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Abstract

Background: The present study evaluated the association between participation in a 
rehabilitation program during a hospital stay and 1-year survival of patients requiring at 
least 21 days of mechanical ventilation (prolonged mechanical ventilation [PMV]) with 
various respiratory diseases as their main diagnoses that led to mechanical ventilation.
Methods: Retrospective data of 105 patients (71.4% male, mean age 70.1±11.3 years) 
who received PMV in the past 5 years were analyzed. Rehabilitation included physio-
therapy, physical rehabilitation, and dysphagia treatment program that was individually 
provided by physiatrists.
Results: The main diagnosis leading to mechanical ventilation was pneumonia (n=101, 
96.2%) and the 1-year survival rate was 33.3% (n=35). One-year survivors had low-
er Acute Physiology and Chronic Health Evaluation (APACHE) II score (20.2±5.8 vs. 
24.2±7.5, p=0.006) and Sequential Organ Failure Assessment score (6.7±5.6 vs. 8.5±2.7, 
p=0.001) on the day of intubation than non-survivors. More survivors participated in 
a rehabilitation program during their hospital stays (88.6% vs. 57.1%, p=0.001). The 
rehabilitation program was an independent factor for 1-year survival based on the Cox 
proportional hazard model (hazard ratio, 3.513; 95% confidence interval, 1.785 to 6.930; 
p<0.001) in patients with APACHE II scores ≤23 (a cutoff value based on Youden’s in-
dex).
Conclusion: Our study showed that participation in a rehabilitation program during 
hospital stay was associated with an improvement of 1-year survival of PMV patients 
who had less severe illness on the day of intubation.

Keywords: Mechanical Ventilation; Rehabilitation; Intensive Care Unit

Introduction

As a result of improvements in life-saving medical re-
sources in acutely critically ill patients, some patients 
receiving invasive mechanical ventilation (MV) become 
dependent on prolonged mechanical ventilation (PMV)1 

defined as the requirement for invasive MV for 21 days 
in intensive care unit (ICU)2. Patients requiring PMV 
display neuromuscular weakness, recurrent infections 
with multidrug-resistant bacteria, and delirium, conse-
quently having a high long-term mortality rate1,3,4.

PMV patients show ICU-acquired weakness. They re-
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quire various medical resources for a long time during 
their hospital stays. Early and proactive rehabilitation 
of these patients is essential to reverse or minimize the 
impact of ICU-acquired weakness5. Technical develop-
ments of respiratory muscle rehabilitation in patients 
receiving long-term ventilator care have been report-
ed5-7. They support the necessity of rehabilitation in the 
management of patients requiring long-term ventilator 
care. 

Based on reported data5-7, rehabilitation is associated 
with long-term outcomes of patients requiring PMV. 
However, there is a shortage of physiatrists, physiother-
apists, nurses, and speech language therapists, and 
associated medical resources and facilities that are 
specialized in rehabilitation of patients requiring non-
surgical and long-term ventilator care in university hos-
pitals in South Korea8,9. There are few studies on the 
effect of rehabilitation on outcomes of PMV patients. 
The present study hypothesized that participation in a 
rehabilitation program during a hospital stay could im-
prove the long-term survival of PMV patients. 

Thus, in this study, we evaluated the association 
between rehabilitation during a hospital stay (ICU 
and general ward) and 1-year survival in PMV patients 
whose main diagnoses leading to MV were various 
respiratory diseases in a regional center for respiratory 
diseases.

Materials and Methods

1. Study design and patient selection
This retrospective, observational study included pa-
tients admitted to a 12-bed adult respiratory ICU of a 
regional center for respiratory diseases of a university 
hospital that was established in December 2015. This 
center is located in a 1,200-bed university-affiliated 
tertiary care hospital. The respiratory ICU has full 
cardiovascular facilities and close airway monitoring 
equipment, with a nurse-to-bed ratio of 1:3. All subjects 
were managed according to therapeutic recommenda-
tions based on a lung-protective ventilator strategy10. 
All ventilated patients in the ICU were able to consult 
with physiatrists. They all had access to a rehabilitation 
program including full-time physiotherapy and physical 
rehabilitation provided by physiatrists. In addition, dys-
phagia treatment programs, including dietary texture 
modification, postural changes/compensatory maneu-
vers, and interventions designed to improve deglutition, 
were individually provided by physiatrists, physiothera-
pists, nurses, and speech language therapists.

