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Abstract
Background: The number of adults requiring prolonged mechanical ventilation (PMV) including those with cognitive impairment

or disorders of consciousness is escalating. We aimed to compare in a long-term acute care hospital (LTACH) mortality and

length of stay (LOS) among three age groups (40-59y, 60-79y, ≥80y) of hospitalized PMV patients, and according to consciousness

and cognitive state at admission. Methods: We obtained data from the health records of 308 adults aged ≥40 years requiring

PMV hospitalized at a Chronic Ventilator Dependent Unit in a LTACH between 01/01/2015 to 06/30/2019 and followed-up until

discharge or death or until 12/31/2019. Results: At admission to LTACH, 42.2% of PMV patients were in a vegetative state/ min-

imally conscious state (VS/MCS); 32.5% were severely cognitively impaired, 11.0% were mildly to moderately cognitively

impaired, 12.3% had no cognitive impairment, and 1.9% had intellectual disability/psychiatric disorder. In-LTACH LOS (months)

decreased from 34.6± 42.6 at age 40–59y, 19.1± 22.3 at 60–79y to 14.4± 19.3 at age ≥80y (p= .006). In-LTACH mortality was

30.6% for 40–59y, 41.1% for 60–79y and 54.8% for age ≥80y. In-LTACH LOS (months) was 23.8± 30.7 for VS/MCS, 15.1± 19.5

for the severely cognitively impaired, 10.0± 12.8 for mild to moderate cognitive impairment and 18.9± 21.9 for those without

cognitive impairment (p= .02). In-LTACH mortality was 50.8% for VS/MCS, 58.0% for the severely cognitively impaired, 26.5% for

mild to moderate cognitive impairment and 13.2% for those without cognitive impairment (p < .001). Conclusion: In this pop-

ulation requiring PMV, mortality and in-LTACH LOS worsened with age. In-LTACH LOS was longest for VS/MCS patients, who

had a mean survival of about two years, followed by those without cognitive impairment and then those with severe cognitive

impairment. Mortality was associated with worse consciousness and cognitive state. These findings highlight the importance of

discussing end-of-life decisions with patients and family members regarding resuscitation/intubation and the long-term manage-

ment of these patients.
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Introduction
Acute and chronic illnesses associated with high mortality, eg
respiratory failure, have seen improved survival due to the
current advances in critical care. Much of the current literature
on patients with respiratory failure has focused on short-term
outcomes including hospital mortality and short-term ventilator
weaning.1–3 However, survival for many of these patients
described as the "chronically critically ill" is contingent upon
continued intensive support beyond their acute hospital
stay.2,3 For that reason, attention needs to focus on their long-
term outcomes.4,5 Not only is the latter bleak, with a high
degree of morbidity and mortality,3,6,7 the enduring cost of
this ever-growing population is significant and has increased
exponentially. Costs are approximately $35 billion annually
in the United States alone in 20158 up from $20 billion in
2010.3 In order to free hospital beds of patients receiving

prolonged mechanical ventilation (PMV), long-term acute-care
hospitals (LTACH) have begun to receive this growing patient
population. However, evidence is scarce relating to survival and
functional outcomes as well as relating to quality of life for

1Medical Intensive Care Unit, Hadassah Medical Center and Faculty of

Medicine, Hebrew University of Jerusalem, Israel
2Chronic Ventilator-Dependent Division, Herzog Medical Center and Faculty

of Medicine, Hebrew University of Jerusalem, Israel

*DS and SS are equally contributing authors.

Received November 5, 2021. Received revised February 11, 2022.

Accepted March 4, 2022.

Corresponding Author:
David Stein, Hadassah Medical Center, Jerusalem, Israel.

E-mail: david.stein@mail.huji.ac.il

Original Research

Journal of Intensive Care Medicine

2022, Vol. 37(12) 1587-1597

© The Author(s) 2022

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/08850666221088800

journals.sagepub.com/home/jic

https://orcid.org/0000-0001-8708-876X
mailto:david.stein@mail.huji.ac.il
https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/jic


patients,families, and caregivers. In a study of chronically ven-
tilated patients treated either in an acute-care hospital or trans-
ferred to a LTACH, there was no statistically significant
difference in the six-month mortality rate, but admission to
the LTACH was associated with a longer mean survival time.
Moreover, hospital cost of care when referred to a LTACH
was approximately one quarter less than treatment exclusively
at an acute care hospital (ACH).9

Few studies have investigated the characteristics of survivors
of critical illness in need of continued mechanical ventilation.
Some patients require prolonged respiratory support due to neu-
rological or neurodegenerative diseases eg, amyotrophic lateral
sclerosis or Duchenne muscular dystrophy or due to end-stage
heart and lung diseases. Another growing group of patients com-
prises survivors of cardio-pulmonary resuscitation with severe
anoxic brain damage, who are in vegetative or minimally con-
scious state (VS/MCS). In a recent meta-analysis of critically
ill adults treated with prolonged ventilation for 14 days or
more, mortality was associated with age, vasopressor require-
ment, thrombocytopenia and kidney disease.10 Frengley et al11

studied a public LTACH in New York City with an active
program for ventilator weaning from PMV. They found that
meeting weaning criteria and successful weaning decreased
with increasing age. However, age was not the dominant factor
in predicting outcomes; thus individuals with PMV with better
respiratory physiology and lower comorbidity burdens were
more likely to be weaned successfully and to have longer sur-
vival, regardless of their age. Of interest, only 20 of the 540
patients (4%) were discharged to their home.11 Of note, even
after discharge from LTACH, outcomes remain bleak. In an
early study of Schönhofer et al, the five year survival rate after
discharge from LTACH estimated from 21 at-risk patients was
33%, and the survival rate declined steeply from three months
post-hospital discharge (67%) to three years (38%).12

