
Abstract 

The present case report describes middle-time course of respi-
ratory and physical variables in eight Covid-19 patients who were
transferred from ICU of Covid Hub in our subacute Covid-19 unit.
Secondly they were admitted in a pulmonary rehabilitation unit
and, at discharge, a tele-rehabilitation program was provided as a
continuum of care at home. 

Time course of oxygenation, physical function and disability
were recorded.

As expected, the acute event produced in these patients a dra-
matic worsening in oxygenation and physical activities, with a
substantial improvement in oxygenation and mild disability after
the sub-acute stay. 

After rehabilitation program, the patients showed additional
improvement in particular in physical function. Anyway, this
recover was not complete for all patients. 

The majority of Covid-19 survivors experienced ARF recov-
ered oxygenation, physical function and disability within a median
time of 137 days. A minority needs further follow up and rehabil-
itation maintenance due to incomplete recovery.

Introduction

Covid-19 disease may cause pneumonia, acute respiratory
failure (ARF) [1-3], and prolonged functional impairment [4-6]
requiring rehabilitation [7]. The present case report describes mid-
dle-time course of respiratory and physical variables in severe
hospitalized Covid-19 patients who experienced ICU and were
proposed for rehabilitations programs (CE 2440CE (04LU)].).

Case Report

Eight patients without any previous comorbidities with
Covid-19-induced acute respiratory failure (ARF), severe acute
respiratory distress syndrome (ARDS) (SpO2/FiO2 =
175.6±78.9) requiring invasive mechanical ventilation (13±8
days) (2 patients presented pulmonary embolism, 5 were submit-
ted to pronation, all used azithromycin, chloroquine, steroids,
anticoagulants, none were tracheostomized) were transferred
from Covid-19 Hub where they had been managed in intensive
care unit (ICU) to our Institute ICS Maugeri (Lumezzane, Italy)
between April and June 2020 to prolong sub-acute and post-
acute recovery. They were immediately admitted in our subacute
Covid-19 unit using pharmacological (steroids, anticoagulants,
oxygen with a maximal oxygen FiO2 (%) of 0.40±0.12) and non-
pharmacological care [8,9] consisting of individual session of
early mobilization, active exercises and free walking, peripheral
limb muscle activities, shoulder, and full arm circling, lung
expansion treatments trough pronation therapy or positive expi-
ratory pressure. Type, intensity, timing and modality of interven-
tion were tailored to the individual patient according to age, clin-
ical severity, length of immobilization with a daily session of 20
minutes. Patients were admitted in a pulmonary rehabilitation
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unit to be managed according to national and international reha-
bilitative procedures [9]: the program started from a minimum of
one, 20 minute daily session up to two-three, 30 minute daily ses-
sions in sessions with a physiotherapist/patient ratio 1:4-5. The
program might include callisthenic, strengthening, balance exer-
cise, paced walking. All exercises could be performed without
devices or using gymnastic tools such as balls, canes, balance
boards or light weights bands. Patients with higher physical
autonomy were also trained on cycle-ergometer at low intensity
exercises (<3.0 METs). The initial training workload was chosen
starting from 0 progressively increasing until patients scored
their dyspnea and/or leg fatigue as 4 or 5 on a modified 10-point
Borg Scale. Thereafter the progression of intensity was according
to Maltais et al. [10]: the workload was increased by 5 watts
when patients scored less or equal to 3, was unchanged when the
Borg score was 4 or 5 and was reduced by 5 watts for scores of
>5. Also, chest physiotherapy such as bronchial hygiene tech-
niques by using disposable devices with self-management in
order to avoid the risk of environmental contamination, and lung
expansion procedures were performed when required. According
to patient’s individual conditions the program might include also
nutritional and psychological assessment. At discharge from hos-
pital, a tele-rehabilitation program was provided as a continuum
of care at home: patients received a pulse oximeter, a brochure
illustrating exercises, a diary to record daily activities, and
instructions for home exercises. The one-month program consist-
ed of one daily hour of aerobic reconditioning and muscle
strengthening and healthy lifestyle education. Twice a week, a
physiotherapist (PT) contacted the patient – by video-call via a
dedicated platform – to monitor progress. Exercise intensity was
based on baseline individual level of disability with low-intensity
aerobics (walking, free-body exercise, sit-to-stand) and balance
exercises. When patients presented an improvement in disability
walking session with pedometer, aerobics with cycle ergometer
or leg/arm crank, and strengthening exercises with a lightweight
band were included.

