Long-Term Acute Care Hospital Outcomes
of Mechanically Ventilated Patients With

Coronavirus Disease 2019*

OBJECTIVES: To describe the clinical characteristics and outcomes of adult
patients with coronavirus disease 2019 requiring weaning from prolonged me-
chanical ventilation.

DESIGN: Observational cohort study of patients admitted to two long-term acute
care hospitals from April 1, 2020, to March 31, 2021.

SETTING: Two long-term acute care hospitals specialized in weaning from pro-
longed mechanical ventilation in the Chicagoland area, lllinois, United States.

PATIENTS: Adult (> 18 yr old) ICU survivors of respiratory failure caused by se-
vere acute respiratory syndrome coronavirus 2 pneumonia receiving prolonged
mechanical ventilation.

INTERVENTIONS: None.

MEASUREMENTS AND MAIN RESULTS: During the study period, 158 con-
secutive patients were transferred to the long-term acute care hospitals for weaning
from prolonged ventilation. Demographic, clinical, and laboratory data were collected
and analyzed. Final date of follow-up was June 1, 2021. Prior to long-term acute care
hospital transfer, median length of stay at the acute care hospital was 41.0 days and
median number of ventilator days was 35. Median age was 60.0 years, 34.8% of
patients were women, 91.8% had a least one comorbidity, most commonly hyperten-
sion (65.8%) and diabetes (53.2%). The percentage of weaning success was 70.9%.
The median duration of successful weaning was 8 days. Mortality was 9.6%. As of
June 1, 2021, 19.0% of patients had been discharged home, 70.3% had been dis-
charged to other facilities, and 1.3% were still in the long-term acute care hospitals.

CONCLUSIONS: Most patients with coronavirus disease 2019 transferred to
two Chicago-area long-term acute care hospitals successfully weaned from pro-
longed mechanical ventilation.

KEY WORDS: coronavirus disease; long-term care hospitals; mechanical
ventilation; weaning

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infec-

tion have been recorded in the United States (1). The cumulative U.S.
hospitalization rate for adults with coronavirus disease 2019 (COVID-19) is 709
per 100,000 population (2). Up to 30% of hospitalized patients with COVID-19
are started on invasive ventilation for severe pneumonia (3-7). Invasive venti-
lation in these patients (8-10) portend a poor prognosis as approximately 40%
of them do not survive hospitalization (3, 5-7, 11-14). For those who survive,
the duration of ventilatory support is prolonged (11, 13-15). When the clinical
condition stabilizes, patients with COVID-19 receiving prolonged mechan-
ical ventilation are commonly transferred to long-term acute care hospitals
(LTACHs) for further care (16).

3 s of June 1, 2021, more than 33 million laboratory-confirmed cases of
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The clinical characteristics and outcomes of
COVID-19 patients cared for in the ICU have been de-
tailed in several reports (5, 6, 11, 12, 17-21). There is
limited information pertaining to COVID-19 patients
once they have been transferred to an LTACH (16).
Accordingly, the goal of this study was to describe,
for the first time, the clinical characteristics and out-
comes of a cohort of mechanically ventilated patients
with COVID-19 who survived acute care hospital-
ization and were then transferred to two Chicago-
area LTACHs during the first 12 months of the city’s
outbreak for weaning from prolonged mechanical
ventilation.

MATERIALS AND METHODS

See the Electronic Supplementary Material (http://
links.Iww.com/CCM/G593) for additional details.

We conducted this study at RML Specialty Hospital-
Hinsdale, a 115-bed free-standing LTACH located in a
Chicago suburb, and RML Specialty Hospital-Chicago,
a 69-bed free-standing LTACH in Chicago. The
Institutional Review Board at RML Specialty Hospital
approved the investigation (FXL 004).