In Israel, the Dying Patient Act of 2005 enables patients with
end-stage diseases to formulate advance directives determining
whether they want aggressive treatments near the end of life.
Contrary to most countries, it is illegal to withdraw continuous
life-sustaining treatment such as mechanical ventilation, or to
disconnect ventilator dependent patients, or to hasten death
actively. Thus, these patients, who cannot be weaned, are venti-
lated indefinitely until their disease progresses, or
until complications develop.4,13 Hence, a patient may arrive ven-
tilated to the emergency room (ER) after out of hospital resusci-
tation; in cases where prognosis appears poor, terminal weaning
is prohibited, consequently the patient stays ventilated in ACH
until being transferred to LTACH. Furthermore, due to the lack
of advance directives and cultural and religious factors in Israel,
people suffering from end stage diseases, even those with
severe physical and cognitive impairment, are often intubated
and mechanically ventilated for prolonged periods. Relatives of
these chronically ventilated patients sometimes find it difficult
to make end-of-life decisions for their loved ones, thus choose
to continue life-sustaining treatments indefinitely,13 which poses
a substantial administrative, financial, ethical, and emotional
burden for caretakers, policy makers, patients, and relatives.

The unique situation in Israel allows us to describe the natural
history of this patient population and their outcomes over time,
including physical and cognitive functions, in order to improve
prognostication and future planning of chronic care facilities
required to take care of this increasing population.

To better understand this patient population, we describe and
analyze clinical characteristics and long-term functional and
cognitive outcomes in a group of 308 adult patients undergoing
PMV at a single center in Jerusalem. We divided and compared
them according to three age groups and five consciousness and
cognitive states, expecting to find worse outcomes for the oldest
age group and for those with worse cognitive impairments.

Methods
Setting
The study was conducted at the 110-bed Chronic Ventilator
Dependent Unit at Herzog Medical Center, a university affili-
ated geriatric LTACH in Jerusalem, Israel. All patients admitted
were ventilated in the three acute hospitals of the Greater
Jerusalem area, but failed weaning attempts and underwent tra-
cheostomy. Criteria for admission together with the latter was
hemodynamic stability. Poor weaning potential and prognosis
were not exclusion criteria. Patients were discharged either to
home mechanical ventilation, or after weaning, to other
chronic care departments or home. Some were transferred to
ACH for treatment due to acute deterioration.

Study Design
All data were retrospectively obtained from the electronic health
records (EHR) of 308 adults aged ≥40 years at admission to
LTACH, requiring PMV hospitalized in LTACH between 01/
01/2015 to 06/30/2019 and followed-up until discharge or
death or until 12/31/2019. Patients who were admitted to
LTACH before 1.1.2015 were included in the analysis. They
were divided into three age groups by age at admission to
LTACH: 40 to 59 (n= 36), 60 to 79 (n= 146) and 80 and
older (n= 126). Successful weaning was defined as two weeks
free of mechanical ventilator support. This study was limited to
adult PMV patients aged 40 and above at time of admission to
LTACH. Young adults and pediatric PMV patients were
excluded because of their unique clinical background.

Variables
Physical, neurological, and cognitive function were retrieved at
three time points: 1. prior to the acute event leading to initiation
of mechanical ventilation (at any of community/home, nursing
home/closed psychiatric ward and geriatric hospital/long-term
ward in acute care hospital) 2. at admission to LTACH, and
3. at the end of follow-up/at discharge or one week before death
in case of in-LTACH death. Data from period one were retrieved
from EHR at ACH and LTACH, and data from periods two
and three were retrieved from the EHR of the multi-disciplinary
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team at LTACH. The Katz Index of Independence in Activities
of Daily Living (ADL-Katz score) was calculated with a score
ranging from 0 (dependent on help of others in feeding, conti-
nence, transferring, toileting, dressing and bathing) to 6 (fully
independent in each). Feeding route at the same three time
points was documented. Neurological function was measured
and determined by categories. The categories included vegetative
state/minimally conscious state (VS/MCS), which was diagnosed
using the Revised JFK-Coma Recovery Scale;14 severe cognitive
impairment (SCI) was defined as the Global Deterioration Scale/
Functional Assessment Staging (GDS/FAST)15 stages six and
seven; and mild/moderate cognitive impairment according to
GDS/FAST stages three to five; or no cognitive impairment, or
intellectual disability/psychiatric disorder according to the diag-
nosis on admission. A multi-disciplinary team performed the
evaluation on admission and at frequent intervals. For each
patient, we retrieved the number of transfers to the ER (defined
as the number of times the patient was transferred to the
ER during LTACH hospitalization) and the number of admis-
sions to ACH (defined as the number of times the patient was
transferred to the ER and remained more than 48 hours at the
ACH during LTACH hospitalization). The other clinical vari-
ables retrieved are detailed in the supplemental file.

