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Recovery of activities of daily living
in COVID-19 patients requiring
intensive care unit or medical care
unit: an observational study on the
role of rehabilitation in the
subacute phase
Chiara Notarstefano1, Federica Bertolucci2 , Mario Miccoli3

and Federico Posteraro2*
1Department of Translational Research and New Technologies in Medicine and Surgery, DS
Neurorehabilitation, University of Pisa, Pisa, Italy, 2Department of Rehabilitation, Versilia Hospital, AUSL
Toscana Nord Ovest, Lucca, Italy, 3Department of Clinical and Experimental Medicine, University of Pisa,
Pisa, Italy

Purpose: This study aims to describe the functional status of a cohort of subacute
COVID-19 patients treated in a dedicated rehabilitation unit and to compare
functional outcomes between patients previously hospitalized in the intensive
care unit (ICU group) and patients assisted in the medical care unit (MCU group).
Materials and methods: Clinical and functional evaluations were performed at
admission and discharge. The functional status was assessed using Barthel index
(BI), functional ambulation categories (FAC), trunk control test (TCT), and
dysphagia outcome and severity score (DOSS). All patients received
multidisciplinary tailored rehabilitation.
Results: We evaluated 171 patients (with a mean age of 67.7 ± 11.9 years, 117 were
males), 110 coming from the ICU (with a mean age of 63.24 ± 10.9 years), and 61
coming from the MCU (with a mean age of 75.75 ± 9.09 years). The ICU group
showed a worse functional status at admission compared with the MCU group
[BI 2.5 (0–20) vs. 20 (10–60), FAC 0 (0–0) vs. 0 (0–2), TCT 61 (42–100) vs. 100
(61–100), DOSS 5 (1–7) vs. 7 (7–7)] and had significantly longer hospital stay. At
discharge, all functional scales were improved with no statistically significant
differences between the two groups.
Conclusion: Early rehabilitation of COVID-19 survivors improves functional
recovery closing the initial gap between the ICU and MCU groups. In addition, it
is effective to improve the functional outcome reducing the costs for longer-
term assistance of COVID-19 patients.
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Introduction

COVID-19 is a systemic inflammatory disease primarily affecting the lungs with

secondary involvement of multiple body systems, resulting in complex disability (1). The

severity spectrum spans from mild respiratory syndrome accompanied by fever, dyspnea,

and dry cough to a more severe end of acute respiratory distress syndrome (ARDS),

which requires extended stays in the intensive care unit (ICU) (2).
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Risk factors for mortality in COVID-19 include advanced age

and comorbidities such as diabetes, obesity, systemic

hypertension, renal impairment, coronary artery disease, and

malignancies (3), but even individuals with lower susceptibility to

COVID-19 mortality can develop disabling pulmonary and extra-

pulmonary sequelae (2, 4). Disability arises from a combination

of factors, including viral and inflammatory damage on multiple

body structures, side effects of invasive supportive treatments,

cognitive and psychiatric complications, and extended periods of

immobilization. Neurological manifestations such as acute

cerebrovascular disease, peripheral neuropathy, and myopathy

can exacerbate impairments in motor function (5). Similar to

other causes of critical illness, COVID-19 patients spending

prolonged periods of immobility in the intensive care setting are

at risk of developing ICU-acquired weakness (IAW) and post-

intensive care syndrome (PICS). Both conditions can result in

long-lasting physical and psychological sequelae, ultimately

diminishing the overall quality of life (QoL) (6, 7). Nevertheless,

since COVID-19 patients assisted in medical care units (MCU)

can also display severe disability (8), the true impact of ICU-

invasive supportive treatments on functional status has not been

fully clarified yet. Furthermore, long-term sequelae of COVID-19,

referred to as “long COVID,” encompass symptoms such as

fatigue, muscle pain, palpitations, cognitive impairment, dyspnea,

anxiety, chest pain, and arthralgia lasting for more than 12 weeks

after the initial COVID-19 infection (9–11).

Starting from the early 2020, the COVID-19 pandemic has had

an enormous impact on acute care facilities, with the

implementation of ICU bed capacity and the transformation of

general medical wards into specialized COVID units, referred to

as COVID-dedicated MCU (12). Despite these changes, the

reorganization of rehabilitation services has resulted in the

creation of only a limited number of early subacute COVID

rehabilitation units aimed to facilitate prompt functional recovery

and to release pressure on acute care beds. Early rehabilitation

for subacute COVID-19 patients is endorsed by various expert

panels and clinical guidelines (13, 14), even though treatments

are mainly addressed toward respiratory impairment rather than

the broader range of functional deficits arising from the SARS-

CoV-2 infection. Following the ventilatory failure phase, patients

with COVID-19 pneumonia require a multidisciplinary

rehabilitation approach focused on restoration of premorbid

cardiopulmonary and motor function, thus allowing the recovery

of independence in performing the activities of daily living

(ADLs) (15). While interventions by speech and language

therapist are essentials for post-ICU patients with prolonged

orotracheal intubation and tracheostomy, milder forms of

dysphagia have also been reported in non-invasively ventilated

COVID-19 patients (16).

In the past few years, a limited number of observational studies

have highlighted the positive role of early inpatient rehabilitation

for post-COVID-19 disability (8, 17–20). These studies have

provided insights into the baseline functional characteristics of

COVID-19 patients and the outcomes of comprehensive

rehabilitation treatments during the initial waves of the

pandemic. As yet, among different studies, rehabilitation
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outcomes vary greatly due to relatively small samples of patients,

heterogeneous rehabilitation protocols, and methodology of

functional assessment. Recent systematic reviews, such as the one

conducted by the Cochrane Rehabilitation Field (21), revealed

that a greater body of research has been focusing on improving

acute respiratory symptoms and understanding the long-term

consequences of COVID-19 infection. Thus, the role of an early

subacute comprehensive rehabilitation treatment and the

comparison of global functional outcomes in patients previously

requiring ICU care and those managed in MCU settings remains

only partially elucidated.

In this article, we evaluated a large cohort of patients with

COVID-19 pneumonia admitted to a dedicated subacute

rehabilitation unit, with the aim of:

- Providing an accurate description of global functional outcomes

focusing on the recovery of pulmonary function, swallowing,

trunk control, walking abilities, and independence in activities

of daily living at discharge.

- Comparing rehabilitation outcomes between patients previously

hospitalized in intensive care units (ICU group) and patients

assisted in medical care units (MCU group).

Materials and methods

The case records of consecutive patients with COVID-19

pneumonia admitted to the rehabilitation unit of the Versilia

Hospital between 1 September 2020 and 31 October 2021 were

revised for this retrospective observational study.