All patients with respiratory failure caused by SARS-
CoV-2 pneumonia admitted to the LTACHs between
April 1, 2020, and March 31, 2021, for weaning from
prolonged ventilation (= 4 d plus tracheostomy) (22, 23)
were included in the investigation. We prospectively
reviewed patients’ medical records. When data of in-
terest were missing, we contacted the primary team
caring for the patient to obtain the information (18).
Postal codes were used to determine whether patients
lived in areas where the percentage of low-income resi-
dents exceeds the Illinois benchmark of 29.4%, as de-
fined by the Uniform Data System Mapper (24).

Assessed clinical outcomes included: 1) respiratory
status (ventilator dependence, spontaneous breath-
ing), 2) functional status (basic mobility and self-care
functioning quantified using the Activity Measure for
Post-Acute Care (AM-PAC) Inpatient Short Form)
(25), 3) discharge location (home, nursing home, re-
habilitation hospital, acute care hospital), 4) LTACH
mortality, and 5) need for home mechanical ventila-
tion. Clinical outcomes were monitored until LTACH
discharge or no later than June 1, 2021, the final date of
follow-up. Patients were considered weaning successes
when they breathed without ventilator assistance for at
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least five consecutive days by day 45 of LTACH admis-
sion (26). All other patients were considered weaning
failures.

Categorical variables were reported as percentages
and continuous variables as medians and interquar-
tile ranges (IQRs). Comparison of continuous vari-
ables was performed using the Mann-Whitney U test.
chi-square or Fisher exact test were used for catego-
rical variables as appropriate. Statistical significance
was assumed at two-tailed p values of less than 0.05.
Sample size and power calculations were not feasible
owing to the lack of published data on LTACH out-
comes for this illness (27). Accordingly, the sample
size was equal to the number of COVID-19 patients
transferred to the LTACHs during the study period
(7, 11, 12, 18). All analyses were done using SPSS 23
(IBM SPSS, Armonk, NY).

RESULTS

Patient Characteristics

During the study period, 215 consecutive COVID-19
patients were transferred to the LTACHs. One-hundred
fifty-eight of these patients had respiratory failure
caused by SARS-CoV-2 pneumonia and required wean-
ing from prolonged ventilation. The median age of these
patients was 60.0 years (IQR, 53.0-70.0 yr); 55 (34.8%)
were women (Table 1). Two-thirds had a history of hy-
pertension, over half were diabetic, and more than one-
third were obese (body mass index > 30). Seventy-four
patients (46.8%) were Hispanic, 36 (22.8%) were Black,
and 39 (24.7%) were White non-Hispanics. Nearly
two-thirds of all patients resided in low-income areas
(e-Table 1, http://links.lww.com/CCM/G593). Hispanic
and Black patients were about twice as likely to live in
low-income areas as White patients (e-Table 1, http://
links.Iww.com/CCM/G593). The median length of stay
in the acute care hospital of origin was 41.0 days (IQR,
33.0-54.0 d) and the median number of ventilator days
prior to transfer was 35.0 days (IQR, 27.0-46.0 d).

LTACH Outcomes

The percentage of weaning success was 70.9%. The me-
dian duration of weaning (weaning success only) was 8.0
days (IQR, 4.0-15.0 d). During LTACH stay, the most
common complications were healthcare-associated
pneumonia (20.3% of patients) followed by septic shock
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TABLE 1.
Patient Demographics and Characteristics

Total Weaning Weaning

Characteristics Participants (n = 158) Success (n=112) Failure (n =46)
Age, yr 60.0 (53.0-70.0) 59.0 (51.0-69.8) 63.5 (56.8-71.0) 0.034
Gender, female/male (%female) 55/103 (34.8%) 42/70 (37.5%) 13/33 (28.3%) 0.268
BMI 28.6 (25.0-33.8) 28.8 (25.6—-34.2) 27.7 (24.0-32.3) 0.271
Race