Weaning Methodology and Outcomes
Weaning is performed by a multi-disciplinary team including
physicians, nurses and respiratory therapists with incremental
lengths of disconnection time, when deemed suitable. We
defined the status of ventilation upon admission to LTACH
and a weaning outcome at the end of follow-up/at discharge
from LTACH, which we divided into each of five categories:
full ventilation (24h), up to 4h daily disconnection from
mechanical ventilation, 5 to 16h daily disconnection from ven-
tilation, overnight (nocturnal) ventilation, and weaned (entirely
free from mechanical ventilation for two weeks or more).

Clinical Outcomes
The main clinical outcomes were recorded at the end of follow up
or at discharge and included: length of stay (LOS) at LTACH and
length of ventilation (LOV) from initiation of mechanical venti-
lation until discharge/end of follow-up, place of discharge, in-
LTACH mortality, ADL-Katz score, daily ventilation time,
feeding route, and consciousness and cognitive state.

Ethics Approval
The study was approved by the institutional ethics committee,
which waived participants’ or family informed consent, autho-
rization number: 340-19.

Statistical Analysis
Normally distributed quantitative variables were expressed as
means, together with standard deviations, whereas non-

normally distributed quantitative variables were expressed as
medians, together with interquartile ranges. Categorical vari-
ables were expressed as frequencies and percentages. In order
to test the association between two categorical variables, the
Chi-square test as well as the Fisher’s exact test were used.
The comparison of quantitative variables between two indepen-
dent groups was carried out using the Mann-Whitney non-
parametric test. The comparison of quantitative variables
between three or more independent groups was carried out
using either the ANOVA test or the Kruskal-Wallis non-
parametric test. Non-parametric tests were used for non-
normally distributed variables. The McNemar-Bowker test
was used to compare the symmetry of change of consciousness
and cognitive state (improvement vs. worsening) at two time
points. The Kaplan-Meier survival analysis with the log-rank
test for the comparison of survival curves was used for assess-
ing the effect of categorical variables on survival (LOS at
LTACH). The Cox-regression model was used as the multivar-
iate model to assess simultaneously the effect of independent
predictors on in-LTACH mortality. This model was performed
using the forward step-wise likelihood ratio approach. All anal-
yses used SPSS version 25.0 (SPSS Inc., Chicago, IL). P≤ .05
(two-tailed) was considered statistically significant.

Results
Demographic and Clinical Variables
The proportion of patients residing in a nursing home/psychiat-
ric ward before initiation of mechanical ventilation increased
with age, while those residing in geriatric hospitals/long-term
acute ward in an ACH before initiation of mechanical ventila-
tion decreased with age. Place of intubation, while not statisti-
cally significant (p= .08), showed a distinct pattern. The
younger age group had a 50% greater risk to be intubated
either at home or in the ER than the older age groups, who
were more prone to intensive care unit (ICU) and at-ward intu-
bation. ICU admission during acute hospital stay decreased sig-
nificantly with increasing age, from 61.1% among the youngest
age group to 25.4% at ≥ 80 (p < .001) (Table 1). The main
reason for ventilation was pneumonia/ other acute pulmonary
condition for 29.9% of patients, post-cardiopulmonary resusci-
tation/ anoxic brain damage for 26.6%, exacerbation or end
stage chronic lung disease for 10.1%, acute neurological
event for 9.1%. There was no statistically significant difference
in the main reasons for ventilation between age groups (p=
.486) (Supplemental Table 1).

Physical, Neurological and Weaning Outcomes
LOS in LTACH decreased with age, with the oldest presenting
less than half of the youngest cohort LOS (Table 2). Range of
LOS and LOV was wide, at a maximum of almost 16 years
(189.6 months) for the youngest group and ten years for the
two other age groups. Physical function, as assessed by the
ADL-Katz scores prior to the event, had a median of 4.5 and
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4 in the two younger age groups versus 2 at age ≥ 80. However,
at admission to LTACH and at the end of follow up/discharge,
the ADL-Katz scale had a median of 0 among all age cohorts.
With increasing age, in-LTACH death rose, while the number
of transfers to the ER and the number of admissions to ACH
during LTACH hospitalization decreased. Interestingly, the
same proportion of patients, about 5% among all age groups,
were discharged to their home. Discharge to rehabilitation
departments decreased with age. Feeding route prior to acute
event was mostly per os (PO), at around 90% in all age
cohorts (p= .87), and greatly decreased on admission to
LTACH, but increased slightly at the end of follow-up/dis-
charge, 19.4% and 21.9% among the two younger age groups
respectively, and 13.5%, at the age ≥ 80 group (p= .18)
(Table 2).