The inclusion criteria were as follows:

• Age 18 years or older;

• Diagnosis of COVID-19 pneumonia confirmed by suggestive

radiological changes on chest CT scan and current or previous

laboratory confirmed SARS-CoV-2 infection;

• Severe respiratory failure treated in the acute phase with

conventional or high flow oxygen, non-invasive ventilation

(NIV), continuous positive airway pressure (CPAP), invasive

mechanical ventilation, or extracorporeal membrane

oxygenation (ECMO);

• Current hemodynamic stability without catecholamine infusion

and respiratory stability with no ventilation, even if the patients

needed the delivery of high oxygen flow with FiO2 of up to 60%;

• Sufficient autonomy in ADLs before hospitalization proved by

anamnestic Barthel index (BI) > 50;

• Ongoing severe, complex motor/respiratory disability due to

SARS-CoV-2 infection requiring intensive inpatient

rehabilitation.

Patients eligible for rehabilitation inpatient stay for orthopedic or

neurological conditions (such as fractures, major surgery, stroke,

severe brain injury) with coincident asymptomatic SARS-CoV-2

infection were excluded. Patients with SARS-CoV-2-related

neurological complications occurring during the acute phase of

COVID-19 pneumonia were enrolled. This study was performed

in accordance to the STROBE (Strengthening the Reporting of

OBservational studies in Epidemiology) checklist.
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The study was approved by the local ethical committee (Prot.

No. 19164) as an observational study.
Data collection

Anamnestic and clinical data
Demographic, anamnestic, and general clinical data were

collected using an electronic worksheet. The presence of morbid

obesity, diabetes, chronic lung disease, and chronic neurological

disorders was selected as premorbid anamnestic data. The

functional status of the patient before hospitalization was

assessed using the anamnestic BI (22) and functional ambulation

classification (FAC) (23). Anamnestic functional parameters were

obtained by interview of relatives and caregivers. Cumulative

illness rating scale (CIRS) was used to quantify the burden of

comorbidities (24). COVID-19 vaccination status (single dose,

booster dose, or not vaccinated) of the included patients was

recorded. Clinical data included the intensity of care (ICU or

MCU) during the acute hospitalization, acute care length of stay

(LOS), rehabilitation LOS, bacterial superinfections, and presence

of COVID-19-related neurological manifestations. The diagnosis

of peripheral nervous system complications required EMG/ENG

confirmation. All of the following data were assessed at the time

of admission and discharge: pulmonary gas exchange as assessed

by PaO2/FiO2 (P/F) calculated through arterial blood gas

analysis, need for oxygen supplementation, dysphagia, and

artificial nutrition support.
Rehabilitation outcomes and interventions
Discharge destination of the patient and referral to outpatient

rehabilitation were recorded. Trunk control impairment was

assessed by trunk control test (TCT) (25). This indirect measure

of motor function was adopted as most patients were bedridden

at admission to the rehabilitation unit. Severity of swallowing

impairment was evaluated using the dysphagia outcome and

severity scale (DOSS) (26). Patients were considered dysphagic

with a DOSS score of ≤5 (5–3 indicates the need of dietary

changes, ≤2 indicates the need for artificial nutrition). Walking

abilities of the patient were assessed using the FAC, while Barthel

index was used as a measure of independence in ADLs. All

functional scales were administered at admission and at

discharge from the rehabilitation unit. Improvement during

rehabilitation was reported by changes of functional outcome

measure scales from admission to discharge (ΔTCT, ΔDOSS,

ΔFAC, ΔBI). Data on prescription of ambulatory assistive devices

were collected as well. Physical performance measures such as

the 6-min walking test (6MWT) (27) and the short physical

performance battery (SPPB) (28) were available on a very limited

number of clinical records and will not be presented.

All patients underwent daily, individual, or group sessions of

multidisciplinary rehabilitation which included the following

domains of interventions:

• Pulmonary rehabilitation: training for breath control and

diaphragmatic re-education, chest expansion and volume
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increasing exercises, secretion clearance by bronchus suction

and positive expiratory pressure (PEP), or cough assistive devices

• Motor rehabilitation: active-assisted and active joint

mobilization of the four limbs, muscle strength training,

exercises for trunk control, and recovery of postural reflexes;

resumption of standing position and walking; reconditioning

exercise program with interval training and continuous

aerobic training, prescription of orthosis, and walking aids

• Swallowing rehabilitation: sensory–motor stimulation, postural

compensation, modified consistency diet, and oral hygiene

An isolated dedicated space including fully equipped gym rooms

for comprehensive rehabilitation treatment was arranged. A

specific pool of physiotherapists specialized in motor and

respiratory rehabilitation together with a language and speech

therapist specialized in swallowing rehabilitation and assessment

of cognitive dysfunctions was involved. All rehabilitation

professionals were provided with complete personal protective

equipment (including surgical and FFP2 masks, gloves, goggles,

glasses, face shields, gowns, and aprons). Due to significant

discomfort caused by personal protective equipment,

rehabilitation therapists were able to stay inside the dedicated

ward for no more than 3 h/day, thus resulting in increased

length and costs of treatments and great distress for therapists.

Despite this, the overall duration of daily rehabilitative session

was 3 h per patients divided into 2 h of individual treatment and

1 h of group sessions. The latter were reserved to patients with

better performance status.
Statistical analysis

Descriptive data were reported as frequencies, medians, means,

interquartile ranges (IQRs), and standard deviations. Shapiro–Wilk

test was used to verify the normality of the distributions. Student’s

t-test and Mann–Whitney U test were performed to compare

quantitative and ordinal variables. Categorical variables were

compared using the Chi-squared test or Fisher’s exact test. P-

values of <0.05 were considered statistically significant. Statistical

analysis was carried outwithR 4.0.3 forWindows andXLSTAT2020.
Results

Demographic and premorbid anamnestic
data

One-hundred and seventy-one patients with COVID-19

pneumonia were admitted to our rehabilitation unit between 1

September 20 and 20 October 21. Demographical and premorbid

anamnestic data are represented in Table 1.

The patients’ mean age at the time of hospitalization was

67.7 ± 11.9 years, and 117 of them were males. The median CIRS

comorbidity was 2 (IQR 1–3) indicating two body apparatus/

systems affected by the disease which requires therapy. CIRS

severity, indicating the overall severity of comorbidities, was 1.38

(IQR 1.23−1.46). Obesity and diabetes had the same prevalence
frontiersin.org

https://doi.org/10.3389/fresc.2023.1256999
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/


TABLE 3 Clinical features at the time of admission and discharge from the
rehabilitation unit in the study population, ICU group, and MCU group.