Hispanic 4 (46.8%) 0 (44.6%) 4 (52.2%) 0.389

Black 6 (22.8%) 6 (23.2%) 0 (21.7%) 0.841

White non-Hispanic 9 (24.7%) 9 (25.9%) 0 (21.7%) 0.582

Others 9 (5.7%) 7 (6.3%) 2 (4.3%) 0.805
Acute Physiology and Chronic Health 12.0 (8.0-17.0) 10.0 (7.0-16.0) 15(11.8-18.3)  0.001

Evaluation I
Do not resuscitate 4 (8.9%) 6 (5.4%) 8 (17.4%) 0.027
Comorbidities

Hypertension 104 (65.8%) 3 (65.2%) 31 (67.4%) 0.790

Diabetes mellitus 4 (53.2%) 4 (48.2%) 30 (65.2%) 0.052

Obesity (BMI > 30) 2 (39.2%) 6 (41.1%) 16 (34.8%) 0.462

Pulmonary disease 9 (18.2%) 3 (20.5%) 6 (13.0%) 0.269

Cardiac disease 7 (17.2%) 6 (14.3%) 11 (23.9%) 0.151

Malignancy 0 (6.3%) 7 (6.3%) 3 (6.5%) 0.949

Hemodialysis 6 (3.0%) 3 (2.7%) 3 (6.5%) 0.358
Clinical course in the acute care hospital of origin

LOS, d 41.0 (33.0-54.0) 40.5 (32.0-51.0) 43.0 (33.0-63.0) 0.127

MV, d 35.0 (27.0-46.0) 35.0 (27.3-45.8) 35.5 (26.0-54.8) 0.351
LTACHs admission functional status

Basic mobility (AM-PAC t Scale score) 16.6 (16.6-19.4) 16.6 (16.6—22.6) 16.7 (16.7-16.7) 0.0001

Self-care functioning (AM-PAC t Scale score)  17.1 (17.1-23.5) 171 (17.1-283.3) 171 (17.1-17.1) 0.0003
Course in the LTACHs®

MV, d 11.0 (5.8-26.0) 9.5 (5.0-18.0) 32 (6.8-63.5) 0.0003

LOS, d 36.5 (26.3-60.0) 39.0 (28.0-59.0) 33.5 (8.8-73.0) 0.118

Mortality 15 (9.6%) 2 (1.8%) 13 (29.5%) < 0.0001

AM-PAC = Activity Measure for Post-Acute Care, BMI = body mass index, LOS =

MV = mechanical ventilation.

length of stay, LTACH =

long-term acute care hospital,

*Comparisons weaning success vs weaning failure only, Mann-Whitney U test was used for continuous variables, and 2 test or Fisher

exact test was used for categorical variables.

*Data refers to patients discharged at the time of final assessment (Total n = 156, weaning successes n = 112, weaning failure n = 44).

Data are n (%) or median (interquartile range).

(10.8% of patients), cardiac arrest (7.0% of patients),

failure group (1.8% and 29.5%, respectively; p < 0.0001)
Table 1). As of June 1, 2021, two patients (1.3%) were
still in the LTACHs and 141 patients (89.2%) had been
discharged alive: 30 (19.0%) home, 73 (46.2%) to a

and gastrointestinal bleeding (6.3% of patients).
Opverall, LTACH mortality was 9.6%. As expected
(28), mortality in the success group was less than in the

258 www.ccmjournal.org February 2022 ¢ Volume 50 * Number 2



Feature Articles

rehabilitation facility, 27 (17.1%) had been transferred
to an acute care hospital, and 11 (7.0%) to a nursing
home. No patient discharged home required mechan-
ical ventilation.

Median AM-PAC standardized scores (25) for basic
mobility and self-care functioning at LTACH admission
were 16.6 (IQR, 16.6-19.4) and 17.1 (IQR, 17.1-23.5),
respectively (Table 1). These scores reflect a patient’s
total need of assistance while performing basic mo-
bility tasks such as rolling in bed and while performing
daily activities such as toileting or brushing teeth (25).
At LTACH discharge, basic mobility and daily activity
scores had increased to 30.3 (IQR, 16.6-39.7) and
32.2 (IQR, 17.1-38.7) (p < 0.001 in both instances). In
55.1% and in 60.3% of patients, improvements in basic
mobility and daily activity scores, respectively, were
greater than the minimal detectable difference (29).