Data from adult patients (aged ≥18 years) who were 
admitted to the respiratory ICU between December 

1, 2015 and November 30, 2020 were retrospectively 
evaluated. To evaluate 1-year mortality rates after ICU 
admission, patient survival status was evaluated until 
March 10, 2022. Patients were finally included if they 
had received ventilator care for more than 21 days, 
regardless of their tracheostomy state2. Patients were 
excluded if they had irreversible brain injury or neu-
romuscular diseases, regardless of the length of ICU 
admission. The primary study outcome was 1-year sur-
vival rate after ICU admission.

2. Ethics approval
The study protocol was approved by the Institutional 
Review Board of Pusan National University Hospital 
(2208-004-117). The requirement for informed consent 
from enrolled patients or their families or surrogates 
was waived owing to the observational nature of this 
study. This study had no impact on the treatment of en-
rolled patients. 

3. Data collection
Demographic and clinical data, including age, sex, 
body mass index, length of stay in the ICU and hospital, 
and in hospital mortality, were retrospectively obtained 
from electronic medical records (EMRs) of each sub-
ject. Illness severity was measured using Acute Physi-
ology and Chronic Health Evaluation (APACHE) II score 
and accompanying organ failure was assessed using 
Sequential Organ Failure Assessment (SOFA) score11,12, 
both of which were calculated based on laboratory and 
clinical data obtained within the first 24 hours of intu-
bation.

Underlying comorbidities of all enrolled subjects at 
admission were obtained from their EMRs. In addition, 
Charlson’s weighted index was calculated to determine 
concurrent comorbidities prior to admission13. One-
year cumulative mortality after ICU admission was 
assessed by reviewing the National Health Insurance 
Service database.

The number of patients who participated in a rehabil-
itation program directed by physiatrists and physiother-
apists or speech language therapists was evaluated. 
In addition, the status of liberation of MV and inde-
pendent ambulation and the recovery of deglutition 
functions at hospital discharge after the rehabilitation 
program were investigated. 

Other factors evaluated from patients’ EMRs includ-
ed main diagnosis leading to ventilator care, the status 
of tracheostomy, and total and out-of-pocket medical 
expenditures for all medical resources (including all 
medicines) during hospital (ICU and general ward) stay. 
Expenditures were reported in U.S. dollar (USD) based 
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on the exchange rate on March 10, 2021 (1 USD equals 
1,140.10 Korean won).

4. Statistical analysis
Normally distributed continuous variables are reported 
as mean±standard deviation. They were compared by 
Student’s t-test. Non-normally distributed continuous 
variables are reported as median (range). They were 
compared by the Wilcoxon rank-sum test. Categorical 
variables are reported as number (percentage). They 
were compared by chi-square or Fisher’s exact test, as 
appropriate. Patient survival was analyzed using the 
Kaplan-Meier method and compared using the log-
rank test. Factors found to be significantly associated 
with 1-year survival were analyzed further with a Cox 
proportional hazard model to adjust for potential con-
founding effect of each factor. Hazard ratios with 95% 
confidence intervals were obtained. Optimal cutoff val-
ues for APACHE II and SOFA scores were determined 
based on the maximum Youden’s index14. All tests were 
two-tailed and p-values <0.05 were considered statisti-
cally significant. All statistical analyses were performed 
using IBM SPSS version 24.0 (IBM Corp., Armonk, NY, 
USA) and MedCalc Ver.20.109 (MedCalc Software, Os-
tend, Belgium) statistical software. 

Results

1. Comparisons of clinical characteristics between 
PMV and non-PMV patients

During the study period, 641 patients were deemed el-
igible for study participation. We excluded 31 patients 
with irreversible brain injury or neuromuscular diseas-
es. Of 610 patients, 105 patients met our definition 
of PMV patients (Figure 1). Table 1 compares clinical 
characteristics of PMV and non-PMV patients. PMV 
patients had higher APACHE II scores and medical 
expenditures (total and out-of-pocket) than non-PMV 
patients. The percentage of patients who received tra-
cheostomy and participated in a rehabilitation program 
during their hospital stay was higher in PMV patients 
than in non-PMV patients. However, higher percentag-
es of PMV patients than non-PMV patients had ventila-
tor-dependence and dysphagia at hospital discharge. 
In addition, the in hospital mortality and 1-year cumu-
lative mortality rates of PMV patients were higher than 
those of non-PMV patients (Table 1).

