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Abstract

Introduction: Coronavirus disease 2019 (COVID-19) can
cause acute respiratory distress syndrome and acute
respiratory  failure,  requiring  hospitalization.  The
complications and  functional = consequences  of
hospitalization at intensive-care units (ICU) are called post-
intensive care syndrome (PICS). This study aimed to
describe functional outcomes in patients with PICS due to
COVID-19 and evaluate the factors that could influence or
even predict these outcomes.

Methods: This retrospective study included all patients
admitted to an inpatient rehabilitation facility (IRF) following
hospitalization for critical COVID-19. We recorded the
potentially useful patient demographics and clinical
characteristics.

Results: This study included 18 patients, most of them male,
with a mean age of 60 years. We noted an important
radiological pulmonary involvement by the disease in all
patients, and most required oxygen supply upon admission
to the IRF. The total functional independence measure (FIM)
and medical research council sum scores (MRC-SS)
significantly improved from admission to discharge. A higher
percentage of radiological pulmonary involvement and a
higher fraction of inspired oxygen (FiO2) at admission to the
IRF were associated with greater FIM variation between

(1) Servico de Medicina Fisica e de Reabilitagdo, Hospital de Braga, Portugal.

admission and discharge. Additionally, a lower FIM at
admission correlated with a greater variation in FIM during
the IRF stay. A higher MRC-SS at discharge was associated
with a higher FIM. Conversely, a greater need for oxygen
support at discharge predicted a lower FIM score.

Conclusion: Inpatient rehabilitation was associated with
significant motor and functional improvement in our sample.
The functional recovery of our patients correlated more with
radiological pulmonary involvement, the need for oxygen
support, and the overall functionality at admission rather than
with the muscle weakness. Cardiopulmonary condition at
discharge, as expressed by FiO2, was more important than
muscle strength in defining functional outcomes at discharge
and even predicted FIM at discharge. According to our
study, patients with more severe respiratory/pulmonary
involvement by COVID-19 and lower levels of functional
independence at admission may benefit the most from
integrating an inpatient rehabilitation program into an
acute/subacute IRF.

Keywords: COVID-19/rehabilitation; Inpatients; Intensive
Care Units; Recovery of Function.

Introducdo: A COVID-19 pode causar uma sindrome
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respiratéria aguda grave com insuficiéncia respiratéria
aguda e necessidade de hospitalizagéo. As complicagdes
e consequéncias funcionais de um internamento numa
Unidade de Cuidados Intensivos (UCI) denominam-se de
sindrome pos-internamento em UCI (SPICI). Este estudo
visa descrever a evolugao funcional de doentes com SPICI
por COVID-19, avaliando potenciais fatores que podem
influenciar ou até predizer essa mesma evolugao.

Métodos: Este estudo retrospetivo incluiu todos os
pacientes internados num Servico de Medicina Fisica e de
Reabilitacdo (MFR) apds internamento em contexto de
COVID-19 critica. Foram recolhidos dados relativos as
caracteristicas clinicas e demograficas desses pacientes.

Resultados: Este estudo incluiu 18 pacientes, a maioria do
sexo masculino, com uma média de 60 anos de idade.
Constatou-se um importante envolvimento radiolégico pela
doenca em todos os pacientes, e a maior parte deles ainda
necessitava de oxigénio suplementar a admissdo no
internamento de MFR. A medida de independéncia
funcional (MIF) total e o Medical Research Council Sum-
Score (MRC-SS) aumentaram significativamente desde a
admisséo até a alta do internamento de MFR. Quanto maior
a percentagem de envolvimento pulmonar radiolégico pela
doenca e a necessidade de oxigénio suplementar (FiO2) a
admissao no internamento de MFR, maior a variagao da MIF
entre a admisséo e a alta. A presenga de uma MIF menor a
admissdo também se correlacionou com uma maior
variagéo da MIF durante o internamento. Quanto maior o
MRC-SS a data de alta, maior a MIF nesse momento. Por
outro lado, a maior necessidade de suplementacdo de
oxigénio a data de alta prediz uma MIF menor nesse
momento.

Conclusdo: O internamento no Servico de Reabilitagido
esteve associado a uma evolugdo motora e funcional
significativas. A recuperacdo funcional dos nossos
pacientes esteve mais correlacionada com o envolvimento
radiolégico pela doenga, a necessidade de suplementacdo
de oxigénio e a funcionalidade global a admisséo, do que
propriamente com a forga muscular. A condicdo
cardiopulmonar a data de alta, expressa pela FiO2, revelou-
se mais importante do que a forca muscular para definir o
resultado funcional a data de alta, e inclusivamente predisse
a MIF a data de alta. Assim, de acordo com 0 nosso estudo,
pacientes com um maior envolvimento respiratorio/
pulmonar pela COVID-19 e menores niveis de
independéncia funcional a admissao, parecem ser aqueles
que mais beneficiam de integrar um programa intensivo de
reabilitacdo em regime de internamento.

Palavras-chave: COVID-19/reabilitagao; Doentes
Internados; Recuperagdo da Funcdo, Unidades de
Cuidados Intensivos.
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Introduction

Severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) is the most recently discovered coronavirus,
identified in 2019, and is the causative agent of coronavirus
disease 2019 (COVID-19). The spread of COVID-19 led to a
global pandemic in March 2020, resulting in significant
morbidity and mortality worldwide, with millions of
individuals hospitalized due to acute COVID-19."