Study
population

(171)

ICU
group
(110)

MCU
group
(61)

p-
value

Oxygen support,
admission (n, %)

142/171 (83.4%) 96/110
(87.3%)

46/61
(75.4%)

0.077

Oxygen support,
discharge (n, %)

66/171 (38.6%) 42/110
(38.2%)

24/110
(39.3%)

0,989

TABLE 1 Demographical and premorbid anamnestic data in the study
population, ICU group, and MCU group.

Study
population

(171)

ICU
group
(110)

MCU
group
(61)

p-
value

Age (mean, SD) 67.7 ± 11.9 63.24 ± 10.9 75.75 ± 9.09 <0.0001

Sex (M/F) 117/54 77/33 21/40 0,671

CIRS comorbidity
(median, IQR)

2 (1–3) 2 (1–2.75) 2 (1–3) 0.026

CIRS severity
(median, IQR)

1.38 (1.23–1.46) 1.31 (1.15–
1.46)

1.41 (1.30–
1.54)

0.003

Obesity (n, %) 45/171 (26%) 35/110
(31.8%)

10/61
(16.4%)

0.044

Diabetes (n, %) 44/171 (26%) 30/110
(27.3%)

14/61
(22.9%)

0.662

Respiratory disease
(n, %)

30/171 (18%) 16/110
(14.5%)

14/61
(22.9%)

0–240

Neurological
disease (n, %)

19/171 (11.1%) 5/110
(4.5%)

14/61
(22.9%)

0.001

FAC anamnestic
(median, IQR)

5 (5–5) 5 (5–5) 5 (4–5) <0.0001

BI anamnestic
(median, IQR)

100 (100–100) 100 (100–
100)

100 (90–
100)

0.0003

CIRS, cumulative illness rating scale, FAC, functional ambulation classification, BI,

Barthel index, IQR, interquartile range.

p-value refers to the comparison between the ICU group and the MCU group.

Statistically significant differences are highlighted in bold.

TABLE 2 Clinical features prior to rehabilitation admission in the study
population, ICU group, and MCU group.

Study
population

(171)

ICU
group
(110)

MCU
group
(61)

p-
value

Acute care LOS, days
(mean, SD)

35.5 ± 21.6 40.63 ±
23.22

26.25 ±
14.03

<0.0001

Rehabilitation LOS,
days (mean, SD)

19.9 ± 12.5 22.1 ± 13.3 16.13 ± 9.5 0.001

Bacterial
superinfections

115/171 (67.2%) 88/110
(80%)

27/61
(44.2%)

0.0001

NIV (n, %) 39 (22.8%) 16 (14.5%) 23 (37.7%) 0.0007

Orotracheal
intubation (n, %)

— 92 (83.3%) — —

ECMO (n) — 2 — —

Tracheostomy (n, %) — 83 (75%) — —

LOS, Length of stay; NIV, non invasive ventilation; ECMO, extracorporeal

membrane oxygenation; SD, standard deviation.

p-value refers to the comparison between the ICU group and the MCU group.

Statistically significant differences are highlighted in bold.
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(26%) in the population. Approximately 18% of patients were

affected by chronic respiratory disease, while 11.1% had a previous

neurological disease. The median FAC anamnestic score was 5

(IQR 5–5), and the median anamnestic BI was 100 (IQR 100–100).

Prior to hospitalization, only eight patients had received a single

dose of COVID-19 vaccine, while none of the subjects included

had a booster dose. The majority of patients (110 out of 171,

64.3%) were previously admitted to the ICU (ICU group), while 61

patients belonged to a COVID-19 medical unit (MCU group). The

mean age was significantly higher in the MCU group compared

with the ICU group (75.75 ± 9.09 vs. 63.24 ± 10.9, p < 0.0001). In

the MCU group, higher CIRS comorbidity and severity scores were

found, paired with significantly higher frequency of chronic

neurological diseases. In the ICU group, a larger proportion of

patients were morbidly obese, whereas no difference was observed

in terms of the frequency of diabetes and chronic respiratory

diseases. The premorbid functional state was significantly different

in the two groups with higher anamnestic BI and FAC scores

reported in the ICU group.
P/F, admission
(mean, SD)

285.1 ± 106.2 283.05 ±
105.62

289.02 ±
106.4

0.551

P/F, discharge (mean,
SD)

356.8 ± 95.2 357.2 ± 84.2 356.05 ±
114.9

0.941

Tracheostomy,
admission (n, %)

— 68 (61.8%) — —

Tracheostomy,
discharge (n, %)

— 11 (10%) — —

Dysphagia (DOSS
≤5), admission (n, %)

74/171 (43.3%) 68/110
(61.8%)

6/61
(9.84%)

<0.0001

Dysphagia (DOSS
≤5), discharge (n, %)

18/171 (10.5%) 14/110
(12.8%)

4/61 (6.6%) 0.309

P/F, Pa02/FIO2; DOSS, dysphagia outcome severity scale; SD, standard deviation.

p-value refers to the comparison between the ICU group and the MCU group.

Statistically significant differences are highlighted in bold.
Patient’s clinical features

Significant clinical features prior to rehabilitation admission

and duration of hospitalization in acute care and rehabilitation

settings are reported in Table 2.

The mean LOS was 35.5 ± 21.6 days in acute care and 19.9 ±

12.5 days in rehabilitation. In the ICU group, both acute care

LOS and rehabilitation LOS were significantly longer compared

with the MCU group. Two significant outliers were found from

the ICU group, who were hospitalized for 138 and 148 days due

to difficult respiratory weaning and multiorgan failure. Hospital-
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acquired infections requiring antimicrobial therapy occurred

more frequently in the ICU group.

Relevant clinical features at the time of admission and

discharge from the rehabilitation unit are summarized in Table 3.

When comparing the ICU and the MCU groups, no significant

differences of respiratory functional status (oxygen support

requirements and P/F ratio) were found both at the time of

admission and discharge. In the MCU group, 23 (37.7%) patients

required NIV, while the remainder received conventional or high

flow oxygen therapy. In the ICU subgroup, 16 (14.5%) patients

were treated with NIV, and two patients were placed on ECMO,

while 92 (83.3%) patients required orotracheal intubation with a

mean length of endotracheal tube ventilation of 10.7 ± 4.6 days.

A total of 83 (75%) patients had respiratory weaning with

tracheostomy with a mean length of tracheostomy tube
frontiersin.org

https://doi.org/10.3389/fresc.2023.1256999
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/


Notarstefano et al. 10.3389/fresc.2023.1256999
placement of 37.6 ± 20.3 days. A total of 15 patients were weaned

from the tracheostomy tube before rehabilitation admission.