2. Comparisons of survivors and non-survivors 
among PMV patients 

We compared clinical characteristics of 1-year survi-
vors and non-survivors (Table 2). Medical expenditures 
(total and out-of-pocket) did not significantly differ 
between the two groups. However, non-survivors had 
significantly higher APACHE II and SOFA scores on 

Figure 1. Flowchart showing the selection of study patients. 

Assessed for eligibility (n=641)

Analysis (n=610)

Excluded (n=31): irreversible brain injury
and neuromuscular diseases

Patients with ventilator care >21 days (n=105) Patients with ventilator care <21 days: no (n=505)

Rehabilitation therapy
during hospital stay:

yes (n=71)

Rehabilitation therapy
during hospital stay:

no (n=34)

Hospital survivors
(n=48)

Hospital survivors
(n=14)

One-year survivors
(n=31)

One-year survivors
(n=4)

Rehabilitation therapy
during hospital stay:

y (n=258)es

Rehabilitation therapy
during hospital stay:

no (n=247)

Survivors at 1 year:
(n=242)

Survivors at 1 year:
(n=131)

One-year survivors
(n=165)

One-year survivors
(n=72)
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the day of intubation and higher rates of chronic lung 
diseases, cardiovascular diseases, and solid malignant 
tumors as comorbidities than survivors. Higher per-
centages of survivors than non-survivors underwent a 
rehabilitation program. In addition, higher percentages 
of survivors than non-survivors were liberated from a 
mechanical ventilator. Moreover, higher percentages of 
survivors than non-survivors did not have a swallowing 

problem at hospital discharge.

3. Participation in a rehabilitation program in PMV 
patients

In analysis of PMV patients, 71 patients underwent a 
rehabilitation program. The median duration of this 
program was 19 days (range, 1 to 150). When these 
patients were divided into those with and without re-

Table 1. Comparisons of clinical characteristics between patients with and without prolonged mechanical ventilation

Characteristic

Patients with 
prolonged mechanical 

ventilation 
(n=105)

Patients without 
prolonged mechanical 

ventilation 
(n=505)

p-value‡

Male sex 75 (71.4) 350 (69.3) 0.727

Age, yr 70.1±11.3 68.9±13.0 0.357

BMI, kg/m2* 22.0±3.5 21.6±4.2 0.351

ICU LOS, day 27 (14–109)  9 (1–55) <0.001

Hospital LOS, day 44 (21–259) 19 (1–193) <0.001

APACHE II score† 22.9±7.2 21.2±6.7 0.019

SOFA score† 7.9±2.8 7.8±3.3 0.862

Pneumonia as the main diagnosis leading to MV 101 (96.2) 429 (85.0) 0.001

Comorbidities

      Chronic lung diseases 38 (36.2) 185 (36.6) >0.999

      Diabetes 34 (32.4) 168 (33.3) 0.910

      Chronic neurological diseases 30 (28.6) 145 (28.7) >0.999

      Cardiovascular diseases 29 (27.6) 160 (31.7) 0.487

      Solid malignant tumors 22 (21.0) 89 (17.6) 0.407

      Chronic kidney diseases 14 (13.3) 57 (11.3) 0.615

      Connective tissue diseases 14 (13.3) 33 (6.5) 0.025 

Charlson’s comorbidity index 2.8±1.9 2.6±1.7 0.455

Total medical expenditures, USD‡ 40,976 (7,581–219,429) 16,019 (2,560–116,001) <0.001

Out-of-pocket medical expenditures, USD‡ 9,664 (1,030–65,591) 3,760 (356–49,093) <0.001