COVID-19 is most commonly characterized by upper
respiratory symptoms, and patients usually do not require
hospitalization. However, it can progress to a lower
respiratory infection, leading to acute respiratory distress
syndrome and respiratory failure, requiring hospitalization.’
Approximately 5% of unvaccinated patients develop severe
hypoxemic respiratory failure and require admission to the
intensive care unit (ICU).2 The risk of severe COVID-19
infection varies with demographics and pre-existing medical
conditions, including increased age, diabetes,
cardiovascular disease, and underlying lung disease.?

The complications and functional consequences of
prolonged ICU hospitalization are referred to as post-
intensive care syndrome (PICS). PICS involves a
constellation of new or worsening impairments in physical,
mental, and/or cognitive abilities in individuals who have had
a critical illness that requires intensive care. These
impairments may persist for months or years after
hospitalization.®5 Hospitalization due to acute illness caused
by COVID-19, regardless of severity, results in new
functional impairment after discharge, which is worse in
patients requiring intensive care.®” Physical problems
experienced by individuals with PICS include impaired
pulmonary function, skeletal and respiratory muscle
weakness, dysphagia, difficulty walking, fatigue, exercise
intolerance, and inability to return to work. Mental health
problems include anxiety, stress disorders, post-traumatic
stress disorders, and depression. Cognitive problems
include impairments in memory, mental processing speed,
and executive function.®5 According to the literature,
patients with PICS benefit from inpatient rehabilitation, with
excellent results and important functional recovery.38° Its
purpose is to improve respiratory function, counteract
musculoskeletal deconditioning and immobilization, reduce
the onset of complications, improve cognitive status, reduce
disability, and improve quality of life in anticipation of the
patient’s discharge.*

There are limited data on the functional outcomes of
inpatient rehabilitation in patients with PICS due to COVID-
19, as well as on the predictors of these outcomes. Given
the global burden of COVID-19 and the particular need for
rehabilitation in these patients, identifying the most relevant
factors influencing functional outcomes could help clinicians



develop more effective rehabilitation programs. This
knowledge would also assist in determining which patients
are most likely to benefit from inpatient rehabilitation,
ultimately leading to improve patient-centered outcomes.

This study aimed to describe the functional outcomes of
patients with PICS due to COVID-19 in an inpatient
rehabilitation setting and to evaluate the factors that could
influence or potentially predict these outcomes.

Material and Methods

Selection of participants and physical medicine and
rehabilitation intervention

This study was approved by the Health Ethics Committee
(HEC) of our Hospital. It consisted of a retrospective chart
review of all patients admitted to an inpatient rehabilitation
facility (IRF) at a District General Hospital (Hospital de Braga
- HB) in Portugal between April 2020 and June 2021,
following hospitalization for critical COVID-19 requiring
admission to the ICU, that is, patients with PICS due to
COVID-19. According to the HEC of HB, patient consent
was not required for this research,

Patients with symptomatic COVID-19 are usually admitted
to HB through the emergency department. If hospitalization
is required, they are assigned to a conventional ward
(Internal Medicine or Infectious Disease), an Intermediate
Care Unit, or to an Intensive Care Unit, depending on the
severity of their symptoms and the extent of the disease.
During hospitalization, patients may experience a step-up
or step-down in the level of care between wards according
to their clinical evolution.

All patients admitted to the ICU received standard inpatient
rehabilitation care, as long as they were allowed for their
clinical condition. A physiatrist prescribed a rehabilitation
program tailored to each patient’s condition, with a gradual
increase in intensity as tolerated. Since there is limited
evidence supporting specific treatment approaches to
improve functional outcomes after COVID-19, no
standardized rehabilitation protocol was used during this
phase or the IRF period. Instead, interventions were tailored
to each patient’s individual needs, following the guidelines
of the Portuguese Society of Physical Medicine and
Rehabilitation.’® Rehabilitation interventions during this
phase included the management of postural variations,
passive and active mobilization, gradual progression to an
upright position, eventually reaching seated and standing
positions, speech therapy for dysphagia management, and
respiratory kinesiotherapy, all adapted to the patient’s
clinical condition during their ICU stay.

The inclusion criteria for our IRF were hemodynamic stability,
the need for low levels of respiratory support (fraction of
inspired oxygen [FiO2] < 24%) via nasal cannula, and the
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ability to participate in a rehabilitation program. Exclusion
criteria included failure to meet the aforementioned criteria,
as well as the presence of pressure ulcers or the need for
continuous ventilation (invasive or non-invasive). The need
for nocturnal ventilation (non-invasive or through the
tracheostomy) was not an exclusion criterion. This
rehabilitation program comprises general and rehabilitation
nursing care, including decannulation of tracheostomized
patients; respiratory kinesiotherapy, including thoracic
expansion, localized expansion and diaphragmatic
breathing exercises, posture correction, forced expiratory
techniques and cough training; physiotherapy, including
endurance training for deconditioning, strength, and balance
training; speech therapy, including swallowing evaluations
and the management and treatment of swallowing
disorders; occupational therapy to help recover from deficits
in basic and instrumental activities of daily living (ADL);
psychological therapy; and nutritional counseling. Training
sessions lasted 30-45 minutes each, with patients receiving
at least 2-3 hours of inpatient rehabilitation therapy per day,
excluding weekends, which represents about 10-15 hours
a week. Patient safety during training was ensured through
strict monitoring of peripheral oxygen saturation, adjustment
of oxygen supply as needed, and continuous observation
and assessment of the patient’s well-being using Borg
Rating of Perceived Exertion.

