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ABSTRACT | This study aimed to examine the correlation
between three methods of assessing functional capacity
[namely, handgrip strength (HGS), functional independence
measure (FIM) and six-minute walk test (6MWT)], with
clinical variables and hospitalization data in a cohort of
patients recently discharged from the hospital after being
treated for COVID-19. This is an observational, analytical
and cross-sectional study. The study population comprised
125 patients of both sexes, aged 18 years or older, who were
hospitalized due to a COVID-19 diagnosis. The patients
were assessed approximately three months after hospital
discharge, during which they underwent the HGS, the 6MWT,
and responded to the FIM. Additionally, data from the
medical records were collected and subsequently analyzed.
The patients demonstrated satisfactory performance in
the GBMWT (walking distance of 457m) and had handgrip
strength comparable to that of healthy individuals, with a
mean value of 38.9+11.7kgf in men and 27.3+2.8kgf in women.
Additionally, they had an independence score on the FIM
of 122.8+9.9 points, indicating a high level of autonomy.
The three tests yielded positive correlations between the
6MWT and FIM (r=0.470, p<0.001), between the 6GMWT
and HGS (r=0.375, p<0.001), and between HGS and FIM
(r=0.317, p<0.001). The analysis of the patients indicated
that satisfactory functional recovery was achieved three
months after discharge, regardless of the initial severity or
length of hospital stay. While the three tests assess different
dimensions of functional capacity, the observed correlations
suggest that they can be used complementarily.

Functional Status; Walk Test; Muscle Strength
Dynamometer; COVID-19, Rehabilitation; Oxygen Saturation.

RESUMO | O objetivo deste estudo foi investigar se ha
associacao entre trés métodos de avaliacdo de capacidade
funcional, a saber, forca de preensao palmar (FPP), medida
de independéncia funcional (MIF) e teste de caminhada
de seis minutos (TC6), com variaveis clinicas e dados
da internacdo em uma amostra de pacientes egressos
de hospitalizacdo por covid-19. Trata-se de estudo
observacional, analitico e transversal. Foram incluidos
125 pacientes de ambos 0s sexos, com idade maior que
18 anos. Os participantes foram avaliados cerca de trés
meses apods a alta hospitalar, quando realizaram FPP,
TC6 e responderam a MIF. Os dados do prontudrio foram
analisados para coleta de dados clinicos e da internacao.
Os pacientes apresentaram distancia percorrida elevada
no TC6 (mediana de 457m), forca de preensdo palmar
semelhante aos valores encontrados em individuos
saudaveis (38,9+11,7kgf em homens, 273+28kgf em
mulheres), e classificacdo de independéncia na MIF
(122,849,9 pontos).
positivas significativas entre o TC6 e a MIF (r=0,470,
p<0,001), entre o TC6 e a FPP (r=0,375, p<0,001) e entre
a FPP e a MIF (r=0,317, p<0,001). Apesar da gravidade
a admissdo hospitalar ou do tempo de internacdo

Foram encontradas correlacdes

hospitalar, apods trés meses da alta os pacientes analisados

apresentaram recuperacdo funcional satisfatoria. Os

instrumentos utilizados avaliam diferentes dimensdes da
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capacidade funcional, e as correlacdes encontradas entre eles

sugerem que podem ser utilizados de forma complementar.
Estado Funcional; Teste de Caminhada;

Dinamdmetro de Forca Muscular; Covid-19, Reabilitacéo;

Saturacdo de Oxigénio.

RESUMEN | El objetivo de este estudio fue analizar si existe una
asociacion entre tres métodos de evaluacion de la capacidad
funcional, la fuerza de agarre (FA), la medida de independencia
funcional (MIF) y la prueba de caminata de seis minutos (6MWT),
con variables clinicas y datos de hospitalizacion en una muestra
de pacientes dados de alta de la hospitalizaciéon por covid-19. Se
trata de un estudio observacional, analitico y transversal. Se
incluyeron 125 pacientes de ambos sexos, mayores de 18 afios
de edad. Los participantes se sometieron a una evaluacion
aproximadamente tres meses después del alta hospitalaria
cuando realizaron FA, 6BMWT y respondieron a MIF. Los datos

INTRODUCTION

After the acute phase of the disease caused by the
coronavirus (COVID-19), it is common for respiratory
or cognitive symptoms of variable duration to persist.
These symptoms have been widely studied and have
received the generic name of “Post-COVID-19
Syndrome™. After the acute phase, respiratory function
is affected by fatigue and dyspnea?, and tomographic
and functional abnormalities are also common®. Such
findings do not seem entirely related to the initial
severity of the disease* or the individual’s previous
physical condition®.