Tracheostomy at hospital discharge 101 (96.2) 250 (49.5) <0.001

Rehabilitation program during hospital stay 71 (67.6) 258 (51.1) 0.002

Liberation from mechanical ventilator at hospital 
   discharge§

31 (50.0) 240 (63.5) 0.049

Independent ambulation at hospital discharge§ 9 (14.5) 158 (41.8) <0.001

No swallowing problem at hospital discharge§ 12 (19.4) 185 (48.9) <0.001

Hospital mortality 43 (41.0) 132 (26.1) 0.003

One-year cumulative mortality 70 (66.7) 268 (53.1) 0.013

Values are presented as number (%), mean±standard deviation, or median (range).
*Data from 604 patients (patients with prolonged mechanical ventilation, n=105; patients without prolonged mechanical ventilation, 
n=499). †All clinical data were calculated or obtained from medical records within the first 24 hours of intubation. ‡Total and out-of-
pocket medical expenditures for all medical resources used (including all medicines) during ICU and general ward stays were re-
trieved. §Data from 440 patients (patients with prolonged mechanical ventilation, n=62; patients without prolonged mechanical ventila-
tion, n=378).
BMI: body mass index; ICU: intensive care unit; LOS: length of stay; APACHE II: Acute Physiology and Chronic Health Evaluation II; 
SOFA: Sequential Organ Failure Assessment; MV: mechanical ventilation; USD: U.S. dollar.
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habilitation program during hospital stay, patients who 
received this rehabilitation program had significantly 
longer hospital length of stay, higher rate of diabetes 
as comorbidity, higher total medical expenditure, and 
higher rate of liberation from ventilator than those who 
did not receive such rehabilitation program (Table 3).

4. Association between participation in a 
rehabilitation program and 1-year survival in PMV 
patients

Table 4 shows factors independently predictive of 
1-year survival in PMV patients according to a Cox 
regression hazard model. Participation in a rehabilita-
tion program during hospital stay was associated with 
1-year survival in total patients based on multivariate 
Cox regression analysis. The Kaplan-Meier estimate 
of survival at 1 year was also consistent with a survival 
benefit of the rehabilitation program (Figure 2). 

Survivors had significantly lower APACHE II scores at 
ICU admission. Therefore, subgroup analyses were per-
formed for patients with less severe illness. In patients 
with APACHE II scores ≤23 (the cutoff value was based 
on the maximum Youden’s index [sensitivity 77.1%, 
specificity 50.0%, p=0.003]), participation in the reha-
bilitation program during hospital stay was associated 
with 1-year survival. However, in patients with APACHE 
II scores >24, there was no association between partic-
ipation in the rehabilitation program and 1-year survival 
(Table 4). 

Discussion

The present study evaluated the effect of participa-
tion in a rehabilitation program during hospital stay on 
1-year survival in PMV patients. Our findings showed 
an association between participation in the rehabilita-

Table 2. Comparisons of survivors and non-survivors among patients requiring prolonged mechanical ventilation

Variable Survivors (n=35) Non-survivors (n=70) p-value

Male sex 23 (65.7) 52 (74.3) 0.369

Age ≥65 years 25 (71.4) 60 (85.7) 0.113

BMI <18.5 kg/m2 4 (11.4) 13 (18.6) 0.412

APACHE II score* 20.2±5.8 24.2±7.5 0.006

SOFA score* 6.7±5.6 8.5±2.7 0.001

ICU LOS, day 15 (14–88) 28 (17–109) 0.056

Hospital LOS, day 50 (22–59) 42 (21–255) 0.041

Comorbidities

   Chronic lung diseases 7 (20.0) 31 (44.3) 0.018

   Diabetes 13 (37.1) 21 (30.0) 0.511

   Chronic neurological diseases 13 (37.1) 17 (24.3) 0.178

   Cardiovascular diseases 3 (8.6) 26 (37.1) 0.002

   Solid malignant tumors 3 (8.6) 19 (27.1) 0.040

   Chronic kidney diseases 3 (8.6) 11 (15.7) 0.376

   Connective tissue diseases 6 (17.1) 8 (11.4) 0.543

Total medical expenditures, USD† 35,909 (7,581–137,492) 41,005 (18,648–219,429) 0.724

Out-of-pocket medical expenditures, USD† 8,682 (1,716–65,591) 9,708 (1,030–59,382) 0.563