Successful decannulation during rehabilitation occurred in 57

patients, whereas 11 patients were discharged with tracheostomy

tube. Recovery of spontaneous breathing of mechanically

ventilated patients was achieved at 11.22 ± 13.7 days before

transfer to the rehabilitation unit. Only one patient had failed the

invasive ventilation weaning and was discharge from the ICU

with tracheostomy and long-term home mechanical ventilation.

Clinically significant dysphagia was more common in the ICU

group. In our cohort, the frequency of COVID-19-related

neurological complication was 6.4%, and no difference of

frequency of central or peripheral nervous system manifestations

was observed among the two groups. In the MCU group, there

were two cases of COVID-19-related subacute polyneuropathy

and one case of ischemic stroke occurring during the acute phase

of COVID-19 pneumonia. Four patients from the ICU group

were diagnosed with critical illness myopathy and neuropathy

(CRIMYNE), and one patient presented with COVID-19-related

subacute polyneuropathy. Two cases of ischemic stroke and one

case of spontaneous intracranial bleeding occurred in the ICU

group.
TABLE 5 Pre- and post-rehabilitation functional outcome measures.

Study
population

(171)

ICU group
(110)

MCU
group (61)

p-
value
Rehabilitation outcomes

Discharge destination and walking abilities are shown in

Table 4.

Clinical instability requiring transfer back to acute care

occurred in 14 out of 171 patients (8.2%). No deaths were

reported in the study population. Overall, 145 patients were

discharged home, while 11 patients with partial functional

recovery required further inpatient treatment in a non-COVID-

19 rehab unit. Out of the 145 patients discharged home, 31 were

referred to our outpatient rehabilitation facilities. No difference

was found between the two groups in terms of the rate of
TABLE 4 Discharge destination and walking abilities in the study
population, ICU group, and MCU group.

Study
population

(171)

ICU
group
(110)

MCU
group
(61)

p-
value

Discharge destination
Home (n, %) 145/171 (84.8%) 93/110

(84.5%)
52/61

(85.24%)
0.920

Outpatient
rehabilitation (n, %)

31/171 (18.1%) 27/110
(24.5%)

4/61 (6.5%) 0.007

Inpatient
rehabilitation (n, %)

11/171 (6.4%) 9/110 (8.2%) 2/61 (3.3%) 0.542

Acute care (n, %) 14/171 (8.2%) 7/110 (6.4%) 7/61 (11.5%) 0.257

Walking abilities
Free walking (n, %) 65/171 (38.01%) 39/110

(35.5%)
26/61
(42.6%)

0.447

Walking aid (n, %) 84/171 (49.1%) 54/110
(49.1%)

30/61
(49.1%)

0.955

No functional walking
(n, %)

22/171 (12.9%) 16/11
(14.5%)

6/61 (9.8%) 0.520

Statistically significant differences are highlighted in bold.

Frontiers in Rehabilitation Sciences 05
discharge to home, transfer to lower-intensity inpatient

rehabilitation, or transfer to acute care. A higher proportion of

patients from the ICU group were referred for outpatient

rehabilitation therapy. Approximately 88% of the study population

recovered functional walking abilities with 65 patients who were

able to walk with no ambulatory assistive device. Walking aid

prescription and training were performed in 84 patients, while 12%

of the patients were non-functional ambulators at the time of

discharge. No differences were observed in the walking abilities at

discharge between the two groups.

Rehabilitation outcome measure scales are presented in

Table 5.

In the study population, an improving trend was reported in

motor impairment and dysphagia with complete recovery of

trunk control (median admission TCT 100, IQR 100–100) and

swallowing abilities (median admission DOSS 7, IQR 7–7). The

median FAC at admission was 0 (IQR 0–0), which meant that

on arrival to the rehab unit most patients were unable to walk.

Following rehabilitation, two-thirds of the patients were able to

walk with minimal physical assistance, supervision, or

independently (median discharge FAC 3, IQR 2–4). Similarly,

performance in ADLs improved from almost complete

dependence at the time of admission (median admission BI 10,

IQR 0–32.5) to minimally dependent levels at discharge (median

discharge BI 70, IQR 55–90). Compared with the MCU group, at

the time of admission TCT, DOSS, FAC, and BI were

significantly lower in the ICU group. At the time of discharge,

no difference was found in motor and swallowing impairment,

functional dependence, and walking abilities between the two

groups. Changes of functional measure scales from admission to
TCT
(admission)

84 (48–100) 61 (42–100) 100 (61–100) 0.001

TCT
(discharge)

100 (100–100) 100 (100–
100)

100 (100–
100)

0.456

DOSS
(admission)

7 (1–7) 5 (1–7) 7 (7–7) <0.0001

DOSS
(discharge)

7 (7–7) 7 (7–7) 7 (7–7) 0.204

FAC
(admission)

0 (0–0) 0 (0–0) 0 (0–2) 0.001

FAC
(discharge)

3 (2–4) 3 (2–4) 4 (2–4) 0.152

BI
(admission)

10 (0–32.5) 2.5 (0–20) 20 (10–60) <0.0001

BI (discharge) 70 (55–90) 70 (55–90) 70 (60–90) 0.391

ΔTCT 13 (0–39) 24 (0–52) 0 (0–26) 0.001

ΔDOSS 0 (0–4) 2 (0–6) 0 (0–0) <0.0001

ΔFAC 3 (1–4) 3 (2–4) 2 (1–3) 0.035

ΔBI 50 (26.5–68.75) 55 (35–70) 40 (15–55) 0.001

TCT, trunk control test; DOSS, dysphagia outcome severity scale; FAC, functional

ambulation classification, BI, Barthel index.

All data are expressed as median, IQR. p-value refers to the comparison between

the ICU group and the MCU group. Statistically significant differences are

highlighted in bold.
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discharge (ΔTCT, ΔDOSS, ΔFAC, ΔBI) were significantly more

evident in the ICU group compared with those in the MCU

group (Figure 1).

In comparison to the MCU group, a greater difference between

anamnestic BI and BI at discharge was reported in the ICU group

(p-value = 0.004). Similarly, the discrepancy between anamnestic

FAC and FAC at discharge was higher in the ICU group

compared with that in the MCU group (p-value = 0.012)

(Figure 2).
Discussion

Since the early COVID-19 pandemic, a considerable amount of

research has been published on early respiratory rehabilitation and

long-term sequelae of SARS-CoV-2 infection (21). However, more

limited evidence has been provided regarding the overall subacute

functional limitations. In this paper, we provide an accurate

description of baseline features and functional outcomes of a

large cohort of hospitalized COVID-19 pneumonia survivors,
FIGURE 1

Box plots representing ΔDOSS, ΔTCT, ΔFAC, and ΔBI in the ICU and MCU gro
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undergoing a comprehensive rehabilitation program in a

dedicated rehabilitation unit.