Prior to the event leading to ACH admission, the severity
and prevalence of cognitive impairment increased with age.
At admission to LTACH, 52.8% of the younger cohort suffered
from VS/MCS, and 54.8% of those 80 years or older had severe
cognitive impairment (SCI). Of note, among VS/MCS patients
at admission to LTACH, 80.8% were ventilated due to anoxic
brain damage, 14.6% due to an acute neurological event,
3.8% due to a traumatic brain injury, and 0.8% due to end-stage
neuromuscular disease. The prevalence of SCI was higher in the
oldest age group than in the younger groups. These findings are
similar to those seen at the end of follow-up/discharge from
LTACH (Supplemental Table 2).

At admission to LTACH, 91.7% of the younger age cohorts
were undergoing full, 24h daily ventilation compared to 96.8%

of those aged 80 years and above. The rest were ventilated
either from eight to 23 hours daily or only overnight (p=
.21), (Supplemental Table 3). At the end of follow-up/at dis-
charge, more patients in the older age group were fully venti-
lated, while nocturnal ventilation or weaning were more often
seen in the younger age groups (p= .02). In addition, the
mean age (±SD) of those weaned from ventilation at the end
of follow-up was 69.0± 13.8 years, and those still ventilated
was 75.9± 12.4 (p= .055). LOS and LOV in months were
(mean± SD) 6.0± 4.8 and 6.5± 4.4 respectively for those
weaned at the end of follow-up and 19.3± 24.9 and 22.2±
25.4 for those still ventilated at LTACH at the end of follow-up
(p= .062 and p= .005 for LOS and LOV respectively). LOV
was longer than LOS in the LTACH since initiation of mechan-
ical ventilation was either just before admission to ACH or
during hospitalization at the ACH (Table 1).

Predictors for Survival in LTACH and Mortality in LTACH
In-LTACH survival according to age groups at admission of the
308 patients with PMV decreased with older age (Figure 1 and
Table 2). In LTACH, the highest LOS was for patients in a veg-
etative state, followed by those without cognitive impairment (p
= .02). The highest in-LTACH mortality rate was for those with
SCI and VS/MCS, in a decreasing order (p<.001) (Figure 2 and
Table 3). (In LTACH, the patients with intellectual disability/
mental disorders had a mean survival of 30.1± 23.8 months.
However, there were only six patients in this group).

Table 1. Demographic and Clinical Characteristics of Prolonged Mechanically Ventilated Subjects by Age Groups.

Characteristic Total (n= 308) 40-59 (n= 36) 60-79 (n= 146) ≥ 80 (n= 126) P*

Age(y) mean± SD 75.3± 12.5 52.1± 4.9 70.9± 5.6 87.1± 5.1

Female, n (%) 156 (50.6) 10 (27.8) 65 (44.5) 81 (64.3) <.001

Ethnic/Religious Background, n (%) <.001

Jewish 253 (82.1) 21 (58.3) 120 (82.2) 112 (88.9)

Other 55 (17.9) 15 (41.7) 26 (17.8) 14 (11.1)

Marital status, n (%) <.001

Married/Partner 158 (51.5) 16 (44.4) 95 (65.1) 47 (37.6)

Divorced 15 (4.9) 5 (13.9) 9 (6.2) 1 (0.8)

Widowed 105 (34.2) 1 (2.8) 30 (20.5) 74 (59.2)

Single 29 (9.4) 14 (38.9) 12 (8.2) 3 (2.4)

Offspring, mean± SD 4.4± 3.4 2.4± 2.5 4.4± 3.4 5.1± 3.3 <.001

Residence before AHS, n (%) .13

Community/Home 243 (78.9) 28 (77.8) 119 (81.5) 96 (76.2)

Nursing home/Psychiatric Ward 31 (10.1) 2 (5.6) 10 (6.8) 19 (15.1)

Geriatric Hospital/LWAH 34 (11.0) 6 (16.7) 17 (11.6) 11 (8.7)

Place of Intubation, n (%) .08

Community-Based Institutions 13 (4.2) 1 (2.8) 3 (2.1) 9 (7.1)

Home 66 (21.4) 11 (30.6) 28 (19.2) 27 (21.4)

ER 71 (23.1) 13 (36.1) 31 (21.2) 27 (21.4)

ICU/OR 34 (11.0) 1 (2.8) 19 (13.0) 14 (11.1)

Ward 124 (40.3) 10 (27.8) 65 (44.5) 49 (38.9)

ICU Admission during AHS, n (%) 119 (38.8) 22 (61.1) 65 (44.8) 32 (25.4) <.001

AHS= acute hospital stay; ER= emergency room; ICU= intensive care unit; LWAH= long-term ward in acute hospital; OR= operating room.

* P values refer to differences between the three age groups.
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The cox regression multivariable model for mortality was
performed for 303 patients, using the forward stepwise likeli-
hood ratio method (Table 4). Data was incomplete for five
patients, so they were excluded from this analysis. Using the uni-
variate model, nine variables were associated with mortality.
Consequently, these nine variables were entered for the multivar-
iable model, from which only four variables remained statistically
significant. The statistically significant variables were age ≥ 80 at
admission to LTACH, non-neurological event as the main reason
for ventilation, chronic condition: diabetes mellitus, and number of
transfers to ER. First, the oldest cohort had three times the risk of
death than the youngest (adjusted hazard ratio (HR) for oldest
cohort compared to youngest= 2.97, 95% CI=1.49-5.92, p=
.002). Diabetes mellitus was the only statistically significant
chronic condition associated with in LTACH mortality in the uni-
variate or multivariate model. Of note, the middle-aged cohort was
not statistically significantly associated with increased mortality
compared to the youngest cohort (adjusted HR for the middle
cohort compared to youngest= 1.74, 95% CI=0.87-3.46, p=
.12). For each additional transfer to the ER during LTACH

hospitalization, the likelihood of dying in LTACH was reduced
by a factor of 0.69 (95% CI=0.58-0.83, p < .001).