Data collection

Patient demographics and clinical characteristics were
recorded from individual clinical files using a standardized
data extraction form. These characteristics included age,
sex, cardiovascular risk factors (high blood pressure,
diabetes, dyslipidemia, obesity, obstructive sleep apnea,
and smoking status), length of stay in the ICU and inpatient
rehabilitation facility, number of days on mechanical
ventilation and with a tracheostomy, maximum percentage
of radiological pulmonary involvement reported on CT scan
(PPI-CT), FiO2 at admission and discharge from the IRF, and
destination after discharge. We also assessed functional
measures at admission and discharge from the IRF
including the functional independence measure (FIM) and
the Medical Research Council Sum Scores (MRC-SS).

The functional independence measure was developed as a
measure of disability in various populations (not specific to
any diagnosis). It assesses 18 items corresponding to areas
of dysfunction that commonly occur in individuals with
functional impairments (physical and/or cognitive). It ranges
from 18 points (lower level of independence) to 126 points
(higher level of independence).'' MRC-SS represents a
measure of global peripheral muscle strength, which ranges
from 0 (complete paralysis) to 60 (normal strength).

Study design

We performed descriptive statistics for quantitative
continuous variables using mean (M) + standard deviation
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(SD), and categorical variables using frequency (n) and
percentage (%).

Table 1 - Population’s demographics and comorbidities.

Comparisons between admission and discharge values Demographics Desc_rip_tive
were performed using paired sample t-tests or Wilcoxon statistics
signed-rank tests, according to the distribution of the data. Age (years)
The dependent variables used to determine the functional M I(SlD) . 60.2 (9.3)
outcome of patients during their stay at the IRF were the FIM Minimum -~ Maximum 44-78
variation between admission and discharge from the IRF Sex
(FIM_var) and FIM at discharge (FIM_dis). We explored other Male - n (%) 14 (77.8%)
variables that were collected as independent variables. Female - n (%) 4 (22.2%)
First, we established a linear relationship between each Length of stay in ICU (days)
independent and dependent variable (FIM_var and FIM_dis) M (SD) 51.4 (35.2)
using the Pearson correlation coefficient (r). We then Mini Maxi 13-123
selected all variables that showed an r > 0.4, which indicates inimum = vaximurm -
amoderate to high correlation, and created a multiple linear Length of stay at the IRF (days)
regression model using these variables to evaluate their M (SD) 35.9 (31.8)
statistical significance as predictors of each of the Minimum = Maximum 11 =142
dependent variables in the analysis.
o ) Background and comorbidities
Statistical analyses were performed using the IBM Corp.
Released 2013. IBM SPSS Statistics for Windows, Version Cardiovascular risk factors (number)
22.0. Armonk, NY: IBM Corp. A p-value of less than 0.05 M (SD) 22(1.7)
indicated significance of the test performed. Minimum = Maximum 0-6
List of cardiovascular risk factors
i —_ 0, 0,
Results H?gh blood pressure - n (%) 10 (55.6%)
Diabetes - n (%) 7 (38.9%)
Patient characteristics Dyslipidemia - n (%) 7 (38.9%)
This study included 18 patients who survived critical COVID- Obesity - n (%) 9 (50%)
19 in the ICU and were admitted to the IRF. Tables 1 and 2 Obstructive sleep apnea - n (%) 2 (11.1%)
present the patients’ descriptive characteristics. Most 0 ' o
patients were male (78%, n=14), with a mean age of 60 Ex-smoker - n (%) 5(27.8%)
years (SD=9.3). Of the participants, 67% (n=12) had two or
more cardiovascular risk factors, with the most common
Table 2 - Population’s clinical characteristics.
Clinical characteristics during ICU stay Descriptive statistics
Radiological pulmonary involvement reported on CT-scan (percentage)
M (SD) 64 (17)
Minimum — Maximum 40-90
Number of patients under tracheostomy
n (%) 11 (61%)
Number of days under tracheostomy (between tracheostomized patients)
M (SD) 29 (11)
Minimum — Maximum 14 - 47
Number of days under intubation
M (SD) 28.1 (17.6)
Minimum - Maximum 0-62
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Clinical characteristics at the time of admission to the IRF
FiO2 (percentage)
M (SD) 23.5(2.8)
Minimum — Maximum 21-28
EIM
M (SD) 80.8 (22.7)
Minimum — Maximum 53 -121
MRC-SS
M (SD) 43.7 (6.7)
Minimum — Maximum 26 -48
Clinical characteristics at the time of discharge from the IRF
FiO2 (percentage)
M (SD) 21.2 (0.3)
Minimum - Maximum 21-22
FIM
M (SD) 111.3 (13.1)
Minimum — Maximum 79-126
MRC-SS
M (SD) 50.4 (6.3)
Minimum — Maximum 36 -59
Destination
Home - n (%) 14 (77.8%)
Rehabilitation Center — n (%) 4 (22.2%)

ICU = intensive care unit; M = mean; SD = standard deviation; n = absolute frequency; % = percentage; IRF = inpatient rehabilitation facility; FiO2 = fraction of inspired oxygen;
FIM = functional independence measure; MRC-SS = Medical Research Council - sum score.