Following the acute phase, COVID-19 survivors display a

complex disability with motor and gait impairment, swallowing

difficulties, and loss of independence.

Upon arrival to our rehabilitation unit, patients presented

severe motor skills deficiency with reduced trunk control

(median TCT 84, IQR 48–100), inability to walk (median FAC 0,

IQR 0–0), and inability to perform basic ADLs (median BI 10,

IQR 0–30; mean, SD 20.5 ± 25.1). Dysphagia requiring logopedic

interventions (DOSS < 5) affected approximately 43% of our

study population, with median DOSS of 7 (IQR 1–7). Compared

with similar datasets available in the literature, our study

population presented with a higher degree of disability upon

admission to the rehabilitation unit. A large retrospective

multicentric study (29), collecting data on respiratory

rehabilitation units across different hospitals in northern Italy,

reported greater BI scores on admission (mean, SD 56.81 ±

31.49). Likewise, in a retrospective study carried out on 100 post-

ICU COVID patients, Piquet et al. observed a mean BI of 77.3 ±
ups.
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FIGURE 2

Box plot gap between anamnestic BI and BI at discharge (ΔBI Anamn-Discharge) and anamnestic FAC and FAC at discharge (ΔFAC Anamn-Discharge) in
the ICU group and the MCU group.
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26.7 upon admission (17). Discrepancies in baseline disability levels

might be attributed to more inclusive admission criteria of our

rehabilitation unit, which enabled the early initiation of

rehabilitation therapy for severely compromised patients with

prolonged tracheostomy weaning and high oxygen requirements.

In fact, our rehabilitation unit was able to admit subacute

critically ill patients directly from intensive care departments

across several regional hospitals, thus avoiding stepdown to low

care medical wards and saving thousands of days of acute bed

hospitalization. As a further confirmation of the markedly

compromised clinical conditions, we found a significantly

extended acute care LOS of over 30 days (mean, SD 35.5 ± 21.6)

that could explain a more severe immobilization syndrome.

Despite the serious medical conditions, only 8.2% of the

patients became clinically unstable and required transfer back to

acute care. Furthermore, the sufficiently preserved premorbid

functional status, with an anamnestic BI of >50 adopted as

admission criteria, and the relatively moderate comorbidity

burden (median CIRS comorbidity 2, IQR 1–3; median CIRS

severity 1.38, IQR 1.23–1.46) are unlikely to justify the low

performance status on admission.

According to our previous findings (20), this study confirms

the benefits of an early multidisciplinary approach in recovering

independence levels, thus allowing discharge to home with

reduced caregiver burden. Specifically, discharge to home was

achieved in 84.8% of the patients with 31 patients who continued

rehabilitation treatments in an outpatient setting. Only 15% of

the patients were transferred to a lower-intensity non-COVID

rehab unit. Our discharge destination figures are quite similar to

previous literature reports (17, 29, 30). Moreover, in our cohort,

the rehabilitation treatment was associated with important motor

function improvement with complete restoration of trunk control

and consistent recovery of ambulatory capacities. The median

FAC on discharge was 3 (IQR 2–4) meaning that 75% of the
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patients were able to walk with minimal physical assistance,

simple supervision, or independently. Despite the relevant

improvement, FAC at discharge was lower than premorbid levels

(median anamnestic FAC 5, IQR 5–5). Walking aid training was

required in 84 patients, while only 12% of the patients were non-

functional ambulators at the time of discharge (FAC = 0).

Swallowing abilities were restored in the majority of the cohort

(median DOSS 7, IQR 7–7) with successful weaning from

artificial nutrition in all patients and logopedic follow-up

arranged for 19 subjects. After rehabilitation, functional

independence in ADLs measured with BI improved up to a

median score of 70 (IQR 55–90) although it did not reach pre-

admission levels (median anamnestic BI 100, IQR 100–100).

These findings are consistent with previous research reports (17,

20), highlighting the fact that despite the demonstrated efficacy

of early subacute rehabilitation, a significant proportion of

COVID-19 patients will still present some degree of functional

impairment at discharge from hospital.

In order to evaluate the contribution of previous ICU-invasive

treatment on subacute disability, we compared clinical features and

rehabilitation outcomes in a subgroup of 61 patients arriving from

COVID-19-dedicated medical units (MCU group) and 110 ICU

survivors (ICU group).

Compared with the ICU group, MCU patients were

significantly older (75.75 ± 9.09 vs. 63.24 ± 10.9, p-value < 0.0001)

and presented a higher prevalence of comorbidities and prior

limitations of ADLs. Younger-aged individuals admitted to the

ICU during the COVID-19 pandemic were found in previous

studies (8, 30, 31), and it is likely to represent a confounding

factor. In fact, the huge demand of ICU beds during the

pandemic waves may possibly have actually facilitated ICU

admissions of younger patients with better performance status

and favorable prognosis. As far as comorbidities are concerned,

in our cohort, ICU and MCU patients displayed a similar
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prevalence of diabetes and chronic respiratory disease. By contrast,

morbid obesity was more prevalent in the ICU group, and this

could confirm obesity as a risk factor of severe and critical

COVID-19 pneumonia requiring intensive care treatment (32).

More importantly, length of hospitalization, rate of hospital-

acquired infections, and extra-pulmonary complications such as

dysphagia were significantly more represented in the ICU group.

Contrary to expectations, in our cohort, no significant differences

between the ICU and the MCU group were observed with regard

to COVID-19-related neurological complications. The prevalence

of COVID-19-related neurological disorders is still uncertain in

available literature (5) and was detected in just 6.4% of our study

population. Given that neurophysiological and neuroimaging

investigations were not easily available in COVID setting, it is

possible that our data underestimated the real impact of

neurological complications. As spirometry was contraindicated

due to infection control reasons, respiratory functional status was

investigated with oxygen support requirements and P/F ratio.

Both parameters were not different between the ICU and MCU

groups at admission and at discharge from the rehabilitation

unit. Respiratory rehabilitation studies have reported that in the

subacute phase oxygenation is only mildly compromised, whereas

lung volumes and diffusion capacity studies are more sensitive in

detecting COVID-19 respiratory dysfunctions (18, 29).