In individuals with exercise intolerance after the
acute phase of COVID-19, muscle changes are frequent,
which seem to contribute to this state. Muscle mass loss,
with consequent decrease in strength and endurance,
is related to the worsening of functional capacity after
hospitalization. This is mainly due to decreased muscle
protein synthesis caused by the hyper-inflammatory
state and hypoxemia, as well as some harmful effects of
hospitalization®.

Itis not yet fully understood the extent or interference of
such symptoms and muscle impairment on the individual’s
activities of daily living and their quality, nor what would
be the personal or clinical factors associated with greater
functional impairment after hospitalization. Thus, physical
and functional assessment, with medium and long-term
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de la historia clinica se analizaron para recopilar datos clinicos
y de hospitalizacion. Los pacientes presentaron distancia de
caminata elevada en la 6MWT (mediana de 457m), fuerza de
agarre similar a los valores encontrados en individuos sanos
(38,911, 7kgf en hombres, 27,3+2,8kgf en mujeres), y clasificacion
de independencia en MIF (122,8 +9,9puntos). Se encontraron
correlaciones positivas significativas entre GMWT y MIF (r=0,470,
p<0,001), entre GBMWT vy FA (r=0,375, p<0,001) y entre FA vy
MIF (r=0,317, p<0,001). A pesar de la gravedad en el ingreso
hospitalario o la duracién de la estancia en el hospital, a los
tres meses del alta los pacientes evaluados presentaron una
recuperacion funcional satisfactoria. Las herramientas utilizadas
evallan diferentes dimensiones de la capacidad funcional, y
las correlaciones encontradas entre ellas apuntan que pueden
utilizarse de manera complementaria.

Estado Funcional; Prueba de Paso; Dinamémetro
de Fuerza Muscular; Covid-19, Rehabilitacion; Saturacion de Oxigeno.

follow-up of survivors of hospitalizations, can guide the
definition of the best rehabilitation strategies’.

Among the assessment tools to support rehabilitation,
handgrip strength (HGS), measured by hand-held
dynamometry, is a practical and widely disseminated
method that provides data on overall peripheral muscle
strength®. The method has been applied in intensive care
unit settings (ICU), a context in which there are well-
defined values to establish muscle weakness acquired
during hospitalization’. However, the usefulness of this
test in outpatient settings after hospital discharge has
not yet been well explored or understood.

Another evaluation strategy is the use of functional
scales, such as the functional independence measure
(FIM)— commonly used during hospitalization and
hospital discharge—to monitor the level of independence
in activities of daily living and support the planning of
necessary adaptations according to the functional status
of the patients™.

The six-minute walk test (6MW'T) analyzes the
global and integrated response of the systems involved
in submaximal exercise'’. It is a useful test in several
circumstances, such as in outpatient or inpatient evaluation
of functional capacity, in the evaluation of results after
clinical or surgical intervention, in the planning of a
pulmonary rehabilitation program'?, and even as a
predictor of morbidity and mortality in patients with

some lung diseases®. Recently, the MW T has been used



to assess the functional capacity and physical fitness of
patients after COVID-19*.

Our hypothesis is that the evaluation of various aspects
of the individual’s functioning after hospitalization for
COVID-19 can contribute to a better understanding of
the functional impact of the disease and favor intervention
and rehabilitation strategies. Thus, this study aimed to
describe and evaluate the associations between functional
capacity assessed by the HGS test, the FIM scale, and
the 6MWTT. All tests and the FIM completion were
conducted with a sample of patients after discharge
from hospitalization due to severe or moderately severe
pneumonia caused by COVID-19. Associations were
also sought between the tests and some clinical variables,
such as pneumonia severity and use of ventilatory support
during hospitalization.

