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Abstract

Background Data on the proportion of patients liberated from invasive mechanical ventilation (IMV) and the prog-
nosis of those who have undergone IMV are limited. Objective data on prognosis are important when discussing
preference for IMV. Therefore, this study explored both the proportion of liberation and prognosis after IMV in older
patients in Japan.

Methods We conducted a retrospective cohort study using claim data from April 2014 to March 2019

from the National Health Insurance, Late Elders'Health Insurance, and Long-Term Care Insurance in Tsukuba City,
Japan. Patients aged > 65 years who underwent IMV were included, and patients who died within 3 days after intu-
bation were excluded. A descriptive analysis of the liberation and the discharge status on day 180 was conducted
including a stratification by age categories and care level (CL) < 3 or > 3. The chi-square or Fisher's exact test was con-
ducted to assess whether liberation and discharge status differed among age categories or CLs.

Results In total, 272 patients were included in the study, and the median age was 78 years (interquartile range:
73-84). The median duration of mechanical ventilation was 9.0 days. Pneumonia was the most frequent main diag-
nosis (12.5%). In total, 73.5% achieved liberation and 42.6% were discharged alive until day 180, while 19.9% were
hospitalized and 37.5% were deceased on day 180. The proportion of liberation did not differ among age categories
and CLs. However, the IMV duration for those requiring CL >3 was longer, and the proportion of hospitalized patients
on day 180 among patients requiring CL > 3 was significantly higher than that in patients requiring CL <3 (35.1% vs
17.4%, p=0.012).

Conclusions This study shows that many older patients can be successfully liberated from IMV. However, one third
of patients died in the hospital and one fifth of patients required prolonged hospitalization. IMV and hospitaliza-
tion were likely to be longer among patients requiring CL > 3. Therefore, it may be important to discuss not only the
potential difficulty of liberation, but also to convey the risks of undesired outcomes and physical function decline
when considering IMV.,
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Background

Liberation of older patients from invasive mechanical
ventilation (IMV) is occasionally challenging. Imple-
mentation of IMV is sometimes avoided in conventional
practice in Japan, given the risk of mechanical ventilation
(MV)-dependency, while discontinuation of IMV after its
implementation is avoided for fear of litigation [1]. When
starting IMV, the most desirable outcome is liberation
from IMV and subsequent hospital discharge. It is also
considered that death due to disease severity is some-
times inevitable in the acute phase despite treatment
effort. Long-term MV dependency sometimes occurs
and is considered an undesirable outcome. Therefore, it
is emphasized in the discussion of treatment preferences.

The burden of treatment, including the length of the
hospital stay, extent of testing and invasiveness of inter-
ventions, and the likelihood of the outcome, influence
treatment preferences among older patients with lim-
ited life expectancy [2]. Decisions about treatment plans
should be based on a shared understanding of prognosis
between patients, clinicians, and patient families and sur-
rogates [3]. Therefore, when clinicians discuss the use of
IMV with patients and their families, objective data on
prognosis including the risk of long-term MV depend-
ency should be shared. However, data on the propor-
tion of liberation among older patients are scarce. One
single-center study has reported that the proportion of
liberation among older patients (aged>65 years) with
community-acquired pneumonia was 48% [4]. Moreover,
even when liberation is achieved, it has been reported
that the level of care required increases in older patients
after MV [5], and that physical function may decrease
after intensive care unit (ICU) management, such as
MV [6]. These factors may affect the period of hospi-
talization and discharge destination. Previous studies
have reported that in-hospital mortality rates of patients
in whom IMV was initiated in the emergency depart-
ment were 24—27% for all ages [7, 8], 33-35% for older
patients (aged>65 years) [9, 10], and 42% for those
aged > 80 years who were transferred to emergency med-
ical centers [11].

Given the paucity of data on the rates and outcomes
of liberation from IMYV, this study aimed to clarify prog-
nosis, according to age and the level of long-term care
required, in older patients who underwent IMV in Japan,
which had the longest life expectancy in the world in
2019 [12].