Association of Consciousness and Cognitive State at
Admission to LTACH with Age, Main Reasons for
Ventilation, in-LTACH Mortality, LOV, LOS, Number of
Transfers to ER and Consciousness and Cognitive State
at the End of Follow-Up
Patients with VS/MCS were younger and their in-LTACH
mortality was lower than patients with SCI. Patients with
SCI were the oldest and had shorter LOS and LOV. Their
in-LTACH mortality rate was the highest among all con-
sciousness and cognitive states, more than four times higher
than those with no cognitive impairment (p < .001)
(Table 3). In terms of the main reasons leading to ventilation,
45.4% of VS/MCS patients were ventilated due to anoxic
brain damage/ post-cardiopulmonary resuscitation in compar-
ison to 16.0% of SCI patients. Among SCI patients, 44.0%

Table 2. General Outcomes of Prolonged Mechanically Ventilated Subjects by Age Groups.

Characteristic Total (n= 308) 40-59 (n= 36) 60-79 (n= 146) ≥80 (n= 126) P*

Length of stay (months), mean±
SD, (range)

19.0± 25.1 (0.0-189.6) 34.6± 42.6 (0.7-189.6) 19.1± 22.3 (0.0-117.5) 14.4± 19.3 (0.1-126.3) .006

Length of ventilation (months),

mean± SD, (range)

21.8± 25.6 (1.0-191.1) 37.0± 42.2 (2.1-191.1) 22.1± 23.4 (1.0-119.5) 17.1± 19.6 (1.4-128.2) .007

ADL-Katz, median (IQR)

Prior to the event 3 (0-6) 4.5 (0-6) 4 (0-6) 2 (0-5) .002

At admission to LTACH 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) .075

At the end of follow-up 0 (0-0) 0 (0-0) 0 (0-0) 0 (0-0) .23

Feeding route - prior to event, n

(%)

.87

Oral feeding 275 (89.3) 33 (91.7) 131 (89.7) 111 (88.1)

Nasogastric/PEG 33 (10.7) 3 (8.3) 15 (10.3) 15 (11.9)

Feeding route- at admission to

LTACH, n (%)

.025

Oral feeding 26 (8.4) 1 (2.8) 19 (13.0) 6 (4.8)

Nasogastric/PEG 282 (91.6) 35 (97.2) 127 (87.0) 120 (95.2)

Feeding route- at the end of follow

up, n (%)

.18

Oral feeding 56 (18.2) 7 (19.4) 32 (21.9) 17 (13.5)

Nasogastric/PEG 252 (81.8) 29 (80.6) 114 (78.1) 109 (86.5)

Place of discharge, n (%) .12

Dead 140 (45.5) 11 (30.6) 60 (41.1) 69 (54.8)

Home 17 (5.5) 2 (5.6) 9 (6.2) 6 (4.8)

Alive at ventilation ward 78 (25.3) 11 (30.6) 43 (29.5) 24 (19.0)

Acute hospital 66 (21.4) 10 (27.8) 31 (21.2) 25 (19.8)

Complex nursing care 4 (1.3) 1 (2.8) 1 (0.7) 2 (1.6)

Rehabilitation 3 (1.0) 1 (2.8) 2 (1.4) 0 (0)

Number of transfers to ER, mean

± SD

1.2± 2.4 2.5± 5.6 1.2± 1.6 0.8± 1.1 .09

Number of admissions to ACH,

mean± SD

0.8± 1.4 1.4± 2.8 0.8± 1.3 0.6± 0.9 .33

ACH= acute care hospital; ADL= activities of daily living; ER= emergency room; LTACH= long term acute care hospital; PEG= percutaneous endoscopic

gastrostomy; SD= standard deviation.

* P values refer to differences between age groups.
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were ventilated following pneumonia/ other acute pulmonary
condition in comparison to 18.5% of VS/MCS and 29.4% of
patients with mild to moderate cognitive impairment. As a
whole, patients ventilated post-operatively or due to acute/
progressive neuromuscular condition presented less cognitive
impairment (p < .001) (Supplemental Table 4).

Patients in VS/MCS and SCI were transferred less frequently
to the ER and were less likely to be admitted to the ACH during
LTACH hospitalization than those with mild to moderate cog-
nitive impairment or with no cognitive impairment (Table 3).

In terms of the association between consciousness and cogni-
tive state at admission to LTACH and weaning at the end of
follow-up, the lower the consciousness/cognitive state, the
higher the risk of remaining ventilated at the end of follow-up.
Although only 14 out of 306 patients (two were excluded due
to incomplete data) were weaned at the end of follow-up, the
vast majority of them had no cognitive impairment or only mild
to moderate cognitive impairment, and the rest SCI (p < .001).
Of note, only one patient in VS/MCS at admission to LTACH
was weaned at the end of follow-up (Supplemental Table 5).