METHODOLOGY
Study design and participants

'This is an observational, analytical, and cross-sectional
study conducted in a Brazilian university hospital. All
subjects that agreed to participate in the study signed
an informed consent form.

From May 1+ to October 31+, 2020, patients of both
sexes, aged over 18 years, who were discharged after
hospitalization for pneumonia caused by COVID-19,
were selected. The etiology of the disease was confirmed
by RT-PCR examination. Patients who did not agree to
participate in the study or who had movement limitations
that hindered the performance of the tests were excluded.

Procedures

'The clinical and functional evaluation of the patients
was carried out between 20 and 120 days after hospital
discharge, in a multidisciplinary outpatient clinic of the
Hospital de Clinicas da Universidade de Campinas.
Participants were served by pulmonologists and respiratory
physical therapists. On the day of the consultation, the
HGS test, FIM scale, and 6MWT were performed in
sequence, with a 10-minute interval between them. Data
related to hospitalization were collected via medical
records. Two specialist pulmonologists evaluated the chest
tomography scans performed at hospital admission and
classified the degree of pulmonary involvement into three
categories: less than 25%, between 25 and 50%, or greater

than 50%, according to the criteria of the Radiological
Society of North America (RSNA)®.

Handgrip strength was measured using a portable
hydraulic dynamometer (Saechan®), in accordance
with the guidelines of the American Society of Hand
Therapists™. The evaluation was performed with the
patient’s dominant hand in the grip position. The patients
remained seated in a armless chair, with the spine upright
and the knees flexed at 90°. The shoulders remained
in adduction and neutral rotation, the elbow of the
dominant arm remained flexed at 90°, and the forearm
remained in half pronation, with the wrist in a neutral
position, being able to move up to 30° of extension
during contraction. With the dynamometer held by the
evaluator, the patient performed three maximal voluntary
contractions, each sustained for six seconds, with a one-
minute interval between each measurement. For the
analysis, the mean value of the three measurements,
expressed in kgf, was used.

'The functional independence measure instrument has
18 items distributed in the following domains: self-care,
sphincter control, transfers, locomotion, communication,
and social cognition. The scale was applied by the examiner
via a structured interview. Each item was assigned a
score from 1 (complete dependence for the activity) to
7 (complete independence). The total score of the FIM
instrument ranges from 18 to 126 points, with higher
values indicating greater functional autonomy"’.

All individuals underwent the six-minute walk test
under the supervision of the same evaluator, following
the guidelines of the American Thoracic Society’®. Blood
pressure was measured at the beginning and at the end
of the test using a Premium sphygmomanometer®. Heart
rate (HR) and peripheral oxygen saturation (SpO,) were
measured by pulse oximeter with a digital probe (3150
USB WristOX2 pulse oximeter; Nonin Medical®), at
the pre-test rest and at the sixth minute of the test. The
modified Borg scale, scored from 0 to 10, was shown to
participants so that they could grade the sensation of
dyspnea before and after the test. Patients were carefully
observed throughout the procedure to ensure that their
individual exercise limits were not exceeded. For the
analysis, two main variables were considered: distance
walked (6MWD) and the presence of exertion-induced
hypoxemia, defined in this study as ASpO,. This value was
calculated as the difference between the SpO, initial and
the SpO, final. The variation was considered significant
when ASpO, 24%, or when SpO, final <93%". The

6MWD was shown in meters and as a percentage of
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the predicted value, calculated according to the Brazilian
reference equation®.

By reviewing the medical records, the following
variables were collected: (1) demographic variables,
such as age, sex, body mass index (BMI); (2) clinical
variables, such as Charlson’s comorbidity index (CCI)*,
variables related to hospitalization (length of stay, days
under mechanical ventilation, oxygen supplementation,
need for prone position); and (3) degree of pulmonary
involvement on chest CT scans.

Statistical analysis

All raw data were tabulated and organized to ensure
the quality of the records.

Quantitative and qualitative variables were first
subjected to a descriptive analysis, and proportions were

compared using the Chi-squared test or Fisher’s exact
test, when necessary. Continuous measurements between
two groups were compared using the Mann-Whitney
U-test, while three or more groups were compared using
the Kruskal-Wallis test.

