mortality rate was
higher and the 3-month survival rate was lower in the wean-
ing failure group than the weaning success group (23.1% vs.
0.0%, P=0.010 and 69.0% vs. 96.4%, P=0.017). The 6-month
survival rate was higher in the weaning success group than
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the weaning failure group, but the difference between groups
was not significant (84.0% vs. 62.1%, P=0.136).

Table 3 shows the results of univariate and multivariate anal-
yses to identify predictive factors associated with weaning suc-
cess in patients requiring HMV. In the univariate analysis, three
clinical characteristics were associated with weaning success
(all P<0.05): neurologic disease as a comorbid condition, APA-
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84 Patient starting HMV in medical ICU
- 12 In-medical ICU mortality
72 Survived and discharged from ICU
v v
33 Weaning success (46%) 39 Weaning failure (549%)
9 In-hospital mortality
¢ # - » - 5ICU-readmission
f -4GW
17 Discharge to 16 DISChaF’g’]G. t©
home (52%) other facilities
(489%) v v
*—*‘ *—*‘ 5 Discharge to 22 Dlschargg to
home (13%) other facilities
15 Survivor 2 Non-survivor 12 Survivor 4 Non-survivor (56%)
l v L
5 Survivor 17 Survivor 5 Non-survivor
\] v

8 Current follow-up 9 Loss of follow-up

Figure 2. Flow diagram of patient outcomes with home mechanical ventilation (HMV). ICU: intensive care unit.

Table 3. Factors predictive of weaning success

Univariate analysis

Multivariate analysis

Variable
OR (95% Cl) P-value OR (95% Cl) P-value

Neurologic disease 0.27 (0.10-0.71) 0.009 - -

Cerebrovascular disease 0.76 (0.18-2.92) 0.691 - -

Neuromuscular disease 0.26 (0.08-0.74) 0.015 0.26 (0.08-0.78) 0.020
APACHE Il score (ICU admission) 0.91(0.84-0.98) 0.017 0.92 (0.84 - 0.99) 0.038
Albumin level (ICU discharge) 3.17 (1.03-11.35) 0.057 - -
Hemoglobin level (ICU discharge) 1.37 (0.93-2.10) 0.126 - -
Pulmonary rehabilitation 2.96 (0.92-10.56) 0.076 - -

OR: odds ratio; Cl: confidence interval; APACHE: Acute Physiologic Assessment and Chronic Health Evaluation; ICU: intensive care unit.

CHE II score, and BMI on ICU admission. When neurologic
disease was classified as cerebrovascular or neuromuscular
disease, only neuromuscular disease was associated with wean-
ing success (P=0.015). In the multivariate analysis, neuromus-
cular disease as a comorbid condition (odds ratio [OR], 0.23;
95% confidence interval [CI], 0.06-0.72; P=0.015) and APAC-
HE II score on ICU admission (OR, 0.92; 95% CI, 0.84-0.99;
P =0.040) were associated with a significantly decreased wean-
ing success rate in patients on HMV. In contrast, BMI on ICU
admission (OR, 1.16; 95% CI, 1.03-1.36; P=0.031) was associ-
ated with a significantly increased weaning success rate in pa-
tients on HMV. An ROC curve of APACHEII score on ICU ad-
mission for predicting weaning success in patients on HMV is

160 https://www.accjournal.org

presented in Supplementary Figure 2.

DISCUSSION

We investigated the clinical outcomes of difficult-to-wean pa-
tients who required HMV at ICU discharge and prognostic
factors predictive of weaning success in these patients. In our
study cohort, the rate of successful weaning of HMV patients
was 46%. APACHE II score at ICU admission was lower and
BMI was higher in the weaning success group than the wean-
ing failure group. In-hospital mortality rate and 3-month and
6-month mortality rates were better for the successfully weaned
group than the unsuccessfully weaned group. Additionally,

Acute and Critical Care 2020 August 35(3):156-163
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multivariate analysis demonstrated that higher BMI, lower
APACHE II score, and absence of neuromuscular disease were
statistically significant predictors of weaning success.

This is the first study in Korea to assess the clinical outcomes
of difficult-to-wean patients in a non-ICU setting. At our insti-
tute, we perform tracheostomy and care for difficult-to-wean
patients in general wards. Some countries operate RICUs or
WCs, and such facilities show a high success rate and good
long-term survival [3,6,7]. There is currently no such facility in
Korea, so most difficult-to-wean patients stay in the ICU. Our
results indicate that transferring these patients to a general
ward and weaning them from HMYV is a viable alternative ap-
proach to RICUs or WCs.