Methods

Data source

We conducted a retrospective cohort study using claim
data from the National Health Insurance, Late Elders’
Health Insurance, and Long-Term Care Insurance in
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Tsukuba City, Ibaraki, Japan, a suburban medium-sized
city with a population of 236,842, including 23,994
aged 65-74 years and 21,506 aged >75 years [13]. Data
sets obtained between April 2014 to March 2019 were
analyzed.

Japan’s statutory health insurance system consists
of two types of mandatory insurance: employment-
based plans and residence-based insurance plans [14].
The National Health Insurance covers unemployed
individuals aged<75 years, excluding the depend-
ents of employed individuals. It covered 72.9% of indi-
viduals aged 65-74 years in Tsukuba City in 2016 [15].
The Late Elders’ Health Insurance covers individu-
als aged>75 years. Recipients of public assistance are
excluded from these medical insurance systems; however,
the proportion of recipients of public assistance among
the population aged>65 years is small (estimated at
0.15% in Ibaraki Prefecture [16—18]). The dataset we used
covers a considerable proportion of individuals who were
aged > 65 years.

The long-term care insurance system in Japan covers
persons aged>65 years as insured persons who could
be supported when requiring long-term care or sup-
port [19]. Municipalities, who are the insurers, provide
long-term care requirement certification or support
requirement certification based on voluntary application.
Standards for long-term care requirement certification
are uniformly and objectively determined nationwide.
After initial certification, updates are required every
2 years to obtain continued support. Seven levels of long-
term care requirement are defined: support levels 1-2
and care need levels 1-5, with care need level 5 being
the most severe condition requiring the longest care. The
type of residence is not relevant to certification. The level
of long-term care required has been correlated with the
Barthel Index, with median Barthel Index scores (inter-
quartile range) by care level (CL) being as follows: CL3,
60 (40-75); CL4, 30 (20-40); and CL5, 20 (5-35) [20].
The details of the long-term care insurance system in
Japan were explained in previous literature [21].

The study protocol was approved by the Ethics Com-
mittee, Faculty of Medicine, University of Tsukuba
(approval number: 1445-13, date of approval: 21 Septem-
ber 2023). Data were anonymized before being provided
to the researchers; thus, the need for obtaining informed
consent was waived. The study was conducted accord-
ing to the Strengthening the Reporting of Observational
Studies in Epidemiology guideline [22].

Participants

Patients aged>65 years who underwent IMV were
included. Patients with a claim of medical reimbursement
classification code “lifesaving endotracheal intubation”
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(procedure code J044) and “artificial ventilation” (J045)
except the receipt billing codes for CPAP (140,010,050,
140,024,250) and nasal-mask ventilation (140,039,550,
140,039,650) on the same day or day after intubation
was defined as patients who received IMV. “Lifesaving
endotracheal intubation” (J044) does not include intu-
bation associated with surgical anesthesia. “Artificial
ventilation” (J045) includes not only IMV, but also non-
invasive MV in patients with acute respiratory failure
with PaO, / FiO,<300 mmHg or PaCO,>45 mmHg,
as well as intubation associated with surgical anesthesia.
CPAP and nasal-mask ventilation were excluded from
the receipt billing codes. Although the data used in this
study were recorded before the entry of billing codes
became mandatory, it is thought that billing codes can-
not completely reflect the procedure details. Using the
combination of intubation and MV codes, only patients
with IMV intubated outside the operating room could be
included. Since decision-making around initiating IMV
associated with surgical anesthesia differs significantly
from those in patients requiring emergency endotracheal
intubation, we excluded patients intubated during surgi-
cal anesthesia.

In patients with multiple intubation records, only data
from the first episode was used. Patients who experi-
enced tracheotomy or home MV before the first intuba-
tion record, and who had been in the hospital for less
than 180 days after intubation at the study cutoff date (31
March, 2019) were all excluded. Patients who died within
3 days after intubation were also excluded, because early
deaths are mostly due to the progression of the primary
diagnosis with few impacts of complications from inten-
sive care, and at least 3 days are necessary to properly
observe the trajectory after MV [23].