The association between continuous measurements was
calculated using Spearman’s correlation test. Significance
level was set at 5%. Data were analyzed using the R
software’” and SAS System for Windows®.

RESULTS

Of 469 patients hospitalized due to COVID-19 in
the analyzed period, 125 were included and underwent
all evaluations. Figure 1 shows the flow of recruitment
and inclusion.

469 patients hospitalized
for COVID-19

132 deaths during

hospitalization

post-covid outpatient return

192 patients absent at

6 refusals to participate

14 patients not included due to
inability to perform the 6MW'T

125 patients included

Figure 1. Patient identification and inclusion flowchart

The mean age was 57+12.4 years, and 59.2% of
the patients were men. The mean score of pre-existing
comorbidities assessed via CCI was 2.1+1.6, with systemic
hypertension and diabetes mellitus being the most prevalent
conditions. The mean BMI was 31.1+6.2kg/m? and 46.5%
of the patients were classified as obese (BMI>30kg/m?).
On admission, chest tomography showed pulmonary
involvement greater than 25% in 75% of the cases.

The patients remained hospitalized for 14.5+11
days, and all of them received some type of ventilatory
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support. Most individuals (75.2%) were treated
using noninvasive interfaces, including oxygen
supplementation by nasal cannula, non-rebreather mask,
high-flow nasal cannula, or noninvasive ventilation, and
only 24.8% required invasive mechanical ventilation.
The mean length of stay of the 31 patients who needed
invasive mechanical ventilation was 28+3.5 days, with
a mean duration of 15.7+9.6 days under mechanical
ventilation. Table 1 summarizes demographic, clinical,
and hospitalization data.



The mean 6 MWD was 447.9+2114.9m, and 57
(45.6%) of the patients covered less than 80% of the
predicted distance according to the reference equation®.
A quarter of the patients (26.4%) had desaturation
during the 6MW'T. The mean handgrip strength was

38.9+11.7kgf for men and 27.3+2.8kgft for women.
The mean score of the FIM instrument was 122.8+9.9,
classifying the participants as totally independent. Table

2 shows the functional data regarding the two tests and
the FIM scale.

Table 1. Demographic, clinical, and hospitalization data of patients (n=125)
Characteristic

MeanzSD or N (%)

Age (years) 57+12.4
e 74 (59.2%)
0,
Sex Wornen 51(40.8%)
Body mass index (kg/m?) 311+6.2
Charlson Comorbidity Index 2]+1.6
No mechanical ventilation 14.5+11
Leeit eif resfpiel sapleeys) Mechanical ventilation 28+3.5
<25% 20 (16%)
25-50% 48 (38.4%)
Pulmonary involvement on chest tomography
>50% 46 (36.8%)
Atypical findings 1 (8.8%)
Oxvaen suoplementation Non-invasive interfaces 94 (75.2%)
Yo pp Invasive (orotracheal tube) 31 (24.8%)
Days on mechanical ventilation (N=31) = 15.7+9.6
Intubated patients (N=31) 15 (48.3%)
Prone position Non-intubated patients (N=94) 25 (26.5%)

Values shown as mean (+ SD), or absolute number and frequency, as appropriate.

Table 2. Functional data of patients (N=125)

Characteristic

Six-minute walk test

Distance traveled (meters) Distance traveled (% of predicted) SpO, initial
SpO, final Desaturation Interrupted test

Mean+SD or N (%)

447.9+114.9 80.9£19.8 96.9£1.8
94.6%3.9 33 (26.4%) 11 (8.8%)

Men (N=67) 38.9+411.7

HGS (kgf) (N=116)
Women (N=49) 27.3+2.8
Functional independence measure * (N=117) 122.8+9.9