Among 168 PMV patients who did not die at LTACH, a
third of the patients with mild to moderate or no cognitive

impairment at the end of follow-up were discharged either to
their home or to nursing care/rehabilitation. Only 9.6% of
SCI patients were discharged to their home, and all of the
VS/MCS either stayed at LTACH or were transferred to ACH
(p < .001) (Supplemental Table 6).

Among 130 VS/MCS patients at admission to LTACH, 84
had no cognitive impairment prior to the event leading to intu-
bation. Among 100 patients with SCI at admission, 80 had cog-
nitive impairment prior to the event. Of note, 23.1% of all
patients admitted to LTACH presented SCI before the event
leading to intubation (Supplemental Table 7).

Among 130 patients in VS/MCS at admission, nine had
SCI and one patient improved to mild/moderate cognitive
impairment at the end of follow-up. Among 100 patients
with SCI at admission, three were in VS/MCS, and five
improved to mild/moderate cognitive impairment at the end
of the follow-up. The vast majority of patients presented no
change in their consciousness and cognitive state at the end
of follow-up. There was no significant difference in the
McNemar-Bowker test of symmetry between cognitive state
improvement and worsening (p= .395) (Supplemental
Table 8).

Figure 1. Kaplan-Meir estimate of survival at LTACH of 308 patients undergoing prolonged mechanical ventilation according to age group at

admission to LTACH. LTACH – Long-Term Care Acute Hospital.
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Discussion
In this study, we found that among patients with prolonged
mechanical ventilation, age was significantly associated with
unfavorable cognitive and weaning outcomes and in-LTACH

survival. While in-LTACH mortality was at a high 45.5%
during the study period, only a small proportion of the patients
of all ages were discharged to their home, to rehabilitation
departments, or to departments of complex nursing care.
Others remained at LTACH or were referred to ER in ACHs.

Figure 2. Kaplan-Meir estimate of survival at LTACH of 308 patients undergoing prolonged mechanical ventilation according to consciousness

and cognitive state at admission to LTACH. LTACH – Long-Term Care Acute Hospital.

Table 3. Association Between Consciousness and Cognitive State at Admission to LTACH and Age on Admission to LTACH, LOV, LOS, Number

of Transfers to ER and Admissions to ACH.

Consciousness and

Cognitive State- at

Admission to LTACH

Age on

Admission to

LTACH Mean±
SD

In-LTACH

mortality, n

(%)

LOV months± SD,

(range)

LOS at LTACH months±
SD, (range)

Number of

Transfers to ER

Mean± SD

Number of

Admissions to

ACH Mean± SD

VS/MCS (n= 130) 72.9± 12.6 66 (50.8) 26.2± 30.8 (1.0-191.1) 23.8± 30.7 (0.1-189.6) 1.1± 3.1 0.6± 1.6

SCI (n= 100) 83.1± 9.5 58 (58.0) 17.7± 20.0 (1.5-128.2) 15.1± 19.5 (0.4-126.4) 1.0± 1.2 0.7± 1.0

Mild/Moderate

Cognitive Impairment

(n= 34)

76.6± 9.1 9 (26.5) 14.5± 15.3 (1.5-61.5) 10.0± 12.8 (0.2-49.9) 1.7± 1.6 1.1± 1.1

No Cognitive

Impairment (n= 38)

66.5± 10.2 5 (13.2) 22.2± 24.3 (1.5-111.1) 18.9± 21.9 (0-110.4) 1.6± 1.8 0.9± 1.5

Intellectual Disability/

Psychiatric Disorder

(n= 6)

59.8± 13.8 2 (33.3) 32.6± 23.8 (7.5-61.8) 30.1± 23.8 (5.8-59.8) 3.8± 3.7 2.7± 3.0

P < .001 < .001 .09 .02 < .001 < .001

ACH= acute care hospital; ER= emergency room; LOS= length of stay; LOV= length of ventilation; LTACH= long-term acute care hospital; SCI= severe cognitive

impairment; SD= standard deviation; VS/MCS= vegetative state/minimally conscious state.
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Because inclusion criteria were hospitalization between 01/
01/2015 and 6/30/2019, patients admitted years before were
included in the analysis, hence the wide LOS and LOV range
at a maximum of 16 years for both. On the other hand, there
was an underestimation of LOS because the follow up period
at the end of the patient recruitment was only six months.
The mean LOS at LTACH was highest for VS/MCS patients
at admission and for those with no cognitive impairment. One
possible explanation is that the cognitive and usually
the physical state prior to the event leading to the PMV initia-
tion of patients with VS/MCS was vastly better than for patients
with severe cognitive impairment at admission. This suggests
that patients with SCI had more comorbidity and may have
received less optimal treatment at the outpatient setting before
the event than the former. Another explanation, which
derives from the previous one, is that some VS/MCS patients
can survive with adequate medical and nursing care for more
than a decade hence skewing LOS and LOV toward higher
values.