Rehabilitation program during hospital stay 31 (88.6) 40 (57.1) 0.001

Liberation from ventilator in hospital survivors‡ 22 (62.9) 9 (33.3) 0.040

Independent ambulation in hospital survivors‡ 8 (22.9) 1 (3.7) 0.065

No swallowing problem in hospital survivors‡ 11 (31.4) 1 (3.7) 0.008

Values are presented as number (%), mean±standard deviation, or median (range).
*All clinical data were calculated or obtained from medical records within the first 24 hours of intubation. †Total and out-of-pocket 
medical expenditures for all medical resources used (including all medicines) during ICU and general ward stays were retrieved. ‡Data 
from 62 patients (survivors, n=35; non-survivors, n=27).
BMI: body mass index; APACHE II: Acute Physiology and Chronic Health Evaluation II; SOFA: Sequential Organ Failure Assessment; 
ICU: intensive care unit; LOS: length of stay; USD: U.S. dollar.
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tion program during hospital stay and improved 1-year 
survival. In subgroup analyses, participation in the 
rehabilitation program during hospital stay was associ-
ated with improved survival of PMV patients with lower 
APACHE II scores on the day of intubation and no car-
diopulmonary comorbidities before hospital admission. 
Although PMV patients had a higher 1-year mortality 
rate and medical expenditures than non-PMV patients, 
participation in a rehabilitation program during hospital 
stay was associated with an improvement of long-term 
survival of PMV patients who had no cardiopulmonary 
comorbidities with less severe illness at ICU admission. 

Use of medical resources, reflected by medical ex-
penses, and long-term mortality were higher in PMV 
patients than in non-PMV patients. In Korean ICUs, 
there are few specialized physiatrists, physiotherapists, 

nurses, and speech language therapists for non-trau-
matic and nonsurgical patients requiring prolonged 
ventilator care. The present study tried to find other 
subgroups of patients (such as those with or without 
organ failure and those with or without underlying 
comorbidities) for whom a rehabilitation program ben-
efited the 1-year survival. However, it was difficult to de-
termine the effect of a rehabilitation program on 1-year 
survival because the number of patients was small. 
Therefore, it is necessary to determine subgroup(s) of 
patients who participated in a rehabilitation program 
during hospital stay and showed improved long-term 
outcomes by conducting a multicenter study. 

Some prognostic models for predicting 1-year mor-
tality of PMV patients have been developed using their 
clinical variables. The ProVent score based on four vari-

Table 3. Comparison of clinical characteristics and outcomes in patients who did and did not receive rehabilitation 
program

Characteristic

Patents with 
rehabilitation program 

during hospital stay 
(n=71)

Patients without 
rehabilitation program 

during hospital stay
(n=34)

p-value

Male sex 52 (73.2) 23 (67.6) 0.645

Age ≥65 years 58 (81.7) 27 (79.4) 0.795

BMI <18.5 kg/m2 14 (19.7) 3 (8.8) 0.257

APACHE II score* 22.5±6.4 23.8±8.8 0.396

SOFA score* 7.7±2.8 8.2±2.6 0.415

ICU LOS, day 28 (14–88) 27 (19–109) 0.752

Hospital LOS, day 50 (22–259) 33 (21–255) <0.001

Comorbidities

   Chronic lung diseases 27 (38.0) 11 (32.4) 0.666

   Diabetes 28 (39.4) 6 (17.6) 0.028

   Chronic neurological diseases 22 (31.0) 8 (23.5) 0.495

   Cardiovascular diseases 17 (23.9) 12 (35.3) 0.249

   Solid malignant tumors 13 (18.3) 9 (26.5) 0.442

   Chronic kidney diseases 10 (14.1) 4 (11.8) >0.999

   Connective tissue diseases 9 (12.7) 5 (14.7) 0.767

Total medical expenditures, USD† 47,282 (7,581–219,429) 34,086 (19,801–186,399) 0.027

Out-of-pocket medical expenditures, USD† 10,930 (2,136–65,591) 8,195 (1,030–45,993) 0.065

Liberation from ventilator in hospital survivors‡ 28 (58.3) 3 (21.4) 0.031

Independent ambulation in hospital survivors‡ 8 (16.7) 1 (7.1) 0.670

No swallowing problem in hospital survivors‡ 12 (25.0) 0 0.052

Values are presented as number (%), mean±standard deviation, or median (range).
*All clinical data were calculated or obtained from medical records within the first 24 hours of intubation. †Total and out-of-pocket 
medical expenditures for all medical resources used (including all medicines) during ICU and general ward stays were retrieved. ‡Data 
from 62 patients (patients with rehabilitation program, n=48; patients without rehabilitation program, n=14).
BMI: body mass index; APACHE II: Acute Physiology and Chronic Health Evaluation II; SOFA: Sequential Organ Failure Assessment; 
ICU: intensive care unit; LOS: length of stay; USD: U.S. dollar.