Extracted data items

Data were extracted regarding the age, sex, main diag-
nosis recorded on receipt (multiple diagnoses could
exist), past medical history, the level of long-term care
required, the duration of MV, tracheotomy followed by
MYV management after intubation, the days of trache-
otomy from intubation, and liberation and discharge sta-
tus on day 180. The main diagnosis recorded on receipt
was categorized using the International Classification
of Diseases (ICD-10) code, based on previous research
[24-27]. Patients who underwent open and closed chest
cardiac massage were classified as having a diagnosis of
cardiopulmonary arrest. The procedure codes and ICD-
10 codes we used to determine each procedure and
diagnosis are summarized in Appendix A. Age was cat-
egorized into three categories: 65—74 years, 75—84 years,
and > 85 years. The level of long-term care required was
extracted from the latest long-term care requirement
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certification records before intubation, which is updated
every 2 years from the initial certification.

The level of long-term care required was divided into
two categories based on a previous study, which classi-
fied CL based on the degree of bedriddenness and the
level of independence of older individuals with dementia
[28]. They revealed that among older individuals requir-
ing CL>3, more than half were bedridden, and more
individuals exhibited a functional decline in both level of
independence among patients with dementia and degree
of bedriddenness compared to other patients. Therefore,
patients classified CL <3 (including no certification) were
categorized as mild to moderate and those classified
CL>3 as severe.

Liberation was defined as liberation from MV without
any implication about extubation. If there was an inter-
ruption in the MV record of <3 days during MV manage-
ment, we considered it as a continuous MV period.

Analyses

A descriptive analysis of the liberation and discharge sta-
tus was conducted. Data were analyzed using descrip-
tive statistics, including frequency counts, percentages,
median, and graphical representations. Liberation and
discharge status were summarized as changes over time
until day 180. If patients achieved liberation even once,
they were treated as liberated patients, even if they
underwent MV again 4 or more days after the end of the
initial MV.

The stratified results of liberation and discharge status
by age categories and CL >3 or< 3 are also presented. We
conducted chi-square test or Fisher’s exact test to assess
whether liberation and discharge status differed among
age categories or CLs.

Two sensitivity analyses were conducted: sensitiv-
ity analysis 1 in which an interruption in the MV record
of <7 days during MV management was considered
as a continuous MV period; and sensitivity analysis 2
in which cases that started IMV during cardiopulmo-
nary resuscitation were excluded. Patients with a claim
of medical reimbursement classification code “lifesav-
ing endotracheal intubation” (procedure code J044) and
“closed-chest cardiac massage” (J046) or “open-chest car-
diac massage” (K545) except on the same day or one day
before intubation was defined as patients in whom IMV
was introduced during cardiopulmonary resuscitation.

Results

Among the 1,507 patients with the “Artificial ventila-
tion” code except the “CPAP” or “nasal-mask ventila-
tion” receipt billing code, 591 also had “Lifesaving
endotracheal intubation” code assigned on the same
day or one day previously. Seventeen patients were
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excluded based on the exclusion criteria: two patients
underwent home MV before intubation, two under-
went tracheotomy before intubation, and 13 remained
in the hospital but had been hospitalized for less than
180 days after intubation by the final day of the obser-
vation period. In addition, 302 patients who died
within 3 days after intubation were excluded. Finally,
272 patients who were alive on day 4 after initiating
IMV were included. The details of the selection pro-
cess are described in Fig. 1.

The characteristics of the included patients are sum-
marized in Table 1. Among the 272 included patients,
the median age was 78 (interquartile range [IQR]:
73-84) and 22.8% were>85 years old; 62.1% were
male individuals. The most frequent main diagnosis
was pneumonia, followed by cerebrovascular diseases,
and cardiopulmonary arrest. Chronic lung disease was
diagnosed in 37.5% and 28.3% had a history of neu-
romuscular disease. 13.6% of cases were certified as
CL > 3 before intubation. The median duration of MV
was 9.0 days, and 22.1% underwent tracheotomy dur-
ing the MV period, at a median of 11.0 days after start-
ing ventilation. There were no associations between
liberation or discharge status and past-medical histo-
ries (Appendix B).