being high blood pressure (56%, n=10) and obesity (50%,
n=9). All patients were completely independent before
admission for COVID-19 and required mechanical
ventilation. The mean length of intubation was 28.1 days
(SD=17.6) and the mean length of stay in the ICU was 51.4
days (SD=35.2). Tracheostomy was performed in 61%
(n=11) of the patients and lasted for a mean of 29 days
(SD=11). Three patients (27 %) were admitted to the IRF with
tracheostomy, but were already undergoing decannulation.
We reported an important radiological pulmonary
involvement in all patients, with a mean involvement of 64%
(SD=17) of the pulmonary parenchyma. Ten patients, or 55%
of the group, still required oxygen supply upon admission to
the IRF, with a mean FiO2 at admission (FiO2_adm) of 23.5%
(SD=2.8) across all patients.. At the time of discharge from
the IRF, only four patients maintained that need (22% of all
patients), and all required a lower percentage of oxygen
supply compared to admission, with a mean FiO2 at
discharge of 21.2% (SD=0.3). The mean duration of inpatient
rehabilitation was 35.9 days (SD=31.8). Most patients (78%,
n=14) were discharged home, and the remaining 22% (n=4)
had planned admission to a Rehabilitation Center.

Outcomes evolution between admission and discharge

The total FIM score significantly improved from admission
to discharge (80.8 vs 111.3, respectively; p <0.001), with a
mean difference of 31 points. The MRC-SS also improved
significantly from admission to discharge (43.7 vs 50.4,
respectively; p = <0.001), as did the FiO2 (23.5% vs 21.2%,
respectively; p = 0.002).

Statistical analysis to find correlations and/or predictors
of the outcomes under evaluation

FIM variation:

We used the Pearson correlation coefficient to explore the
association between each independent variable and the FIM
variation during the IRF stay, as shown in Table 3. We found
a statistically significant association between the percentage
of radiological pulmonary involvement by the disease and
FIM variation (r = 0.822 / p = 0.006). These variables showed
a direct correlation, indicated by the positive value of ‘r’;
thus, the higher the percentage of radiological pulmonary
involvement by the disease, the greater the FIM variation
during IRF stay. Similar results were found for FiO2 at
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Table 3 - Analysis of the linear relationship between the independent variables and the dependent variable “FIM variation

through Pearson correlation coefficient, and its statistical significance.

Dependent variable

Independent variable

Test statistics

FIM variation
(difference between FIM
at discharge and FIM at

admission to the IRF)

Age

Sex (0O=female; 1=male)

Diabetes (0=Absence; 1=Presence)

HBP (0=Absence; 1=Presence)
Dyslipidemia (O=Absence; 1=Presence)
Obesity (0=Absence; 1=Presence)

OSA (0=Absence; 1=Presence)

Ex-smoker (0=No; 1=Yes)

Number of CVRF

Length of stay in ICU

Percentage of radiological pulmonary involvement on CT-scan
Number of days under tracheostomy
Number of days under intubation

Total FIM at admission to the IRF

MRC-SS at admission to the IRF

FiO2 at admission to the IRF

MRC-SS variation during the stay at the IRF
Length of stay at the IRF

Destination after discharge (0=Home; 1=RC)

r=0.209; p =420
r=0.347;p=0.172
r=-0.359; p = 0.157
r=-0.219; p = 0.398
r=-0.154; p = 0.555
r =-0.460; p = 0.063
r=-0.047; p = 0.859
r=0.043; p = 0.871
r=-0.343; p =0.178
r=0.132; p = 0.627
r=0.822; p = 0.006™
r=0.287; p = 0.454
r=0.192; p = 0.476
r=-0.813; p < 0.001*
r=-0.322; p = 0.208
r=0.512; p = 0.036**
r=0.142; p = 0.587
r=0.397;p =0.115
r=-0.304; p = 0.236

HBP = high blood pressure; OSA = obstructive sleep apnea; CVRF = cardiovascular risk factors; ICU = intensive care unit; CT = computed tomography; IRF = inpatient rehabilitation
facility; FIM = functional independence measure; MRC-SS = Medical Research Council - sum score; FiO2 = fraction of inspired oxygen; RC = rehabilitation center; r = Pearson
correlation coefficient (<0.29: weak correlation; 0.30 - 0.49: moderate correlation; 0.5 - 0.99: strong correlation; 1: perfect correlation); p = statistical significance of the test

performed; ** = test showing statistical significance

admission to the IRF (r = 0.512 / p=0.036), which also
exhibited a significant positive correlation with the FIM
variation. This means that the greater the need for oxygen
supply at admission, the higher the FIM variation during the
IRF stay.

Considering these results, we analyzed the correlation of
these two independent variables with the FIM scores at
admission and discharge. We observed that both
radiological pulmonary involvement and FiO2 at admission
correlated inversely with FIM at admission, as indicated by
the negative value of r (r = -0.543 and r = -0.445,
respectively). Thus, the higher the percentage of radiological
pulmonary involvement by the disease and the higher the
need for oxygen supply, the lower the FIM score at
admission. However, this association was not statistically
significant. The correlation of these independent variables
(PPI-CT and FiO2_adm) with FIM at discharge was relatively
weak, with despicable values of ‘r’ (r = 0.303 and r = 0.039,
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respectively). FIM at admission showed a significant
negative correlation with FIM variation during the IRF stay (r
=-0.813/p < 0.001), as shown in Table 3. Thus, the lower
the FIM score at admission, the greater the FIM variation
during the IRF stay.