COVID-19 Testing During LTACH Stay

One-hundred nine patients (69.0%) underwent at
least one target capture and transcription-mediated
amplification assay SARS-CoV-2 test (nasopharyngeal
swab) in the LTACH (see Electronic Supplementary
Material,  http://links.lww.com/CCM/G593,  for
details). Thirty-two (29.4%) of these tests were posi-
tive. In 78 patients, the test was repeated an average
of four times at approximately 7-day intervals. In 45
of these patients (57.7%), repeated tests were either
consistently positive (three patients, 3.8%) or consist-
ently negative (42 patients, 53.8%). In 19 patients, the
results of repeat tests were unstable—for example, test
from negative became positive, and then again neg-
ative or vice versa (Fig. 1). The greatest number of
LTACH days that a test was persistently positive was
28.

DISCUSSION

This is the first study designed to describe clinical char-
acteristics and outcomes of COVID-19 patients re-
ceiving prolonged mechanical ventilation from a large
U.S. metropolitan area. All patients were transferred
to two LTACHs during the initial 12 months of the
COVID-19 outbreak. Most patients were Hispanic or
Black men around 60 years old with hypertension and
diabetes. Nearly 40% were obese. The 45-day weaning
success rate was 70.9%. As of June 1, 2021, LTACH
mortality was 9.6%.

Critical Care Medicine

Patient Characteristics

Over half of the cohort of patients had diabetes. The
corresponding figure in the Chicago metropolitan area
is estimated between 15.6% and 22.1% for middle age
and older adults (30). The higher prevalence of diabetes
in our patients than in the local population supports the
association between diabetes and critical illness related
to COVID-19 (5). Patients with diabetes were more
likely to fail weaning from mechanical ventilation than
those without diabetes (Table 1). This finding is con-
sistent with previous reports documenting worse out-
comes in patients with COVID-19 and diabetes (21,31).
The prevalence of obesity (39.2%) and hypertension
(65.8%) in our patients is close to the range of the local
prevalence of obesity (32.8-37.0%) and hypertension
(40.8-63.3%) for middle age and older adults (30).
This suggests that the high prevalence of these two
conditions in our cohort of COVID-19 patients mostly
reflects the population of origin.

The racial distribution in our cohort of patients was
46.8% Hispanic, 22.8% Black, and 24.7% White. The
racial distribution in the Chicago metropolitan area
consists of 29.9% Hispanic, 29.8% Black, and 32.9%
White (30). Whether race per se is a risk factor for de-
velopment of critical illness related to COVID-19 re-
mains controversial (5, 7, 32). A key aspect to consider
when deciphering the role of race on clinical outcomes
includes income, living conditions (32), and access to
healthcare of different racial groups (33). Most Hispanic
and Black patients resided in low-income areas (68.9%
and 75.0%, respectively, e-Table 1, http://links.lww.
com/CCM/G593). Whether belonging to a specific ra-
cial group or having low income or a combination of
the two portends higher likelihood of prolonged me-
chanical ventilation among survivors of critical illness
related to COVID-19 remains to be determined.

LTACH Outcomes

Considering that this is the first investigation on
LTACH weaning outcomes and mortalityin COVID-19
patients, we cannot comment on how our results com-
pare with the experience of other LTACHs both na-
tionally and internationally. Similarly, it is difficult to
assess how COVID-19 affects weaning outcome and
mortality compared with patients without COVID-19
cared for in LTACH facilities. The rate of LTACH
weaning success for non-COVID-19 patients reported
259
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Figure 1. Severe acute respiratory syndrome coronavirus 2 test results using target capture and transcription-mediated amplification
in 19 patients who underwent nasal swabs more than once during long-term acute care hospital stay and in whom test results were
unstable. Red = positive test. Green = negative test. Repeat tests were performed approximately 1wk apart from each other.

in the last 24 years ranges from 38% to 87%, and
LTACH mortality ranges from 7.6% to 50% (e-Table 2,
http://links.lww.com/CCM/G593). This heterogeneity
stems from several factors including varying defini-
tions of weaning success across studies and systematic
differences in patients’ selection for LTACH admission
within a country (23) and among countries (34).