Compared with the MCU group, all functional parameters at

admission (TCT, DOSS, FAC, and BI) were significantly reduced

in the ICU group. By contrast, upon discharge, no difference was

found in motor and swallowing impairment, functional

dependence, and walking abilities between the two groups. In

addition, in the ICU group, changes of functional measures from

admission to discharge (ΔTCT, ΔDOSS, ΔFAC, ΔBI) were higher,

thus indicating that despite worse baseline functional impairment

ICU patients positively responded to the rehabilitation treatment.

Our results are only partially in agreement with previous studies

comparing ICU and MCU functional parameters. Two studies

(31, 33) reported a worst functional outcome in terms of

independence with ADL in COVID-19 patients hospitalized in

the ICU, compared with subjects who did not require ICU

treatment. In both studies, no inpatient subacute comprehensive

rehabilitative treatment was provided. In the study by Leite et al.,

patients were treated by telemonitoring or received a physical

exercise guide in a booklet and/or video format, while less than

8% of the patients were referred for individual physical therapist

session. On the other hand, Piquet et al. (17) found comparable

LOS and no significant differences of pre- and post-rehabilitation

BI, sit-to-stand test, and handgrip strength between ICU and

MCU patients. However, ICU patients improved more in terms

of handgrip strength at discharge. Another retrospective study

(8) reported prolonged LOS in ICU patients and similar

functional state on discharge. It is increasingly recognized that,

especially in ICU patients, COVID-19 disability is the result of

the combination of respiratory dysfunction and motor

impairment (19). To the best of our knowledge, this study is the

first to report rehabilitation outcomes in such a large cohort of

post-ICU COVID-19 patients. Our findings corroborate the

hypothesis that functional impairment of COVID-19 is not only
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respiratory but is also strictly dependent on the severity of

immobilization syndrome, extra-pulmonary complications, and

side effects of invasive supportive treatments which could be

amended by a rehabilitative treatment provided at an early stage.

In our study, no difference was found between the two groups in

terms of the rate of discharge to home, transfer to lower-

intensity inpatient rehabilitation or acute care. A higher

proportion of patients from the ICU group were referred for

outpatient rehabilitation therapy. The latter evidence is consistent

with the fact that ICU patients display a more pronounced gap

between anamnestic and discharge functional measures.

Therefore, early inpatient rehabilitation is associated with

relevant improvement of swallowing, motor disability, and

independence. Nonetheless, considerable disability persists at

discharge, especially in ICU patients, suggesting the need for

long-term treatment and follow-up.

Our study presents some limitations. First of all, the

retrospective nature exposes to the risk of missing data and bias.

Missing data on clinical records during the COVID-19 pandemic

is a common consequence of increased workload for healthcare

professionals and continuous patient turnover. Second, the lack

of a control group of COVID-19 patients not receiving post-

acute rehabilitation treatment does not allow to draw secure

conclusions on specific effects of tailored multidisciplinary

rehabilitation. Our study did not include spirometry evaluation

or physical performance status tests, as the vast majority of

patients were unable to perform a 6MWT of or SPPB either at

admission or at discharge. Finally, our multidisciplinary

assessment was lacking of formal neuropsychological screenings

and QoL assessment that are of utmost importance for an

extensive evaluation of post-intensive care sequelae.

In conclusion, the COVID-19 pandemic has posed new

challenges for rehabilitation medicine in terms of support of

subacute recovery and management of possible long-lasting

effects on multiple body structures and functions.

Our study suggests that an early subacute rehabilitation of

severely compromised COVID-19 patients is not only feasible

but also crucial to improve clinical outcomes and independence

in survivors, and it is also useful to release pressure on acute care

beds. Post-ICU patients have more severe disability secondary to

extra-respiratory and iatrogenic complications but can rely on

chances of functional recovery that are similar to patients

hospitalized in the MCU. This study confirms that the

organization of comprehensive rehabilitation settings able to

assist subacute patients, still positive for SARS-CoV-2 infection,

represents an efficient healthcare systems answer to the

catastrophic pandemic, decompressing acute hospital and

improving the short-term outcome of severely impaired COVID-

19 patients.

Even if the cost for the organization of this kind of

rehabilitation units is higher (34), it could result in lower

expenses for long-term assistance of post-COVID-19 patients.

In spite of early subacute rehabilitation, a significant

proportion of patients still present some degree of functional

impairment after discharge from hospital. Better characterization

of prognostic factors of persistent functional impairment is
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required to identify patients at risk of incomplete recovery.

Furthermore, future research should address changes of

functional status from discharge to longer-term follow-up in

order to address subsequent healthcare and rehabilitation needs

of COVID-19 survivors and to assess the efficacy of early

rehabilitation in reducing long COVID disability.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving humans were approved by Comitato Etico

Regionale per la Sperimentazione Clinica della Regione Toscana

Sezione: AREA VASTA NORD OVEST Segreteria Tecnico

Scientifica ubicata c/o: Stabilimento di Santa Chiara—Via Roma,

67-56126, Pisa staffamm.ce@ao-pisa.toscana.it Prot n 19164. The

studies were conducted in accordance with the local legislation

and institutional requirements. The participants provided their

written informed consent to participate in this study. A written

informed consent was not obtained from the individuals for the

publication of any potentially identifiable images or data included

in this article because this is an observational study. At the time of

hospitalization, patients released their consent to data collection

and anonymous use of them for scientific and teaching purposes.
Author contributions

CN: Investigation, Writing – original draft. FB: Data curation,

Investigation, Writing – review & editing. MM: Data curation,

Formal Analysis, Methodology, Writing – review & editing. FP:

Conceptualization, Funding acquisition, Writing – review & editing.
Frontiers in Rehabilitation Sciences 09
Funding

The authors declare that financial support was received for the

research, authorship, and/or publication of this article.