Among the other independent variables analyzed, “obesity”
was the only variable whose correlation coefficient with FIM
variation was greater than 0.4 (r = -0.460; p = 0.063). This
indicates that the more obese the patient, the lower the FIM
variation. For this reason, we also included the variable
“obesity” in the linear regression model to predict FIM
variation during IRF stay (Table 4), although the correlation
was not statistically significant. This model showed that the
four variables explained 96% of the variation in the FIM_var
values during the IRF stay (p=0.004). However, only the
variable “FIM_adm” was a significant predictor of the FIM
variation.
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Table 4 - Multiple linear regression model exploring potential predictors of FIM variation (Constant) during the stay at the
IRF, and its statistical significance. The variables used are those that showed a Pearson correlation coefficient ‘r’ >0.40.

Collinearity statistics
Beta p value Tolerance VIF
Constant
Obesity 0.038 0.828 0.35 2.87
VA;‘ILAF.II-:\?N Radiological pulmonary involvement on CT-scan  0.564 0.104 0.13 7.84
FiO2 at admission to the IRF -0.069 0.759 0.21 4.80
Total FIM at admission to the IRF -0.642 0.005* 0.69 1.45
R? =0.963, F = 26.037, p = 0.004**

VIF = variance inflation factor; CT-scan = computed tomography scan; FiO2 = fraction of inspired oxygen; IRF = inpatient rehabilitation facility; FIM = functional independence
measure

Table 5 - Analysis of the linear relationship between the independent variables and the dependent variable “FIM at discharge”
through Pearson correlation coefficient, and its statistical significance.

Dependent variable

Independent variable

Test statistics

Total FIM
at discharge

Age

Sex (0=female; 1=male)

Diabetes (0=Absence; 1=Presence)

HBP (0=Absence; 1=Presence)
Dyslipidemia (O=Absence; 1=Presence)
Obesity (0=Absence; 1=Presence)

OSA (0=Absence; 1=Presence)

Ex-smoker (0=No; 1=Yes)

Number of CVRF

Length of stay in ICU

Percentage of radiological pulmonary involvement on CT-scan
Number of days under tracheostomy
Number of days under intubation

Total FIM at admission to the IRF

MRC-SS at admission to the IRF

FiO2 at admission to the IRF

MRC-SS at discharge from the IRF

FiO2 at discharge from the IRF

MRC-SS variation during the stay at the IRF
Length of stay at the IRF

Destination after discharge (0=Home; 1=RC)

r=-0.322; p = 0.193
r=0.348; p = 0.157
r=0.126;p =0.618
r=0.107;p =0.671
r=0.063; p =0.803
r=0.022; p =0.931
r=0.382;p =0.118
r=0.406; p = 0.095
r=-0.277;p =0.265
r=-0.219; p =0.398
r=0.303; p =0.428
r=-0.089; p =0.806
r=-0.241; p =0.352
r=0.505; p =0.039*
r=-0.277; p =0.266
r=0.039; p =0.879
r=0.564; p =0.015"
r=-0.666; p = 0.003*
r=0.260; p =0.298
r=-0.311;p =0.209
r=-0.747; p <0.001*

HBP = high blood pressure; OSA = obstructive sleep apnea; CVRF = cardiovascular risk factors; ICU = intensive care unit; CT = computed tomography; IRF = inpatient rehabilitation
facility; FIM = functional Independence measure; MRC-SS = Medical Research Council - sum score; FiO2 = Fraction of inspired oxygen; RC = Rehabilitation center; r = Pearson
correlation coefficient (<0.29: weak correlation; 0.30 - 0.49: moderate correlation; 0.5 - 0.99: strong correlation; 1: perfect correlation); p = statistical significance of the test
performed; ** = test showing statistical significance
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Table 6 - Multiple linear regression model exploring potential predictors of FIM variation (Constant) during the stay at the
IRF, and its statistical significance. The variables used are those that showed a Pearson correlation coefficient ‘r’ >0.40.

Collinearity statistics

Beta p value Tolerance VIF

Constant
FIM AT Total FIM at admission to the IRF 0.375 0.055 0.699 1.43
DISCHARGE MRC-SS at discharge from the IRF 0.160 0.424 0.59 1.71
FiO2 at discharge from the IRF -0.607 0.003* 0.81 1.24

R2=0.712, F = 10.722, p = 0.001**

VIF = variance inflation factor; FIM = functional independence measure; IRF = Inpatient rehabilitation facility; MRC-SS = medical research council - sum score; FiO2 = fraction of

inspired oxygen

FIM at discharge:

The Pearson correlation was also calculated to explore the
association between each independent variable and the
dependent variable, FIM at discharge from the IRF, as shown
in Table 5. We found a statistically significant association
between the MRC-SS at discharge and FIM at discharge (r
= 0.564 / p = 0.015). These variables showed a positive
correlation; therefore, the higher the MRC-SS at discharge,
the higher was the FIM at discharge. We also found a
statistically significant negative correlation between FiO2
and FIM at discharge (r = -0.666 / p = 0.003). Thus, the
greater the need for oxygen at discharge, the lower the FIM
score at that moment. Additionally, there was a statistically
significant direct correlation between the FIM scores at
admission and discharge (r = 0.505 / p = 0.039). Therefore,
patients with a higher FIM at admission also tend to have a
higher FIM at discharge.

None of the other variables in the analysis showed a
significant correlation with FIM at discharge; therefore, we
included only the three variables mentioned above in the
linear regression model (Table 6). This model showed that
these variables explain approximately 71% of the variation
in the FIM at discharge, with FiO2 at discharge being a
significant predictor of FIM at discharge.

Discussion

In this study, we assessed the clinical characteristics,
functional outcomes, and predictors of functional recovery
in patients who underwent inpatient rehabilitation at an
acute care facility following ICU admission for critical
COVID-19.