To explore the impact of COVID-19 on LTACH
weaning outcome, we compared a subset of 56
COVID-19 patients and 56 non-COVID-19 patients
with acute lung injury as the reason for intubation
(acute lung injury being the presumed mechanism of
respiratory failure caused by severe SARS-CoV-2 pneu-
monia) (35) (e-Table 3, http://links.lww.com/CCM/
G593). Patients in the non-COVID-19 group had been
admitted to our two LTACHs in the 12 months pre-
ceding the pandemic. The two groups were matched
for age, gender, race group, and severity of disease at
LTACH admission (Acute Physiology and Chronic
Health Evaluation II scores). In this explorative sub-
group analysis, COVID-19 patients had equivalent
rates of LTACH weaning success and no difference
in weaning duration or LTACH mortality compared
with non-COVID-19 patients (e-Table 3, http://links.
Iww.com/CCM/G593). As it pertains to prognosis, the
equivalent outcomes between COVID-19 and non-
COVID-19 patients admitted to the two LTACHs sug-
gest that the etiology of respiratory failure (i.e., acute
lung injury) may be of more import than its upstream
cause (i.e., SARS-CoV-2) (36, 37). This possibility is
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supported by the equivalent acute ICU mortality re-
ported in a recent single-center U.K. investigation of
ventilated patients with and without COVID-19 who
fulfilled the Berlin criteria for acute respiratory distress
syndrome (36).

During the first wave of the pandemic, weaning suc-
cess rates of patients with COVID-19 cared for in acute
ICUs ranged broadly (11-65.0%), as did mortality
(23.3-81%) (11, 13, 18, 37-39). A contributing factor
to this variability is the timing of assessment: day-28 of
admission in some studies (18, 37, 39) and a fixed day
of follow-up in others (11, 13, 38) (e-Table 4, http://
links.Iww.com/CCM/G593).

Total duration of mechanical ventilation (ventilator
days in the acute ICU plus LTACH) among COVID-19
LTACH survivors in the current investigation was 51.5
days (IQR, 39.3-66.8 d). In contrast, duration of me-
chanical ventilation in acute COVID-19 ICU survivors
ranges from approximately 14.0 days to approximately
27.0 days (4, 11, 14, 36, 37, 39) (e-Table 4, http://links.
Iww.com/CCM/G593). This signifies that most of our
patients were further away from the time of initial lung
injury. Furthermore, our patients were, by definition,
acute ICU survivors. These two factors introduce se-
lection bias, limiting comparison between acute ICU
and LTACH patients with COVID-19. The much
lower LTACH mortality of our patients (9.6%) com-
pared with acute ICU studies (23.3-81%) (11, 13, 18,
37-39) may reflect this bias. Despite these limitations,
our data suggest that survival of COVID-19 patients
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beyond the acute ICU may portend a high likelihood
of successful weaning from mechanical ventilation and
of LTACH survival.