Time course (Figure 1) [T0 = pre-Covid ARF according to data
obtained anamnestically; T1 = on the first 48 hours of ICU admis-
sion in acute hospital (range 2-10 days); T2 = at ICU discharge and
post-acute admission at sub-acute ICS Maugeri Hospital (hospital
setting) (range 33-71 days); T3 = beginning of rehabilitation
(range 43-88 days); T4 = end of rehabilitation (range 64-144 days);
T5 = end of tele-rehabilitation (range 94-174 days)] of oxygena-
tion (SpO2/FiO2), physical function [short physical performance

battery test (SPPB) ][11] and disability (Barthel index)[12] were
recorded. SPPB is a functional evaluation test comprehending 3
tests on balance, walking speed and the ability to rise from a chair
5 times, while Barthel index is an activities of daily living (ADL)
scale. 

Values along time course were calculated as variation in % to
the pre-illness phase. 

Table 1 shows individual parameters as mean±SD for all vari-
ables and along times. 

Patients were 50% male, aged 67.5±10.7 years, with a body
mass index (BMI) of 26.9±3.7 Kg/m2 and no previous disability and
diseases. In the initial phase (T1) (Figure 2a) oxygenation decreased
on average by 61.3% and in a half of the patients it felt down more
than 70% compared to the pre-Covid phase. During acute hospital-
ization (T1-T2), patients recovered on average by 26.4%, reaching
oxygenation values closer to the pre-illness phase at the end of sub-
acute hospitalization. Compliance to the in-hospital rehabilitation
sessions as for telerehabilitation was high (96%).

At T4, the recovery was complete only in 3 patients (about 38%
of the subjects). However, at T5, only one patient still had a signifi-
cant oxygenation deficit (-26.7% compared to baseline). Observing
the trend of physical function measured with SPPB test (Figure 2b),
at T1, we found that 7 out of 8 patients had SPPB score equal to zero
and 5 out of 8 had the same value at T2. At T3, patients had SPPB
score equal to 37.7% of pre-Covid-19 values (SPPB score: 4.3±4.9)
and there were still 3 patients with a total score equal to 0. At T4,
patients, still presented severe deficits in physical function (SPPB
score: 7.3±3.6, -35.9% from baseline= pre-Covid-19) and only 2
patients fully recovered. At T5 only 3 patients had no deficit, with an
average value of SPPB (SPPB score: 10.0±2.1) that remained at
88.5% of the pre-illness value. SPPB tests improved more were
those relating to balance and walking speed. Regarding the time
course of disability measured by Barthel Index (Figure 2c), a sharp
drop of 85.1% was immediately noted, with a half of the patients
having a score equal to 0. At T2, there was a slight improvement
with average values reaching 45.3% of the pre-Covid-19 values. At
T3, a patient already reached values comparable to baseline, still
having an average deficit of 30.8%. At T4, 3 patients (37.5% of the
subjects) still had deficits, which were maintained for 2 of them dur-
ing the tele-rehabilitation phase (T4-T5). At T5, therefore, still one
patient had a significant disability (-35% compared to the pre-illness
phase).

Sub-items of Barthel Index referring of washing, toilet use and
transfers improved more than others.

                             Case Report

Figure 1. Times and settings of the patient’s journey in which data were collected. T0, Pre-Covid ARF when patients presented good health;
these data were obtained anamnestically; T1, on the first 48 hours of ICU admission in acute hospital; T2, at intensive care unit (ICU) dis-
charge and post-acute admission at sub-acute ICS Maugeri Hospital (hospital setting); T3, beginning of rehabilitation at discharge from
the sub-acute unit patients are admitted into the rehabilitation unit of the same institution (rehabilitation setting); T4, end of rehabilitation
at discharge from the rehabilitation unit and introduced to a dedicated tele-rehabilitation program organized from the same Institution for
caring patients at home; T5, end of telerehabilitation (rehabilitation setting) at the end of the tele-rehabilitation program. 
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Discussion

Italian Covid-19 patients who developed ARF with or without
hospitalization have been estimated to be about 43% of the total pos-
itive cases (personal unpublished data). Patients with Covid-19 after
severe ARF, when admitted to our sub-acute unit presented a very
low level of physical function (1.3±1.8 SPPB score) that was recov-
ered within 4-5 months from the infection. Our data were similar to
those reported in a previous study [13] in non Covid-19 ARF-sur-
vivor patients with SPPB scores ≤3.0, in which physical function
either did not recover within 6 months, or improved initially but sur-
vivors remained functionally disabled by 6 month [13].