Our rehabilitation cohort consisted of a relatively young
group of patients. However, they presented with a risk profile
for comorbidities that have already been reported to be
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associated with severe manifestations of COVID-19."8 It is
important to note that most of the population in Portugal
was not vaccinated against this virus during the analysis
period (April 2020 to June 2021)."2 Specifically, none of the
patients in our cohort had received the vaccine, which may
have contributed to the younger age of the group. The
severity of lung involvement seems to be important,
considering the mean percentage of radiological pulmonary
involvement reported on computed tomography (CT) scan
(64%, SD=17), as well as the percentage of patients still
requiring oxygen supply upon admission to our IRF (55%,
n=10) after a mean ICU stay of 51.4 days (SD=35.2).

An expert consensus has established that direct access to
physical therapy after ICU discharge is imperative for all
patients with PICS, regardless of the underlying disease. The
goals are to improve ADL function, mobility, strength, and
quality of life.”® In our study, patient’s functional status
significantly improved during their stay at the IRF, as
demonstrated by the significant improvement in FIM and
MRC-SS between admission and discharge. This reflects
the increased ability of patients to independently perform
daily tasks such as personal hygiene, bathing, dressing,
walking, and climbing stairs. Therefore, the data presented
in this study highlight the importance of inpatient
rehabilitation, which is associated with significant motor and
functional improvements in patients who have experienced
critical acute illness due to COVID-19.

According to the literature, PICS resulting from COVID-19
frequently leads to persistent physical and cognitive
impairments; thus, long-term continuation of rehabilitation is
important for achieving optimal recovery. In our study, most
patients (78%, n=14) were discharged to continue
ambulatory rehabilitation. A total of 22% (n=4) required
further inpatient rehabilitation at a specialized Rehabilitation
Center.



In our cohort, 22% (n=4) of patients required oxygen
supplementation at discharge. This may be attributed to the
slow resolution of bilateral interstitial infiltrates in COVID-19
patients, with significant alterations in ventilation-perfusion
rates.® These respiratory sequelae present additional
challenges to the rehabilitation process.

Regarding functional outcomes and their predictors, we
identified an association between more severe radiological
pulmonary involvement and greater variation in FIM scores
between admission and discharge from the IRF. This greater
improvement does not appear to be explained by a higher
FIM scores at discharge, as we found no association
between radiological pulmonary involvement and FIM
scores at discharge. Instead, this seems to be attributed to
the lower FIM score at admission in these patients. Similarly,
we found that a higher need for oxygen supply at admission
(FiO2) was associated with a greater improvement in FIM
scores during the IRF stay, consistent with findings related
to de degree of radiological pulmonary involvement.
Therefore, we infer that patients with more severe respiratory
failure had lower FIM scores at admission to the IRF,
resulting in greater gains in functional independence during
their stay. Additionally, we observed a statistically significant
negative correlation between FIM scores at admission and
FIM variation, with lower admission FIM scores predicting
greater gains during the rehabilitation stay. This strong
correlation supports the hypothesis that the greater
functional improvements seen in patients with more severe
radiological pulmonary involvement and respiratory failure
are primarily due to their lower FIM scores at admission,
rather than the severity of their respiratory/pulmonary
involvement. Further studies are needed to investigate these
associations.

The independent variable MRC-SS, which measures overall
muscle strength, did not correlate with FIM variation or with
the other variables analyzed. According to our findings, the
functional recovery of inpatients with PICS due to COVID-
19 is more strongly associated with the degree of
radiological pulmonary involvement, the need for oxygen
support, and the overall functionality at admission to the IRF,
rather than with muscle weakness. Obesity may also
negatively impact FIM improvement, potentially leading to
less pronounced functional recovery in these patients.
However, further studies are needed to clarify this
relationship.

Regarding FIM scores at discharge, our study found an
association between higher MRC-SS at discharge and
higher FIM scores at discharge. This indicates that functional
independence at discharge is linked to overall muscle
strength at that time. Other studies on post-intensive care
patients (unrelated to COVID-19) have corroborated this
finding."6 Patients requiring more oxygen at discharge had
lower levels of functional independence, with FiO2 at
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discharge being a predictor of FIM at discharge. This
suggests that cardiopulmonary condition, as reflected by
FiO2, is more influential than muscle strength in determining
functional outcomes at discharge in patients recovering from
critical COVID-19. In fact, the degree of respiratory/
pulmonary involvement in this group of patients is crucial for
determining autonomy and function acquisition during their
stay at the IRF and at discharge, more so than muscle
strength or any other variable. While patients with a greater
need for oxygen at admission exhibited more significant
functional gains during inpatient rehabilitation, maintaining
the need for oxygen support at discharge was associated
with less substantial functional outcomes. This underscores
the importance of respiratory kinesiotherapy and aerobic
reconditioning in the rehabilitation of these patients. Studies
have suggested that dyspnea and hypoxemia may have
distinct mechanisms through which they affect functional
capacity, and that exercise-induced desaturation in this
group of patients is likely linked to parenchymal and/or
pulmonary vascular phenomena.?'7-'® Further studies are
needed to clarify these relationships and their predictive
value.

In addition to the findings already discussed, this study
highlights the prevalence of persistent functional deficits
following severe COVID-19, which often require ongoing
rehabilitation after discharge, despite significant
improvements during inpatient rehabilitation. These deficits
may result in long-term impairments that are beyond the
scope of this study. However, further research is needed to
investigate the long-term functional effects of COVID-19, as
well as other complications.