Of 130 patients presenting with VS/MCS at admission to
LTACH, at the end of follow-up 120 were in VS/MCS, with
nine presenting SCI and only one improving to mild to moderate
cognitive impairment. The latter was the only patient being fed
PO at the end of follow-up among those patients. This reflects
the “natural history” of patients in VS/MCS in a setting where ter-
minal weaning is not feasible. The main etiology of the VS/MCS in
this study was non-traumatic, which has been shown to have a
worse prognosis in terms of survival and neurological recovery
according to many longitudinal studies.16,17 Our study included
only ventilated patients who may have had a worse prognosis
and more severe brain injury than non-ventilated patients.
However, other studies such as the study by Estraneo et al18 did
not demonstrate the association between etiology and prognosis
in patients with VS/MCS.18,19

Among the 100 SCI patients at admission to LTACH, the
condition of three worsened to VS/MCS, and the cognitive
impairment of five improved to mild to moderate levels. The
rest remained with SCI. The proportion of SCI patients

remaining in the same cognitive state was expected due to
their GDS/FAST scores of 6-7 at admission and the natural
history of advanced dementia.20 Of note, 71 patients were in
SCI before initiation of mechanical ventilation.

Daily ventilation time was mostly full (24h/day) at admis-
sion to LTACH among all age groups. At the end of follow-up,
only a handful of patients aged 80 years and above were either
weaned or on nocturnal ventilation compared to almost a
quarter of the youngest age group. It is important to note that
the unit admits PMV patients without taking into consideration
either the potential for weaning or their prognosis.

In the Frengley et al11 study about weaning outcomes among
PMV patients according to age, the likelihood of being weaned
decreased from 36% for the cohort ages 65-69 years to 7% in
the ≥90 year cohort (p= .002). The underlying diagnoses
leading to PMV support in Frengley’s study were similar to
those in the current study, except that none of their patients
had VS/MCS or a record of dementia. They reported that
63% of patients died at LTACH and that only 4% of patients
were discharged home and 9% to nursing homes compared to
5.5% and 1.3% in the current study. In their multivariate
model, age was not a significant factor in predicting outcomes.
In contrast, in our study, the 80 years and above cohort was inde-
pendently associated with in-LTACH mortality. In a meta analy-
sis, Damuth et al6 described the survival of PMV patients at
ACH and LTACH in the United States versus internationally.
The pooled mortality at time-points between two and four years
was 69% (95%CI 63%-74%) in studies in acute care hospital
ICUs, 56% (95%CI 45%-66%) in acute care hospital weaning
units, and 64% (95%CI 52%-74%) in post-acute care hospitals.
The rate of weaning from ventilation at one year in post-acute
care hospitals was 47% (95%CI 42%-51%) in the United States
versus 63% (95%CI 59%-68%) internationally. However, it is
important to keep in mind that the LTACH studies included in
the meta-analysis comprised patient pools with a different distribu-
tion of underlying diagnoses for PMV than in the current study.
For example, Modawal et al21 reported outcomes of PMV patients
in a rehabilitation unit. After a two-year follow-up, they achieved
50.3% weaning from ventilation. However, theirs was a rehabili-
tation facility with no mention of dementia or prolonged disorders
of consciousness as a result of brain anoxic damage.

Greater cognitive impairment was associated with older age
and fewer transfers to ER during hospitalization in LTACH. In
the cox regression multivariable model, an increased number of
transfers to ER was associated with decreased mortality, at an
adjusted HR of 0.69. This may be due to practitioner bias of
selecting patients with supposedly more treatable and reversible
conditions who are sent to the ER for further treatment. This is
in line with considerations of “medical futility”, whereby older
patients with unfavorable prognoses are treated conservatively,
therefore decreasing the potential number of referrals to ACH.

However, in Israel, cultural perceptions of the “sanctity of
life” among traditional segments of Israeli society result in a
percentage of patients with severe cognitive impairment being
referred to ACH regardless of the patient’s age, physical/cogni-
tive state, or quality of life, and subsequently are ventilated. In

Table 4. Logistic Regression Analysis for the Likelihood of Dying

in-LTACH among 303 Adult Subjects.

Variables B

Adjusted HR

(95% CI) P

Age(y) groups on Admission to LTACH

40-59

60-79 0.552 1.74 (0.87-3.46) .12

≥ 80 1.090 2.97 (1.49-5.92) .002

Not having acute neurological event as

main reason for ventilation*

0.997 2.71 (1.30-5.65) .008

Chronic Condition: DM 0.414 1.51 (1.07-2.13) .02

Number of Transfers to ER -0.369 0.69 (0.58-0.83) .001

DM= diabetes mellitus; ER= emergency room; HR = hazard ratio; LTACH=
long-term acute care hospital.

*Acute neurological event: ischemic stroke, intracerebral hemorrhage, epileptic

seizure.
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the current study, almost a quarter of patients admitted to
LTACH presented severe cognitive impairment and a handful
were in VS/MCS prior to the event leading to intubation.