Rehabilitation program in PMV patients

https://e-trd.org/Tuberc Respir Dis 2023;86:133-141 139

ables readily assessed on day 21 of MV (namely, a re-
quirement for dialysis, a requirement for vasopressors, 
age ≥50 or ≥65 years, and a platelet count <150×109/L) 
for predicting 1-year mortality has been validated3,4,15. 
The extended ProVent model, which includes comor-
bidities and laboratory data (albumin and bilirubin), has 
been developed16. In addition to these clinical variables 

on day 21 of MV and underlying comorbidities, our data 
suggest that participation in a rehabilitation program 
during hospital stay is a valuable prognostic factor. 
Therefore, new predictive models for PMV patients 
using clinical variables, underlying comorbidities, and 
rehabilitation program status need to be developed 
based on large-scale multicenter studies. 

ICU rehabilitation has recently emerged as an import-
ant field in critical care17. Protocolized rehabilitation 
directed toward an early mobilization and ventilator 
liberation protocol is recommended as an international 
guideline18. Although ICU rehabilitation could improve 
survival of patients with sepsis in Korea19, there is no 
nationalized guideline regarding a rehabilitation pro-
gram during ICU stays. Moreover, rehabilitation-related 
medical expenses have not been implemented by the 
Korean government. To avoid delayed initiation of reha-
bilitation programs and to improve long-term outcomes 
in chronically critically ill patients (including PMV pa-
tients), rehabilitation-related medical expenses for criti-
cally ill patients should be formally implemented.

The present study has several limitations. First, its 
retrospective design might have resulted in a selection 
bias. Second, this study included patients hospitalized 
in a single ICU. In addition, our results might not be 
generalizable to other settings such as patients requir-

Table 4. Univariate and multivariate analyses of factors associated with 1-year survival in patients requiring prolonged 
mechanical ventilation 

Factor
Univariate analysis Multivariate analysis

HR (95% CI) p-value HR (95% CI) p-value

Total patients

   Rehabilitation program during hospital stay 2.725 (1.684–4.410) <0.001 2.792 (1.681–4.638) <0.001

   No chronic cardiovascular diseases as 
      comorbidities

2.570 (1.574–4.196) <0.001 2.127 (1.287–3.516) 0.003

   No chronic lung diseases as comorbidities 1.845 (1.145–2.970) 0.012 2.277 (1.383–3.751) 0.001

   APACHE II score ≤23* 1.740 (1.086–2.788) 0.021

Patients with APACHE II score ≤23* (n=62)

   Rehabilitation program during hospital stay 3.513 (1.781–6.930) <0.001 3.556 (1.776–7.120) <0.001

   No chronic cardiovascular diseases as 
      comorbidities

2.439 (1.204–4.939) 0.013 2.329 (1.143–4.743) 0.020

   No chronic lung diseases as comorbidities 2.081 (1.065–4.066) 0.032 2.354 (1.182–4.685) 0.015

Patients with APACHE II score ≥24 (n=43)

   Rehabilitation program during hospital stay 1.989 (0.995–3.977) 0.052

   No chronic cardiovascular diseases as 
      comorbidities

2.517 (1.270–4.987) 0.008 2.185 (1.058–4.515) 0.035

Statistical significance was determined using univariate and multivariate Cox proportional hazards models.
*The cutoff value of the APACHE II score was based on the maximum Youden’s index (sensitivity 77.1%, specificity 50.0%, p=0.003).
HR: hazard ratio; CI: confidence interval; APACHE II: Acute Physiology and Chronic Health Evaluation II. 
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ing PMV after surgery or trauma. Therefore, additional 
studies of larger numbers of patients are needed to val-
idate the effect of a rehabilitation program on long-term 
survival. Third, we hypothesized that early tracheos-
tomized PMV patients would benefit more from a reha-
bilitation program than late tracheostomized patients 
because early tracheostomy in patients requiring long-
term ventilator care is associated with improved patient 
comfort and reduced sedative drug use20-22. However, 
we could not find any associations between early tra-
cheostomy and long-term survival due to a small num-
ber of enrolled patients. 

In conclusion, this study evaluated the association 
between participation in a rehabilitation program 
during the hospital stay and 1-year survival in PMV pa-
tients. Our study suggests that a rehabilitation program 
could elicit a more beneficial effect on 1-year survival in 
PMV patients with less severe illness on the day of in-
tubation who have no cardiopulmonary comorbidities. 
Large-scale multicenter studies are needed to evalu-
ate the effect of a rehabilitation program on long-term 
outcomes of PMV patients requiring ventilator care for 
various reasons.
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