There are other study limitations in addition to those
previously mentioned. The small sample size may have
limited our ability to detect significant associations. The
single-center, retrospective design, and the absence of a
standardized rehabilitation protocol for post-acute severe
COVID-19 patients may have influenced our results. These
findings are applicable only to critically ill COVID-19 patients
and may not be generalizable to hospitalized patients who
did not require ICU care. Further studies are necessary to
determine whether these associations can be extended to
that broader population. We argue that early rehabilitation,
advance care planning, and referrals to appropriate
therapies are crucial for all inpatients with acute COVID-19
to maximize functional outcomes. However, since we did not
include a control group of critically ill COVID-19 patients who
only underwent outpatient rehabilitation after ICU discharge,
we cannot conclude that our results are solely due to
inpatient rehabilitation. Future studies comparing the
functional outcomes of critical COVID-19 patients in
inpatient versus outpatient rehabilitation settings could help
physiatrists determine the most appropriate level of care
following ICU discharge.
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Although the FIM assesses cognitive function in some
important areas, we did not specifically evaluate cognitive
impairment or psychiatric complications, including mood
disorders, which are associated with severe COVID-19 and
can significantly affect participation in rehabilitation
programs. These complications, reported in some literature,
may affect functional outcomes and represent a limitation
and potential source of bias in our study.

We assessed cardiopulmonary involvement based on the
percentage of pulmonary parenchyma affected by the
disease (as seen on CT-scan) and the need for oxygen
supplementation. The use of these variables to evaluate
cardiopulmonary function is debatable and represents
another limitation. More comprehensive tests, such as
spirometry and body plethysmography, could have provided
better insights but were not conducted due to resource
limitations at that time. Additionally, excluding patients who
required oxygen supplementation with FiO2 above 24% also
introduces potential bias by excluding more severely ill
patients, particularly those with a more fragile
cardiopulmonary condition — one of the variables showing
significant associations in our study. Nevertheless, it is
important to note that all of these excluded patients were
eventually admitted to our IRF once their oxygen
supplementation levels met our admission criteria (FiO2
<24%), though they had to remain in their original wards for
a longer period. Further research should be conducted to
address these limitations.

This study has several strengths, including a diverse patient
sample, systematic and detailed assessment of important
parameters such as functional outcomes, and the inclusion
of comprehensive clinical information from patients’
hospitalization. It is the first study to analyze the functional
outcomes of inpatient rehabilitation in critically ill COVID-19
patients. This highlights the importance of post-acute
rehabilitation care in this population and helps identifying
which patients may benefit the most from inpatient
rehabilitation programs. Additionally, it demonstrates the
impact of radiological pulmonary involvement on the
functional status of these patients. With further studies and
more robust data, it may be possible to better define the
actual impact of the studied variables on the functional
outcomes of inpatients with post-intensive care syndrome

due to COVID-19. We may even define relevant variables or
cut-off points that indicate which patients are likely to benefit
the most from inpatient rehabilitation programs. In the
context of bed shortages, as experienced at the beginning
of the pandemic, this knowledge would enable physiatrists
to prioritize patient selection for inpatient rehabilitation more
effectively. To the best of our knowledge, no similar studies
have been published regarding functional outcomes and
their predictors in critically ill COVID-19 patients who
underwent inpatient rehabilitation, making this a pioneering
study in this area.

Conclusion

Our study provides evidence that post-acute
multidisciplinary inpatient rehabilitation in individuals with
critical COVID-19 is associated with significant
improvements in clinical, motor, functional, and
cardiorespiratory outcomes. The functional consequences
of critical COVID-19 infection appear to be predominantly
related to respiratory limitations rather than motor
limitations. Our findings underscore the importance of
pulmonary rehabilitation for this group of patients. Early
post-acute rehabilitation in the ICU may also significantly
impact patient recovery by preventing the development of
more severe PICS. This study also revealed the prevalence
of persistent functional deficits following critical COVID-19,
which will require ongoing rehabilitation and may sometimes
lead to long-term impairments.

According to our findings, patients with more severe
respiratory/pulmonary involvement, which is also associated
with lower levels of functional independence at admission,
may benefit the most from integrating an inpatient
rehabilitation program into acute/subacute IRF. This group
of patients demonstrated a strong association with greater
functional recovery during their stay in the IRF. This reflects
one of the main objectives of an inpatient rehabilitation
program: achieving significant functional gains in the
shortest possible time. However, further research is needed
to determine whether the associations identified in this
analysis are truly predictive and to establish more precise
parameters that could help physiatrists define prioritized
admission criteria for these patients.

Conflitos de Interesse: Os autores declaram a inexisténcia de conflitos de interesse na realizagdo do presente trabalho. Fontes de Financiamento: Nao existiram fontes externas de
financiamento para a realizagéo deste artigo. Confidencialidade dos Dados: Os autores declaram ter seguido os protocolos da sua institui¢do acerca da publicagéo dos dados de doentes.
Protegéo de Pessoas e Animais: Os autores declaram que os procedimentos seguidos estavam de acordo com os regulamentos estabelecidos pela Comisséo de Etica responsavel e de
acordo com a Declaragdo de Helsinquia revista em 2013 e da Associagdo Médica Mundial. Proveniéncia e Revisdo por Pares: Nao comissionado; revisdo externa por pares.