In Israel, the sociocultural, religious, and legal setting may be
a factor in the described outcomes. Many patients with severe
cognitive impairment are intubated, and due to the 2005
Patient Dying Act,12 it is illegal to hasten death actively, eg, in
the form of withdrawing ventilation. In order to prevent the
current situation, the Israeli public can file advance directives
and ask for “Do-not-resuscitate” (DNR)/ “Do-not-intubate”
(DNI) status, among others in certain situations. However,
administrative encumbrance and inefficiency may prevent these
directives from being signed or activated. As of early 2020, of
6.6 million adults aged 15 years and above,22 only about
19,500 people nationally had filed these directives with the
Central Data Bank of Preliminary Medical Directives, (data
bequeathed by a request to the Israeli Ministry of Health;
request number: 631809). In the study of Jacobs et al,23 of 120
PMV patients, some were ventilated at home and others in the
LTACH of this current study, 119 (99.2%) did not have
advance directives.

This situation results in many patients being ventilated indef-
initely in Israeli LTACHs, without knowing what their
end-of-life preferences would have been. In a study of Sviri
et al,24 relatives of PMV patients were more likely to request
invasive procedures for their relatives, than for themselves.
Specifically, if it were legally possible, half of them would
have requested withdrawal of ventilation for themselves, if
deemed unconscious with a minimal chance of recovery,
while none would make such a request on behalf of their ven-
tilated relatives. As a whole, the increase in the PMV patient
population has wide economic and social repercussions for
their immediate family and for the health system. In a
Canadian study by Dale et al25 about support needs and health-
related quality of life of family caregivers of patients requiring
PMV, stress-related health changes experienced by family care-
givers included alterations in eating habits, body weight, quan-
tity and quality of sleep, and energy levels that persist well
beyond the ICU and LTACH stay.

Of note, a minority of medically stable PMV patients with
more favorable cognitive and physical conditions can be redi-
rected to home ventilation. Jacobs et al26 compared home-
ventilated patients with those ventilated in the LTACH of this
current study. They found that patients ventilated at home
were, on the average, younger, had less comorbidity, were
more likely to be alert and able to communicate, and were ven-
tilated for a longer period of time.26 The cost to the HMO was a
third that of LTACH, with lower depression rates among
patients. However, the patients ventilated at home were put
on a ventilator mainly for degenerative neuromuscular diseases
or chronic lung disease, whereas LTACH patients suffered
more from acute neurological or medical changes. In that
study PMV patients reported few severe distressing symptoms
and 85% would have chosen ventilation if asked again.23 This is
consistent with a 2019 study from Jubran et al,27 whereby six
months after discharge, improvement in muscle function

enabled patients to perform daily activities, and 84.7% indi-
cated willingness to undergo mechanical ventilation again.

Significantly, in the face of prognostic uncertainties, espe-
cially in a multicultural setting, physicians are able to choose
(or to discourage) life-prolonging therapies. Data on patients in
22 European ICUs in 2015-2016, who received limited treatment
or who died, were compared with data reported from the same
ICUs in 1999-2000.28 Limiting the use of life-prolonging thera-
pies occurred significantly more frequently, in 2015-2016.
Compared to countries in northern Europe and central Europe,
Israel had the longest median length of stay in ICU and the
longest median time from ICU admission until the first limitation
of life-sustaining therapy.28 The results of this current study are
relevant in countries where, for cultural reasons, terminal
weaning is not accepted because of the belief in the sanctity of
life or the strong hope for improvement in the patient’s condition.
From another perspective, it is important to learn the natural
history and prognosis of PMV patients from a wide range of eti-
ologies in order to assist family members, health professionals,
and health policy-makers in decision-making.

This study sheds light on the natural course of disease of a
PMV population by a multi-disciplinary team with regular
and frequent structured assessments of cognitive and physical
functions and care, in a setting where law does not permit ter-
minal weaning. The strength of this study is in our use of vali-
dated tools such as the JFK Revised Coma Recovery Scale, for
diagnosis of VS/MCS as recommended by professional guide-
lines,29,30 and the GDS/FAST scale for assessment of the level
of cognitive impairment. Furthermore, the underlying diag-
noses for PMV in a large proportion of patients are different
from what other centers have reported and published.

Limitations
This is a single-center study of PMV patients in a LTACH
setting in a country where terminal weaning is not feasible.
Therefore, our results may have limited generalizability to
some countries where this practice is more common. No data
was available on patients discharged or transferred from the
LTACH. There is an underestimation of LOS at LTACH
because the follow up after the end of the patient recruitment
for the study was only six months long. In addition, only
adult PMV patients aged 40 years and above at time of admis-
sion to LTACH were included in this study. Young adults and
pediatric PMV patients were excluded because of their unique
clinical background. Nutritional status and comorbidity score
were not accounted for in this analysis.

Conclusions
This study shows the outcomes of PMV patients in a country
where terminal weaning of mechanical ventilation is not imple-
mented in clinical practice. In-LTACHmortality was associated
with increasing age and worsening consciousness and cognitive
state. Age was associated with worsening physical, neurologi-
cal and weaning outcomes. Longer stay in LTACH and lack
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of neurological improvement in patients in a vegetative state or
with severe cognitive impairment, places a long-term physical
and emotional burden on caregivers, poses a significant cost
to society, and raises clinical and ethical questions. In this
study, many patients with severe cognitive impairment before
the event were subsequently ventilated, an intervention that
might have prolonged their suffering. There is a need for discus-
sion regarding end-of-life decisions from the initial decision to
resuscitate/intubate patients to the long-term management of
these patients.
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