Figure 2 shows whether patients were liberated from
MYV and discharge status until day 180. The stratified
results of liberation and discharge status on day 180
are summarized in Table 2.
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Liberation status

Among all patients, 73.5% achieved liberation from MV
until day 180 and 26.5% did not. The proportion of lib-
eration were 73.6% and 73.0% for CL<3 and CL>3,
respectively. The proportion of liberation were 67.8%,
79.7%, and 69.4% for the age categories 65-74, 75-84,
and>85 years, respectively. No significant difference
between proportion of liberation was found for CL or age
categories.

Discharge status

Among all patients, 42.6% were discharged, 19.9%
remained hospitalized, and 37.5% died in hospital up to
day 180. No significant difference between 180-day mor-
tality rate was found for CL or age categories. The pro-
portions of hospitalized patients were 17.4% and 35.1%
for CL<3 and CL >3, respectively. The proportions of
hospitalized patients were 19.5%, 21.1%, and 17.7% for
the age categories 65-74, 75—84, and > 85 years, respec-
tively. The proportion of hospitalized patients among
CLs were significantly different (p=0.012).

Time-course of liberation and discharge

Figure 3 shows the number of days that elapsed until lib-
eration or death until day 90. The proportion of libera-
tion and death both increased steeply until about day 14,
after which the increase became more gradual. Overall,
32.7% of patients were still hospitalized on MV on day 14.
The same trend was seen in those requiring CL<3 and
in every age category. Among patients with CL>3, the

Patients aged >65 years with “artificial ventilation” code
(J045), without “CPAP” or “nasal-mask ventilation” code

n=1507
Without “lifesaving endotracheal intubation” code (J044)
n=916
=591 \
‘ Exclusion criteria n=17
=574 \
‘ Deceased within 3 days of intubation n=302
=272 \

Fig. 1 Flow chart of data collection. “Lifesaving endotracheal intubation” (J044) does not include intubation associated with surgical anesthesia.
"Artificial ventilation” (JO45) includes invasive mechanical ventilation (IMV) and non-invasive mechanical ventilation in acute respiratory failure
with Pa02/Fi0O2 <300 mmHg or PaCO2 =45 mmHg. PaO2: partial pressure of oxygen; PaCO2: partial pressure of carbon dioxide; FiO2: fraction

of inspired oxygen
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Table 1 Characteristics of the included cases

All
participants,
n=272
Age (years) 78 (73-84)
Age categories (years)
65-74 87 (32.0)
75-84 123 (45.2)
>85 62 (22.8)
Sex: male 169 62.1)
Admission diagnosis
Pneumonia 34 (12.5)
Cerebrovascular disease 31 (11.4)
Cardiopulmonary arrest 26 (9.6)
Heart failure 25 9.2)
Ischemic heart disease 18 6.6)
Head and neck trauma 14 (5.1)
Sepsis 14 (5.1)
Cancer 11 (4.0)
Others 34 (12.5)
Past medical history
Chronic lung disease 102 (37.5)
Neuromuscular disease 77 (28.3)
Ischemic heart disease 97 (35.7)
Heart failure 94 (34.6)
Cerebrovascular disease 111 (40.8)
Level of long-term care required: Care level >3 37 (13.6)
Hospitalized from long-term care facilities 20 (74)
Duration of mechanical ventilation (days) 9.0 (4.5-18.5)
Tracheotomy after intubation 60 (22.1)
Duration from intubation to tracheotomy (days) 11.0 (8.5-15.0)

n (%) or median (interquartile range)

increase rate seemed to be more gradual, although the
proportion of liberation until day 180 was similar to that
in other subgroups.

Although most patients were either liberated or died
early after implementation of IMYV, a significant number
of patients required prolonged hospitalization: 19.9%
of all patients were still hospitalized on day 180. Longer
hospitalization was required in cases of CL > 3.

Sensitivity analysis
We conducted sensitivity analysis in which the cases
requiring MV resumption until 7 days after liberation
were treated as continuous a MV period. 71.7% were lib-
erated on day 180, and there was no significant difference
of liberation between CLs and age categories, similar to
the main analysis (Appendix C).