Values presented as mean (+ SD) or number (%); *Score range: 18-126 points

Participants underwent clinical and functional
evaluations on average 77 days after discharge. The
interval between discharge and outpatient evaluation
was wide (20-120 days) due to the relative unavailability
of transportation from the city of residence to the hospital
and the limitation of scheduling due to the need to
reduce the number of people in the same environment.
Considering that the convalescence process after
hospitalization could have affected the results of patients
who were evaluated later (after 60 days), we compared
the data from the evaluations performed defore 60 days
after discharge and those obtained affer 60 days from

discharge. No statistically significant difference was found
between the groups in relation to demographic, clinical, or
hospitalization-related variables. However, in the 6MW'T,
we have found a significant difference in the frequency
of individuals who had to interrupt the test, and in the
group evaluated 60 days after hospital discharge, more
patients needed to interrupt the test (16.1%; p=0.046).
Of the 125 patients analyzed, 11 had to interrupt the
6MWT. This subgroup of patients had a longer hospital
stay and underwent longer use of mechanical ventilation,

presenting lower FIM values. In total, 54.5% participants
had desaturation during the 6MW'T.



In the 6BMWT evaluation, two main variables were
considered: desaturation (decrease in SpO, at the end of
the test) and 6MWD. Considering the distance covered
(447m) and the fact that more than half of the patients
walked more than 80% of the predicted 6MWD, we
chose to use the median for comparison between two
groups (2457.2m or <457.2m). Patients who walked
shorter distances were older, had more comorbidities,
were hospitalized for longer periods, and had a higher rate
of use of the prone positioning (p<0.05). They also had
lower handgrip strength and lower FIM scores (p<0.001)
(Table 3).

In the comparison based on the desaturation level,
patients who had desaturation 24% or SpO, <93% at the
end of the 6MW'T had longer hospital stay, greater need
for invasive mechanical ventilation and required prone

positioning during hospitalization (p<0.005). Notably,

Distance walked (meters)

p=0.01

r=0,471 Handgrip strength (kgf)

Functional Independence Measure

p<0.01
r=0,375

the mean 6MWD of the 33 patients who presented
desaturation was 396+138 meters, i.e., 51 meters less
than the overall mean.

Spearman’s coeflicient showed significant correlations
between the three tests; but with a weak correlation between
them (Figure 2). In the correlation analysis between
demographic and clinical variables (age, BMI, CCI, length
of hospital stay, days under mechanical ventilation) and each
of the three tests performed, correlations were identified
only between the 6 MWD and age (r=0.35), CCI (r=-0.322)
and days under mechanical ventilation (r=-0.366). There
was no association between clinical and hospitalization
variables and handgrip strength and FIM. The degree of
pulmonary involvement at admission, verified by chest
tomography, also showed no significant association with
any of the tests (p=0.772). No serious adverse events were
recorded during the evaluations and tests.

Distance walked (meters)

p=<0.01
r=0,375

Functional Independence Measure

Handgrip strength (kgf)

Figure 2. Correlation analysis between six-minute walk test, functional independence measure and handgrip strength



DISCUSSION

The patients evaluated in this study had severe
COVID-19, defined by pneumonia at hospital admission.
Despite the prolonged length of hospital stay and the
need for mechanical ventilation in a quarter of the
patients, the individuals presented good functional
capacity results (6MWT and HGS) in the evaluation
performed almost two months after hospital discharge.
In studies conducted in a similar context of evaluation
after hospitalization for severe COVID-19, similar
results were found in Irish patients (average distance
of 460m)' and Thais (490m)*.

'The predominance of male patients (59.2%) and the
mean age (57 years) were similar to those observed in an
extensive observational study of the Brazilian population
hospitalized for COVID-19, carried out in parallel with
our study®. Among the most prevalent comorbidities,
hypertension and diabetes mellitus were the most
common, as in the study by Ranzani et al.»

In 24.8% of the patients evaluated, invasive
mechanical ventilation was required, and we found
that the length of hospital stay was different for patients
who used mechanical ventilation or not, being 28 and
14.5 days, respectively. These results are similar to those
found in the Brazilian study by Ranzani et al.”*, in which
72% of the hospitalized patients required some oxygen
supplementation, 23% of which were invasive mechanical
ventilation, with a median length of hospital stay of 8
(4-14) days.

In our study, the patients had a mean FIM score of
122.8, which classifies them as completely independent
individuals®.