Conflicts of Interest: The authors have no conflicts of interest to declare. Financing Support: This work has not received any contribution, grant or scholarship Confidentiality of Data: The
authors declare that they have followed the protocols of their work center on the publication of data from patients. Protection of Human and Animal Subjects: The authors declare that the
procedures followed were in accordance with the regulations of the relevant clinical research ethics committee and with those of the Code of Ethics of the World Medical Association
(Declaration of Helsinki as revised in 2013). Provenance and Peer Review: Not commissioned; externally peer reviewed.

66 Revista da SPMFR | Vol 36 | N° 2 | Ano 32 (2024)



Referéncias / References

1.

Harapan H, Itoh N, Yuika A, Minardi W, KEAM S, Te H, et al. Coronavirus
disease 2019 (COVID-19): A literature review. J Infect Public Health.
2020;13:667-73. doi:10.1016/}.jiph.2020.03.019.

Leigh AE, McCall J, Burke RV, Rome, R, Raines AM. Predictors of functional
dependence after COVID-19 - a retrospective examination among veterans.
Am J Phys Med Rehabil. 2021; 100:34-8. doi:10.1097/PHM.000000
0000001614.

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;57:189-98.
doi:10.23736/S1973-9087.21.06549-7.

lannaccone S, Castellazzi P, Tettamanti A, Houdayer E, Brugliera L, Blasio F,
et al. Role of rehabilitation department for adult individuals with COVID-19:
the experience of the San Raffaele Hospital of Milan. ACRM. 2020;101:1656-
61. doi: 10.1016/j.apmr.2020.05.015.

Ohtake PJ, Lee AC, Scott JC, Hinman RS, Ali NA, Hinkson CR, et al. Physical
Impairments Associated with Post-Intensive Care Syndrome: Systematic
Review Based on the World Health Organization’s International Classification
of Functioning, Disability and Health Framework. Phys Ther. 2018; 98:631-
45, doi:10.1093/ptj/pzy059.

Qin ES, Gold LS, Hough CL, Katz PP, Bunnel AE, Wysham KD, et al. Patient-
reported functional outcomes 30 days after hospitalization for COVID-19. Am
Acad Phys Med Rehabil. 2022; 14: 173-82. doi:10.1002/pmrj.12716.

Olezene CS, Hansen E, Steere HK, Giacino JT, Polich GR, Borg-Stein J, et
al. Functional outcomes in the inpatient rehabilitation setting following severe
COVID-19 infection. PLoS ONE. 2021; 16: €0248824. doi:10.1371/
journal.pone.0248824.

Piquet V, Luczak C, Seiler F, Monaury J, Martini A, Ward AB. Do patients with
COVID-19 benefit from rehabilitation? Functional outcomes of the first 100
patients in a COVID-19 rehabilitation unit. ACRM. 2021. 102: 1067-74.
doi:10.1016/j.apmr.2021.01.069.

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;57:443-50. doi:
10.23736/S1973-9087.20.06660-5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

SPMFR

ARTIGO ORIGINAL | ORIGINAL ARTICLE
Functional outcome after severe COVID-19

Portuguese Society of Physical Medicine and Rehabilitation. Plano de
atuacdo na reabilitacdo de doentes admitidos na Unidade de Cuidados
Intensivos por COVID-19. [accessed Jan 2023] Available at:
https://www.spci.pt/media/covid-19/COVID-19_Recomendacoes
_SPMFR_para_doentes_UCI.pdf

Vadassery SJ, Kong KH, Ho WML, Seneviratna A. Interview functional
independence measure score: self-reporting as a simpler alternative to
multidisciplinary functional assessment. Singapore Med J. 2019; 60:199-201.
doi: 10.11622/smed;j.2018048.

Turan Z, Topaloglu M, Taskiran OO. Medical Research Council-sumscore: a
tool for evaluating muscle weakness in patients with post-intensive care
syndrome. Crit Care. 2020;24:562. doi: 10.1186/513054-020-03282-x.

Weekly Vaccination Report from Portugal, n® 20 - Portuguese —. Week 25.
From 27/12/2020 to 27/06/2021. [accessed Jan 2023] Available at:
https://covid19.min-saude.pt/wp-content/uploads/2022/02
/Relatorio_Vacinacao_27122020_27062021_pdf-844kb.pdf

Major ME, Kwakman R, Kho ME, Connolly B, McWilliams D, Denehy L, et.
al. Surviving critical illness: What is next? An expert consensus statement on
physical rehabilitation after hospital discharge. Crit Care. 2016;20:354.
doi10.1186/513054-016-1508-x

Simpson R, Robinson L. Rehabilitation after critical illness in people with
COVID-19 infection. Am J Phys Med Rehabil. 2020;99:470-4.
doi:10.1097/PHM.0000000000001443.

Wang TH, Wu CP, Wang LY. Impact of peripheral muscle strength on
prognosis after extubation and functional outcomes in critically ill patients: a
feasibility study. Sci Rep. 2021:16082. doi:10.1038/s41598-021-95647-7

Seo B, Shin WS. Effects of functional training on strength, function level and
quality of life of persons in intensive care units. Phys Ther Rehabil Sci.
2019;8:134-40. doi:10.14474/ptrs.2019.8.3.134

Wong AW, Romero SL, Hurtado EF, Lopez SV, Milne KM, Ryerson CJ, et al.
Predictors of reduced 6-minute walk distance after COVID-19: a cohort study
in Mexico. Pulmonology. 202;27:563-5. doi:10.1016/j.pulmoe.2021.03.004.

Revista da SPMFR | Vol 36 | N° 2 | Ano 32 (2024) | 67