As expected, the acute event with hospitalisation in ICU pro-
duced in these patients a dramatic worsening in oxygenation and
physical activities during ADL with a substantial improvement in
oxygenation and mild disability after the sub-acute stay. 

After rehabilitation program, the patients showed additional
improvement in particular in physical function and ability.
Anyway, this recover was not complete for all patients (Figure 1).
At the end of this progression program patients gained more in all
aspects, but particularly they ameliorated their physical function. 

Recently papers have been published warning the community
of people after Covid-19 infection remaining symptomatic and
with poor function [4-7]. The present study provides a middle-time
course on oxygenation, physical function and disability in patients
with Covid-19 from the most acute condition to home care; it
offers some information on which rehabilitation programs has
been proposed, on the amount of patients’ function and disability
improvement throw different settings and, finally, on how long was
the recovery time.

Low sample size, difficulty to replicate our study, characteris-
tics of the study design, patients excluded because they were lack-
ing of data, lack of lung or respiratory muscle function tests and a
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Table 1. Individual parameters as mean±SD for all variables and along times. 

                               Patient 1      Patient 2      Patient 3    Patient 4    Patient 5    Patient 6    Patient 7    Patient 8      Overall (mean±SD)

Age, y                                     49                       63                       66                     68                     75                     85                     73                     61                            67.5±10.7
BMI                                       28.9                    28.2                    27.7                  21.1                  25.2                  27.4                  23.4                  33.2                            26.9±3.7
SpO2/FiO2, T0                     457.1                  452.4                  447.6                461.9                452.4                447.6                457.1                461.9                          454.8±5.7
SpO2/FiO2 , T1                    102.5                  111.3                  118.6                103.3                316.7                204.4                213.3                235.0                         175.6±78.9
SpO2/FiO2 , T2                    234.1                  309.7                  156.7                271.4                466.7                268.6                346.4                316.1                         296.2±90.1
SpO2/FiO2 , T3                    395.8                  357.7                  303.2                282.9                466.7                339.3                342.9                316.1                         350.6±58.3
SpO2/FiO2 , T4                    457.1                  365.4                  309.7                282.9                466.7                447.6                346.4                309.7                         373.2±74.0
SpO2/FiO2 , T5                    452.4                  461.9                  447.6                452.4                461.9                466.7                336.7                461.9                         445.6±43.7
SPPB score, T0                    12                       12                       12                     12                      7                      12                     12                     12                             11.4±1.8
SPPB score, T1                     0                         0                         0                       2                       0                       0                       0                       0                               0.3±0.7
SPPB score, T2                     0                         0                         0                       4                       2                       4                       0                       0                               1.3±1.8
SPPB score, T3                    10                        0                         1                      11                      3                       9                       0                       0                               4.3±4.9
SPPB score, T4                    12                        3                         7                      12                      5                      10                      5                       4                               7.3±3.6
SPPB score, T5                    12                        9                        11                     12                      7                      11                      7                      11                             10.0±2.1
Barthel score, T0               100                     100                     100                   100                    90                    100                   100                   100                            98.8±3.5
Barthel score, T1                 0                         0                         0                       0                      40                     20                     25                     30                            14.4±16.4
Barthel score, T2                40                       20                       10                     90                     65                     65                     20                     45                            44.4±27.6
Barthel score, T3                85                       40                       55                    100                    80                     95                     35                     55                            68.1±25.1
Barthel score, T4                95                       65                      100                   100                    90                    100                    50                    100                           87.5±19.3
Barthel score, T5               100                     100                     100                   100                    90                    100                    65                    100                           94.4±12.4
SpO2/FiO2, relationship between the percentage of oxygen saturation and inspiratory fraction of oxygen; SPPB, short physical performance battery.

Figure 2. Trend of oxygenation (a), physical function (b) and disability (c) during the journey of the different patients (grey lines). For set-
tings see the legend of Figure 1. The mean curve (± SD) is represented by the black bold line. SpO2/FiO2, relationship between the percent-
age of oxygen saturation and inspiratory fraction of oxygen; SPPB, short physical performance battery. 
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real-time Covid-free control group as Covid patients without reha-
bilitation opportunities are limitations.

In conclusion, the majority of Covid-19 survivors experienced
ARF due to pneumonia recovered oxygenation, physical function
and disability within a median time of 137 days. A minority (12%)
needs further follow up and rehabilitation maintenance due to
incomplete recovery. 
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