'The mean HGS of the studied sample (38.9+11.7kgf
for men and 27.3+2.8kgf for women) was similar to
the reference values for healthy Brazilian adults”. HGS
measurement is a non-invasive, accessible, and low-
cost procedure that enables assessing muscle strength
in different contexts, such as during hospitalization, at
patient discharge, or after hospitalization®®. Reduced
HGS during hospitalization is a marker of increased ICU
mortality”, and is associated with prolonged hospital stay
and duration of mechanical ventilation®. In this study, the
evaluation of HGS after about three months of hospital
discharge indicated the absence of muscle weakness, so
this result does not support its use as a possible outcome
in rehabilitation programs.

Patients who walked shorter distances on the S MW'T
were older, had more comorbidities, longer hospital
stays, underwent the prone positioning more frequently,
had lower FIM scores, and had lower HGS (p<0.05,
Table 3). The correlation analysis showed a significant
association between lower 6 MWD values and older age,
more comorbidities, and longer hospital stay. In this
study, the 6MWD was similar to that found in patients
evaluated after three and six months of hospitalization for
acute respiratory syndrome* and after hospitalization for
COVID-19".1n a study with post-COVID-19 patients,
Townsend et al."* showed an association between 6MWD
and length of stay, age, and frailty score.

Table 3. Six minute walk test data: comparison between patients stratified by the presence of exertion-induced hypoxemia and by
distance walked (N=125)

Desaturation>4%  No desaturation 6MWD>457.2m 6MWD >457.2m
(N=33) (N=92) (N=63) (N=62)
Age (years) 581412 56.5412.6 0.60 5424125 597117 0.017
Body mass index (kg/m?) 318459 30.9+6.3 0.23 30248 32472 0.24
Charlson Comorbidity Index 22414 2+1.7 0.46 1.6+1.4 2617 0.001
Length of hospitalization (days) 19.9+13.5 125493 <0.001 119485 1714126 0.015
Days on mechanical ventilation time 17.6+11.6 14.3+7.9 0.30 11.945.5 18+10.9 0.01
Functional independence measure* 123.3+£5.3 122.6£111 0.09 124.9+3.8 120.8+13 <0.001
HGS* (kgf) 30.6+13.3 3534134 0.08 384127 30.3¢13.2 <0.001
Iritsiel betwee”(é":y?;arge el GH T 8614557 7444433 0.38 791+447 75.749.4 0.45
Oﬁ?ﬁﬂj&‘;&'?}‘ﬁ’lﬁfﬁ” 20 (60.6%) 74 (80.4%) 0024 51(80.9%) 43 (69.3%)19
0, 0, . 0, 0,
ok 13 (39.4%) 18 (19.6%) 12 (19%) (30.6%) 013
Progisp(",j':t]'g;““g 9(27.3%) 6 (6.5%) 3 (4.8%) 12 (19.3%)
o) 17 (51.5%) 68 (73.9%) 0005 40 (63.5%) 45 (72.6%) <0.001
7 (21.2%) 18 (19.6%) : 20 (31.7%) 5 (81%)

Awake and prone (N= 25)

Values shown as mean+SD or N (%); *Score range: 18-126 points; N=117 ** N=116



In our sample, 26.1% of the patients had exertion-
induced hypoxemia, i.e., a drop in SpO, greater than or
equal to 4% during the 6MWT. These patients experienced
longer hospital stay, most needed mechanical ventilation,
and underwent prone positioning more commonly,
compared to those who did not have exertion-induced
hypoxemia. Comparing the frequency of this finding with
other studies is challenging, as there is scarce literature
with data on exertion-induced hypoxemia after recovery
from COVID-19. Paneroni et al.’ detected exertional
desaturation in 24% of patients at the time of hospital
discharge due to COVID-19. Morikawa et al.** detected
6MWT-induced hypoxemia in 19.5% of patients 77 days
after hospitalization for COVID-19.These authors found
a correlation between this finding and age and lactate
dehydrogenase levels.