In addition, we excluded the cases who underwent IMV
during cardiopulmonary resuscitation. 73.0% liberated
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on day 180, and the results of association between out-
comes and CLs or age categories were almost the same as
the main analysis; more hospitalized patients in CL>3,
and no associations between age categories and each of
the outcomes. The association between discharge and CL
was no longer present for this group (p=0.053) because
all excluded cases were CL <3 (Appendix D).

Discussion

Main findings

This study found that a limited number of older patients
were dependent on permanent MV over 180 days. Many
older patients could be liberated from MV, with approxi-
mately 40% able to discharge until day 180. However,
patients with higher CLs needed to be on MV longer and
had longer hospitalization.

IMV for older patients

The results of this study provide insights for clinical deci-
sion making regarding the initiation of IMV in older
patients in Japan. It is commonly observed that physi-
cians in Japan are reluctant to initiate IMV due to con-
cerns about the difficulty of liberation and poor prognosis
[29, 30]. However, our findings indicate that a substantial
proportion of older patients can indeed be liberated from
IMYV, challenging the previously held assumptions due to
a lack of evidence.

Nevertheless, it is crucial to carefully consider the post-
liberation prognosis. Our findings suggest that many
patients required prolonged hospitalization, and the in-
hospital mortality rate remained high despite the high
liberation rate. These results highlight the importance of
not only discussing the potential for liberation, but also
communicating the risks associated with prolonged MV
and hospitalization which indicate potential declines in
physical function with patients and their families.

Considering these findings, decision-making regarding
the initiation of IMV in elderly patients should be bal-
anced. While excessive caution may be unwarranted, it
is equally important to have thorough discussions about
the potential risks and outcomes of IMV with patients
and their families.

Liberation

This study revealed that a limited number of older
patients were dependent on permanent MV over
180 days. Our results showed that most older patients
who experienced IMV achieved liberation from IMV. In
Japanese medical practice, physicians sometimes refrain
from initiating IMV due to the risk of not being able to
liberate the patient due to age and CL, given that pallia-
tive withdrawal of IMV is discouraged in Japan [1]. How-
ever, there is also risk that patients and their families may
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Liberated
(73.5%)

IMV

Not
liberated
(26.5%)

Liberation
until day 180
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Hospitalized
(19.9%)

Death
(37.5%)

Discharge status
until day 180

Fig. 2 Liberation status and discharge status on day 180. The blue band indicates the proportion of patients on MV and the orange band indicates
the proportion of patients who achieved liberation from MV at least once. As discharge status, the yellow band implies the proportion of patients
discharged alive, the green band implies the proportion of patients continuing hospital stay, and the gray band implies the proportion of patients

who died in-hospital. IMV, invasive mechanical ventilation

Table 2 Liberation and discharge status on day 180 by care level before intubation and age categories

All Care level <3
(n=272) (n=235)
n (%) n
Liberation 200 (73.5) 173
Discharge status
Discharge 116 (42.6) 106
Hospitalized 54 (19.9) 41
Deceased 102 (37.5) 88
Age 65-74 Age 75-84
(n=87) (n=123)
n (%) n
Liberation 59 (67.8) 98
Discharge status
Discharge 40 (46.0) 55
Hospitalized 17 (19.5) 26
Deceased 30 (34.5) 42

Carelevel >3

(n37)
(%) n (%) p-value
(73.6) 27 (73.0) 093
(45.1) 10 (27.0) 0.039
(17.4) 13 (35.1 0.012
(37.4) 14 (37.8) 0.96

Age>85

(n=62)
(%) n (%) p-value
(79.7) 43 (69.4) 0.1
(44.7) 21 (33.9) 0.28
(21.1) 11 (17.7) 0.86
(34.1) 30 (484) 0.13

p-value: the results of Chi-square test or Fisher’s exact test

feel forced to abandon IMV against their wishes if phy-
sicians over-emphasize the risk of MV dependency [31].
The results of this study raise concerns that excessive
restraint might occur in such a situation.