At LTACH admission, patient basic mobility, such
as rolling in bed, and self-care functioning, such as toi-
leting, were severely impaired (Table 1). Severe impair-
ment in mobility and self-care functioning at LTACH
admission are common (40-44) and are associated
with worse clinical outcomes including lower prob-
ability to remain ventilator-free (40, 43) and higher
mortality (43). All COVID-19 patients in our investi-
gation underwent physical and occupational therapy
according to LTACHs standard of care (see Electronic
Supplementary Material, http://links.Iww.com/CCM/
G593, for details) and, as expected (40-44), their
basic mobility and self-care functioning improved
over LTACH stay. In more than half of patients,
these improvements were greater than the AM-PAC
standard minimal detectable difference (indicating a
minimum change beyond measurement error) (29),
yet, at LTACH discharge, patients still required in ex-
cess of 60% assistance to perform basic mobility and
self-care functioning tasks. Not surprisingly, over
80% of COVID-19 patients discharged alive from the
LTACH did not go home but were transferred to a re-
habilitation center or a nursing home, or an acute care
hospital. These figures are similar to those reported
in non-COVID patients (28, 45, 46), emphasizing the
protracted negative impact of critical illness.

The prominent physical impairment and the need
for prolonged ventilatory support also highlight the
important role of LTACHs during the ongoing pan-
demic especially during periods of high acute ICU oc-
cupancy. To increase the available ICU resources in the
regional acute care hospitals, our LTACHs developed
an organizational model similar to what was recently
described by Grigonis et al (16). The two LTACHs,
having served the Chicago metropolitan area for more
than 30 years, relied on the already well-established
working relationships with regional acute care hospi-
tals. Second, the LTACHs maintain on-site high acuity
units. This allowed for the ongoing care of COVID-19
patients who became unstable, minimizing the burden
on acute-care ICUs. Third, via a series of organiza-
tional steps, the two LTACHs maximized capacity
while maintaining patient and healthcare staff safety
(see Electronic Supplementary Material, http://links.
Iww.com/CCM/G593, for details), resulting in two

Critical Care Medicine

LTACHs operating at virtually full capacity for most of
the last 12 months.

SARS-CoV-2 Testing During LTACH Admission

For infection-control purposes and to assist in the dis-
position of patients, the primary team obtained serial
nasopharyngeal swabs for SARS-CoV-2 testing ap-
proximately once a week. In 57.7% of patients, the tests
were either consistently negative or positive first and
then negative. In contrast, in 24.4% patients test results
were variable over time (Fig. 1). The mechanisms that
might be responsible for such fluctuation include defi-
ciency in sampling technique, reinfection, laboratory
error, and prolonged nucleic acid conversion (47). It
follows that a negative nasopharyngeal swab specimen
cannot be considered as the sole indicator to inform
decisions on isolation, recovery, discharge, and trans-
ferring of LTACH patients. It is unclear whether tra-
cheal aspirates or mini bronchoalveolar lavage may
have a greater diagnostic yield than nasopharyngeal or
oropharyngeal swabs (48). Furthermore, it is unknown
whether traces of virus detected by nucleic acid ampli-
fication tests equate to live virus capable of transmis-
sion (49).

Strengths and Limitations

We prospectively identified patients and collected
data. Accordingly, our findings reflect the outbreak of
COVID-19 in the Chicago metropolitan area, a region
that has been very severely affected by the pandemic
with 10,535 cases and 204.3 deaths per 100,000 resi-
dents to date (50). Data collection was concurrent with
ongoing patient care. If we encountered missing or un-
certain information in the medical records, we could
contact the primary team for clarification (18). This
minimized the number of missing data and enhanced
the internal validity of the investigation.

The study was geographically confined to the
Chicago metropolitan area. This limits the generaliza-
bility to LTACH settings elsewhere in the United States
and abroad. Data on weaning outcome were com-
plete by the final date of follow-up. In contrast, data
anchored to LTACH discharge such as patient disposi-
tion and mortality were available in 98.7% of patients
(two patients are still cared for in the LTACHs).
Any comparison with weaning outcomes of non-
COVID-19 patients cared for in the same LTACHs
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must be considered only hypothesis generating (51, 52).
Finally, the analyses have not been adjusted for mul-
tiple comparisons (5, 12), and given the possibility of
type I error, the findings should be interpreted as ex-
ploratory (12).

CONCLUSIONS

Most COVID-19 patients transferred to two Chicago-
area LTACHs successfully weaned from prolonged me-
chanical ventilation.
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