This study is funded by Tuscany Region Health System

by “Programma Attuativo Regionale (PAR) del Fondo per lo

Sviluppo e la Coesione (FSC) 2007-2013” – Bando Ricerca

Covid 19 – Progetto RILEGO.
Acknowledgments

We would like to acknowledge all the medical, physiotherapist,
speech therapist, and nursing staff of the rehabilitation unit of
Versilia Hospital for their expertise and dedication to the care of
patients, as well as for their specific contribution to clinical and
demographic data recording. We also would like to thank
Carmelo Chisari for proofreading the article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

The authors declared that they were an editorial board member

of Frontiers, at the time of submission. This had no impact on the

peer review process and the final decision.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Behzad S, Aghaghazvini L, Radmard AR, Gholamrezanezhad A. Extrapulmonary
manifestations of COVID-19: radiologic and clinical overview. Clin Imaging. (2020)
66:35–41. doi: 10.1016/j.clinimag.2020.05.013

2. Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet. (2020) 395
(10223):497–506. doi: 10.1016/S0140-6736(20)30183-5

3. Gopalan N, Senthil S, Prabakar NL, Senguttuvan T, Bhaskar A, Jagannathan
M, et al. Predictors of mortality among hospitalized COVID-19 patients and risk
score formulation for prioritizing tertiary care: an experience from South India.
PLoS One. (2022) 17(2):e0263471. doi: 10.1371/journal.pone.0263471

4. Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical characteristics of 138
hospitalized patients with 2019 novel coronavirus-infected pneumonia in Wuhan,
China. JAMA. (2020) 323(11):1061–9. doi: 10.1001/jama.2020.1585

5. Raciti L, Calabro RS. Neurological complications of COVID-19: from
pathophysiology to rehabilitation. An overview. Acta Biomed. (2021) 92(4):
e2021317. doi: 10.23750/abm.v92i4.10620
6. Inoue S, Hatakeyama J, Kondo Y, Hifumi T, Sakuramoto H, Kawasaki T, et al.
Post-intensive care syndrome: its pathophysiology, prevention, and future
directions. Acute Med Surg. (2019) 6(3):233–46. doi: 10.1002/ams2.415

7. Ambrosino P, Papa A, Maniscalco M, Di Minno MND. COVID-19 and
functional disability: current insights and rehabilitation strategies. Postgrad Med J.
(2021) 97(1149):469–70. doi: 10.1136/postgradmedj-2020-138227

8. Ricotti S, Petrucci L, Carenzio G, Carlisi E, Di Natali G, De Silvesti A, et al.
Functional assessment and rehabilitation protocol in acute patients affected by SARS-
CoV-2 infection hospitalized in the intensive care unit and in the medical care unit.
Eur J Phys Rehabil Med. (2022) 58(2):316–23. doi: 10.23736/S1973-9087.21.06897-0

9. Liska D, Liptakova E, Babicova A, Batalik L, Banarova PS, Dobrodenkova S. What
is the quality of life in patients with long COVID compared to a healthy control
group? Front Public Health. (2022) 10:975992. doi: 10.3389/fpubh.2022.975992

10. Oliveira CR, Jason LA, Unutmaz D, Bateman L, Vernon SD. Improvement of
long COVID symptoms over one year. Front Med (Lausanne). (2022) 9:1065620.
doi: 10.3389/fmed.2022.1065620
frontiersin.org

mailto:Pisa staffamm.ce@ao-pisa.toscana.it
https://doi.org/10.1016/j.clinimag.2020.05.013
https://doi.org/10.1016/S0140-6736(20)30183-5
https://doi.org/10.1371/journal.pone.0263471
https://doi.org/10.1001/jama.2020.1585
https://doi.org/10.23750/abm.v92i4.10620
https://doi.org/10.1002/ams2.415
https://doi.org/10.1136/postgradmedj-2020-138227
https://doi.org/10.23736/S1973-9087.21.06897-0
https://doi.org/10.3389/fpubh.2022.975992
https://doi.org/10.3389/fmed.2022.1065620
https://doi.org/10.3389/fresc.2023.1256999
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/


Notarstefano et al. 10.3389/fresc.2023.1256999
11. Antar AAR, Yu T, Demko ZO, Hu C, Tornheim JA, Blair PW, et al. Long
COVID brain fog and muscle pain are associated with longer time to clearance of
SARS-CoV-2 RNA from the upper respiratory tract during acute infection.
medRxiv. (2023).

12. Parotto E, Lamberti-Castronuovo A, Censi V, Valente M, Atzori A, Ragazzoni L.
Exploring Italian healthcare facilities response to COVID-19 pandemic: lessons
learned from the Italian response to COVID-19 initiative. Front Public Health.
(2022) 10:1016649. doi: 10.3389/fpubh.2022.1016649

13. Vitacca M, Carone M, Clini EM, Paneroni M, Lazzeri M, Lanza A, et al. Joint
statement on the role of respiratory rehabilitation in the COVID-19 crisis: the
Italian position paper. Respiration. (2020) 99(6):493–9. doi: 10.1159/000508399

14. Spruit MA, Holland AE, Singh SJ, Tonia T, Wilson KC, Troosters T. COVID-19:
interim guidance on rehabilitation in the hospital and post-hospital phase from a
European Respiratory Society and American Thoracic Society-coordinated
International Task Force. Eur Respir J. (2020) 56(6):2002197. doi: 10.1183/
13993003.02197-2020

15. Whiteson JH, Escalon MX, Maltser S, Verduzco-Gutierrez M. Demonstrating
the vital role of physiatry throughout the health care continuum: lessons learned
from the impacts of the COVID-19 pandemic on inpatient rehabilitation. PM R.
(2021) 13(6):554–62. doi: 10.1002/pmrj.12610

16. Miles A, McRae J, Clunie G, Gillivan-Murphy P, Inamoto Y, Kalf H, et al. An
international commentary on dysphagia and dysphonia during the COVID-19
pandemic. Dysphagia. (2022) 37(6):1349–74. doi: 10.1007/s00455-021-10396-z

17. Piquet V, Luczak C, Seiler F, Monaury J, Martini A, Ward AB, et al. Do patients
with COVID-19 benefit from rehabilitation? Functional outcomes of the first 100
patients in a COVID-19 rehabilitation unit. Arch Phys Med Rehabil. (2021) 102
(6):1067–74. doi: 10.1016/j.apmr.2021.01.069

18. Puchner B, Sahanic S, Kirchmair R, Pizzini A, Sonnweber B, Woll E, et al.
Beneficial effects of multi-disciplinary rehabilitation in postacute COVID-19: an
observational cohort study. Eur J Phys Rehabil Med. (2021) 57(2):189–98. doi: 10.
23736/S1973-9087.21.06549-7

19. Curci C, Negrini F, Ferrillo M, Bergonzi R, Bonacci E, Camozzi DM, et al.
Functional outcome after inpatient rehabilitation in postintensive care unit COVID-
19 patients: findings and clinical implications from a real-practice retrospective
study. Eur J Phys Rehabil Med. (2021) 57(3):443–50. doi: 10.23736/S1973-9087.20.
06660-5

20. Bertolucci F, Sagliocco L, Tolaini M, Posteraro F. Comprehensive
rehabilitation treatment for sub-acute COVID-19 patients: an observational study.
Eur J Phys Rehabil Med. (2021) 57(2):208–15. doi: 10.23736/S1973-9087.21.
06674-0