Hypoxia is a primary pathophysiological event of
severe COVID-19, but it can be present at all stages
of the disease, being the leading cause of death. The
mechanisms and factors involved differ according to
the stage. In the acute phase, the onset of hypoxia in
more severe cases results from multiple factors, such as
an intense immune-mediated inflammatory response
and thrombogenic events, which lead to impaired gas
diffusion and worsening of the inadequacy between
pulmonary ventilation and perfusion®. Once the acute
phase is over, some patients continue to show or even
develop fibrotic pulmonary interstitial involvement. In
this context, hypoxemia on room air at rest or induced
by exertion may be evinced.

Exertion-induced hypoxemia can occur in both sick
people and healthy individuals**. It is known that the drop
in oxygenation induced by exertion can be attributed to
the following factors, whether isolated or in combination:
relative alveolar hypoventilation; limitation in diffusion;
mismatch between ventilation and perfusion; and
pulmonary or right-to-left shunts*. In post-COVID
patients, especially critically ill patients who survived
mechanical ventilation, several mechanisms may be
involved in the occurrence of exertion-induced hypoxemia.
Evidence suggests that the decrease in PaO, during light
to moderate exercise, such as submaximal exertion in the
6MW'T, may result from relative alveolar hypoventilation
(i.e.,lower PaO,)*. It is plausible to assume that alveolar
hypoventilation is one of the mechanisms of desaturation
observed weeks after the disease in individuals who
survived COVID-19-related acute respiratory failure and
were subjected to mechanical ventilation. This mechanism
is associated with some reduction in diffusion through
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the alveolar-capillary membrane, due to inflammation
and endotheliitis caused by the virus.

Despite the complete independence indicated by the
mean FIM score, patients who walked shorter distances
on the 6MWT also had the lowest FIM scores, a finding
compatible with the moderate correlation between tests.
Easy to apply, the FIM instrument can assess functional
capacity in ill adults and children®, in addition to being
used in outpatient settings or at patient discharge.

We found positive correlations between HGS,
FIM scores, and 6MWTT values. Although the HGS
and the FIM instrument define our participants
with good functional capacity and independence, the
correlations found with the 6MW'T suggest a possible
complementarity between these instruments. Studies
prior to the COVID-19 pandemic with critically ill
ICU patients with prolonged immobilization showed
persistent functional impairment after hospital
discharge, evinced by changes in pulmonary function
tests, reduced 6MW'T, muscle weakness, and decreased
ability to perform activities of daily living***%. Among
the complementary methods for assessing functional
capacity, handgrip strength and the FIM instrument
stand out for being easily applicable both in inpatient
and outpatient settings, and even in patients with
impaired mobility.

The 6MWTT requires more space, staff training and
patients’ ability to move around. In the results obtained
here, even considering that the mean 6MWD found was
satisfactory, associations were identified with clinical
variables and severity of hospitalization. Exertion-induced
hypoxemia was more common in people with more severe
respiratory conditions and longer hospitalizations. The
correlations with HGS and FIM reinforce the robustness
of the 6MWTT for assessing the individual’s functional
capacity, and its usefulness as a significant outcome in
pulmonary rehabilitation programs.

CONCLUSIONS

Despite the severe respiratory impairment at admission
and the long stay in the hospital, the patients in this study
showed satisfactory functional recovery three months after
discharge. Both the functional tests and the FIM showed
high scores. It was observed that, in the 6SMW T, patients
who walked shorter distances had longer hospital stays
and longer duration of mechanical ventilation. Moreover,
exertion-induced hypoxemia occurred more frequently



in more severe patients with greater respiratory distress,
who also required more invasive ventilatory support.

Although the 6MW'T, FIM and HGS assess
different dimensions of the individual’s functional
capacity, the correlations found suggest that they can be
complementarily used. FIM and handgrip strength are
easily applicable and reproducible assessment test, and
can be used in space-constrained environments or in
patients with limited mobility.

LIMITATIONS

Our study was conducted in a single center and had
some limitations. Due to the contingency in outpatient
care that characterized the first wave of the COVID-19
pandemic, it was not possible to include all patients
hospitalized for severe cases. In addition to the restriction
of beds, there were limitations related to the transportation
of patients and the functioning of primary health care.
More severe patients may be underrepresented in the
cohort analyzed. Furthermore, the sample size and the
fact that the study was conducted in a single center limit
the possibility of generalizing the findings.
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