Discharge
Although the proportion of liberation was high, 33.7% of
patients died during hospitalization until day 180 even

after excluding patients who died within 3 days after intu-
bation. If patients who died within 3 days were included,
70.4% of patients died during hospitalization until day
180. Compared to a previous study from the United
States, which reported in-hospital mortality among
patients who were intubated in the Emergency Depart-
ment and were aged >65 years as 33%, without exclud-
ing acute stage death [10], the in-hospital mortality in
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M Deceased on MV W Deceased after liberation
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M Discharge Hospitalized after liberation Hospitalized on MV

All (n=272)

100% 100%

0%

o

CL <3 (n=235)

30 60 90 120 180 0 30 60

CL >3 (n=37)

100%

0%
90 120 180 0 30 60 90 120 180

Age 65-74 years (n=87)

100% 100%
80%
60%
0%

20%

0%

Age 75-84 years (n=123)

0 30 60 90 120 180 0 30 60

Age >85 years (n=63)

100%

80%

90 120 180 0 30 60 90 120 180

Fig. 3 Number of days until liberation from mechanical ventilation or discharge. The horizontal axis shows days after intubation and the vertical
axis shows the percentage of the variable. The black band represents the proportion of patients who died on MV. The gray band represents

the proportion of patients who were deceased after liberation from MV. The orange band represents the proportion of patients who were
discharged alive. The yellow band represents patients who were still hospitalized after liberation. The purple band represents the proportion

of patients who were hospitalized on MV. Patients who achieved liberation once, even if they underwent MV again after an interval of 4 days
from liberation, were considered liberated. MV: mechanical ventilation; CL: care level

our study was exceedingly high. This might suggest that
Japanese physicians tend to intubate more aggressively in
older patients even though their prognosis might be poor.

The discharge outcome might be affected by character-
istics of the Japanese medical scenarios in which hospi-
talizations are longer compared to other countries [32],
and patients in the chronic phase could continue hospi-
talization. In our study, the mean hospitalization period
from intubation was 49.5 days. In previous studies from
the United States, the median length of stay among survi-
vors was 9 days [9, 10].

Additionally, level of care requirements may worsen
after MV [5] and a risk of physical function decline is
associated with ICU management [6]. Even if patients
achieved liberation, certain patients required prolonged
hospitalization and/or died in hospital. The patients with
CL>3 tended to require more days to be weaned from
MV and longer hospitalization; therefore, the risk of
adverse effects, such as worsening of CL or physical func-
tion decline, might be higher in this category of patients
than in others.

Limitations of the study
This study had some limitations. First, more patients with
a higher potential for liberation were included because,

among those requiring IMV, only patients who actually
underwent IMV were included in this study. The pro-
portion of liberation might be higher and the in-hospital
mortality rate might have been lower if all patients who
required IMV actually received this support.

Second, among those who had not received long-term
care certification, some individuals may have high care
needs. However, since many individuals with CL>3
tended to have the degree of bedriddenness and level
of independence of older individuals with dementia, we
assumed that a large proportion of those not certified
would correspond to CL<3.

Third, with the limited information from receipt data,
we could not assess or stratify the indication of IMV and
severity of patients’ condition, which have a significant
impact on liberation.

Fourth, with the limited number of participants, it is
underpowered to detect the differences between CLs or
age categories. However, it is meaningful that the sig-
nificant difference of discharged and hospitalized rate
between CLs was shown in the limited participants.

Fifth, the coding methods we used had not been estab-
lished. We used “lifesaving endotracheal intubation”
(procedure code J044) and “artificial ventilation” (J045),
and the receipt billing codes for CPAP (140,010,050,
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140,024,250) and nasal-mask ventilation (140,039,550,
140,039,650) to detect IMV. Previously, only J045 was
used to detect IMV [5], and there is no validation study
about the coding method to detect IMV.

Further large-scale research is desired to assess the
association between age or CL and prognosis of IMV
patients, with more detailed information on the indi-
cation of IMV, as well as the severity of the condition,
which are not provided from receipt data.

Conclusions

This study shows that a limited number of older patients
were dependent on permanent MV over 180 days. For
patients with higher care needs, the duration of IMV is
longer, and the proportion of prolonged hospitalization
is higher. It might be important not only to focus on the
potential difficulty of liberation, but also to convey the
risks of undesired outcomes and of physical function
decline due to the duration of MV appropriately when
conducting discussions with patients and their family
members.
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