21. Negrini F, de Sire A, Andrenelli E, Lazzarini SG, Patrini M, Ceravolo MG, et al.
Rehabilitation and COVID-19: update of the rapid living systematic review by
Cochrane Rehabilitation Field as of December 31st, 2021. Eur J Phys Rehabil Med.
(2022) 58(2):328–31. doi: 10.23736/S1973-9087.22.07497-4
Frontiers in Rehabilitation Sciences 10
22. Collin C, Wade DT, Davies S, Horne V. The Barthel ADL index: a reliability
study. Int Disabil Stud. (1988) 10(2):61–3. doi: 10.3109/09638288809164103

23. Holden MK, Gill KM, Magliozzi MR, Nathan J, Piehl-Baker L. Clinical gait
assessment in the neurologically impaired. Reliability and meaningfulness. Phys
Ther. (1984) 64(1):35–40. doi: 10.1093/ptj/64.1.35

24. Miller MD, Paradis CF, Houck PR, Mazumdar S, Stack JA, Rifai AH, et al. Rating
chronic medical illness burden in geropsychiatric practice and research: application of
the cumulative illness rating scale. Psychiatry Res. (1992) 41(3):237–48. doi: 10.1016/
0165-1781(92)90005-N

25. Franchignoni F. Psychometric properties and practical attributes of the trunk
control test in stroke patients. J Rehabil Med. (2003) 35(3):150; author reply 150–1.
doi: 10.1080/16501970310010510

26. O’Neil KH, Purdy M, Falk J, Gallo L. The dysphagia outcome and severity scale.
Dysphagia. (1999) 14(3):139–45. doi: 10.1007/PL00009595

27. Harada ND, Chiu V, Stewart AL. Mobility-related function in older adults:
assessment with a 6-minute walk test. Arch Phys Med Rehabil. (1999) 80(7):837–41.
doi: 10.1016/S0003-9993(99)90236-8

28. Guralnik JM, Simonsick EM, Ferrucci L, Glynn RJ, Berkman LF, Blazer DG,
et al. A short physical performance battery assessing lower extremity function:
association with self-reported disability and prediction of mortality and nursing
home admission. J Gerontol. (1994) 49(2):M85–94. doi: 10.1093/geronj/49.2.M85

29. Vitacca M, Salvi B, Lazzeri M, Zampogna E, Piaggi G, Ceriana P, et al.
Respiratory rehabilitation for patients with COVID-19 infection and chronic
respiratory failure: a real-life retrospective study by a Lombard network. Monaldi
Arch Chest Dis. (2021) 92(3). doi: 10.4081/monaldi.2021.1975

30. Hartsgrove C, Guevarra-Fernandez J, Kendall J, Delauter G, Kirshblum S.
Measuring discharge outcomes, length of stay, and functional ADL score during
COVID-19 in inpatient rehabilitation hospitals. Arch Phys Med Rehabil. (2021) 102
(12):2291–9. doi: 10.1016/j.apmr.2021.07.003

31. Leite VF, Rampim DB, Jorge VC, de Lima M, Cezarino LG, da Rocha CN, et al.
Persistent symptoms and disability after COVID-19 hospitalization: data from a
comprehensive telerehabilitation program. Arch Phys Med Rehabil. (2021) 102
(7):1308–16. doi: 10.1016/j.apmr.2021.03.001

32. Ho JSY, Fernando DI, Chan MY, Sia CH. Obesity in COVID-19: a systematic
review and meta-analysis. Ann Acad Med Singap. (2020) 49(12):996–1008. doi: 10.
47102/annals-acadmedsg.2020299

33. Larsson AC, Palstam A, Persson HC. Physical function, cognitive function, and
daily activities in patients hospitalized due to COVID-19: a descriptive cross-sectional
study in Sweden. Int J Environ Res Public Health. (2021) 18(21):11600. doi: 10.3390/
ijerph182111600

34. Iannaccone S, Alemanno F, Houdayer E, Brugliera L, Castellazzi P, Cianflone D,
et al. COVID-19 rehabilitation units are twice as expensive as regular rehabilitation
units. J Rehabil Med. (2020) 52(6):jrm00073. doi: 10.2340/16501977-2704
frontiersin.org

https://doi.org/10.3389/fpubh.2022.1016649
https://doi.org/10.1159/000508399
https://doi.org/10.1183/13993003.02197-2020
https://doi.org/10.1183/13993003.02197-2020
https://doi.org/10.1002/pmrj.12610
https://doi.org/10.1007/s00455-021-10396-z
https://doi.org/10.1016/j.apmr.2021.01.069
https://doi.org/10.23736/S1973-9087.21.06549-7
https://doi.org/10.23736/S1973-9087.21.06549-7
https://doi.org/10.23736/S1973-9087.20.06660-5
https://doi.org/10.23736/S1973-9087.20.06660-5
https://doi.org/10.23736/S1973-9087.21.06674-0
https://doi.org/10.23736/S1973-9087.21.06674-0
https://doi.org/10.23736/S1973-9087.22.07497-4
https://doi.org/10.3109/09638288809164103
https://doi.org/10.1093/ptj/64.1.35
https://doi.org/10.1016/0165-1781(92)90005-N
https://doi.org/10.1016/0165-1781(92)90005-N
https://doi.org/10.1080/16501970310010510
https://doi.org/10.1007/PL00009595
https://doi.org/10.1016/S0003-9993(99)90236-8
https://doi.org/10.1093/geronj/49.2.M85
https://doi.org/10.4081/monaldi.2021.1975
https://doi.org/10.1016/j.apmr.2021.07.003
https://doi.org/10.1016/j.apmr.2021.03.001
https://doi.org/10.47102/annals-acadmedsg.2020299
https://doi.org/10.47102/annals-acadmedsg.2020299
https://doi.org/10.3390/ijerph182111600
https://doi.org/10.3390/ijerph182111600
https://doi.org/10.2340/16501977-2704
https://doi.org/10.3389/fresc.2023.1256999
https://www.frontiersin.org/journals/rehabilitation-sciences
https://www.frontiersin.org/

	Recovery of activities of daily living in COVID-19 patients requiring intensive care unit or medical care unit: an observational study on the role of rehabilitation in the subacute phase
	Introduction
	Materials and methods
	Data collection
	Anamnestic and clinical data
	Rehabilitation outcomes and interventions

	Statistical analysis

	Results
	Demographic and premorbid anamnestic data
	Patient's clinical features
	Rehabilitation outcomes

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