The rate of successful liberation from a ventilator in critical-
ly ill patients treated with prolonged mechanical ventilation
varies significantly from study to study. Damuth et al. [20] re-
ported that the pooled proportion of patients liberated from
mechanical ventilation was 50% (47%-53%) in a meta-analy-
sis of studies on prolonged mechanical ventilation. In our re-
search, the successful weaning rate of HMV patients was 46%.
Differences in patient composition such as race, country, and
hospital characteristics may be responsible for these differ-
ences between studies, making it difficult to compare results
between studies and limiting the generalizability of individual
study findings.

In our institution, all patients in the ICU with ventilator de-
pendency are screened daily for weaning readiness by a stan-
dardized weaning protocol. The need for tracheostomy is con-
sidered for patients with a mechanical ventilator dependency
of 7 days or more. HMV application is recommended for pa-
tients who fail to wean after two or more SBT attempts. In this
study, there was no difference in length of stay of ICU and du-
ration from IMV to HMV initiation between the HMV wean-
ing success and failure groups. However, the length of stay in
the hospital was 80 days in the weaning failure group, which
was shorter than that in the success group. This is likely due to
the small proportion of patients discharged home and the
high rate of discharge to other facilities in the weaning failure
group. Unlike the ICU, discharge from the ward to a home or
another medical facility was not enforced according to an es-
tablished protocol. The absence of discharge criteria is a limi-
tation of this study.

In our study, factors associated with weaning failure in pa-
tients with HMV were presence of neurologic disease, higher
APACHE II score, and lower BMI. This is in contrast to other
studies, where cause of ICU admission, serum hemoglobin,
and albumin level were found to be associated with weaning

Acute and Critical Care 2020 August 35(3):156-163
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failure [8,21,22]. Several studies have shown that higher BMI
is associated with lower mortality in critically ill patients. This
is likely because a low BMI is related to low protein and ener-
gy intake, malnutrition, and inadequate nutritional reserve,
resulting in the inability to compensate for the stress of critical
illness [23-25]. These characteristics may explain the associa-
tion between higher BMI and weaning success rate in our
study. Furthermore, some of the patients included in the cur-
rent study underwent systematic respiratory rehabilitation.
The weaning success rate of these patients was 58.8%, much
higher than the rates reported in other studies. Pulmonary re-
habilitation includes the daily physical therapy of inspiratory
muscle strength training. The absence of neuromuscular dis-
ease and intact muscle strength are essential for weaning, in-
dicating that respiratory rehabilitation is necessary for diffi-
cult-to-wean patients. Additional studies are needed to deter-
mine the exact effects of pulmonary rehabilitation.

There are several limitations to this study. First, our study
was conducted at a single, university-affiliated, tertiary refer-
ral hospital and included only difficult-to-wean patients who
had undergone tracheostomy and HMV in general wards. This
may limit the generalizability of our findings to other difficult-
to-wean patients or other centers. Secondly, unlike the ICU,
discharge from the ward to home or another medical facility
was not enforced according to an established protocol. In ad-
dition, although patients who were transferred to other insti-
tutions were included and could be followed-up for a short
time, it was difficult to track these patients for more than 6
months. Further studies are needed to determine survival rates
at greater than one year. Furthermore, because our research
was retrospective, we were not able to examine various other
factors that could affect weaning failure.

In summary, 46% of patients on HMV were successfully
weaned from the ventilator in general wards. High BMI, low
APACHE II score, and presence of neuromuscular disease
were factors associated with weaning success.
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Original illness resolving: no new illness
Minimal vasopressors and no continuous sedatives
Cough during suction
PaOZ/FiOz>200
PEEP <5 cmH,0
Minute ventilation <15 L/min
RSBI <105 during two-minute spontancous breathing trial

v

Spontaneous breathing trial (30-120 minutes)
T-piece, CPAP 5 cmH.0 or PSV <8 cmH-0

v

Respiration rate >35/min
Sp0; <90%

Pulse >140/min or change >20%
SBP > 180 mm Hg or <90 mm Hg
Agitation, diaphoresis, or anxiety
RSBI > 105

+ No + Yes

Cough adequate to clear secretion Return to maintenance
able to protect airway No mechanical ventilation

+N0

Extubation

Supplementary Figure 1. Ventilator weaning protocol applied in
this study. PEEP: positive end-expiratory pressure; RSBI: rapid shal-
low breathing index; CPAP: continuous positive airway pressure;
PSV: pressure support ventilation; SBP: systolic blood pressure.
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Supplementary Figure 2. Receiver operating characteristic curve
of Acute Physiologic Assessment and Chronic Health Evaluation I
score on intensive care unit admission for predicting weaning suc-
cess in patients requiring home mechanical ventilation. AUC: area
under the curve; PPV: positive predictive value; NPV: negative pre-
dictive value.
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